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About These Proceedings 

Miuch discussion was gcncriocd throughout the many
workshop scssions. The fact that such dialogue occurred 
was a goed indication that the tcchnical topics, points of 
view, and experiences were relevant to thC ieHtcrct and 
needs of the dclcgatcs. Thc intention of hese proceedings 
is to present the information given by the speakers and 
delcgatcs and providc a valuable reference on the complex 
subFiccl of NPK fertilizcr production and use. 
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The tcchnical papers and recorded deliberations were 
cditcd to obtain the uniformity needed to facilitate 
rcproduction. In the proccss of transcribing the tapls, 
editing, and reproduction, every cffort was made to a',­
ratcly capture and preserve the technical contnt and 
meaning. Any errors, oversights, or ambiguities that may
exist are accidental. Ifyou nccd addiiional information or 
clarification, we urge you to c)nt act the respective authors 
or IFDC. 
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Keynote Address 
Role of NPK Fertilizers in Optimizing Agricultural Production 

T. S. Manickani, Dlcan, Agricultural College and Research Institute, Madurai, India 

Abstract 

Agricultural production will have to be increased by 
60% within the next 20 years in order to sustain the in-
creased world population. Part of this increased produc-
tion will come from the intensive use of new agro-
Itch mlogirs, including the more efficient use of fertilizers, 
In the past, many cr(ps have removed more nutrients 
from the soil than have been replaced Iw use of applied
fcrtili zers. This has inc\iltably led to nutrient-deicient 
So(ils. 

'The currcnt use of' modtrn high-yielding, fertilizer-
rcsponSiVc crop varieties has greally increased the need 
[or more 'rtilicr. I]owvc\cr, the production of more for-
tili..cr will soon Cxhastl the cheap sources of raw niaterials
aid therelw increase costs and limit fertilizer ise. These 
conditions will necessitate tlie judicious use of all available 
rcSoLrcCs, mcluling tlie :11cali n of ferlii:,ers among the 
vatiotis users 

)ptimum ,rgjicul tral production (fcpends on many
Ihings including soil characteristics, 2rops luanted, climate 
(especially rainfall), farming iethods, availability of fer-
tilizer matcrial., and development of new tcchnlologics.
The nc\w fcrtilizer component of Ithcse Ichnologies must 
be bascd on in formation gathered from on-site testing.
Blanket recommendations call be used for eslimating tle 
needs of large areas, but recommendations based on 
specific soil tests will be nccdcd for fertilizer applications
oii individual farms. 

Introduction 

As the world's population increases, our appreciation 
of the limits of our finite resources becomes ever cl'arer. 
Thus, it becomes increasingly important that our research 
efforls provide not just information that can lead to maxi-
mum production but also infornmaton that can lead to 
production optimization in terms of tie most efficient use 
of our available resources. Though ie high-yiclding crop
varieties of the Grecii Revolution have provided us with 

the mechanism for obtaining higher production, judicious 
resource management by way of choosing the right mix of 
agro-inputs becomes the key for achieving production op­
timization. Increased fertilizer use has played a dominant 
role in inc,'easing agricultural production. This is the 
reason for the intensive research that is being carried out 
to determine the nced for fertilizers and the optimal ap­
plication rates. 

Tho present estimates reveal that agricultural produc­
lion will have to be increased by 60% in the next 20 years 
to sustain the increased world population. Agricultural
production can be increased through improved i'gro­
technologies, with fertilizer as theinput key factor along 
with water. 

It is considered that more than 40% of the increase in 
agricultural production can be attributed to the ise of in­
organic fertilizers in almost all the countries. When inten­
sified agriculture is practiced, the soil resources in terms 
of nutrient supply are subjected to rapid depletion, hence, 
the n 'ed for inorganic fertilizers to supplement the soil's
native resources. This has resulted in a rapid expansion of 
the capacity of inorganic fertilizer production. 

Crop Nutrient Requirements 
The higher yields now mqought and obtained with
 

Modern crop varieties require a greater quantity of plant
 
nutrients than the conventional and traditional crop
 
varieties used earlier. When conventional or traditional
 
agricultural methods are used, the nutrients removed by 
tie crops are norm,.lly replenished through many natural 
processes. But in modern agriculture the nutrients needed 
by idgh-yielding crop varieties caanot be me by the soil 
alone, so there is an absolute need for the use of outside 
sources of plant nutrients. For example, a popular conven­
tional rice variety grown in Tamil Nadu during the 1950s 
and early 1960s, nam,,y rice GEB 24, was found to 
remove about 75 kg of N/ha, whereas a recently intro­
duccd high-yielding rice variety like IR 50 was found to 
remove 18( to 210 kg of N/ha. This simple example itself 
illustrates the situatiou clearly. A few summarized results 
presented in Tables 1-6 will further indicate the conditions 
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existing now under diffcrcnt situations. These data clcarly Table 3. Nutrient Uptake in a Sorghun-Based
 
indicate the need for rationalizing our approach to fer- Cropping System
 
tilizcr use in optimizing agricultural production.
 

Nutrient Uptake (kg/ha) 
Cropping System N P'205 K20 

Table 1. Nutrients Removed From Soil by Rice 	 Sorghum (alonc) 177 18.4 273 
Sorghum + soybcan 155 19.3 203 
Sorghum + greengrani 179 17.5 217 

Nutrients Removed (kg/ha) Sorghum + cowpea 179 20.2 198 
Yicld e.cvcl N Pl0',(.S K:O Sorghum + sunfl(,wer 248 29.5 300 

4 mt/ha 75 4) 95 Source: Sclvaraj, S. 1978. Master of Scicnce 
10 nit/ha 20)0 75 215 (Agriculture) Dissertation. Tamil Nadu 

Agricultural University, Coimbatore, India (S). 
Source: Tamil Nadu Agricultural U..niversity (TNAU). 

1982. Annual Report, Coimbatore, India (2). 

Table 4. Nutrient Removal Under Differeat Cropping 
Table 2. Nitrogen Balance ihider l)ilcent Cropping Systems 

Syst emas 
Nulrients Removed 

N Balanice (kg/ha/ycar) (kg/ha) 
N Rcmoval Crop Rotation N P205 K20 

Crop lRot atim iiiddiio 1y Crop Ba3lance 
C;astor-,;orgh um-blackgranm 293 45.7 303 

Ricc-whcat-pcarl millet 310 323 -13 Castor-pearl millet-cowpea 211 37.8 254 
R icc-what -gree nerainl 337 401 -64 Castor-redgram-greengran 143 22.2 128 
IRicc-r:1)ese cd-wht 32)) -15 82 103ct 335 Castor-cowpea-coriandcr 7.5 
Rice-raIpcsccd-sov)bc a n 314 489 -175 
R icc-1potato-whcat 360) 383 -23 Source: Chinnappai, R. 1978. Master of Science 

(Agriculture) Dissertation. Tamil Nadu 
Source: Al('ARIP Pro.jccl. 1981. Amntal Report, ICAR, Agricultural University, Coimbator, India (i). 

Delhi, India (1). 

Table 5. Nitrogen Balance in Cotton-Based Multiple Cropping System Over a 30-Month Period at Coinibatore 

N Balance (kg/ha) 
Cropping System Ouantitv Added Ouantity Removed Balance 

Cotton + sorghum + ragi 540 938 (-)398 
Cotton - suiflowcr + ragi 560 654 (-) 94 
Cotton + maize + riagi 630 743 (-)113 
Cottn I-co ltton grccngrain 320 446 (-)126 
Sclaria I greciicram 320 557 (-)237 

Source: 	 Vcnugopal, S. 1978. Master of Science (Agriculture) Dissertation. Ta'mil Nadu Agricultural University, 
Coimbatorc, India (10). 
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Table 6. Total Nutrient Uptake by 30 Crops (10 Each of Ragi, Maize, and Cowpea) 

_ rotal Uptake (kg/ha) Added as Fertilizer (kg/ha)
Treatment N P () 5 K20 N P205 1(2O 

50% optimuni NPK 2,070 370 2,140 1,250 360100% optinium NPK 2,34t) 450 2,580 
220 

2,50(0 720 4An150%';. opt imum NPK 2,660 510 2,810 3,750 1,080 6601 ,TX,NP 2,390 430 2,290 2,500 720 4401010% N 1,080 170 960 2,500 0 01001% NI)K I FYM 2,94) 570 3,200 2,750 720 440Control 770 130 620 0 0 0 

a. Farm yard manure.
 

Source: Tami! Nadu Agriculural University. 1Q85. 
 Annual Report, LTFE Project, Coimbaore, India (3). 

Ftrtilizer (risis
The constantly increasing demand for fertilizers resul-

inc from '11rictillurid developmnct in iany countries and 
the cxhaustion of cheap sources of raw materials for fer­tili/er miinutactirc have caused a worldwidc awareness of 
lhe advcrw aiffccts of a fcrlil er shlorltagc. For example,
India's Icrtilizcr consunption in absolutc terms has in-
creased fronm 785,0W. l niltIIUtricnts (N, P:()., and K:() in 
1965/of) to 8,721,1)00 nit nutrient', in11985/80. In Ihcse twO 
decades the fcrtilizcr pr((lction (nll, increasCd from350,G0XI ,o 5.753,000 nl nutrients. Thus the gap between 
fertili/er consumption and production hl-s incrcayVL. frot 
42Q),)00 ml nutrient tons in N0(5/( , to 2.08.000 lniltnultricnts if' 1N85/86. This increasing trend in constmni ai 
an eliewidening gap betweeni consumnilion and produc-
ti have necessitated massive imports of fertilizers 
(:,315,)0) nl nutricnts) which amount to an inliiort bill of 
about Rs IS billion (US $1.4 billion). This silutalion war-
ranis ile proportioning of the linilcd supplies any counl'y 
can obtain or afford. Because fertilizer ncds vary wide! 
with type of crop, soJl, and location, thcse sources ,i v\aria-Sin should logically provide the basis for s;ch distribution 
of fertilizers al all !cvels of consideratiin, for CxamplC, 
anIring the iCIds in individual farms, soils within regions,
regions within countries, and idcalistically, tIhe conitries of 
ie world, all for lie greatest general good withi ap-

propriale allo.vances for current econonic and slpply
situat ions. 

Such aii apportioning procedUlire ni lIs be based On tlie 
answers to sonle common quliestions: 

Whiat are tie economic Icrfilizer requircments indi-
caeld hy tie daita from a fertilizer experinien? 

Are Ihcse fertilizer rcquiiccniels related Io localitv Or 
type of soil and if so, whl should be the general rccoIi-
mendations for these localitics or soils? 

What is the basis for evolving location-specific rccoin­
mcndations for a soil-crop-climate combination scenario? 

On the basis of simple fertilizer experiments, is it pos­
sible to correlate nutrient availability with crop response?
If so, how can we extrapolate from these statistical 
relationships to obtain the best estimates of economic fer­
tilizer rates? 

What is the economic importance of soil lesting apart
from its statistical significance? 

These and similar questions all roq uire lengthy com­
putations for pr:Iper answers, and in tlic past they have 
gone largely unanswered or have been answered only after 
inordinate delays. Thanks to modern developmients in 
communication and computing facilities, data can now be 
easily processed to provide soil scientists wih tihe informa­
tion needed to answer such questions. 

The recently introduced concept of "Soil Based Ag,.o­
technology Transfer" is used by the Bcch Mark Soils 
Project of Hawaii Institute of Tropical Agriculture and
 
Human Resources. In this concept, tlie 
 soil taxonomy
(which is more nearly a quantitative representation of our
 
knowledge of soils since most 
soil properties can now becharacterized in terms that have quantilalive ieaning al 
some level of precision) is the basis for transferring agro­technologies developed for one site to another. Develop­
ment of a soil family network will help solve tihe problems 
encountered in defining lhe boundary conditions for .p1ti­mizing fertilizer use. Parenthetically it may be noted that 
the kind of reasoning on which this concept is based con­
forms to the theories c.f realism, originally postulated by
Plato and later moderated by Aristotle, according to whicl 
universal truths exist a-,l ar,- implicit in particular 
instances. 
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This concept enables researchers to develop yield 
response Cquations for a soil fainily at all sites where it oc-
curs so that appropriate fertilizer inputs can be made io 
give economically optimum yields. It is also realized, 
howevc r, ihlat the soil and clim'atic condit ions existine at 
cach site, even for the sic soil familv, can have 
measurable e ffects on the productivity of the soil. There-
tore, it is imperative lhat thi.. concept include the ap-
propriaic soil and climatic l)Iiraiinctcrs in the yield cqua-
lions to allow adjtntcl for hcal variation. 

Choice of the Yield Response Function 
The Ibasic difficulty in selecting tlie response model, 

which is immediately app;rent, is the form of the respo,::c 
equlations used to optimlizC yiclds. Il'ortitatcly there is 
no general fundamental modcl dc.critnhlg the cf'ctcs df 
nutrient ;Jpplication ralc on and any choice of a 
model musl be based on ohsc'rvit on and experience 
(mtist be cmp;rical). Tlhrc arc, of course. inmv models 
like the vriotis polynomial cxprcsionis, 0i"onral po!y-onlh, 
noniial functimis, linear platcat modc!, two straighi lint' 
equation -xpolcntia cxprcsoin Id the I ' ypo: proposed by 
Nhischcrlich, ('ape frinctu, and so forth t,. choosc fronl; 
each has its adlicrCnis, and it seemslpossibfc io collect 
data to support any oi ;heii. Morcover, there arc endl-ess 
opprtuniulics for debate on tlie merits of the alternaliv(e 
models since experiiental dlat ustally coitain error 
aberrations and tIle nature of the rcl:itionship varies with 
crop and growing conditions. In the word!, Of I lcaiv and 
Dillon, "A skeleton of thcory' is lilelss wilht11 Cmlpiical 
flesh; to be mor- ha pll,- hiilg in an ivor, tower, 
response models must bc speci ie in tcrims of rcaI-wi nlId 

situations." 

Thus, lie developilcli of t ,model Ito pred;eC yieId is 
essential. Ilowcver, it should be based upon tile loic,
economics, or physical and biological c,ndilions that 
describe the nroductio troccss [ocing exam ined. There is 
a scientific principle kno,,"n au; tlie "Liw of Pars:niony" that 
seems to Iave sonic aJlplropriaitcncss for mention here. 
This la,,;, which has relevance to dhe choice of production 
functions, emerged somclme inilithe I4th ccnlurv, It says
ihat you should not explain a !)clvioial phictini1cnon by a 

higher, more complex process if a lower or simpler one 
will do. Translated to research terms, this means that w 
should select tile simplest, lcast complex. mnd C:siest way 
to 	 calculatel an equattion tlltt provides a tolerablc ap-
proxinatiion of the b1iological respoiise to IcrtilizCrs and 
that also Contaiis attibutes tfhat are naulC!nigful and 
desirable for economic ilIctrprclion. 

General Recommendation 
Fertilizer requirements vtry wit h location and year in 

most regions because of more or less unpredictable effects 
of variations in soil features, seasonal wcather conditions, 
farming methods, pest and disease damage, and so on. 
(;ven such variability, tlhe usta! SC(lucncc of scientific 
research is to seek explanations by carrying out ferti!izer 
experiments and studying the correlation between tile 
crop response to fertilizcrs and the idcntifiable features of 
the soils, c!imate, and other factors and tiltimaiely trying 
to devise methods for predicling the variations. The 
amount of work required for this type of research iF, 
howcver, enormous; the time required is at lcast several 
years, and the final restlts may vell prove disappointing, 
as has been the case, for example, with so many projects 
aimed at devising fertilizer recommendations for various 
crops. Iln the meantime, decisions have to be made on fer­
tilizer use, and scientists can hell by providing an un­
biased general estimate for a specific unit of' land, based 

tid, information. Such an estimalc for a var;­oil he avaiiable 
ale unit of land is termed the "geeral fcrtilizcr require­
menl or recommendation," and 11 is gcncral in tile sense 
that tihe estinale applies to tle optinjim use of fertilizers 

o 	 n ihe unit as a whole over a long period of' many years in 
production. B~ecause tile land unit is variahlc, it is in­
evitbeiic that any general estimate of requirements will be 
acctrate for oily a small proportion of crops being grown 
at any parti.ular time. For the remainder, li general rate 
will be either too high or too low. File general csinatc is 
simply tie best estimate possible for the presetil with cx­
isting information. l-oweve;, this may inirodue anothcr 
problem, namely, a general acceptance of Ihe rccomnien­
datioll as being good enough, or worse, as [being accurate 
for the whole of' the land unit, which possibly covers many 
thoisands of farmers' fields. Apart fr,m not icing gross 
deviations f;'om expected results, there is always a danger 
that flue fundamental variability of fertilizer requireeineits
between fields and farms vill be forgotten. I fence it is ii­
poriant that estimates of the general optlitim rates al­
ways be accompanied by information on variability, hoth 

to indicate the proportion of disappointing results that can 
h-. cxpected and 'ie need for local, more specific studies 
on f' rtilizer requirements. 

Ferilizer Recommendations 
On the basis c.f the results from a few field expcri­

ments, blanket or general recoincntdalions were 
proposed and used (see Tables 7 and 8). The rccommcn­
dtations in Table 7 did not consider soil tyl;cs, crop 
varieties, and seasons. I lence, they were hen followed by 
a slightly improved rccommendation based on a soil test, 
which gave some emphasis to the native soil ferlility. This 
was found to be better, at least in most arcis. Bccause of 
lie shortcomings in tlhe two recoinmcndalions in Table 7,

different models have been i tried and Nitschcrlich Bray's 
concept has been fouind to be workable. 
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Table 7. Blanket Fertilizer Recommendations for fore, the need to measure or estimate by some procedureImy.)rtant Crops in Tainil Nadu how much of each nutrient the corresponding soils can 
provide to the crop in order to be able to work ou! fer-Nutrients (kg/ha) tilizcr rates for optimum yields. 

N P2Os K20Rice Soil chemists have dedicated a great deal of effort andShort duration varieties time to evaluating the quantities of available nutrients(100-110 days) in
soils by analyzing soil samples. To date, however, suchBasal 50 50 50 analyses, though not proven entirely accurate, have servedTopdrcss (day 21) 50 ­ - as a basis for arriving at site-specific fertilizer rates. A 
family of responseMedium duration varieties models for arriving at fertilizer ratescorresponding to optimum yields exists, and these models(120-135 days) embrace the soil fertility variables (see Tables 9-14).Basal 60 60 60 Again the one that deserves mention is the N itscherlich-Topdrcss (day 21) 35 ­ - Bray response function, which has gained much use in [hisTopdress (day 70) 25 part of India. 

The recent experience of the soil scienists in the state 
of Tamil Nadu, India, should be mentionedTable 8. Soil Test Fertilizer Recommendations for [tire. A case 

at this junc­
study was made for rice using the results ofRice (in Heavy Soils) soil testing and fertilizer experiments in Papanasam Taluk 

of Thanjavur delta, the rice bowl of Tamil Nadu.
Recommended Nitrogen Ap[:lication,Soil T :st kg/ha, to Achieve Indicated Yields The soils studied came from Papanasam Taluk of theValue (% of Maximum Yield) TLhnjavur district and belong to te Kalallur and Adaiiur(kg/h) 75% Yield 87.5% YiCd 94 0 Yield soil series. The soil test data relating to 30 villages were 

processed to work out [he village fertility indices as well as89 106 173 242 master equations for each nutrient on the basis of the104 101 168 235 Mitscherlich-Bray approach (see Table 14). By sub­96 163121 230 stituting the village soil fertility indices in the master138 89 158 225 nutrient equation, it was found that the native soil fertility155 84 151 215 itself is sufficient to produce 50% to 70% of the maximum172 79 
190 

146 212 possible yield in rice. The rcst~its clearly indicated the72 141 207 highly varied nature of soil fertility, and thus th generai67 133207 203 blanket prescription proved to be either an underestimate225 62 128 195 
242 

or an overestimate of the actual requiremcnLis of fertilizer54 124 190 nutrients. The results also revealed how misleading a259 49 116 185 fertilizer recommendation would be that does not take 
into account the native soil fertility level. The results 
clearly indicated that for nitrogen the presently reconi­
mended level of 1W0 kg/ha for rice is insufficient in almostOther approaches followed also indicate the possibility al, villages. For obtaining a yield of 5 mt/ha, the fertilizer
of rationalized recommendations. 
 nitrogen requirement was 150 kg/ha, an increase of 50 kg 
from the presently recommended level of 100 kg/ha. WithSite- and Situation-Specific Recommendations respect to phosphorus and potassium, there were indica-Attention must be drawn to the fact that experi- tions of 1he need for further grouping the soils as low ormentation with plant natrients is fundamenitally different high with respect to their availability because some offrom experimertation with otie yicld-conlrolling factors, those soils that record high soil fertility indices do notsuch as distance between plants and time of planting. The require phosphorus and potassium dressings f.r oitainingsoil is able to provide [he crop with a cerlain amount of economic yields. When this revised schedule, based oneach of [lie nutrients, and [lie response of the crop to the village soil fertility indices, was compared with ,gencralapplication of a certain nutrient is due to the change in blanket recommenat ions, [lie results indicated thatlevel of that particular nutrient in the soil. The crop revised 

the 
schedule was superior for obtaining optiun iresponse to the application of"a nutrient thus depends on yields. Moreover, in terms of even the quantity requiredhow well the unfertilized soil may be able, by itself, to for [lie study area, the reco,.imendations on village fertilityprovide the crop with the given nutrient. There is, there- indices indicated a realistic a.3proach. 
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Table 9. 	 Relation Between Fertilizer Levels, Grain Yields, Value/Cost Ratio, and Achievement Level
 
(Data from 16 Experiments)
 

Fertilizer Rates Grain Yield Achievement Value:Cost 
Treatment N 02C. K.() Range Mean Level Ratio 

---------- (kg/ha) 	 ..... (mt/ha) ---- (%) 

Control 0 0 0 2.0-4.0 2.6 -

Blanket 100-120 50-60 50-60 4.0-5.6 4.7 3.9
 

Target Yield (mt/ha) 

4.5 45-65 0-18 0 3.7-5.0 4.4 98 	 9.4 
5.0 65-88 5-22 0 3.9-5.3 4.7 94 	 8.2 
5.5 88-110 12-33 0 4.0-5.4 4.7 85 	 6.6 

Table 10. Soil Fertility Indices of Five Selected Villages Table 11. Percent Sufficiency of Nutrients Due to Soil 
in Papanasam Taluk, T'hanjavr l)istrict Fertility in Fve Selected Villages in 

Papanasam Taluk for Rice a 

Number of Village Level Name of Percentage Sufficiencv 
Name of Samples Fertilitv Indices Village N P205 K20 

Village Studied N P20s K20 
------ (kg/ha) ------ Papanasam 64 14.0 79.0 

Koonancherry 41 99.9 96.0 
Papanasam ,41 251 3 145 Saliamangalam 55 96.0 95.0 
Koonancheriy 105 130 93 2Q3 Ayyampettai 43 87.0 35.0 
Saliamangalam 92 	 05 Alangudi 63 99.9193 27S 99.9 
AyyamNpctai 50 135 4(0 401 
Alangudi 50 242 s6 1,149 a. The amounts of nutrients furnished by the soil were 

determined from the soil fertility indices. 

Table 12. 	 Fertilizer Recommendations for Rice at )ifferent Sulliciency Levels as Measured by Soil Fertility Indices for 
Five Selected Villages in Papanasa i' Taluk 

Fertilizer Requirement (kg/ha)
Name of Village N for 87.51, Sufficincv N for 94% Sufliciencv P for 98% Sufficiency K for 98% Sufficicncy 

Papanasam 135 	 230 105 170 
Koonancherry 2()5 3)0 55 
Saliamangalam 170 263 65 
Ayyampettai 20?0 293 50 250 
Alangudi 140 235 



Table 13. 	 Comparison ot Fertilizer Recommendations Based on Soil Fertility Indices With General Blanket 
Recommendations for Rice foi Two Villages in Papanasam Taluk 

VillageParameter (ompared Koonancherry Papanasan 

.----------(%) ------­
1. 	 Combined percentage sufficiency due to na!:\- soil fertility 39 7 

2. 	 Combined percentage sufficiency due to app!ication of fertilizers stipulated in the 72 44 
general blanket recommendation 

3. Increase in perccntagc sullaeicicny due :o blanket recommendation minus native 33 37 
soil fertility 

4. 	Combined percentage sufficiency due to application of Mitscherlich-Bray response 
function recommenillations: 
841;, 

45 7790% 
51 83 

5. 	 Increase in percentage sufficiency dfile to Mitscherlich-Bray response function over 
native soil fertility indices: 
84% 

6 7090%"f 
12 76 

Tablc 14. 	 Total Fertilizer Requirement for Rice for 30 Case Study Villages in Papanasam Taluk 

Requirement ofEstinated 	Fertilizer Application N P205 K20 
......... (mt) -------­

1. By general blanket recommendation of 1I0 kg N, 20 kg t'205, and 4-)kg K20/ha 805 160 320 

2. By recommendations based on soil fertility indices for a combined sufficiency of 
84% (N for 87.5% "nd P.0 5 and K,() for 98%) 

1,210a 1501 845c 

3. By recommendations based on soil fertili:v indices for a combined sufficiency of 1,430' 150b 845 c 

90% (N for 90% and P205 and K2(0 for 98%) 

a. Required for all 30 villages. 
b. Required for only 5 villages. 
c. Required for only 15 villages. 

Fuhiiue Thrust multinutrient approach must be taken to ensure 
balanced fertilizat ion.Past experience indicates that agronomists and the soil

fertility specialists should concentrate Aheir altention 	on 2. Integrated nutrient management must be establishedthe following areas, for a well-identified agro-ecosystem involving soil, 
climate, and plants.1. More concentrited efforts should be made to attain 

balanced fertilization and synergistic nutrient 3. The optimization of agricultural production mustinteractions. Instead of a single-nutrient approach, 
aim 

a not only at achieving the desired yield targets of crops 
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but also at eliminating nutrient deficiency and increas-
ing the efficiency of the applied nutrients, 

4. 	Use or organic materials such as grain legumes, green 
manures, bio-fertilizers, and organic manures must be 
Properly integrated with other nutrient resources. 

5. To optimi:c ,agricultural iroduction, the synergistic 
interactions hetween fertilizcrs, seeds, water, 
agrochemicals, and management skill ought to be 
properly exploited, and the effective role of fertilizers 
should be properly defined and allowances made for 
these interactions, 

6. 	 Fertilizer use research in rainfed agriculturc has to be 
properly evaluated fir specific soil-climatic complexes. 

7. 	 In the past three decades, fertilizer recommendations 
h:,%ve been made only on the basis of individual crops; 
it is essential, however, ito devcl[p fertiliier recoi-
mendations for a cropping sysicm as a unit. 

Achievement of the agricultural ploduction goals is 
closely linked with fertilizer use, and it seems impossible 
to think of optini/ing agrlcullt!ral production without use 
of 	feti!izcrs. The current fertilizer consumption pattern 
indicates that a nmiaor share is used by a few crops: rice 
(40%), wheat (24%), sugarca:ne ()%), cotton (7%), and 
others (20%). Dryland crops o-ctipy around 00% of the 
arabic land but account for les:, than 15% of the fertilizers 
used. Furthcrnmire, assuming a present level of 
18 	 million mt of nutrient removal per year in India, the 
consuimption level of 8 million mt leaves a wide gap which 
will lead to rapid depletion of the soil nutrients. This will 
become intensified with the intensification of cropping and 
farming systems. Further, the new potciltial areas of for-
tilizer use nust be in (a) raintcd agriculture, (b) new crop-
ping and farming systems invflving pulses and oilseeds, 
arid (c) icclaimcd iands. 

Although L tremendous icreaise has been made in fe­
tilizer consumption, much more remains to be done in 
terms of increasing the use efficiency of the applied 
nutrients. Probably a major part of lhe agronomists' atten-
tion should be directed toward increasing the use effi­
ciency with the currcnl! .\ iailihle quantitics of plant 
nutrients as opposed to incracasing the production further 
and further. To highlight this, if it is possible tI increase 
the use efficiency of applied nutrients in rice farming 
alone tom the current avcr:ege level of 25% to around
50%, a substantial quantit'' of fertilizer nitrogen can be 

saved which can be diverted to other crops. This situation 
will hold good for other nutrients also. Soil scientists and 

agronomists should concentrate their efforts in this major 
area, and they should be given proper support from 
industries in taking tip large-scale research to find ways 
and meaas of irncreasing the use efficiency of the applied 
nutrients. 

The inc-eased agricultural production witnessed the 
world over during the past three or four decades was 
made possible by the introduction of high-yielding, 
fertilizer-responsive varieties of plants, especially grains 
such as rice, maize, and wheat during the late 1960s. But 
this trend (lid not continue. Nor did it attain the full level 
of expectation, and at present agricultural production is 
once again static at another plateau. If agricultural 
production is to increase and to move beyond this plateau, 
it must be realized that the production of crops cannot be 
increased signific-,ntly by introducing modern crop 
varieties alone. Other factors have to be taken into ac­
count such as climate, soil fertility, and crop production 
techniques. The general blanket fertilizer rccommenda­
tion technique has to be replaced with a suitable loca~tion­
specific technology. Appropriate knowledge about soil fcr­
tility and fertilizer use for location-specific situations may 
be the answer for achieving the expected goals in crop 
yields. It may be necessary to reorient the current produc­
tion tecl nology by changing from "seed-based technology" 
to a "soil-based technology" in which equal emphasis is 
given to the nutrients, water, and seeds. Fertilizer use 
should be properly integrated with an effective soil fertility 
evaluation program. Soil testing shou!d be the foundation 
of the nutrient management system designed to optimize 
agricultural production. Optimization should involve not 
only quantity but also source of nutrients and efficiency of 
use, including proper timing and method of application. 
Thus, t.,eprescription models that are ainied at higher 
crop yields should also increase use efficiency and sustain 
soil fertility. These prescription models have to be evolved 
in a systematic manner for the major cropping systems 
an(i also the farming systems involving crops, animals, 
trees, aqua-culture, bio-fertilizers, and other factors. 
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Foreword -NPKs in Perspective -

Fertilizer Products and Farmer Needs 

D. [i. Parish, Director, }utrclch 1)iVision, IntCrnaltio, 11 Fertilizer Development Center 

Ilnrod uction 

Chemical manures, oiarhilieul fertilizers as they were 
invariably called, have rcvoli ,niied agrieultural produc-
lion on a global se':lc only sincc I 1l}s. They had, 
hiwcver, already pi ciito bc indispensable ti miany farm 

prodttictiol Sstem1s nIio 1tie illC ri/li/cd nat ions for atlilost 
a centurv bcforc tilir elobl rtolc devcfopcd. Now, withoul 

their use. liass t-,.,tt o would hI l\I i ni'm y nitiOlS. 

The cClmi ic of ci li/er use areVbyeuverii;d 

production, dist iinht i n anIld lomic cost(s, the co.,ts of 
application in lile field, anid thc \tlue of the crop response 

pc; unit of ilt ici r m icitid b.\ IItcfert ili'cr. (Governmcnt 
intervention at adl vleI11n the Icrliilicr scctor--sUply, 
distribulion, ain t e distorts tle ns:of 'crtili'ers in 
termis of the products m dc availablc to the fitrmcr and 
the Ietel o'f tic IusCd On tif Ih ifi.i'c'r price and the valtie 
of' the crip, the t'riner, sclIs; lVit bhjCCti\clilesCICs, the f 
most developing conitur ilmvriwnlitls is to increase crop 
prodtiction and (licrc't fre tlLrt ili/cr tusc. 

The farmer is uninitcrsctcd ii national goil, anid will 
use lrilizer only to nakc a prnli. To niaxiiiii/c this 

profit, the tire r must inlc.ilco inial soiil ireiaralioll, 
seeding, liti.ef plalitinc., wccit. iisccl, id d1iseasecoin-
irol, ani nutrient sutpply, with kniii\iwi it iscrop needs; in 
the laller area Ihalfcrtilier plrlidict sclcliio, ii.:liding 
NPKs, h...; itroilc to play. 

The )evelopmino lhe Dmand For Fertilizers 

The fertili/cr r ec iiinorthern;ndistIv clyi'sscntiallv 

Europe during tic iiiduslrial retolution-a revolution 
which saw the beciniiiigi of' masive iltnis of a bur-
geoning population fronil lic cotil r\"ide' I,)the cities and 
a consequjient rapid gro mlh Ii Ilic ia tcldeand for (ood. 

i i, eThe historv of 1ii,,iiC1 lohreictscl\ linked 
to the productioin of,(vucrl cn, ;ii !nIl11his(latc, wheat, 
rice, and mai/c ;Iccoiit f'o irio<I of ilic 'eitilizcr con­
sulcd anUriallv. 

Dcvlopmliis in tlhc prodl clioileicchnologics ofIlhese 
thrc' crops hiave impaictd not only oiltlie q{tltities of 
fertilizer used but also oi li lpioducts used. 

Before the advent of the high-yiclding wheat and rice 
varieties and of hybrid maize, the major sources of plant 
nutrients were legume crops and farm and domestic 
manures. With these farming systems, the major con­
straint on cereal production was the low levels of soil 
phosphate which, in turn, led to the early development of 

the commercial phosphatic fertilizer industry (1842) based 
on cheap phosphate rock. 

The exploitation of potash deposits inGermany (1860) 
followed, and potassium chloride became an important 

fertilizer. Nitrogen thereafter became the key constraint to 
cereal production, particularly in northern Europe where 

the legume crops, although essential, represented a lost 
opportunity to grow a cereal crop. The advent of'syntlcic 
nitiogen fertilizers in the early twentieth century led to 
only a slow replacement of' the traditional soturces of 
nitrogen with nitrogenouw. fertilizers. This slow growth in 
demand was due to ,:conomic faclors (high cost of 
nitrogenous fertilizers and low cereal prices) and to the 
lcnctically uninproved nature of the cereal varieties used]. 
At this stage (ofagricultural development, crop varieties 
available to farmers wce not higlh-yielding; and the bane 
of' farmers around the world trying to grow higher yields 
of cereals was crop lodging, an affliction particularly asso­
cialed with high fertility soils. For this reason, the emlpha­
sis in fertilizer use was on phosphate and poitash wilh 
nitrogcn lbeing used only sparingly compared with today's 
practices. Under tb,"c conditions, as shown inFigures 1 
and 2, the use of a 1:1:1 (N:P205:K2O) miluNtre at cereal 
planling lime Was, and still is, a widely accejit cd practice. 

As the key crops (wheat and rice) were sclf-pollinating, 
a wide range of distinct varieties existed. The challenge, 
therefore, was to}use the various charactcristics off the dif­
fcrcnt varictics to produce crops which did not lodge and 
which thcrefore could respond in tenrms of higher yields to 
higher !cvels (ifsoil fertility. Breakthroughs occurred over 
a v'cry short period and rice yields in .Japan andl wheat 
yields in the United Kingdom soared. 

Inthe United States, the major cripi with the polcnial 
for rapid intensification was maize, an open pollinated 
crop; it was not until the intro luction of hybrld maize that 
yields, and c:.,nsequently the dcmand for fcrtilizcr, 
exploided. 
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 With the advent of chcap synthetic nitrogenous fer­
tilizers and cereal varieties which could convert high levels 

1,470 
 of nitrogenous fertilizer into greatly increased yields, the 
,0 Nitrogen IN) rcquiremnlents of the farner changed raiidh,,. In inany 
i°5 | ;areas, legumes were abandoned as werc animal and 

domcslic manures. The rapidity of this change is shown in 
840 Figure 3 which shows clearly the relationship between the 

decreasing use of legumes as a source of nitrogen and the6 increased reliance on synhclic nilrogen. 

420 

? I0 	 PhosphalterP,0 , Potash IK0 
1-	 ------ ...... The Agrononmics of Fertilizer Use 

1H.21 	 160 191 , 1940 adequate 	 sup)ly, of1980 W ithout an S1 13 mineral elements, 

Figure 1. 	Nutrient Consumption inUnited Kingdom, plant grovJ h is stunted. Fortunatcly the major agricul
18-37-1987. tt;al soils have adequate supplics of most nutrients, the 

exceptions being nitrogen, phosphorus, and poLassium, 
80 ...	 which are the major mineral constituents of the planl and 

the basic nutrients of coin ruercial fertilizers. 

6.. J After the initial lag phase (if se.;dling developmlent, 
cereals grow essentially in a logarithm i fasliion in termsffof both dry matter production and in terms of nutrient up­

40. / Phnsp6ale 	 take as illustrated in Figure 4. The increasihnt dcniand for 
30 nutrients as the plant grows is nl.i by a root syslci which 

20i 20"" -;-"" - 1has also grown vigorously. 
f 
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IFigure 3. 	 liegllne See'td l'rwirctiun aind Nitrogen Days After Planting
1tats, 199-1979. Source: I.P.t., 1983. 

The plant brccder In the dclvcloping world also radi- Figure 4. Nutrients Accumulated by the Aeria! Parts of 
cally changed the ag(nuoniliC effeicnicy of ferlilizers by Wheat Plants From Emergence to Maturity,
doubling and tripling (lie grain production per unit of Average of the 2 Varieties inia and Ciano at 
nitrogen applied to wheat and rice. 40) kg/ha N (Mexico). 
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As b tile soiand t actUs buffer stcstems in strplants,can acmae 
~en of nbutrient srs ased by a lowS ~:uroPy he lti sijed 
inutie shows first, by only rnria ccrese in'growt Agronmists have often;becai in ole inthsilvfd b.nageo 	 'aoc there. are pwriudwhen the 	 in 

_ 	 riob s' ~f fertilizer' prdtthplatisaeansgeaSUpAL h ln sciia hrta ofnutrientsato	 ceeto ae n at gifally different crop'yiel' reuls, wieteeConnic,
lhesestay nsevre~fect~r~n yeld.' ~scale 	 dcn pis e ra i elflo nfc ruyhsirripl'of i:midern, fetili~r o 

g rreductisnsd in disribution: and storage mots' chievabl' 
With seedligs, the soilnear the seed must be high in 

ternis of utriem~~~~~su 	 fetle di&routi ''..unit"' and 

b d!Yrbss'e (i throughl theuseof a minmum,-number of, high-analysisiinudtri:i;:::,,
4? phosphate and potash ainr nitrogen also. As the root fertilizer, products, have',' in fact, pre-empted s~uch refine-,"
"~~ sytem develops, a much loawer level in...............ofesimtydih,ofnphosphate andt problem 6 i, 1roct,,se. basedponmntn product selection. tyar-,

S9pash the rooting zone can continue to sus- -firoughou 
tain grow-th. pmg ;'icountryc -lii:7..When based on cost per unit of nutrient applied in the 

field,shigh-analysis fertilizers are increasinglycompetitiveIn the case of the modern varieties of wheat and rice, at the farmjlevel.'This fact has 'benefited many, NPKs asi
theire ar'e verycriticaljperiods wle~n nitrogen supplies must thyaearayrltvl highi-a'nalysis materials. How'­
be at a high level.'.This has led to the well-known splitting ' ever,.the main advantage of the traditional NPKs has been
of nitrogen fertilizer treaitments on the semii-dw"\arf rice thir high uniformity, low hygrosc6pi~ity,-and good physi­andtwhea Wismaize, theoccurrence of criticf 

.-

aieties. t 
nitrogen supply periodtess marked, neverlheless side- Oveloping, country situatioshivolng movement, in,bagsdressing after the spring growthl isWell underway is a corn- and long-term storage under huriid'conitions than do thej~ 
mon practice. more hygroscopic urea-based NPKs or bulk blends 

A'situa 6n which will possibly lead to~an Jpc . ase-mn
Fertilizer Products atdFarmPractis 	 the deand for homogeneous in.

countries is'the increasing need for a oreofntgif. 

t~ ~ ~ rlier~oll Na a] al ulty. Tis mean that,', then"w-	 ,ft bte ,i o h1940s,-- the widespread use of manures and legume crdp pospor, and otassilmenthf ddtime f aniumaind theilack of d&-Aied knowledge of crop response .com- Such complex nutrient n icedsmn that granular, NPKs
pouinded farmer meant 	 a<': Kwith caution 	 ..' .: are'"haeta'fertilize- use- that uniformly.incorp~orate these supplementary ' elements' 
'developedi only slowly an~quite -differently in different should be 'ablc; to compece with bulk-blended products ~' 
cour),ies, Essentially, onfy the higher value cash crops which' attempt tosupply such nutrients. The competitive 

a were fertilized 06d fertilizer recornrncnidations we,,re of the edge of such' fortified hom~ogeneous NPKs will, 'however,simplest order-one bagj'of. i or two bags of tFkit.~ oilyapply if fertilizer.quality' controls ar apIdhticl 
-3'-. /'and providedaIso thiat the agronomists do not over-tailo r

In France and Ger any, pairticularly, the use' of multi-- their fertilizer recommeindations, 
n outrigeneral efertilzrs containig N 205" 

and -1(2C was Ilighly develpd arid matrial-~uh a 
- , 15:15:15 became estabishedaInot onyi thle home market ~ NPK Market Share ­

but also overseas where they were use on plantaio'an 
-. '
 

nutrienth 	 > r tinessmall farm cash crops. - ~ ---	 homog'oiwdo oioeeumitiurei~i 
Wolwie productin, o ongnos utntin 

-: Given a good -soil suply of phosphate and -potaish, (NK etlzr otne to showarmoderate, growth, bit
nitrogen is the key yield ma~ker; arid its-management isbo- -'is -lagging behind the growh in total'inutrient,coming increasingly critical. 	 cosmto -abou 55 milo tone ofhmgeeu 

- -	 --,a- NPK, products w~as produiced in>19807compared with
As a general rule, all the P205 an'cK 20 needed by a about 60 million' tonne,-, today-This amnountstoabm6it15%

~,Crop should be. applied at or before, planting, while appli- of the world's total product tonnage. This annua ong
cations of nitrogen should be made atCmsadrts i complemented by about-25 -million tonncs 'of binary
defined by, the c1mrnate,'the soil, and the crop. Given this (NP),products, about 280 millioitnnes of single 'nutrientstatement the scope for the fertilizer indus~fy to manufa 	 nc_materials, some ofwhc are blended prio to application, 

a~a.~'t~ru l tiiXriiseatyr'at'ched to soil 'and and about 30,millio 'tonnes of flud (-gr ~Thustb 
~~-'~cro--neds);1ntii'it>bcli led"'i pouart of wld"ttl iii'a'prdicin--of fertilizer produictsprescripdan'applied bulk bleiids. 1Ntverthe'lecss<6tonpr two aniuunYto,out -400 millionjoic. Ois~f this amount, an 4carefully selected grades of goojqultym (in'<en f.A 'estimated 20%~ou'~ M n1nnestu 

tilizers can play an imnportant role over large~areas whr apie "~Ja of NPK a--ar2d ct .",ai~ 'ld I athos­



straight materials and tli thal arc bllndcd prior to 
applica0tion. 

NPKs 
15% 

/ (60 million Binary Products/ ~onnes) " (25 million tonnes) 
6% , 

/ 
..... Fluids (30 mnwhol tonnfs) 

Straight 
Materials
 

72 1/o
 
(280 million Itmnes) 

1 tiurc ). C'Mtwiimalmd:nNii'vi W\orld Icritiztzr( mm:iii 
(IsC I y Type (P,'iomto IBasis). 

t • & 
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Review of the Fertilizer Situation in Asia and the Pacific 
With Reference to Multiiutrient (NP and NPK) Fertilizers 

,,lain (. \'acs, "TeamI-cadcr, I S('A P/FA()/1 If f)0 Fertilizer Advisory,
I)ewlopmcnt. and lnformation Nctwork for Asia and the Pacific (FADINAP) 

Abstract 

I the late 1l0ls Ilhc use of modern high-yielding
varicties of rice and whc:tt that arc rcspolsive_. to nitrogen 
fertili/crs bcame \idesfrid [lrotaiihout Asia and the 
Plcific IIhc there 

of, nilloiocn 


reia. At llc lmeime was anl tliple: supply 
raml m.uvr.suli i, w and ImmprlIVCd t chiolti wav 

inI Ithe pducti, an ea ;amilloia tnd tlre.'I.Together, IhCsC 
I'ct sjiIrred Ihc 1. . o fertilizers in all the rCilion. For 

fi rst e I a rar;in t oIl 

jn ijallatl i 


h t I inI . v, aI aI m ( I ti tIrilpped I!I. 
st This 


I ifda lntit R l 


t m tI In 'l -( AA'Il. iml;lr i,'vcs the 
allnl i umn ati I I 1 lo I 11 of1 l thie 

cutm iT, 1iC-A )it lld tlic '.ili' rIelain. 

In trod(uictio n 

With elhe in ofcxct .i tp; , the Rcputblic of Korea, 

and Taiwanl, lItre.-sckhlc lerIli/er iste+ iIIAsia and the
 
Pacific started uly alt.'r 
 If , t !p to that yar, the use offcrlili/cr ws Lm ,,rteltict d ti i nstlril plant ation 

crop, snch I;toi ra ,, c:'lcc, Li',i. ', rl,.'iltic aid oil palln. 

Sinice the taot;il cuh rr ,%f rclat ivclv
 ' a :lc,,.' cr, as 

sMalll, li tutu l Iill.l Idatiri iier usct in 
 tile Asial 

I*CLiall \k:! A'i llllhr s,1,1!l. 


Nit utehli, phii,,ph.t'. 1a1d i r Wt d ;lImosIni in 

tIhe si'li ratt i th;fil H'Cd Ins the rest ofth,: world 
or 

thilnt 1:1:1. 1I1 1Ilnrn1 ulld i tna Asiamic ill theCl .,iI 

Iatle IlQ). It \kis t,If certe, 1,\ 
 the spread (it modern, 

h h-vi I,md,i,Il 
 I riceTi .al Ilat tMilt a;r rcipin-
sive to nitratCo"en ethllli/t*. Ihi, desehclopio icllicidA 
with the amiple V o!,itilthclid jlenrcslhugit nit, 
from tlh new ,,,1111c l i.s,,.,ia iitunml I:lItll Itch-
nlaaov. 

Nitlri ien kl illi ilfi, '! -l l'te '(I ;t hie't criiset1ri Ilhoat 
11,71970(aiwrac t . 1 5cr l.t. ill ant latp h 1(11slltripped 

populatiom cmiv. Jh in Ill ii, Asia. uulth fetiliICr Col-
stilmplion and fnod Ii,(duet)ii ilrlata muchinAV-ia 

fasler rale than ill the r,,t l'fthe worll. 

lion" started to have an impact (after 1965), the devclop­
mcni of fertilizer consumption in Asi. hais followed a pal­
tern distinctly different from that of the rest of the world.
The dominance of rice in Asian agriculturc and its food 
economy is the major factor that diffcreniiatcs Asia from 
the rest of the world (). 

..... Aur ,(musJapan) 
Moder Vdanee.End ai,idogentrn 

it I)I 

7 i I NoirlAmeria 

0 

0 ... n.r 
193 1950 1460 1970 180 1390 2000 

a," 

Figure 1. Trends in Nitrogen Consumption in Asia andNorth America, 1938-20M0. 

Regional Overview of Ferti. izer Production 
in Asia and the Pacific 

In Asia in 1985/8(0 there was a marginal increase in the 
production of N while l'05 production declined by 4.67% 
and K:O production increased by nmore t han 25% com­
pared with the preceding y'car (1984/85). The overall 
production of all the thrcc nutrients increased bay 1.6%. 
Aiong China and India, the two majior a::rtilizcr­
producing countries of Asia, China recorded ; decline in 
the production of all the nutrients in 1985/(,. Against
12.42 million rut of N, 2.42 million nit P.05 , ard 3'2,I)() nit 

(if K2() produced in 1984/85, the production in 1"'8 5/S6
totallcd 11.15 million mt of N, 1.83 million nit of P ()s, and 
24,((1)0 rtl of K.,). Thus the annual growth rate of N, 
I'()s, and K:A) registeredi a decline of ( .2(, 24.4%*(, and 
25.1('., respeclivcly. India., howevcr, rec iirdld a positive
e'ra,,vth in 1985/86 fcrtiliz:r production. N and P'), 
production in 1985/86 increased to 4.32 million not and
1.46 million nit from 3.92 and 1.34 million nil, respectively, 
in 1984/85 registering an annual growth late feOr N of 
10.2':;%Znd P:()s of 8.9%. India does not prodtLce potashSince the scd and the fertifi'r-h SCd "(irccn Rcvolu- fertilizers (Figure 2). 
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demand in the early 1980s. At the saamc tie therc was a 
capacity increase in many counlrics as a result of an antici­
pated 4% annual growth in cOnslltionl. Sicc demand 

, 0 ..... did not increase to the samc level a. ic CalIaciy, tie 
opcraling rate was greatily reduced. 

Alter 3 years ,oit stagnation, Ihcrc was a marked in­
crease in tile world phosphalc dcmand in 1984/85 and this 

............. 	 pace was maintaincd in 1985/86. It is hoped that demand 
in the coming 3 years will equal 90% of the production 
capacity, considcrcd to lic optimun provided no newi'urc 2. Asian Fertilizer Prodluction. 	 capacity comes on stream. It is tnllated that lhe 
surplus phosphate supply siltliation A lie ghlohal level, cs­','here his bccn il heirr,Cn !'rli,/cr 2.5 million tlt in i%%/'87. will increasea major "hill Ihc Ihnatcd al about 

indu try during the l8>: . (ri]h10 l bo (4 l';I'ilie to 3.7 million it in 198S/1.i , a f't'- which it willlI HIe ;lhoill 

l'e lol.11 nitlrocn teItelittilicilI \k&s prodUCCd i Ili decline i aiout 2.5 million tnt 
 Ii 1991/92 ('1ablc 2).


d(lvc opcd cmtlic,, bu It ml I,S1) on watlds ;tto"l 7t)
 

f lie rete ult il il %\'t, b1cill, Irlid cd in lutalh ­
pIanncd and de\copi, lrfxl ceonon\ ctunlt li'>.. lie Tabc 2. 
 Phosphate Fertilizer Supply, I)emand, and
 
averagc plant capaclt\ JIittiC',,,d tm 7")i10l !,511() nit Balance in the Asian Region
 
of, tlItln1o lia c Lr \,d 

1987 1Q88 1089 1990 1991Nitrogen Fertilizer - - (million ll) -----------
The iitiflroe t Ic'rt iliet 1. L'eithnalcd atickuic'llt> ,lie 


71 million mtpy' 1(t lI'LS> mill >I2id illioi initpy l'ii Supply 
 4.40 4.02 4.82 5.01) 5.25 
1))/U2. A !lobal surtluILs stiltioll in nillt ,vctn ,upplV is l)cliland 7.98 8.30 8.75 9.15 9.55 
likely to pcrsiSt Mitl I lh C lillA Ille irltCtti dcilC. Ill
 
I))) t)le tIlrociul i illllild biLtic'
tl(iyi IJd 1, est liilc l Bala.uc -3.58 -3.74 -3.93 -4.15 -4.30
 
to bc 0)08 11ilii it. A SHI;tli ,elci is iuicipaicd I the World total
 

ll('I l C dV balancc 2.53 3.74 3.57 3.13 2.55
tcl i mii ll )I lie d'id,. lit 	! '111 ani l ii 

1I [ii rll l ( t ilir t .'il\kliI Ild 	 llcc , a" cil ll ledlcd 

Iiiil i r ttteIiii lIIt) t' "UI ull tih iI l; ilw
1 T ii 


er,,wlio lhe nit''tl' iililsI i ithc futurc. T iblc I
 
It ,\ ie nilr~l.!cl t Fiu1i iI pplv. dctnaild. aid illance:
 
inl CAsiati rcui,,ni !f 10 ; 1i t , l h It1l. 
 The Potash Industry 

Worldwide, the supply and demand balance for potash 
is likely to show a surplus of sonic 3.2 million ilt of' K20 iniTablc I. Nitrogen lIrtiliztT 14-iplvlc)tnaMId. l)86/8i7. It is anticipated that this surplus will increase to;iit(1 


Balantte ili Ile .. iin Rctvionm 3.7 million nit 
 iii 11980/9(1 and IOhn decline to about 
3.4 million int by 191)1 (Table 3). 

l9S7 Ill 5 ,'t' 1990 14)l1 
-- --- - - - --- -iinii lllt) ----------

Tablc 3. Potash Fertilizer Slllpily, )einiid, ain]
Supply 22.42 23.u7 2-132 2-1.64 25.1)8 Balance in ile Asian Regit 
l)cmand 27.01 .12 11) 1.10 31.20 

1987 1988 1')81) 199) 199 1 
Balance -4.51) -4.-544 -.-. -5.52 -0. 12 ........... (million tilt)-----------
World tolal 

balance 2.43 2.41 I..10 0.0,8 -1.97 Supply 0.03 0.0)5 (1.6?1 0.0)7 1w117 
Deanild 2.9)2 3.18 3.30 3.51 3.04 

Ba l;a ": -2.89 -3.13 -3.29 -3.44 -3.57 
The Phosphate Industr World total
 

At present this scclor of tlhe lctillzcr industrv is faced balace 3.19 3.11 3.74 
 3.72 3.38 
with an over-capiacily sit uatlm, o\ i tIo Ihe slailat lon in 
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Fertilizer Market Study in I)e.e!oping 

Countries in Asia and the Pacific
 

With Particular Reference to Multinulrient 

(Nil and NIPK) Fertliizers 


Aflc'r I wti'l of >,iinatlie eirowlh rfatcs from 19)82/83 
L,'l-li5 11rk, t I li/cri-, dCvcfopineg countries 

of .si:i ,iid be l':wiitc ret o,tll' dcclined in 1085/86 for the 
-I 11timt 1i'I /,I * UIb. icduct on inl volunic in 

Iik.,sn I 2. ml (.0r'. colli-ailrltJ I, ifillioii (niiin 
plid wlitli t ppio e dic:tI in l10 rcac!i amjiud P)NS,/85) 

l, I:l,At i o l ilioli l l I ,JltriAnls. 


Il ,'lilcjiiId 1 .1 , ,, .,., l 24'1) million mlt of 
111ilr tw 11,0',,il111 1 h >. ill o,cil, 1, 	 lld 'A-m illion lit 

0i 

Lt in 
illi 11c l'.qlL, KPl'lie d ( hira ha., a significant cf-

h1 O,. IhliC IIir, i1ditLd I,,i 111K rcV0ion. This was 
unHrl &InI,. i IcIn ii Il t'!;li/cl Jr, in ('hina by 
2.) millh int I 'i 

The finelleCn(d (cLhI\Ililt>, ihe fertilizer sector 

Lre; pieferrd 

l Ili i c !,.i innlgidcsh. India, and Indonesia,
 

In tjwr. , tic piodtcl in Asia and 
Prir n In 

tliC; i tiis fo-ir thian 50"; of Ihe fertilizer;hloiic iL 
consiimf1tiwii. :,\i, ij11mi Ailfalc is relatively important 
in Thil;and a I ill. R.Bdh in Iran nd Pakistan, [)AP is 
liel I It fpii pikl-tt. in tileertilir 1hlereas 
1,ptrblij it .t C ImuL ili ciii(NI' and NPK) fertilizers 

ciip~lhLI I ir, ni kt!-,t ,,b it ifli 0r71" in 1985/86. 
Ii h.1 j ii i i , ,cr, while Indonesia and 
Ilinadt 	 ,h piclc "1i-1 aT, a l c f-phlospfhate (Tables 4 
mu 5) Slrinlil fcrtili/cr, ire' jrlc'dmliMal V used in
 
Heilid ,lI Burni, iuhloncieI, Iran, Fiji, Viet nam, and to 

a lesser cxten i t in .Sri lirka. 


Tlh, 4. 	 F'ertilize,r ('oumllliption in Asia, 1985/86 

Bandeladcsh India Indonesia Iral Nepal 
------	 - (')-)-t-lit-) - -------------

Urca 795 10, 15 2,00 7 552 45 
AS - 5tim -175 18 2 
DAP - 2,178 - 927 -
TSP 2(7 3 13,-18 - I 
NMP 00( 1,4 12 29 	 1)( 
NP/NPK - 2,021) - 54 
Others 4 2,5)8 19 -

Total 1,156 11),341 4,42(1 1,516 103 

S rurct: FADINA P Dahlhbse. 

Table 5. 	 Fertilizer Consumption in Asia, 1985/86 

Sri 
Pakistan 	 Philippines Korea Lanka Thailand 

(00 it)--------------­ .-------------

Urea 173 413 ,168 184 210 
AS 93 140 24 76 257 
DAP 495 9 - - -
TSP 15 1 ­ 49 -
M OP - 39 53 86 30 
NP/NPK 426 229 1,126 24 495 
Others 214 14 67 2 9 

Total 1,416 845 1,738 421 1,0(01 

SIouuS irce: FADINAP Database. 

Single superphosphate (SSP) is still used in large quan­
lilies in India, although it is facing morc and more strong 
conilition from DAP. As a source of phosphate, DAP 
has overtakcn SSP. DAP use increased rapidly after 
1980/81., from around 800,000) mipy tip to 2.7 million mtpy 
in 1986/87, according to latest FAI information. 

With regard to the mullinutrient (NP and NPK) fcr­
tilizers, these are popular in India, the Republic of Korea, 
Thailand, Pikistan. the Philippines, and Nepal. 

Table 6 shows the con.suniption trends of niultinutrient 
(NP and NPK) fertilizers in those selected countries in 
Asia over the last 5 years from 1982/83 through 1986/87. 

Table 6. 	 Consumption of' (NP/NPK) Fertilizers in Asia,
 
1982-87
 

1982/83 1983/8 1984/85 1985/86 1986/8 
-........... ('-(X) mt) -------------

India - 2,314 4,673 2,629 2,848 
Nepal 36 33 51 54 45 
Pakistan 428 403 379 426 400 
Philippines 305 247 236 229 315 
Korea 780 1,046 1,118 1,160 1,160 
Si Lanka 33 25 28 24 29 
Thailand - - 616 584 524 

Source: FADINAP Database. 

Table 7 shows the consumption of mull inutriunt fcrtil. 
izer in Asia as compared with the total fertilizer consump­
tion in 1985/86. In the Republic of Korea, Thailand, and 
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Nepal, more than 50Q. of all fertilizers consurmed are Table 9. Fertilizer Imports in Asia, 1985/86

rnultinutrient (NP and 
 NPK) fertilicrs. In the case ofPakistan and the Philirpines the share of multinutrient Korea Malaysia Neal Pakistanfertilizer as compared ,vith the tolal fertilizer consumption-- ('-000 nit) ------------­
amounts to 301% and 271 ,' respectively. 

Urea ­ 270 62 
rable 7. Consumption o1' (NI'/NPK) Fertilizers in Asia 

AS - 170 5 -DAP - 20 
as Comipared With Total, 1985/S6 

- 336 
TSP 10 -
MOP 406 505 - 57N_ NK Total NP NPK NP/NPK - 115 63 58 

-- li('lt)- - --- . (--() 

India Total 406 1,090 130 4512,629 19,340 14Nepal 54 103 53 Source: FADINAP Database.
Pakistan 426 1,416 30
 
Philippines 22) 847 

Korea 1,161) 1,738 

27
 
67 Table 10. Fertilizer Imports in Asia, 1985/86


Sri Lanka 
 24 468 5Thailand 584 1,090 54 Philippines Sri Lanka Thailand Vietnam 
___ __ __-------------__ ('000 nit) - - - - - -Source: F\DINAP Database. 

___ __ 


Urea 684 182 
 210 504 
AS 175 il1 42, 151Imports by Selected Countries DAP - 1 5"ro supply the req uired volume of fertilizers in TSP - 38 ­1,85/80, the developin,7 countries of Asia and the Pacific MOP 71 111 29 55cont,'ibutcd 25.5 million ml of' nulrients in local produc- NP/NPK 59 21 480 72


lion. In addition, 10.8 million nl of fertilizer nutrients was
impoted of' which 17.8% oriiih:Jd fron inlraregional Total 989 463 1,169 78"7sources. Hlalf of the inpurts consisted of nitrogen,whereas phosphale iceoutCd for 27' and potash 23%. Source: FADINAP Database. 
Estimates indicate that tlie imports were valued at
US $3.4 billion (c.i.f.) and represent over 20 million it of Most 
 of the countries in the region prefer to importproduc ts. urea, DAP, and MOP. The latter is not available in the 

region. A large part of the urea and to a much lesser ex-Tables 8, 9, and 10 show the magnitude of the fertilizer tent DAP can be imported from other countries in theimports in the region. region. 

Ammonium sulfate is im.ortedTable 8. Fertilizer Imports in Asia, 1985/86 by a few countries,

namely Fiji, Malaysia, Thailand, the Philippines, and Sri
 
Lanka. Substantial volumes of TSP are procured
Bgadesh China as phos-India Indonesia Iran phate material by Bangladesh. Burma and Sri Lanka are------------ ('1000 i)r--------------- also importers of TSP. Pakistan imports small tonnages 
of SOP. Chin;a, imports sizable volumes of compound fer-Urea 196 3,586 2,828 508- lilizcrs. 

AS - - 9-

DAP - 1,220 1,750 
 - 927 China and India imported, respectively, 3.4 andTSP 3,16 ­ - - 3.3 million mt of nutrients in 1985/86. Together they rep-MOP 89 680 1,490 300 - resented 62% of the region's fertilizer imports. Com-NP/NPK - 930 ­ - - pared with a year ago their purchases were greatly 

reduced.Total 631 6,416 6,068 300 1,,W4 
Other major importers were the Islamic Republic ofSource: FADINAP Datahase. Iran (852,100 mt) and Malaysia (633,800 nit). More than 
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hall of Malaysia's iports cinmistcd of pt isJh, which is in the regional export has been :Ypanding at annual con­
high demand fur use on ile trcc and plautaiion crops. peiundcd n-rowlh rate of 31% since 1981/82. 
\ith the cxccption of, thel uc imlportcrs such as ('hina 
and India, all the ollicr smai- to-mcdium laree iliiorlcrs As shown in Tablez 1t, the major exporters arc Indo­
imported at least onie-third of their requiremeilts; from isia, the Republic of Korea. and the Philippines. Smaller 
intrarcvional son e:1. tonnagcs were exported in 1985/86 by Malaysia 

(122,00) ilt), Burmi (1,0)00 fitl), ,and Bmgladesh
With .-WCilIc' rlCfreCICe to imports oflmtiltinilricnt fcr- (5,000 int). Bangladcsh entered the expot nmarket fully in

' tiliAiers., ;an eriev of sit u,,tit selcCedcIlintries 1t)87 aiid 1)88 with a possible export volnme of up tothe 1v 
is civen Lvow. 	 .150,11() it scheduled for 1988/89. Malaysia is well estab­

lihcd as a main granular urea exporter wHille thel Philip-
Mai sia Imlports of nultintricni (NP and NPK) pincs is concentrating its exports on )AP and NP and 

hrtillwcrs in 1'),L to lit: 0,0I)0 nit5/86 amuntntcd !15,10(1 NPK grades s ich as 16-20-0 and 15 15-15. [lie quanlities
of to-2()-I), 35,101)0 mlt of 12-12-17. and 21,00 ml of exported by the Philippines were 12,001) and 70,000 lilt, 
I I-0',. respectively. 

Nepal-- Imports of NI' mltinuitricnt 'crtilizcrs in
 
1')85/80 amoulcd to (H.(fl) il, which \\Is exclusively Table 11. Export of Fertilizers in Asia, 1985/86

Ltradc 201+20 0. 

Urea DAP NP/NPK AS Total
Palislt Itinl,,fr,NI't\of muli tiircn ltertilizers in 	 ............ ('000 it)------------


1)5,/S( a ioluinttcd to.S,,)()() nitill:3.11(1)<0 of 1i-i3-21
 
and 2S.)0)0 ntIlf 11-2f
o 	 1-21. 

Indonesia 735 ­- 735 
The Philippincs Impil, tiullinutrieAl (NI' and Philippines - 506 82 588rtof l 


NPK) fcrtilizcr Ii 1')8m5/oaiimilt'd it)50,{{f(111i, of, Korea 
 65 433 622 108 1,228 
which 30,10100 l l its -I-W-1-1ad 2'Q,000 lilt was 10-211-0). Malaysia 122 - ­ - 122 

Japan 115 26 76 565 782
Inptort, 	 'Sri Lanka - of intlt inutricnt (NI K) cililicr-rs Buirma 91 	 - ­ 91 

in 1')85/,86 aloutel to,2 t1,100 in of 1I-5-15 lYV. Pakistan 371 - 371 
Bangladesh 5 - 5 

Thailand- Impti orf uinutliricnt (NI' and NPK) 
fcrtilizcrs in I ,iinntcdl11/1on to -h10,0l0fill, which in- Source: FADINAP Database. 
clnded 231,000 1ni t111..)ll 0-11 m of 1-15-15, 
-10,001 mit , 210-2-- (),}30,00)i ilol L1-I;-2l1, and (o,00[ll t 
fI-.(-,,. 	 'iTheRepublic of Korea -- Korea had Ihe laigcsl export 

(If muht inutrient (NP and NPK) fertilizers in Aia in 
Vietnain Imporis of niltintmricnt (NI' aid NPK) fr- V,,5/86 amounting to a total of 622,))) nil of different 

iliers in l9),/Sn aimted to 72.)1)11 it;-2,11)11 l was grades which included 314,000 nlt of 10)-21-(t, 83,1 nt of 
1t-I(1-8 and 3111101 fl \.as a binairy (NI') product o'eradc 15-15-15, and 225,) rlt of other grades.
20}-20-0I. 

Uxljiirts by Selected ('ountlrit,; References 
The dcvcloping countrics of A,i; and the ';acific have 

not fully cmcr ',d]ats laric/-,c;ie cx)iiircrs of chenical Icr- I. von UJcxkull, 1-1.R. 1987. "Fertilizers in the Asian 
tiliers. Iii /SSn, ,,hiw ilrlie v.orld traleI r Ihcir Region, Challenges and Constraints," Fertilizer literma­

nioiitenCd 0h3.3"; . Itslould, hwevcr., hC n~tlinCd thtll tional, No. 255, 33-36. 
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The Role of Agglomeration in the Fertilizer Industry 

Jarocs.1. Schult, Fcrtili/cr Productito specialist, and 
Jorg R. Polo, [n!,inccring Coordinaittr, ln ernational Fertilizer DcvClopmcnt Center 

Abstract 

Worldwide pro duction (if fcrtilizcr anroontied to about 
-PX) nillion lton.es ir"1980( (including about 4() million 
tonncs in the I'nilcil st;ites). Although a significant 
amonit o; this tcieili/cr wis prtduccd in nongranulair and 
l1uid ltriis, mitch (at lc.;t 2(<)-50 million tonncs) wais 
produced i1 )1:111,t Al grrilc. 

Tt. i.tcrnular.' dcrivC(l'fom the Latin "rianIs," 
Aujvl.,ut :: t1: toick. si/c cl wiparhlc cu.l grains. Thu. 

or I lie pu t 11this paicr, lv; ,tokh r lcr t ili/crs will refer 
t) solid r urlli,>" p rdtuccd It-a Variety iif procc!; 
nwchainisin, itllItdijnl,, Ii .lomcriion, accretion, prilling, 
or .t cmtliII:tt mu ml these tlhe particle size of granular 
hcrtili/cr-, in the ." i Was is usuilly ini lhe rangc of about 
I- ;11111, ;l',i/c rainge of about 2-5 nm is mlore:
continrlor' illi Itch I I litrope ill nll;Illothe'r ltt;Ititsod. 

l,"gglrltt1cralttl I") is th1 lrn iuLnTcl:tn11is uISed to 
product rIullitur ient 1ranlrIlr iC'ii Ct: those fertltP,Crts 
lhat uLIuillv ,.<itrtain 1ll hrcc o, the Jriln;irv ntutrietl 

tr !,Iq, >'a
d potm ssiu ))+ d, 1"nl',cdud, iitubr. fdit r scct i(Ltnv aid rn+icronut r.nt s. In nost fer-
tili' , tuictt ott proce.sses other nrechannlis , re alsoIIs 


in\Vdwde: thercit yc, inost lroc'eses arc described in tcrms. 
odthe principl n itchnisrin, recognizing that stpptorting or 
Ct'll[ t -'tintci itllullcu 's are ustli ly piesctit. 

'Ihi, 1;tur1 decribsl the tchnilo,.v of g!;Jorncr;lion 
;,sit p h It the fertilizer irrdu-trv nd includes al dis-
cussitin ofl the mst iniportint irai lthntLeln0lgies.
The cuoirpitrittivc prttductiton ccononrIics of vilriotls flr-
tili/cr aihgltuncrititr schemes nd tie expected future 
trends in mIc role ttf i tilizer aeglolmrat ion are also 
(Icscribhud. 

Introduiction 

lraiintilitio of fertilizers is one of the mo.st inilprtnii 
applications of ;ijglonmration in the agriculture industr'. 
Annual world production of granular fertilizers prol.hily 
amounts tioit least 20(0-251) million tolines (1). In this 
context(tie tcrm 'granuttionl' refers to ai!l nicthods for 
producing solid fOrt ilizers of the desired size ralge anid 

with the desired physical propertics whether starting with 
solids, solutions, melts, cho:niical react ants, or conihina-
Lions of these form.s. 

There is ot)generally :ri-ecd-upon dcfinition of the 
particle sizc of "'granlar" [nilizCr. However, the U.S. 
Aicnciv for Intcrnaionall Devcopncnt has pulished 
spccifications for fertilizers that may bh exported uldCr its 
jirograills; if claiucd to hc grantlar, thcy roust be itleast 
9)0'' within thC size range of 6-16 mush (3.3-1.0 im),
10()(';,minlus 4 ilnsh (4.7 minl), ()8,%; plus 2S nish 
(0.6 murm), and 'free flowing" (2). In practie most 
products are mor closely sized, al least when initially 
Iroduced and loaded for shipnent from the fiactory. In 

mnany countries, a soimewhat larger particle size is 
prefc'rred, about 2-5 mm11. For special purposes, stich as 
aerial applica:tion, still largCr grainules are preferred. 

(Pressure Roll
Compaction, 5% 

Slurry and 
Solids Agglomeration
 

500 450/ Drop Formation
 
(Prilling) 

Estimated World Annual Production ofGranular Fertilizers­
230 MillionTonnes 

Figure I. Principal Melthods istl to Produ.ce (;raniflar 
Fertilizers. 

Sherrington divides grattulation processes and technol­
ogy into four sutbdivisions-(I) compaction (prcssure),
(2) diop formation (prilling), (3) aggloncration, and 
(4) heat bonding (sintcriing/nodulizat ion) (3). Except for 
h,: l ilnding, all techniouis arc used quite widely to 
produce granular fertilizers (Figure I). Drop forination 
(prillin,) is timtong the most widely used granulithion 
pCucess,, in the fcrli/Cr industry. AbouL 90% if the 
world's urea (atbott 40 million annual tonnes of prodtct) 
is produced hy prilling, Likewise, Ilost amoniotinom 
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nitrate/calcium annoniunl nilralc products, the othCr 
major source of' nitr'vcn fertili/cr (about 5(1 inillion 
annual tornas of pIod nc), are o"duced 1v prilling, 
About the same amotunt of graniular ferlilizer 
(approxilaltcly S0-!0() million tonncs) is produced 
annuallyic a num ber of aggloI IcrIat ion processes that ,ill 

be disceussen. 

Look at the Fertilizer Indtstry 

To appreciate the application of agglomcralion in the" 

fertilizer industry, a brief hook at the industry may be help-
Uhf1 Tl. fcrtilicr indistrv is cxtr-en;cl' dyvnam: ic, col-
staitly respoidin to ch;tice ,in rIerand, product types, 
tcch ica! i ln vat ils, 20,,erInti cll policy initiatives, and 
lic farmcr's riaction to ;rdvcrsc cetior1ic, weather, and 

trarkct c rdiliOlls. 

Production alnd (nsuiliption 

\Vorldidc f)rodcetirt r (if cllcri,.al fcrtilizers 


(coinronly callcd cor111 crrial fcnilizers) has grown froo 


about 1- irillion tO lncs of the ' imarv riulrients, idc -

Ilied Is N (niroge. , (ph .lal), and 1K() 

(potash), in 1151) to 130irillior tfonies today (Figire 2) 
(4). About 54' ; of Ihe!currvnt product ii is nitrogen, iol-
lowed by thospfh,lc aa uhrlr t 25'7 and p l;ish t about
21 .;. When eXlrcssud in trnis of fertiie/or product, 

21"'It %\711cii128 
136 inilliorl touir Cs of lltrillts ;ulrirIits to abtl 

-100 miliflionl
tinncs offpr fduct conlaiing ill average 
nutrient conccnlration of about 3 A11.11Alal prridtlCliOn 
aind Cortsiurup1 ion uSuallhe'iClliiii lyIhVwell balariccd. 

//"
 

P205 

250% 


28- , , N 


320 o1 40% ( 54%,o K.OSK2 0 / 

1950 21/o
World Total (Ntrimls)W4Million Tnnes 


4 l nlhate 


1986 

World Total (Nutrients) 
136 Million Tons 


Source FAO 


Figure 2. NVor.d Fertilizer Productotion (Nitrogen, 

Phosphate, atnd Potash). 

In 1965, aboult 02"(. 0if Ill ciCnitical ferliliters 

about 36% of the Iotal world production. Fertilizer con­
suruption has followed a sitilar pattern; North Arierica 
and Western Europe have declined from about 56% of 
world constimtion in 1965 to about 3 2i', today (lFigue 3). 

0PRODUCTION 

North 
North A erica 

tieslof 621 America Rest atWol WeslernEutope 

orld o 62' ten ,Wo 6uoI 

Europ, 4 / 

1965
World Total (Nutrients) -


44 Million Tonnes 1986 
World Trotal (Nulrients) 

136 Million Tonnes 

CONSMFION 

North 

America 
e o North a 

Bes of Amerira RestWorld / World Europ. 

Western 680o 32% 
Europe 

1965 

World Total (Nutrients) 

11Million Tones 1986 
WorldTotal (Nutrents)

lli TotaNt~nes 
128MllionTonnes
 

Sou.rceFAO. 

Figure 3. Fertilizer Production and Consuniption 

Patterns. 

Wio Owns the Industry? 
Today, as shown in Figure 4, more than 60% of lhe 

fertilizer indistry is owned by governnienls (state-owned 

enterprises). Twenty-live years ago govrninent owner­
ship anounted to only abotit 401%( of ihe total iidustry (5). 

Sulfur, an important ingredient for processing phos­
rock into the soluble form recquitir (d for most Icr-Iilizers, is also produced largely in governmIent-owned 

facilities. Approximately 1 tonne of sulfur in the form of 
sulfuric acid is required to produce I tonne of water­
soluble P,,O.. Today, the greatest growth in stiifur pr(lduc­
tion is(Occurringin the sour natural gas and oil indutstries; 
these facilities, too, are largely governincnt owned. 

Co ntercial Valtie of'Fertilizer 

fie international selling price of various fertilizers 
comnparcd with otiher conimaodi ics is shown in Table I (6)). 

(expressed in terris of ll1lrient s) werc produtced iI Noirth I The cornnercial value of fertilier in Ile donestic and 
America (cxciuding NIexico) and et\'eslcrnEurope. Today internatioial narketplace varies quite widely with product 
North America aid Western FLripe accountl for only type, localion, governnent policy initiatives, and Ihe over­
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all world economics. For example, as shown in Figure 5, phosphate and potash fertilizers as well. The future pric­the nitrogen supply/demand balance remained quite ing structure, however, is quite uncertain.

stable during the period 1974-86, but the price of nitrogen,
in the form of ammonia and urea, declined dramatically. Table 1. Approximate Prices of Selected Fertilizers
 

Compared With Other Internationally Traded 
Commodities 

Commodity US $/tonnea 

I PrIa Governent 360nPo Bauxite (Jamaica)Bituminius coal (U.S. port) 56

\ a Government) Coffee (U.S. Gulf port) 3,200 

64/ Cotton (U.S. product, Liverpool port) 1,400 
1965 Fertilizer

World 44 Million TonnesI-ial Production (Nutrients) J Diammonium phosphate, DAP
1986 (U.S. Gulf port) 

169 (185))World Total Production (Nutrients) Potash, KCI (Vancouver port) 85 (65))
Triple superphosphate, 

TSP 
Source I tei..a.ior I Ferhilize indusry A. oc1,iorr (Indiustry O nershp Doa). 

(U.S. Gulf port) 119 (15 0 )"U rea (West E urope port) 142 (95) )Iron ore (North Sea port)

Figure 4. Approximate l)istril ion of Fertilizer 23
Maize (U.S. Gulf port) 113Industry Ownersiip (Nitrogen, Phosphate, Natural rubber (New York spot) 930and Potash). Rice (Bangkok port) 217 

Tea (London auction) 2,200 
1000 Wheat (U.S. Atlantic port) 128 

00.I----lled"Cacityv 600 Approximate.a. m id-1985 price (current dollars) at 
I indicated location. 

8 b. Approximate mid-1987 price at U.S. Gulf port (currentSActual P .,o.tio d o lla rs ) , 

Source: Commodity Trade and Price Trends, 1986 
Edition, The World Bank. 
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Fertilizer Agglomeration Technology 

0 ..-.-.1 I a b U Gul,Coast-1 -I1 to0 
Why Granular Fertilizers?

,V4 976 ,M 980 1982 198 1986 The original purpose of granulation of fertilizers was 
.........V , , Y
~rcvri Markets 3 to prevent caking in bags (luring storage and shipment so 

that the product reached the farmer in suitable conditionFigure 5. Trends in World Nitrogen Supply and Price. for use in field application equipment. Today, over 80% 
of the (fry fertilizers are shipped in bulk, and therefore 
granulation is needed to ensure thatThe the product is freehigh prices for fertilizer (especially nitrogen flowing for ease in loading and unloading; that it does notproducts) brought about by the cnerty hysteria of tlie cake severely (luring bulk shipment or storage; and thatmid-1970s quickly declined withII increased supplies of tlie individual granules are strong enough to withstandenergy and abundant Siij)plies of ' rtilizcr contributed in mechanical handling without significant breakage. Therepart by a new gencralion if g'ocrninmn-owIIcd en- is also a growing need toterprises. ensure that the loading and un-For the most part, thiese g IveritIIC[nt-owncd en- loading operation, produce I minimum of dust, especiallyterprises have deeply pcnet rated the intr at;onal at ports and in warehouses and workplaces. As a result ofmarketplace with the assistance of a number of suiidy this environmental requirement, powdered elementalschemes. Today, therefore we see a gcnerally depressed sulfur, an essential .rtilizer raw material, also is ofteninternational price structure, not only for nitrogen, but for granulated to decrease dustiness. 
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From the farmers' point of view, granular 'crtilizcrs 
also scrvc an important agomlic purpoS. Easily 
handled and applied granilular 'ertilizcrs decrease labor 
requirements and facilitate unilform placement on the field 
or crop. Moreover, the avtilabhility of' a combiination of 
various essential nutrients in homno 'cncts particles per-
mits application in one operation. Although not poven, 
I'crtilizcrs containing all nutricrts in hoiI: .gtc qiCotiLS 
granules are perceived 1y sic I Oriners to be agrononi ­
cally more dcsirable than phvical initu rcs (bulk blends) 
of granular materials .such as tre a, diam iiioninim phos-
phatc (DAP), and pot4ash, 

A Brief lidtory of (;ralion 
The beginning of frtilizcr granulation technology is 

easily tracd to aiout the mid-1)2t)s. In lQ)20 a (;erman 
firm (I.(. Farbenindstric) introduced a line of compound 
NPK I'crtiiizers called "Nit rophoska," ,a trade name ill 
used today by BASF. These products were reported to 1ieproduced by a "graiing process," i i a pug mill. Beginning 

;n 192() the ()bcrphos ('Conipmy of Baltimorc (United 
States) produced it m of sclnigranular suipCrphoslhiac 
in a batch-type process, by usiig a rotalV dru ii-typC vessel 
that served as a reactor (for digcst ion of phosphatc rock 
with stulftric acid) aid a irimulator. In about 1)35 the 
I)avisoii ('hemicld (ioinpanv of Falimorc began prodne-
ing graniular sttpcrphosplhatc :ind sonie NPK l rtncls in a i 
continuots rotary drum procc:,s. At about the same timc 
(193)s), Imperial Chenicial IndtiLSriCs of (;reat Britain 
began producing a nutmbcr (f granular complound feor-
tilizers hosed on the cotuintl .is ;iLonicrition of solid 
amnioriumn sulf'atc and potash with an alllionium plhos-
phatc slurry. 

DcvclopmtCl of rI'tilizCr granulatilo 1:echnology 
moved quite soIwly until th1e end of World War 11. The 
post-war civilian pol)Itlahon swelled ad, ahong Wiwh the 
reconstruction effort, tile necd l'r 1ood and fiber produc-
tion grew rapidly, increasing the nced for fcrtilicrs with 
rcasonably good chemical and physical qialitics. These 
events resulted in rapid growth ini the fertilizer industry, 
especialiy in North America aid Wcst cni liuropc. The 
o'nmber of NP and NPIIK fertilizer granulatlion plants in the 
United States reached a peak of' ovcr 2(1( in tle crlv 
1960s and thc:caftcr slowly declined to about 4(1 today. )f 
iesc renaiing plait,. otly abotl 25 prodace granul:hr 

fertilizcrs containing ill thrcc of the primaury nutrients - N, 
P205, and K:). Tihe currcnt plitnts arc qt6te la-gc cWin-

pared with their ld() coimtelrpatsl,. loday, hvowcvcr, 
primarily l'Or ccoromic rca,,s.is, honioiicnons .rritilar 
compound ferltili/cr.s ill the United Statics have bccn 
largely replaced by granular straghlt materials (urea, amr­
nioniti nitrate, diaitilniui lhoslphatt', iind po ash) and 
fluid inmixtures. The straight materials are often bulk 
blended prior to application to obtain thc desired nntricrit 
mix. 

During this post-war boom, the Tennessee Valley 
Auhliority, working mostly with the United States industry, 
provided a number of innovations thai substantially ad­
vanccd the technology of granulation and improved the 
chemical and physical quality of the products produced 
worldwidie (7). 

'"'ypesof Agglomeration Used in tile Ferlilizcvr Industry 
Solids Agglomneration-In the fertilizer industry, the 

term "agglonm c rat ion", and more spci fically "solids 
agglomieration," usually refe'rs to a specific mechanism for 
bringing about particlc size enlargement (granule 
formalion). It refers to those grantlation methods in 
which a relatively large amount of solid raw materials, for 
cxatmplc, superphosphate, ammoniun sulfate, and potas­
sum chloride, are ccmncted together into a grantlc 
usually 1-5 mm in diameter) with tie aid of a binding 

agcIt and mechanical forces. In practice, the binding 
agent is a solution of partially dissolved fcrtilizer salts (rawmaterials); the lcsI common arc ; ilon 

nitr2,/sulftte/l)hosphatc, urca, aiid potassium chloride. 
l'he ratio of saltl solution (liquid phase) io "dry" solids is 
controlled by the addition of' water and/or heat to Ile 
prIocess and by regulating the amount of dry solids fed to 
the agglomerating device (granulator). This type of Solids 
agglomeration of compound fecrtilizers, including singl'­
nutrient products such as sapcrphosplatc, occir wilh a 
relatively low liquid phase-about 2%-5.';. of the total 
granulating mass when measured in terms of free water 
and about 5,r-115 when rncasu'cd in term s of ilhe total 
dissolved sxlt solution. Thius, we see that soli(s ag­
glomeration in the fertilizer industry usually ,'cfcrs to the 
ccnling together of mostly solid raw materials to 
produce a relatively homogeneous granule contaitning tile 
desired nutrients. 

Melt or Slurry Agglolneration -inot lher common 
met hod for granulating fertilizer included in tle category 
of agglomeration by Sherrington and sonic others is based 
on accretion or layering (3,7). Ini the fertilizer industry, 
the application of accretion-type granulation 
(agglomcration) processes, often referred to as "melt or 
slurry granulation" is quite differcnt fron the previously 
described solids agglomeration processes. Accretion-type 
granulation is itsel widely to produce granuilar uirCa, am­
monitn phosphate, somc forms of triple slperplhnsplatc, 
ard somc compound NPK ferlilizers. With the accretion­
type processes, the raw materials are almost always fed to 
lie granulator as a slurry, melt, or solution. -xce *t for 

reccvled solids, solid rav materials are rarcly fed to lie 
granulator. 

()ne of the muost common processes used ill the ULnited 
States for accretion-type granulation of urca is the 
Splicrodizer(O process (i). A Sphcrodizer@ is a horizontal 
rotary drum unit in which molten urea is sprayed onto a 
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Contihuou. curlain of falling solids (granules). A stream zones (for example, in flooided rice cropping) to optimizeof air passes through the unit to facilitate cooling and the agronomic cficiency of the fertilizer (L).
solidification of the molten urea onl the surl'icc of the

recycled solids. On the aver.,ge, a particle (if' Characteristics o'lFertilizer Produced
irca passes 

'recycles) through the unit aoitLl to 
 tinls bCfor. it by Solids A.gglometration 
s Iaclhsdesired product size. This would be described AlhIough the snui,,,h and spherical products preparedas a recycl-o-product ratio (A2. Man"v o the newer urea by accrction-typc granulation processes are often
plants arC using fluidized bcds to achieve the same t)refcrrefCd by most farmers, the family of' productsresult (0.About h,"-;7 of the world's stipply of' urea is produced by solids aglomeration also serve an imporlantproduce( by usin, citlhcr tlicSphcrodi/ci l" or a fluidized- iurpose in the fCrlizIcr indu< trv. Solids agglomerationbed process. Varliat(ions of [hc Spicrodil.croa process arc mchotds are rmuost it)
ofhin is,;"()produce compound fer­also used (iuite widely to produce granular amnionium filiers coltainir.,' the threeiprimary nuiricnts--N, P205,nitrate and a miunif-r oI'N jimdmr tS. and K2(-and stirietimcs a number of secondary and 

niicrointriclts. Toda , stLieu agglomerated compound fer-Accrclim 'slurryi agloneralt io) is also the primary tilizers account for only about 5% of the fi'itilizersnchminisn used to produce graniifar DAI (I 8-46 0). In a produced in the United StatCs and about 10(% on a worldtypical D)AP granuilation piocess, a partially reacted basis. Fcrtilizcr granulation processes based prirarily(amnoliiialcd) almnlnimlln phosphateC slurry is sprayvcO upon solids aL.lirncratiin arc characterized as follmo : 
onto a rtflline bed of solids (recycle matcrial) ii irotary

drul-typc er;rinulator. The slury is caut.'d to solidify, I. I 
 icxib lity witi rceard to raw matcrial inputs.
layer up<o, layer. oin the suriacc otlIc recycled sojlls by 2. Maximumtlnl ulili/atiin of solid raw materials.
the addition oifallnillnia, which decrTCases_ the solubility f 3. 1
Rlat iv , lw depC)dence upon chemical reactionsthe ilrrv, and by eVaporatdIo fIdsonc of the frcc water. (process chcnistry) and external energy for rawcheruniaiiing,moislure is removed in ;aseparate dryihg inaiil prcparation/processing.
step. Worldwide, about 20 million mncs (f' eranular 4. Rclativclv simple prticess and miodest investment
ammorn111itllll fihOsphItc is produced illua.llyv 1w Vaiialilons rcquircnillts.
ft his process. 5. Relatively small annual :apacity, typically 

5),(00(0-201,))0 )tieS per year.In All "lccrcIion-ty,C gMaiitiilatiri processes, Using either (. I ligh dcpcndcicc uponl operator's skill. 
aimelt or a slurry, sonic api',oimcratlhn of' solids ilso oc.. 
curs simultaneoiusly wih accrtCli(u. Granuiar fertilizcrs A bricf discussion of the importance (if these chiarac­
produced pri '.riIv 1y IccrtCionu hivC ; vcry smoothI and tcristics follows.
 
spherical appearance, w\hcreas grainutlcs f'ormed primarily

Iby
solids aiehihncratlion arc usually less spherical in shape Rawl Mater'ials- Fertilizer granulation processes basedand niore rough inIcxtirc. oi soid, augldourcralion are especially useful because they 

caii accom idat c a wide range of raw materials (solids'ressiire Roll .oinilaction/( ranulat ion _Pressure and liquids) that are quite variable in composition, particleroll colmpaction/granulat ioilof solid fCrtilizc materials sI'c, texturc, and rclaled chcinical/physlcal propeities.rcprccints still another method often included in a discus- O)ften, fcr!ilizer granulation plants based on solids ag-Sion of feitilizer ag,elomcrat ion. Pressure r lt glomratin are r:ferred itoas "garbage dumps." They
cmi ,oii/graniilat 
 ion is widely ,.iscd to proiduce have tlie tiniquc charactcristic of being able to convcrtgraiular potash--about t0 li!lioni tloilics Mually, or aip- low-grade, off-spccification., or byproduct raw materialsproxinatcly 202,. of the world's I)olsh production. iilt premliuill fertilizcrs. Most successful NPK grallii­fllowever, only limited use has beeni1adc I Ihis nthiod lion plaints based on solids ailghnieratihn routinely useIbr :ianilating NPK fcrltlicrs. Soic NIK iriu]ation low-valuc iyproducts for raw inalcrials; some exaiplcs
bas'd onsl'.Ils pressure roll coin pac it; Op'ratilng in aric 11) crystall inci or caked ammlon iurn sulfate.rince, (uuatcalcflla.l[,, Ptuulu,, Switzcrlandl,11hclitd ( walcr-diiliagcd or oft-spcccilcalio ammoniumi phos-Stlacs, and \Vcst ( crruianv. Tlie hlitd Slates planls arc phtlc, (3) potash lines, and (4) waste nitrogen liquors or
used primalriy for frodiicin, speciahly (hllii ctltural) fcr- diluC/spcnt acids. This flcxibfily in raw malerial
tilizcrs, whcreas use

thc other plauls proiduict, a nunrnier of together wih skilled procurelent, mlanagement, aid plarntagricultural-type fertilizer,. A\\Ifirevahlition 11"EDCindi- itli,, practices, t1suall]y makes solids alomeralion
caCs that in sonic instances Compaction/grainulation MaV quite ecnicriIiii.
 
be a practical altcrnativc to other nicthods of' solid.;

granulation (1O). (impaci tcchniqestic are al.so useful Morcover, because 
 of this flexibility the pulant can)for preparing large parlivIs (supe"grantiles weighing 1-3 g rapidly respo,id to changes in product dcnand, especcally,each) o;' fertilizcrs for precise placecnerl ill plnt root/soil widi rcspect tohitnurict content and sot'rce. This feature 
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makcs such plants especially appropriate in regions under-
go;ng rapid developmcnt and change in agricultural 
practices- for example, many developing countries, 

Process Chiemistry/Energy/and Capacity-In most 
NPK granulation processcs based on solids alo_,mcraltion 
more than 70% of the raw materials are led as "dry" 
solids. The fluid feeds (usually anmmonia, salt solutions, 
acids, and stcam) required to achieve the appropriate level 
of liquid phase arid hcat to opt imize ;igjomcration arc 
small. As a result, faci'itics for storing and handling 
raw malcrials are conventional, and the low level of 
process rcactions (chemistry) siniplifies the plant 
cquipncnt/techni,:al rcquircncnts. The input of energy 
for raw matcrial processing and pollution control is also 
nlninimizcd. Ilic simplicity of process and tle relatively 
low capital invcsinmcnt requirement s make itpossible to 
construct mocs!size units dc.signcd to serve specific 
market regions without adversely affrccing the overall 
pro'luction economics. 

Process Simplicity a.nd ()p, rator Skill -- Although a 
typical NPK granuk ion plant using solids igglomcration 
appears to be relatively simple comparcd with the more 
complex DAP or nitrophosphatc-based NPK l)ants using 
slurry agglomcralion (accretion) tcchniques, the design 
and operation of such units requires a unique clement of 
skill. Froni the cnghiCring/dcsign point of view, the 
equipnmnt systems must Ibc generous in capacity and 
"forgiving.' This is necessary to enlie thelilant to accept 
a wide range of raw materials and process conditions and 
thus fully bcncfit 'roni the previously described advantages 
of such technology, 

Current Solids Agglonration Technology 
A diagram of a typical fcrtiliier granulation process, 

using solids agglomeration as the principal particle growth 
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mechanism, is shown in Figure 6. The process, opcrated 
on a continuous basis, is usually based on the use of a 
horizontal rotary drum-type granulator in which all raw 
materials are brought tcgcther for final reaction and ini­
tial agglomerate formation. In some cases, a mixer of 
some type (usually a dot)nlc-,haft pug mill) may be used 
to premix the dry raw materials, recycled solids, aInd liquid 
rhase materials before they are fed to the drum 
granulator. In other cases, only a pug mill is used and the 
drum granulator is ,liminated. In all cases, the dry and 
fluid raw materials are carefully mctcred to tie process to 
ensure that the correct grade specification (nutrient con­
tent) is achieved. 

Optimum temperature and solids-to-liquid conditions 
are maintained in the granulator to obtain a relatively 
steady state of agglomeration and controlled particle 
growth. This is done by adjusting the flow of water, 
stcarn, and recycled solids to the granulator. These ad­
justmcnts are the key to efficient operation. Because the 
operator's ,kill and intuition arc needed to maintain op­
timum granulation conditions, it has been observed that 
fertilizer granulation, especially by solids agglomeration, is 
oten more an art than a science. 

The moist and plastic material continuously discharges 
from the granulator and enters a rotary dryer. In addition 
to drying, a considerable amount of consolidation of the 
agglomerates and final granule formation occur in this 
unit, The evaporation of water, of course, results in the 
strengthening of the bonds (salt bridges) between the 
individual particle,, of each granule. In practice, the fer­
tilizer plant operator usually views ihe granulator and the 
dryer as a single unit operation since the process duty per­
formed in the dryer, in most cases, is an extension of what 
is initiated in the granulator. 

Dust Collector 

I ToGranulator 
Clay 

Binder 

I Screening 

Cooler & 
Crushing 

Product 

Reycle 7_ 

D Typically Urea, Ammonium Sulfale, or Potash. 

Figure 6. Typical NPK Granulation Process Based on Solids Agglomeration. 
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Ilmost NPK pla nts it i,prcfercd It partially cool cleaning systerns. The consuiiption of fuel for drying
the material discharged from the drrcI to imn prove the isalso decreased because of the recycled heat tlh'!
performancc of thc si/ing (screenine 	

is 
and crish ing) equip- recovered front the cooling step.
 

ment. In many eases.,,, ifthe material is not partially

Cooled, it may bc an,.tend to plhe
uite pl( tic ilid screens -1. linprovcments in niaterials of construction and equip­and crushers. A significant ul1oLunt (1fdyilg (up lo about mcnii dcsign have greally improved plant operation
3 of total in some cases,) also occu:s ,luring the cooling reliability, Ihercby Improving capacity uLdi/ation and 
process,. decreasing operating Costs. Some of tile most not able 

advances have been in tlhe devclopment ofAflter crccning, thc inatcrial thlt is less than proluct (a) 	 corrosion/erosion-rcsistant metal alloys and non­
si/c (lines) is returne1d to ilhe griuula.t'or. The oCrsi/c mctal consiruclion materials, (b) heiat-ind acid­
ni:terill is crushcd and usuillv rcscrccncd b1cforc it is resistant conveyor belting and dusl collector fabric fil­returned to the granulatr. Iescrccning is prcflrrcd bag, (c) improved strength of' bucket elevatorter 

because it yields sonic ;iddittoml producl and cnsurcs thai chains, (d) durable pump packing and shaft 
 seal sys­
onlyIn1cs are act l lv IcUt ned t graiulttOr. tcus, (e)it If More reliable process instrunicntation, especially
dry malterial is nccdcd to rnvtintiii prOpcr conditions in the modular rcplacenmcnt/rcpair concept, and

granulator cantIle th;An hc 'upplicd by the line nalcrial (f) industrial-quality equipment/inst Iunnlalion for
lract ion, thIcn sonIc r1j .lt->i/c nIalcriai is ilso returned mionilaring the environment.
 
to the ranulator. Most sols it"e-lincatlit proceses
 
Opcridtc at ;tr kk'!c-h -productft 
 i in t lie raige of I or 2,\\hcrcas sonic ich and nostl slurry o'ggloic railoll 

5. Process know-how and technical colpctLnce hILvC alsoevolved at a relatively rapid pace inrecent \cars target\ 
processe tlsllally rttulC ;Ihighcr lit](otefi is Imuich ias beCaLSe of increased cco:onic, cnvironnmntd, andir mnirc). The hih rat,, of course, translatcs iolarger product quality (competitive) pressures in the industry. 
proccss elulpipnl aiid tusualhly;a higher overall energy 
cost PCi tliC IotproduCt. 

Economic Considerations
The plodlLt-SI/C fractl in Is Utsually furlhcr cooled in
 

cilhcr a rolary drum-lypc crooler or ii soie type of
 
fluidi/Ced ILI Or ciiscadc-lype unit. 
 fter final cooling, the Granulation by solids agglonleration as described ill 
product is ottlei ICIatd \wilh Ncondilioning agnill, usually this paper is based on the use of' a relativcly large prope­
kaolin clay, proprties. 
 lion of solid raw materials and a miinimu antmunt.n of

cheniical reaction. In many instances, this results inmoreRt-cent Technical luIniations favorablc (lower) capital investment and production cosls
'hc basic solids aegltiiucria,itnn-typc grauiat ion than can be achievcd with fcrtilizer granulation processes
 

process, dcscribcd abovc has chaiugcd little since the 1)5ts. 
 involving a higher level of chemical reactils and tcchnol-
I lowevc r, certain in proVCincrls in process know-ho v, ogy characterized by niany ccrctiou-type (slurry­energy , nlatcrials of ctnslrtction, and equip- agglomcration) granulation nlcthods. (onupared with
Itimi/atil, 

Ilicnt sytNs- ha,vc rcsulled in improved clpacity ltil;Za- most slurry-type granulation units, the fixcd capital invest­tion, lower productlion costs, and improved 
 product nicnit rcquirenlents for solids agglomcralion-type granula­
quality. SoM c li Most nttableC innlvations arc: tion Units are 
 lower because (I) storage facilitics for solid 

rawilialerials are less costly than sillilar t'acilt ics for am-
Pipe reactor t-chiuolig has bccii dcvclopCd; ill s01c112 monia and acids, (2) the process ecquipmclt systeis are cases this tcch nol( , dccrctscs the constimPtion of less complex and therc lorc less costly, aind (3) for 	a given
fuel rc,,-:ircd for diving hccausc t lilct of chemical production rate the plant is smaller aild therefore lessreactions is mnorc clcci\cl ltilized. costly because the rccycic-to-product ralio is smaller with 

he solids-based uills.
2. 	 Fabric hag-type dutl illccltrs arC solunctlics used in 

place it wct I uthiig s.v\cuts toiclean process gascs. l.ikcwisc, it ustally costs less to prlulce atcomparableThis dcr,'ascs the ovcrall cncrgy rcquiircnicills arid grainular fertilizer by solids aqegloicratl l auI by slurry
problems a.,.socicd wilh Ili li/allt u/disposal if un- ,ltuinieralion bccause (I) raw ind incrmediateCIliaeri;tIs
Wanted scrubl(2r liqtnor. arc less costly, parlicularky if byprldInC and otf­

spccilication materials arc used, (2) cnergy inpuli is usually3. 	 Process air rc(llircd ltr product cioling is .mmcliics lower, and (3) process simplicily results in lower overall 
reused for drying. This Itchnique dccceascs the re- costs for technical skills (labor), mailtenance, and capilal 
q(Uircd capicity 'irI hc dlsl collection and prtccss air rc(ovcry. 
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Trable 2. Capital Iunvestment Estimiate worin kcthods ot'Fertilizer Granulation" 

(;ranulation I C1,,h11) 1inu, C/da, kIttery limit,; unitsIt ) L.iiitr7 t 1in 
Bulk stolet . ('olid r;,uak tl iak and producif) 

nioni;t stll f I3 1)1i ttel I tuiie'",1 
sulfulric acid >,l'rag,+e )Iniie )(,ih 
l 'h i Icti" L I >toracl ic( lillies)>Iold 
Auxihitar 1 1tl .,uppoll ,liihi 

Tol;tl in r Illictl to I 

l t
 i't'c il lie menCII Jill -,ltirdt 

Interet, du(i e '1 t r"lc,1tjit 


Ita!l',tt l ital iniue.tnlU it 

W\ irkin.' . tpil-

intTotal iii 111piti ii 

I. Mid- ' -PIS I:.S.t :s 
b. TypiCA1 I0 NIPK ,rinulir 
c. Biased ,i( 4,i>,)t~inIC Jor 
d. 'qlui\v;lh'l It d irilI" 


il (' L Iplint location. 
Srili/rsuch aS 1 -15-15. 

and 24,0MX)olid ;Ilt'l, andion tonncs for slurry agglomcration. 
n1t1a,11 , t.lle ' 


iC. 1. i I lt It)I e'()] 1(t ] lnstAlt WesI 
f. cUpivalt.n I I 11 lliterials aid I month inventory of finishcd product.t tilhi lvelt \ ii Aw 

A compari, ,1 Ih l tid capital i't1111lt. and 
produtci cits l(Iti a t\p1,iet'it cii olind NI'K 1er
tili/cr (15-15-I,) mtde t\ t\ nicthi, ldtitgranu~alaii 
(soids",eul,,mci,, 'Inadsitr' ugI.lneriiton) is showkn 

(CrasS r t0") i ;J11 rciuti V an isuld \tel prt locatlion,. 
The aniual CiIla'it V I _ l,0it I inunc, ii( NI'K lcrlilicr. 
All ra\v niateiil, m atit l delivered It'tile planti',It 
.site hi \k~W;1111tcr trJlls, olt in 01111C tnin il l I(lI. 

TIhesC data 'sl1M\ihtit Ote citaL l in'es! mut (:lae 2) 
rcilUir(l or a ,olids ,eliml.ralitmi-tJl, unit is alJom : 6,7"; 
0i' that it'tled for lie r and litie . iitMlJ~,x sliIrr\-II'rt11 
type unit. Tli mmijttr difl-I.reneC1 I1et eMCII 1 IlaitS is[i 

the1cost o 1t 1)itt; r\ limits 1tr tnt. "1hC sllrv unit\tee, 
is signiicant! I ul r in si, nd the itreT 11r01C Cotl'. 
The larger is1 du t: h liicht'r rerC' let:i- -priiductVi' 10 
ratio, and Ihtirefrt' material tituehljwi rate. re(lhuilr hr 
slurry-tvpe prihehic. The need Ir reltively.' lint, and 
costly li1qiid t laillit I Itt icil for tic s.ltrY uiitltiir kle 
al)o incrc.,, ti.utIt+ tjhIi .i'iti lit <I; .. llion 
compared tilht .4n iil?S H .rs. 

[he lrtttlt . tt vi H.tif I im l)itkltt, thmtl 
I l!,.t f t ; .... ,.....,! tW - i 't ' (lt hat re-
(uircd hor ,ltri+ ie ct,t1,V11. Il1m citet. -asilius ill 
solid ; ,itehmrirati;l i-, .tt t Ihiiitl' I te t 'dcapital 
recoverv cli;tIre I " , ,,nu i ,i 1',ltrticss Ul-
pared with t i t 'ti iie Ii liir re.s). iTheraw 

Granulation Nethodb 

Solids Slurry
 
Agglomeration Agglomniralion
 
.....--------

7.5 
2.4 

-1.5 

11.4 

0.6 
0.9 

12.9 
3.7 

16.6 

(IS $ x I million) -------­
12.0 
1. 
1.2 
0.4 
0.6 
2.5 

18.4 

0.9 
1.5 

20.8 
3.8 

24.6 

in 'TIabl s 2 and 3. !ht.' st'r, s arc lia ,cd on a eiwC.V that can often be obtaincd at a cost substantially lower 

material cost component is about equal for the two 
processes described in this example. However, as prcvi­
outlv indicated, the solids agglomeration process is more 
ilexible with respect to using off-specification materials 

Ihan indicated in this example. 

Future of Fertilizer Granulation Based 
on Solids Agglomeration 

Today, as previously indicated, the use of solids 
,ggloincration to prepare granular compl.und NPK fer­
ili/cis is quite low. This is caused by a combinalion of 
factlrs that are primarily economic in nature. 

('urrent fertilizer ceds (on a worldwide basis) are met 
niostlv through the application of straight materials ';uch 
is1 irea. .lnlim iini nitrate, superphosphatc, anirnonium 
llhls clllt,and iotash. Except for supcrphosplhate and 

tash. t csegranular llroducts are granulated primarily 
iv usi, g iirilling and slurry-agglomeration methods. In 
solilc csc . especially in Can ad a, Icland, .Japan, Korea, 
ani tile inited States, these granular materials are bulk 
hlcndcd to produce a large number of NP and NPK 
eralcS. In the United States in particular, fluid fertilizers 
stuch as,anhivdrous ammonia, nitrogen solutions, ard NPK 
stispl rsions Also supply a major portion of the mm ket. 
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Table 3. Production Cost Estimate for (;-ailar NIPK 15-15-15) Fertilizer Piodm.ed by Tmo Methods (if (;raa ilaion' 

Ncthod 1)Granulation 
SJ~idISlurry 

~ggloneralt m A_ ,lhnCratio 
----US Sionnu 11-15-15)----Raw Material (ost


Prilld urea- -,-(-il (US S1)/i; nwn ) 13.3 
 1.5StRanard ammoniiim sulflac 21-0-0 (IS $5/hnre) 15.8
N mLgr mnar n niiamrn;tniumi pwiph;ipc i n) ( U $17 5/tonnc) 53.?
Slandard rn1iuiit ttfprfwh (U ) , 71I/onnc) II 17.917.9
Amnmtoia S-MO(i (S S15lorn.) 

14.6
SuIlftu ic.acid 5('.;IIS(( (I S .I.+IttII 11c) 
11.7
)lt h,11ri,. acid §2Y< l'.( ) (( ' ->,t 1n C) 


(ioniliiM r ( S -i l ,i 1 
43.9
 

0.6 
 0.6
Sul, aI 
1(MI.8 
 992
 

Variahle ('onm.w (r.sio 
l-h_'cliv (I 'S $').ii- ih) .tri 'k 1.0 2.0Sf,.'am (IS tii, tlllh )

\\:,tvr (I S AS O/'q ) 0.6 0.3
itomn 
 01.5 I.(0I'uLC(tU , .)ku I , il) 1.0 0.6i 
.\I ('I nnettii(, lh'mi at\ and supplies 0.3 0.5Suhlt l 

3.4 4.4F~ixted (onersi~n ('ist
 
Opcrtirr l,,1,l 

2.0 
rMvIh,,iWA /inl' tal l.pn'cS 

2.5 
2.0
.W wruln lw (Likit andI mi cll.ri;,>, 2.5 
2.3 
 3.7
 

I nllt,ice md klw, 

Wtilq",n \ , :i)[hl, 

1.1 1.8
"Mkkv "W 
2.8 

FiWA ."qkhm womvq1 
2.9 

9.7 
 15.
 

kril
ii 
Tlt Itr,,uci tr ( -t 

19.9 29.A
t 
124.1 
 132.6
 

: ..
fcr li,VIhllc 2h caph:a InwCM 1llillc.tilaIcI
. 
A..V
,.Ml,.dAnMIL:d 1111)(ttli(,ll Of' 0,0 ii cII"2((,((( ()lN IPK 15-15-15. 

In Owi li, r. inkret in solids ag- 3. Continued improvemnlens in fertilizer application
i2Ihi1ir,ht i' .\,. id re,,' anod ((d rittIt 
 l rnCwCd equipment are underway to facilitate precision place­
grtw.th . hi> c\1lli 't tfli. ti ta,l dI,0>1,cI;l ricmk,, in- mcnnt of fertilizer to achieve ophnum plant uptake andc:ndinICl ,I,!t1,cw 
 agrononic response. Optiium opcration of such 

machincry is expected. The li. l t 
to be heavily dependent upom, Ill u i l(4m rlli/ iiltl'd ill Ihc physical properties of the fertilizer prodwils.


ordc t(, 't . . t i
dLcc ,'L,i itcitp pittlicltiot and min­
hnit,' i1iuli11h t.-," Iit tir nlMuntan ir-i Cli it l i lt m ci the above objecti.ves (t increased airiil nictIJcuirl,, .u " IrJIilit; CIere :1 i,i I () urfacC and clcicncv aind dccrcascd Clivinho eltal iMpacl, I is cx­grouind xalc I. pCit'd Ihal a lew i.'.ncraion, or ,mnily, of li nutlogeiCuls 

grauiiar fertili/cr products will hc required. These fur­n'ed I ti,.'
2. Th t ltrCtili..wI,, !,-clv 1ntilrd It the re- tdicrs, in ;hddiion to Icing vcry uniform in particle sizC toquirc iiclts t il,ti, Ic i , 1t,ii. t lricil', and f;sIcilitatc prccisio i application a ldContlailling the n.'ccs­nuirh+ni u1tL;',. tilin e. h, .'ti, t\c.11. ofii.hthis sarv nutrients, may also contain biological additivescan be aic,tutm i.,,hett Ih jrcparation of dsii id.'tot,, reulalc nutricnl rclease pallcrns and plantipiescriition-.'tc lrilih,' ; t, l t,iitk tht can be groi,,lh. Iecause ol the organic bhiological additives, it isc.ircfnllv ,pplicd (1;lI.Li i. tlkini, i ii c,.'unidr-atiri (luitc likely that low-elmperal tire, chemically neutralthc plant ro(t and 'til ,ilt r,prttl']c. aggloneralion techniques will be required for the 

http:Piodm.ed


preparation' of Mos lids agglomeration 
mixethods, including pressurV roll cmpacion, appear to be 
appropriate fo this purpose.: This new family'of products 
~salso expected, to be relatively higkh in value compared 

erne 
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Nitrophosphates Versus AmmoniumPhosphates 

Erik Aasum, Manager, Process Section, Licensing and Product Development Department, NorskHydro a s 

Abstract Introduction 

The growth of fertilizer use diring the kW 15 years has Tbe annual growth rates in grain production and fer­been remarkable all over the voldt io 	 tilizer use over the period 1973-83 have been remarkablethan elsewhere. This trend, is expected to continue be- .all over the world. However, when comparing the growth 
cause of the inasepopulation and the decline in new rates in Asia wththoseof therest of the world, it is strik-

countries
e likd tamy bebrought into cultivation. 'In ing to see the dominance of this'first region.Indi .which 'have limited supplies of raw ... .materials and need a diversity of l'rtiilizers 'for ,Insmall the future Asia must maintain rapid growth of fer­

farms, it is believed that high-quality, homogeneous com- tilizer consumption because of the population growth rateplex fertilizers will have many advantages over bulk- low potential for opening up new landfor food produc­blended products. :Two different major routes appear to tion, and a food demand that.isgroing at d'aster ratebe feasible for'producing'the complex fetilizers: These general considertions'forAsia prtiulrly apply to-. 
India. Considering the limited availability of raw1. 	Production of nitrophosphate-based /NPKsby the materials in India, the Deed for diversification in the

'nitric acid route. ' 	 supply of fertilizer, the gaining importiince of multi 
nutrient fertilizer, and the small farm size, :what form2. 	Production of ammonium phosphate-based NP/NPKs should this increase in fertilizer production take?, Should 

acid route. it 	'be as bulk-blnd or homogene ous'bythe'sulfuric/phosphoricultinutrient 
plete. independenceof sulfur supply; its high energyffi- I our opinion the use of high-quality homogeneousciency; its freedom from byproduct deposition problems; complex fertilizers will have many significant advantages
and its capacity to 'meet today's strict environmental over a bulk-blend product.
requirements.' 

The homogeneous quality product can be made by twoAdvantages of the ammonium phosphate route are: different major routes:
 
higher, analysis product 'grades 'are possible; greater 

flexibility' exists 

'
 

in. locating the plant; and, if such is 1. Production of nitrophosphate-based NP/NPK by the 
"desirable, the' product can be. made with a lower nitrogen nitric acid route.'
content than is possible with the nitrophosphate process. : 'Production oa oi 
 phophae-bse NP/NPK

2;Production fi amonium :h6hate-b.-aisedNP.	 ii p 

Cost estimates for the two processes vary widely, by the 'sulfuric/phosphoric acid route. ,,..depending upon the location, the supply and cost of raw,'

materials,' energy, infrastructure, and other sitspecific This paper compares the production cost and farm-. 
factors. Estimates' are given in this paper for two cases,' A gate, cost of fertilizers made by'these two routes. 

comparison' based on producing equivalent amounts' of N 

.
 

and P205 by' the two 'routes clearly show 'that the am- ' A simplified but very iteresting version of this lastmoni. phosphate route (when based on imported sul- route is based 'onimporting phosphoric acid insteadfu&'is more expensive. The nitrophosphate. process with importing sulfur, 
of 

Thereseems to be considerable interest an 	N:P2O'ratio of 2:1 will avoid the need for processing in expandingIndia's P205 fiilize lheduction in'thisway
the byproduc calcium ammonium and thereby	 tnitrate 

,'reduces the cost of productior' compared with that of a,1 1 In cost comparisons, 'assumptions'have to be made andratio. "i' must be appreciated that some of the cost, factors 
'A 	 j 2, 

'='='' =="'"' 

'' 

. 

. 

"" 
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nv wted highly dyna t zes .. 

paratice results might well change 


:> I m l are of a ic tnature. theu ons Nr uaed together withd 
over the lifetime of a 'pota)shto form anN lmaterial. ',Ureca orr alternatively'projec4tJC 7 amni ni nitrate ~A)\a~io be~introduce'd for. thi~

:~~h dfethdc~nma~i,':!o i P uc,tceom- that an rpr6cutioiiiof UA rao~r ANP(g;des.-Forth~~~
An impor~anfl r di_&ion -economics is, the (ilieproductioni of UAPIhas been eed'I d. 

siLC. of an operation. In most cases pr~oduction costs are . ;­
reduced with increasing scale, In'this respect, the size of Thme advantages of theahimonium phosphate process,
the complexes does not produce any major difference 7 bover the ni t 'I route are: 
investment cost for the two routes.e N . ig d.....t....t contentp ..

Snetis is a general papcr, i ,ssential that the 2, Higher flexibility in plant location, since the iitrophos­
economic results of the different rites be viewed as phate routeshold have an ammonia plant asan in­
vlustats. ofrltive sigunificanice and not as absolute tegral part of the facility.vaue3. 

. 
If desirable, the ammonium pho e producthave a lower nitrogen content than an th irophos-

KThe absolute production cost will vary widely depend-* pba--te, pi-oduct. .­

ing on raw material cc,sts,-Financa chrgs an ieoa 
t-ion. It is difficult to prsn leresualsbfariaond siall­

as. tp i a sipe form. lslectionto 0tmajor ,aNi trophosphate-Based NPINPK 
- ~ cost-influencing factors therefore has to be nmade.- igr2shwr-bokhe6uin A 

The influence from varying these factors' leads to a bet- - nitro spliphae, and ammnium' nitrate or ternative 
ter understanding of the flexibility and constraints that byproducts.
determine the relative cost for the different routes.­

cidn n " € ; Nitic Digestion ­,.-Amnmoniumn t ':';L---.-,­isp Phosphate-Based NP/NPK At,dIns~ -Snd 
-: - pho'sphatel

* - .Polate 

... . .... a. . ... .~~~~~a . ro cazl then r t 

Figure 1 shows a block diagram for the production of .- Crsaliilon ' - --

oep. 

gral a soi phosphaterbasued NP/NPK. The rawmatrils rephosphate rock, sulfur, and amnmonia. This Am i
 
route is oft en referred to as the wet-process phosphoric -Neutralization Neutratlialion
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-~monium ntaeor to calc,*umn an-moniurmnimtrateb tlzFigure 1. Diagram for Ammonium Phosphate ing Part of the byproduct calcium carbonate. The remrain ­
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.-Sulfuric. acid is reacted with phosphate rock to produce resulting.NP metis processed int solid.NP granules or 
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A feature of the nitroph'splie process is that the 
overall N-tO-P20 5 nutrient rati in tIhc product is about1 
2:1. This mcans that the prodn, mtv cihcr he one ,rade 
like 27-13.5-0 or two p ,dUC , ike ?_-?.H plu, m ­

m )ninim nitrate frcal.iii a11111on ii ni Both ofi l alc. 

thliese latst alternative-. %%I1 be dc;t11 i tIn I"s Ir1 

The malin rcasois [or ilaiplt chtI lohpy instead 
of the amnionium liospha rut ar: 

Ihe nitrophosplite IS ciuOi.,t ' 

o f suiIlur. 

2. It hc..hich ,n'rr ficicncv :viich icans low prodtLc--ll h"sh lOici r 

tion coss. 

3. The process is without byproiduct disposai problrils. 

4. 	 The process is well suited to mcet today's strict en­
ironm ntail restriction s. 

Nitrophosliate Versus Urea Antioiinilli

Phosphate (UAP) Production Economy 


General 
The fill rpose of tilis discussion is Iio assess Ihe 

ecOinlmics ()I' nitroihosplhatc-hased production and coin-
pare this with tile alternative cost of producing equivalent
qjilaititics if N and P() as UAIP through the addition of 
urat 	 . 

Such a colniparison will Ihe influcnced by theCionditions 

{f pr}duction, plilnt ca acitie',ani otihler faclrs, blt ageneral and relatix, gunidclmC is prscnted f'OrI selccted 
set c conditins, 

The compaiisn will he bised on a 1:1 ratio (if N:120,s
ina nitroph.phate product with pan-grantilated calciturn 
aml(nmniurn nitrate as a coproduct. Since at of thenilUre 

nitrophoslhate proccs is an ocral' product in which the 

N:P205 ratio 
is2:1, that ralo mill also be assililiell and 
then there is no calcium arlmmotiuni nitrate itypi oidticl. 

The alternative rote produCs tile Saint amount of N
and Pl05 as 1:1 IJAP plus urca or only as LAP with an 
N:P.'O5 r;Itio of 2:1. 

A 30(-ill)d am monia plant has cci assumed as basis 
fOr both altcrnativcs. This antunt of aimonia can come 
from a separate unit which, in spite of" its size, could prove
Economic 	or it could be an 'ixw r-t le- fence' supply. 

Urea is l'orcscen as being produced in a new unif at 
the site. Thus, carbon dioxide would be required for this 
unit as well as the alternative nilrophosphale plant. 

F Ammo-niaPlan 

300mipld I NH 

N-tr Acd 
49fd
 

I 

- NP 1:1:0(22-22-0) 

PhosphateRock [ drophosphate 542 mpd
.i.. . ...te c h. 118mlpd P O34irmiIpd 

_ 
- . 

I 

I ...+'AN ,A50,9N 
Cinpdrsion - --AN Pduclion .. . 

119 id-L-.- .... ANsumn ...i 
* 

. . . 331 iipd 431mipdl 

pC4C0, ..	 2,8 m.. .
 
258 mlpd 

Figure 3. 	 Production of Nitrophosphate and AinnoiIIIn 
Nitrate or Calcium Anomoiurn Nitrate. 

--, 	on, ,

i300+.n.J NH,­..aP... - ........
 

N ,1 ....­

e e 	lNP 2:1:0

(27,13.5,10} 

Nitrophosphate 	 (71.Phlosphate 119mpd
Ruck 
3 i .i.. . . 

87 mpd,, 


___ I 
'L 	 nverson 

CO ­ . AN Solution 
135mpd-

Ccoi
 

Figure 4. 	 Production of Nitrophosphate With a 2:1 Ratio 
of N:Pz) With No Byproduct Anmonium 
Nitrate or Calcium Ammonium Nitrate. 

Case I - Nitrophosphate Process (See Figures 3 and 4) 
The nitric acid unit is a single pressure plant of con­

ven'.ional design. A simple, very economical alternative 
would bu lo utilize an already existing nitric acid unit (and, 
of course, also an existing anminoniumn nitrate/calcium 
anm{onium nitrate plant). 

The nitrophosphate plant produces an NP product 
with a water solubility in excess of 801%, and this will en­
sure EquivalencE in agronomic fcasibility and response for 
the phosphorous comparcd with phosplhoroums inpr(ducts 
based on phosphoric acid. 

Case 2- Sulfur Route to NI'K (See Figures 5,6, and 7) 
rhe ammnoia supply situation is the same in this case 

as in case I. A urea granulation plant will deliver a mnnitir 
portion of its product to the UAP plant (see Figures 5 and 
6). The main anio':nt of urea, 266 mtpd, will be delivered 
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as such. Thus the total output of N will be t h samc as in 
case I. 

. .NI-	 u,,
300 m0d ....... 
 rd m___ 

.L 7 	 -

I FI 1:1:0 
PhosphoricAcid P--osp A 

-

. 28-20 

IlepP, .... Nurt -L Gr..ul.ulj 412mpd 

Figure 5. 	 Production of UJAI and k rea ( iased on 

Imported Phosphoric Acid. 


30U nlpd 	 rl, -re
A.moni Pn,nt ...... 	 PlaP - Urea, u, tl 

3...... - - _-L .. . i 

S0tu . 3V Ad ][ Sutlur, 
...Sm8 	 . .and 

Phosphtateflock Pshr icAi Li (28-28-0)35 ------------ I l' m", Granulation ­

.. 	 . .Plant 

. .. ipoum 
'O0nlpd 

Figi re 6. 	Production of UAIltrea (Blased on Suilfur). 

"- NH,- Siai, but
 
A,,ronlj Plant uv,f, e
o oid C01 DependentUpon 

.. R sP,),Mole"Vio 
Urea I of AmmoniumPhotphale 

---------- POW o Pm',v 

A dFhasohor~c AcidPnospfO NP 23 )11 0178 , P0 	 O;. . rnnintrO Net-atac,, 

Figure 7. 	Production of IJAP With N:P,(s - Ratio 2:1 
Based oi Imhported Phosphoric /\il. 

An altcrnativc wilh only one product, a UA I' with an 
N:PA:(.s ratio of 2:1, i, sko illusttralcd (Figure 7). 

For the produtction of sulfuric acid, elCmetal sulfur 
has been chose[t as fcedsthck. A Sltdard double­
absorption system will he used. The latest developments 
have been incotporated for recoveritg low-grade heat, 
including the so-called I-IRS (Iclat Recovery System). 

'ile phosphoric acid process chosen is a standard 
dihydrate version that typically produces 541% P20.s acid. 
Of coure, other processes in the form of heriu- or hcmi­
dihydrate can be seen as alternatives, depending uponIchnical/economic valuatlions. Grinding of phosphate 

ricl' is included in ie invest.cnt figure. Disposal of the 
calciumt sulfate will entail it silable atilount of investment. 
H owever, this is not included in the total inves!nnf 
presented here. 

Production of the homogeneous complex NP fertilizer 
is based on feeding solid urea to minimize the recycle 

ratio. A pressure neuitralizer process is used for 
neulr:,!;.,ation of phosphoric acid followed by the pwilling 
of MAP which is subsequently fed to the rotary drum 
granulation process. 

The other alternative would be to base 1lie P205 
prodlict on imported phosphoric acid. Itvestnent in 
storage facilities would be necessar.y for the acid, but the
overall investment cost would be greatly reduced. 

.ale1. Investment Costs for Ammonium Phosphate
Nitrophosphate Phnts 

Ammonium Phosphate 

Based on 

Imported Imported 

Phosphoric Acid Sulfur Nirophosphatc
1:1:0 2:1:0 1:1:0 1:I:0 2:1:0 

- (million US S)----------

Ammonia 	 46.3 46.3 46.3 46.3 46.3 

Sulfuric acid 16.5 
l'hosphoric arid 6.8
 
Nitric acid 
 10.0 10.0 

Nitroljiosphate 	 31.0 34.0 
Calcium ammonium nitrate 7.7
 
UAl)-granulation 7.2 9.8 7.2
 
Urea 	 26.7 26.7 26.7 

Process plants 80.2 82.8 103.3 95.0 90.3 

Product storage 0.7 0.7 0.7 1.0 0.9 
Raw material storage 5.4 5.4 5.9 4.6 4.6 

Utilities 6.8 7.0 8.7 8.0 7.6 
Intlerconneclions 2.8 2.9 3.6 3.3 3.2 
Project management, 

startup, and 
commissioning 7.8 8.0 10.0 9.2 8.8 

Total capital invesimcnt 104.0 107.0 132.0 121.0 115.0 

_
 
N(YI'Ii: Totals may vary due to rounding.
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Cost Estimates 

Comments on Cost Assumptions 
For [he battery limit process unit:, European condi-

[ions have been assutmed for developing the cost 
(Table I). 

A construction lime of"2 years has been assumed in the 
case using imported phosphoric acid. For the nitrophos-
phate case and for the sulfur-based route, a 3 year con-struction period has been assumed. 

For t11ilitics, interconncions, :t art-ip, and commis-
stoiiig, inlumiuz project IM';l1tal2nCInt, (he actual invest-

tilent fioa , u',litd depend icavily oi lie conditions ate.aC h site and could favor any one of [It routes over the 
whers. Thus the fitnurcs given arc tile best available at 
this stagc for comnparing these auxiliary invcstment costs 
relative to the hattery limit cost to ia process plail. 

lit additioii to the investment costs for a battery limit 
process plant, evaluations have also been made of the 
htu"t figures cstinialed for storage facilities to accoir-
liodatc the rawimaterials, intermediate products, and 
Iinal products (Table 2). The basic cost data used m ost
certainly need sont adjustments to be valid for Indian 

tion. ~,Clcim, 

Table 2. Investment Cost for Storage Facilities 

Costs, USS 

Total 


Plant Storage Unit Storage
 
\TN ofto__a C;_ _,,_aj Capcity 
 Investment Investment 

(nitpd) (II) (US S/t) (US S X 

I million) 

Ammonia 300 20 6,(X)0 ,011 3.60 

Suilfur 
 102 20 2,0-1(1 20 0.04 

Sulfuric acid 
 31( 3 930 3010 0.28 
t'hospthmric acid 221) 20 ,1,100 .1001 1.76Nitric acid 

(as (0%) 830 3 2.190 300 0.75 
li)Spliat lock 3() 20 7,200 30 0.22 
MP e 2 t0 ,20 30 02as
" 'P215 1 t1 5(N11(2-2-0) 5,12 20 0.04

10, 1m 50 0.54 

Nil (27-13.5-0) 
 885 20 17,700 50 0.89
NIP (28-28-0m .12(1 2(1 8,.100 50 0.42Nil (35-t7.5-0) 675 20 t3.500 510 0.68

AN (22.7-0-0) .136 20 8,721 50 0.68 
Urea 266 2(0 5,320 50 0.27 

Sulfur stock has been assumed for 20 days and the 
same is assumed for phosphoric acid and phosphate rock. 
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Working Capital 
The working capital is determined from the value of aspecific inventory of" raw materials and final products

(Table 3). For final products the accounts rcccivable after 
30 days of gross sale have been used. The cash portion 
relers to 30 days of fixed cost. 

Tablc 3. Working Capital 
Aniumuii ir Plant 
: u o,,asdn 

Imported Inilorted 

Sulfur Phospihoric Acid Nitrol c 
nit 1:1:0 1:1:0 2:1:0 1:1:0 2:1:0 

-----(millio............................
,. 

Aniiuiinia 66(0300 2.100.0 2.00.0 2.100.0 2.100 2.I1eM,0 . 

Sulfur 2,40 0.10 

Sulfuric acid 930 0VXst 
I'l horicaid 
Nitric acid (69l,';) 

.1.0 
2,4,90 13N. 0.259 

0.2.59 0. ; 
l'hopl haie rock 7,210 0.410 0.447 0.447 
MAP 2(. 0., 0.00, 

2.thini.1 
2. Jiintlhcd lir, duct 

(Value wvaril .l cI) 0.427 0.427 0386 0.510 0.461 
3. Accuui. re.iable 

(.30,NI' (1:1:0) 
g.... P4.33.1(43 ,2(43 4A394A39) 

N' (2:1:0) 7.461 6.638 

Urea 
ammomnum nitl.' 

3.120 3.120 
2.936 

4. Cash
(30,ys ,ffixed cos) 0.100 0.148 0.151 0.175 0.l16 

l'i:al working cu'pital 10-93 11.070 11.462 10.867 10,073 

Note: oiilal may vary due to rounding. 

Capital Exl: Ases 
Capital expenses are shown in Table 4. General annual 

interest rate is 17.5% for all loans. Loan repayment is ain 

anntuity vcr 15 years in 1::e with the evaluated lifclime of 
the project. The project is assumed to be 100% owned by 
an Indian company. 

Cost of' Raw N1hterials, Utilities, and Other Items 
Table 5 !ists the assumed unit costs for raw materials,utilities, salaries, freight, and miscellaneous items. As farpossible, data from Fertilizer Statistics 1985-1986" havebeen used. In addition, other in formatione tin from India haso p r cd 

beet incorporated. 

In order to calculate work;,ig capital, we havle assumed
certain retention prices for NP, turea, and CAN in India.
These prices do not represent Ihc actual price levels. 

Phosphate Rock - The luality of phosphate varies sig­
nificanlly from source to source and these differences carthave a major impact on lirodIcltion cost and itivest menit 
requirements particularly in he sulfur-based route. 
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Table 4. Capital Investment 

Baw,'d
I... 


Imrl'-.,,.d
l,,,,.d 


_SM),r 

.......... 


I Ixed mIp,a,,,mnt11 132 
Wvmking -apuil 10.(, 
InCl': (101Ing t'LC10n, 

l1751 annu r..rc 52. 

I r. ,.,..(eqrn n.. 1.. 


a.3 ....... .......
,,,,, .tic 


h II.. , icriipl.nirB, 


,.&,II,:,l'I-I y,.:V 1)1phate....... ,, .......
, 


_I'hc,...... N.i2'LtphaLCicd 

1,' 2 11) 2:1:0,-) :1:0 
(mIh,,n I'S S)..... ........ 

I m 117 12 11 5 
11.1 11.5 10Q 1 0. 1I 
I I 

2.8 -').7 
143 I-Is 

1 . 

47-5 45.3 

110 171 

]'able 5. Assmed Prices ror Raw Materials, Utilities, 
Ireight, and Pqrolucts 

Naiural gas consumptior 
Natural gas price 
(lalyst for anirronia 
Phosphate rock. , c.i.1,mcsic, 

Sulfur, f.orh. 
'losplioric Iid. 54 '.11 . I.o 1. 
CirbI,, ,t:,.e 
/\mnniI.over iliefence) 
Nitric i(over the fence)
.M\P'(over tire fecel') 

Sullric acid (over thlefence) 
Steari, 

(, 'ing oil 
rolinlw; tcc 

Formaldchyde 
l'laiinum 
S:'.ries including social welfare 
Freight:Seca
freight: 


21)1) million tu/mit Nt 13 
'.50)US S/million Bi 

2.51) US S/ni NI 
(5.1)) US S/mi 832 Its 
110).00
US S'ml 
2( u110[' S/im [1'2e)5) 

2.2' US S/ni 
35,'0.0) US S/mt 
32)-.) .:S S/1m320.01) U.S $/mt 

52.001 US $/'mt 
5.9)0 1;S S/nil 

5(.25 US S/to)))) kwh 
391.00 US S/rot

(1.1122US S/ni 
500.00 US S/m 
21(rlUS S'_ram 
23-1.(WLISS,/,rk monhiI 

Sulfur (including jelty LS S/itc,,sts) 3(,.m 1 
Phosphoric .acid (cluding 

jetty c,;s)t..oIs 
Ihland freight: 


I.iI uid .uil ur (W ) knii),
 
ast'"Iticdmehosphori ki)).
acid 


assumCd 
I-rduct trarisporti) l co st: 

lfging 
Freight. 500 km 

(omn ercial expenses 
Assunied product prices lusei ;is 

for calculation of wrking capi lI 

.C511 5 (l':205) 

38,1X)U.S' /111
35800 

5S.00 US S/nit 

12.1)0US S/mri 
11.00 	 t2S S/ru 
2.3) IS S/mt 

NI 22-22-0 202.8'0 L'S S/m 

NP 28-28-) 281.5)1 SS/nil
-.

NP 27-13-0 "57.80 US S/ull 
NI' 35-17-0 2,5.31) US S/mi 
U ra18.0 IS3 US S/ml 
CAN 1,15.() US S/mt 

75 Rs 

These variations cai be due to tile ch.mical composi-
tion in which case the sulfuric acid consumption s"directly 
influenced cr, to the physical condition such itshardness 
and porosity of the rock. 

720 It.; constant and it is fed as dry sulfur to the sulfuric acid 
5.(XX) Rs 

3,0XX) Its 

180 Is 
1-111s 
30 Ris 

,
2,6tCIs 

3, )I Rs 
3,3W RIs 
3,4W I?_
2,350 RIs 
1.860 Its 

plant. The price indicated in Green Markets in February 
1988 was around US $110/ml f.o.b. and this has been used 
as anl example. 

The phosphoric acid has been assumed to be a 54% 

P205 acid of standard grade. The indicated price is 

US $265/rnt P20., with another US $45/nit P205 added to 
obtain the price on tile jetty in India. 

The sulfur price and the phosphoric acid price will be 

specifically deal! with (luring the discussion where the 
influence of different price levels will be illustrated. 

Energy-The ammonia plant is essential for optimum
utilization of energy among the different units in such 

cmplexes. 

For the nitr,,phosphate process, several recent devel­

opments have significantly reduced the energy consump­
tion of the process to today's rather low level. 

Integrating the ammonia plant, the nitric acid plant, 
and the nitrophosphate unit makes the complex virtually 
self-supplied in electric power (see Figure 8). 

The sulfur-based scheme of UAP plus urea has an 
overall natural gas consumption similar to the nitrophos-

The nilrophosphate process has a much lower sen­
sitivity to rock quality variations both in opera!ing costs 
and in the invcstment level. The acceptability of rocks of 

significantly lower quality will be a vcry important 
paraimetcr fOr utilizing new rock sources with a minim urn 

of, ceficiaion. 

A hencficiated Jhaiarkotra rock from U daipur has 

been chosen as i basis for these estimates. This phos­
phale has been successfully tested at Norsk Hydro's
nitrophosphate pilot plant unit, According to the domes­

rock analysis in "Fertilizer Statistics," several other 

domestic rocks also seem suitable for use in the nit rophos­

process. Examples are M aton and .1hambua 
(Table 6). 

Imported rock can Ihe- the alternative, and Norsk 
Hydro has commCrcial experience with Florida, different 

grades of Jordan, Morocco, Senegal, and many others. 

The cif. prices of domestic rock and imported rock 
T
 

(from Jordan) are nearly identical. 

The P205 ficiency of the nilrophosphatc plant is 99% 
\,,hile95% has 'heen used for the sulfur-based route. If 
phosphoric acid is imported, 99% P 2O)s efficiencv is used. 

Sulfur and Phosphoric Acid -The quality of sulfur is 

http:icriipl.ni
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Table 6. Analysis of Indian Phosphate Rocksd 

Bcncficiated RSNIM-Rock .lhamarkotra Maton
(Norsk Hydro Analysis) (RSMNI, Udaipur) (HZL, Udaipur)' .harbua (MPSMC 

P205 35.6 35.5 31.7 - 35.5 31.55 - 37.61C02 
SiO 3 

2.60 0.71 - 2.3 0.5 - 0.9 0.39 - 0.91 
8.02 - 10.05 7.5 ­ 16.5 8.88 - 17.71

Insoluble in HNO 3 6.82
Ca0 51.1 47.83 - 48.84 43.0 ­ 49.0 40.68 - 48.54S02 0.1 0.06( 0.15 - 0.20 0.08 ­ 0.20
FC201 
 0.95 0.8 - 1.3 1.7 - 2.5 0.57 - 1.42A120.1 1.02 0.48 - 0.64 0.8 1.5- 0.47 - 1.63MgO 
 0.74 0.50 - 0.76 0.16 - 0.40 Nil
F 3.24 3.29 - 4.06 1.6 - 3.8 
 1.93 - 3.28Cl 0.008 0.008 0.1 0.005 - 0.01Loss on ignition 2.7 0.87 1.5 ­ 1.8 -Org + combined water 0.1 0.27 0.6 - 1.3 0.40 - 2.54 

a. Dry hasis, weight percent. 
b. Analysis from Fertilizer Statistics. 

r -------------------------
S n 72_kWh 

172 kWh2148-3k2159 2 
m I 2138m

Natural Gas 1- 35 kWh Natural Gas 2 

Nitric I Nole A0! 9:, , I l8~ 
NoteAll gases areu88AciaIuredeen 

- 4.18 1.88' 
measured In
c 8 .. luic4cc u b i I a Sunaar -ot 4 1 4 540 k W h 

standard conditions 68 Bar d r eS 

548kWh 
Condo q'" 149 kWh 

Sutfur kh 2 'DC7"h_n,Fo_'bl, .n110 
r, dndftr 37 kWh11 kh

470kWh 2.32 11 u2.57hshate 2.87 tu~S~rlI! -­ " 2.57 

L7 2 Bar Phosphoric R ckp . 3 a, 009a!,=Aci... -10kW"-

=Rock Acpd. 115kWh 1 252kWh a, 

•-,mr u 86,t ItI
... 7- 06- arnrro ea 8110Br. Ilm~l ," I. 0.22 t I - ' 

5Bar5 Cund.nfI~ 3 a s :,0.1t R 
2.03 ­ -------------- T ----------

L 8.89 Br 
NP 
 UREA
 

NP AN 1:1:0 
1:10 34.50o 

Figure 8. Figure 9. Overall Energy Balance for Sulfur-BasedOverall Energy Balance for Nitrophosphate Complex Producing UAP and Urea.
Process. (Values are per nit PIOs). (Values are per mt PzOs). 

phate case. The complex can, however, have a regular
electric power export (Figure 9). For the phosphoric similarity between the different routes as to energy con­acid-based alternative, there is a need for regular electric sumption. The impact of energy is thus small in the over­power import (Figure 10). all production cost. 

The illustration of possible integration of the units with Plant Location and Freight-The infrastructure couldrespect to available energy was done to emphasize this play an an important role in the selection of the process. 
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172 kWh I assumed for bagging and US $11/nit for the 500-ki train 
3 transport.2457 m3 1 2138 m
 

Natural Gas .- -

I Scenar, B assumes that all raw matcr.,Is, except the 

hydrocarbon will ihave to be transported to the production 
NoleAligasesate 1.08t site.measured In This is only fc rescen when phosphoric acid is used as

In '1 	 6 acubicAt, .0,B. .	 I0 the P20.) source. Vie have little information on the freight 
stand~uOonolns Uni 60Ba 156 kWh rate for phosphoric acid in India, but a rate of US $40/nt 

I has beer assumed. 

383 kWh 	 Condeosino
 
El.Power 	 Trbine Tables 7 and 8 pre;ent the production costs and the 

fairm-gate costs for these two scenarios. The cost figures 
are for NP plus calcium ammonium nitrate or a 2:1 grade 

_____ 	 in the nitrophosphate case and for UAP plus urea or a 2:1Phosphoric 	 UAP product in the cases of production based on phos-
Acid 115kWh 	 252 kWh phoric acid. 

M321 ' 0.22 20a- U 1 Table 7. Operational and Production Cost, Scenario A3 Bat 	 (Plant Site, Including Ammonia Production, at 

L---Port " Location) 

NP 	 UREA1:1:0 
Ammonium Phosphate

Plant Based on 

Imposrted 

Imox~rted Phosphoric
Figur,- 10. Overall Energy Balance for Phosphoric Sulfur Acid Nilrophosphate 

Acid-Based Complex Producing IJAP and 1:1:0 1:1:0 2:1:0 1:1:0 2:1:0 

Urea. (Values are per it lz0). ............ (million US $/year) ..............
 

A complete logistic analysis has to be undertaken to mini- NIlCsal~ysl3 for N Il 12.92 12.92 1292 1292 12.020.2.5 0.25 0.2.5 0.2.5 0.2.5 
3.72
mize the total freight cost for raw rnaterials entering lie Cah,,y'thforoNi 0.25 0.207.4 7.2 

Ihiisphate cif. 	 0.00 0.00 7J4rock, 7.72 	 7.-14plant and producls leaving for each process and for each 'hosphic, mod, .. b. 0.00 10.39 loW 0.00 0.00 
site, and these findings must be incorporated in the final starnnei 0.00 0.00 0.00 0.00 0.00
 
cost analvsis , Cai nn dioxide 0.24 0.24 0.24 0.10 0.10
c Sulfur. f.o.h. 3.70 0.000.00 0.00 0.00 

('aalyst for IINO 3 0,00 0.00 0.00 039 0.9 
In this paper which deals with tlio comparison of I",rmnaldchyde 0.28 0.28 0.28 0.00 0.00 

( aing oil 0.27 0.27 0.4J' 035 0-57farm-gate costs of the products made by the principal I-lrtrcrxscr (.)0.16 0.40 0.40 (.)0. (-)00
 
routes, specific microcriteria can be selected and the dif- Csslingwater 0.50 0.42 
 0.42 093 0.53 
fecrnces 	 between the two cases can then be evaluated. Raw material translgurt for
 

sulfur 1.21 3.27 0.00
and phoslpihoric acid 3.27 	 0.00Thus, in the following situations it has been assumed that ll.,gi, 2.72 2.72 2.67 387 350 
sulfur, or alternatively phosphoric acid. needs to be 
imported. Phospiate rock, on the other hand, is donesti- Sualasial artatic oerating mst 29( 31.15 31.28 26.11 2-5..6 
cally supplied and so is the hidnocarbon for ammonia ciesaincluding 0.39 0310 037 0.37social welfare 0.30y 	 Mainlcnarce. 3% of equipment cost 1.04 0.80 0.53 0.95 090 

production. For phosphate rock the price also includes an Insurance and taxes. 050% of 
assuned cost for t ran 3porla ion. c:,iilalinv..estnent 0.66 052 053 061 058 

Subtotal 	 2.00 1.17 1."3fixed pnoduclion cost 1.62 	 1.M
For scenario A a plant location has been c]oosen where I'tal opserational cst 31.74 32.77 32.9 28.03 27.71 

the hydrocarbon is available at the sanie location as the Transfer s..i 31.74 32.77 324 28.03 27.71 
Interest on working ca'eal, 1725% 1.8 I.4 2.01 I.I 177port used to import sulfur (or phosphoric acid). 	 .apital 35.4-1 2 1The csis, 17- , 15yea 21.43 2.01 . 

available hydrocarbon could be natural gas or coal. 
Plant gale c st (bagg.ed prltutel) 013.04 (0.15 61.16 6234 t0.32 
(soinmercial exagocnses 0-52 0-52 0.740-51 0.67 

It has further beIn assumld that the fertilizer products Freight 2.419 2.49 2.45 35 3.22
would be completely consumcd within a transport distance 
of 500 km froni the production site. The products would ,',, Cast 11. 64.13 60.21FarmCGi,(, 72.05 16 (,6.64 
be scnt in the bagged form. A cost of US $12/not has been NO31F Totals niy vary due to rounding. 
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Results of Economic Comparison Table 8. 	 Operational and Production Cost, Scenario B 
(Plant Site at Ammonia Production FacilityTable 7 illustrates the yca,,ly plawi-gatc production cost Remote From Port Facility)

for scenario A at a s.ulfur cost of US $110/nit f.o.b, or 
phosphoric acid at a price of IS $205/nt l.o.b. A cor- Ammnium 'lhosphaterespondingly evaluation for scenario B is given in Table 8. PlanI lasedon 

iml×oiaedAgain it must be cnplhasizcd that this analysis is basicallyan illustrat;on of tie relative costs incurred in production 	 imx×,ted Phosphoic
suir Acid Nit ropholhaie

by the two routes. 
1:1:0 1:1:0 2:1:0 1:1:0 2:1:0 

D iscussion .. . .. . .	 , Ss /ear)..............
 
Whc examining the dilercnlt factors of the total Nil 3 	 12.92 12.,02 1292 12.92 12.,;2 

farm-gple cost, sonic have rclativcly small inl]ucnce, for 	 CatalystforNll3 0.25 0.i 0.15 0.2 02S 
Phosphate rock, c.i.f. 7.72 0.00 0.00 724 7J4cxampl , utilities, bagizginrg, a11d fixed prodUCtiOI costs. 	 Phosphoric acid, fo.b. 0.00 10.2) 

10.29 0.00 0.00 
Steam netThe main 	 o n factors I h r l Cartb,n dioxide 

0.00 0.00 0.00 0.00 0.00
0.24 0.24 0.24 0.10T ontributingi to the variations in tota Sulfur, f.o.b. 	

0.10 
3.70 0.00 0.00 0.00 0.00costs arc the raw mate rials and c,,pital costs including in- Catalyst for 11NO 3 0.00 0.00 0.390.00 0.30 

teres, on working capital. Firnaldehyde 0.28 0.28 0.000.2s 0.00 
Coating ()il 0.27 0.440.27 0.35 0.57 
I:lctrc Ix)wer (.)0.16 0.40 0.40 (-)0.0.4 (-)0.04To improve the aiCCllracV of' the capital cost estimates (iilingwater 0-50 0.42 0930.42 0.03

would necessitate a thorough invest igation of local condi- Raw.. terial transliorl for
 
ions which is impractical a1tthis tie. Thus a scnsitivitVa sulfur and lhOslh,,nc aid 2.49 7.41 7.41 0.00
Ilag,.ing 2.72 	 0.002.72 2.j,7 3.97 3-50

analysis of capital cost variations secens irrelcvant. 
Subtotal variable operating cost 30.93 35.20 26.1135-32 25.SbThe cost of producing nitrophosphate was 	 compared includigsocial welfare 0.39 0.30 0.30 037 0.37Salaries 


Maintenance, 3% of equipment cost 1.04 0.8M0.0 0.95 090with different phosphoric acid prices. The results shown il I tsurance and t.es, 050Oof

Figures 11 through 15 indicate the sensitivity in the UAP 
 ciiiial investm.ent 0.66 052 0_S3 0,, 06S 
alter natoive 	 . Sa ltal fixed production cost 2.01) 1.62 1.67 1,3 I.lM5 

lotal olierational cost 33.02 36.82 36.w 28.03 27.71 
Iransfer cost72-----..-... 	 .. 33.02 .36.82 36.9,0 28.03 27.71Interest on working capital, 175% 1.85 1.94 1.912.02 1.77 

Capital costs, 1751',
71 

15 years 35.44 25.43 2r6.20 32.40 3j. 4 
;11 iPlant gate cot (bagged lroduct) 7031 (A.119 65.22 (6234 10.32 
5916 I 10 Nilrophosphate C,,mmnrcial exenses 052 0_51052 0.74 0.67......-- --.--- - - Freight 2.49 2.49 2.45 356 3.22 

7 67.8 1 i(4 rl2 
7 2 10 Nitrophosphatell arm ie Cost 7333 67.21 6.1 6.4 64.21 

0•ralNOiE: Totals may vary due to rounding.
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Figure 11. 	 Impact of' Phosphoric Acid Price on F'arm- 94-
Gate Cost (SceIario A). 93 Phosphoric kcid.Based 

92-

Because the two routcs do give different aniounts of 91 
product, a sensitivity analysis was done with variable 9089 
freight distances and rates. Figures 15 and 16 show the 88­
result of this analysis for sccnario A iI absolute figures 170 210 262 308 354
and in relative ratios. The final 'arm-gatc cost is oii more Phosphoric Acid Price (USSml P10
or less the same level for the niitrop)hosphate alternative 	 Figure 12. 

51 

Impact of Phosphoric Acid Price on Relative 
and the phosphoric acid-bascd process. Farm-Gate Cost (Scenario A). 
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Figure 14. 	 Impact o[flhosphoric Acid Price on 
Farm-Gate Cost (Scenario 1). 
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Cost (Scenario A).
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Figure 17. 	 llistoical Export Price Trends. 

IPhosphate Rock- One of the main conltrilhutions tel the 

phosphate 	 rock. As mntllned above, lhe price for 

domnestic rock, if available, is about the same as that fo~r
iportedl rock of eqlual quality. hiistorical h'cndl(11 	 TIhe curve 

for ph~e~oshaLc rock (igure 18)j also shows a re'lativelv 
stable price level at a period when there we,'e big Iluctua­
ions in sulfur and phosphoric acid prices. T[hus, it is 

na' ural to 	cotmlpare the nit rophiosphat e rel e against (lif­
ferent llsplloric ac~d prices. 

Sulfur Pricte Trend -A discussion of tlhe future price (If 

pho~sphoric acid is best started by exam ining thle ftUre 
availability and price of sulfur. 

E 
tie last 15 years le sulfur price has actually in­

creased rnre than sevenlfold, from arlloud LIS $SS/ t in1970 tt today's level of $110/mt (British Sulphur Cor-US 
pration, Ltd.). The historical data up to 19,7 show 
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periods of 	dramatic incrcase with fatllbacks in between. New Frasch mines could be economically viable and
However. the overall price level has increased significantl.v add anolher 1.5-2 million mtpy. Other minor supplies by
(See Figure 17). current technology could come fron pyrites and smelters. 

toal2 Total 

60' 
22 

so-i ..... 	 204 . 

- 4F0 , 

1 4 - / Ca n a da. ,
 

- 12-
S30 to EstimatedRecovered/ 

10- / / 	 U.S.S.R. Production 
//


0"-1Ersc 8 / USA 	 N 

h Forms 
Native Sulfur -2 

170 1975 19011 1985 1990 1945 2000 1970 1980 19901975 1985 1995 2000 
Year Year 

Figure 18. 	 World Sulfur lVroduIclion-Actual and
 
Project,'d (ligures RJfr to Elemental Silfur 
 Figure 19. Year-End Stocks of Sulfur by Major
l-.Iiuivalunt). Producers - Actual and Projected (Figures 

Refer to Elemental Sulfur Equivalent).
In 1985 the prediction was for an even sleeper price

increase (British Sn!uplnnr (orporation, Ltd.) in tile years Fitunre technologies will likely focus on the economic
ahead. The figurcs for lQ85 ind 1),( did instcad show a viability of processes to utili/e gypsum either by the
significant drop frotn IlC pCak V.lie of more than circulLr-grate l)ricess or by a fluid-bed process. Other
US 150/niI. technology iiy inC.lide recovery of sulfur from ultra-high 

hydrogen suitfide gas or from hydrogen sulfide gas of lower[le dramatic incrCsC in the price since 1970 has been sulfur content. The present sulfur price level secis,
caused hy tile following: however, to be too low to support these new develop­

leils.
 
Even iltough the sulfur prtductin rose from ahoult 43
 

million nit in 1971) t" more than 57 million nit in 1984/85 
 Phosphoric Acid as a P20 Source -Several factors
(Figure 18), this was mtre than outw, Ighed hy the in- scn .o favor the present Indian policy of inporting phos­
creascd dctn and for fcrili ier production. The result was a phoric acid such as its possible positive impact on 
coun­
quite dramatic redLicion in ,twi.tks is illustrated in lertrade and tlie low 
 required investnent cost for 
Figure 19. downstream P.()5 units. 

The future situiation is vcry difficult to predict. The It also seems evident that India wishes to enjoy a
significant drop in P:() prodtuction diring 1985 and ')8(i strong bargaining leverage with their overseas suppliers.
Will undoultdlV willt i1e 1i ha\c its strong imliact on ile This is signaled by India's participation in joint ventures.
 
sulfur prices. Oil tile othcr iancd, the Frasch ultiufur produc­
lion is being reduced at lhe nimionct, and there is no 
sig- In tile long run the price of phosphoric acid will be dic­
niliciint increase in pyrites or olier nltivc sulfur sources. tated by tile price of sulfur even though a time delay, 

influenced by many factors, may make the historical priceThus at the mon ei, i.e'. crd sullur seems itbe tihe secei Ito have differcnt trends over short lirie intervals as 
ol]' possibility for ci pine vkilli Iih.- fc lili/cr dCnriand on illustrated in Figure 1I. 
the one hainl aidlic ti tick hfirlhclr rtltuctions in 
solocks oil the other lititd. Sa'inugs in Foreign Exclhange-\Wit h India's present 

supply of domestic phosphate rock, tile rock used in a
There are st rone inidii;il stippIies enlerin tile iiitrophsphate plant would probably have to be imporicd.market inl the co~ihltii ie r., like the huec Astlakhlan Thus, a gain (if about US $3 million/year wotild he the

(Russia) sour gas fields wIlihilcir expcctcd prodiclil of resulting ,;'ffcrencc for raw materials in favor of the 
3 million rittpy of sulfur Iw 19 1). 	 rlil rophosphiale process. If the phosphate rock can be 
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supplied, the savings would c nmorc Ithan three lim,.s 

(US $10 million per year). 


The division of ' ,, '.kccn:, mhl rcquircmca kh( 
domestic and foreign urcc, V noirc dillicult to prcdLt. 
tlowever, it tcmoYj h2 I about 75 ';scem:, me-ic 
domestic and 25IF ,-iei or hor, processes. This would 
ncan i total ,Xtl'iIorcign cApital burden of about 
LIS $10 million to r the nilroph sphalc process compared 
with Ihc phospholic acid routIC. This could anount to 
blout t.IS$1 million in cxtra forcigr costs each year. 

Conclusions 

Three (iffercnt rout:, for producing fertilizers with 
Cq uivaCnt amounts of N and ':( )s wcrc compared: 

1. Sulfur-bascd P:(), production plus urea. 

2. Irnported phosphoric acid pl us locally produce 1 urea. 

3. Nitrophophic-based production, 

The first route was clearly the most expensive. The dif­
fcrencc between the two last routes for a scasidc-locatcd 
plant showed only marginal differences in lotal farm-gate 
costs. 

For an inland location the economics favor the 

nitrophosphate alternatvc. 

The cost for the second route, using imported phos­
phoric acid, showed a great dependence on the phosphoric 
acid price. The break-even point compared with iie 
ni!rphn-phatc alternative for the farm-gate cost occurs at 
today's phosphoric acid price of about US $260/nit f.o.b. 

With the delivery of an N:P,Os product of 2:1 ratio (for 
example, 27.0-13.5-0 grade), the nitrophosphate process 
avoids the byproduct calcium amnmonium nitratc and 
reduces the production cost to compete with the phos­
phoric acid-based alternative. 

The 2:1 product will enable the nitrophospl-ate process 
to handle the more difficult domestic phosphate rocks and 
greatly improve the foreign exchange savings as compared 
with the phosphoric acid-based production. 

',} A 
%,I
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Kemira's MVixed-Acid NPK Process
 

S. Swnt~,.sHnI )ircctor, lKc'ira Lniiinccring 

Abst ract The NPK fertilizer production in Finland almc has 
reached 1.5 million nipy. The total capacity for frtilizers 
in the Kcrnira Group is around 6 million tpy, and two-

Kcrnira, a state-owned Finnish fertilizer and chemical Ihirds t..' this is NPK. A thorough article covering Kcm;ra 
company with activilics i P') counirics, produc , about appeared reccnllv in Fertilizerlitnitjonal (1).
 
ormillion mi of fcrtili/crs ipr *'ear. About two-thirds of
 
(his product io is in the Io rI ,I 4PKs. The companv also
 
prduccs , MAP . ', S$1', and
.I 1)A K(UI. Kcinira's )ifferent Routes to NPK Fertilizers 

,jr,: fro i:tkin., NI'K I, ;I ixd-;wicid nitrophosphatc
 
-urr p[rw(c"'). ()I III' arcdescribeCd in
l)clAil, beprok.c', this There arc rnitlicroIs roults to NPK fertilizers or com­
i,,pcr..mni!, Ili td', t.,- (d!i... Ii> chnoloex are comi- pound fcrlilizcrs. Buli the primary raw materials are the 

ltier cotolol tA li \,i , ,I\,t' s.- to improve th- saeic for ite main nutrients.
 
iitQlr lti!. CfltcicnrCv aild dL r ICa, .CeHfuents, the'rcly
 
l.lintarriir , e,,rod c of, 1(1 ,,0ll i.p 11ii Nitrgcn: Amir onia 

Pho sphorous: Phosphate rock (igneous or scdimentary) 
Potassium: Potassium chloride (K(I), mined as such or 

IIttrodiIctioin recovered from brine 

Kerir;i i, :t statc-owicd I 
' , 

sh collilllY eslablished A good overview of different possibilitics as well as 
iil 12). ()ri'irlaif' Kcalr; o l,, task was securing Iic other valuable information can be found in the IFDC pub­
domcsic Iurlili/cr ',llpi\,. lcl o tIlc conpanv diver- lication fMaruilizlr Alnttai (2). There arc two kinds of 
Nidred into rllinv Ltlt, I.irw crical industrv such as NlIK's-lcomipounds ard bulk blends. Bulk blcnds consist 
pIiIlcns, palilU'. I'jeijN,, Aid Il\lil ilbers. Il addi- of mechanically mixed intermediates with one or two
lion. Kc ir,i hi , Y,,,rctileeLAId 11SI) O,iti as ;I leading nutrients per interncdiate, for example, DAP, SP, and 
mnt1u:,ctunrc l A'NP'K Icitii ,'r, in \V'ctc rn Iluropc, nmv KCI. Chemical compotnds have a uniform compositun
raakir, No,. .a.,:', .: rh )[f dCiuli.itioru, in IHolland, of nutrient salts, usually manufactur,'d through a slurry
I.nited Kird,mi, lhclf-ffl , :rrrd I inmiirk ('[ablc 1). stage. 

Tahle I. Kenira's Acquisitimni, of Fertilizer Businesses The Kemira NPK Process 

Year t )pcraliit, Acqn ircd Currenlt Name To respond to market demands and to have pos­
sibilitics of using a wide variety of aw materials, the 

I1982 I.&, K I tilis Kcenira Lid patented Kcmira NPK-proccss was First utilized in 1972 atC s Il,. iK 
IlQ85 lF.sso ('hleriI I\'. NeIt lic tIIs Kenira BV the Siilinjiirvi NPK plant in Finland. 
I8(, N.I.S. Fctilicr, I td 

1')"(, (;cCicii. Bielgiin Kemira SA The process is a mixed acid nitrophosphate slurry-
IQ'S7 Sripeirf,,, I)Cl lln artk (ea . Supcrfos based process, producing chemically uniform product ;is 

GCIrdning grantIcs. The granulation ncthod and the raw materials 
can be changed and combined in many wtys, is will be 
described later. 

The iKcmiri erru i has iwlvitics in 1) cotuntrics. Thc process is divided into the following steps: 
About 44)' of its Cil-h~ltvCs a Nrorking31-,(I-C() ahroad 
The annual turnwcr ill I'-)7 was ocr (IS $2 billion at !he I. Reaction of raw materials to produce a slurry. 
current exchange ratC. 2 (ranulaliori and drying. 
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3. Screening. crushing and rcvcle handling, acid/phosplhatc rock ratio. In practice this means also
-4. Cooling of produc. allcrino lhe AN/AS ratio by simultancously adjusting the
5. ('otling (anlticaking). l-:S. .pnd IHN()3 amounts to balance tile formulation.
It. Recovcry of' ntri'nt ; and hct from the gas streams., Lss rock phosphate means more sulfuric acid and less 

nitric acid. In general, the lowest raw matcrial cost for a
A, vpical proccs flow di,rami with sphcrodi/cr given grade is for the formulation with lowest attainahlc 

granulation is shown in ILieure1I. watcr-soluble l2O(s. That in turn occurs when the t12S()4 
is zero and the filler propcrties of' rock phosphate are 
maximized. Of course, tle higher the ntl if tn. (N + 
P:05 - K20), 1lie less rock phosphate can he used in place 
ofIphosphoric acid. 

"i .. 	 , lu 

A wideL range of grades with wide variations inl the 
, R. 1, . watler-solub lc P.) haVC been produced with the Kcmira 

,, .. process. It should be noted that almost all of the total""".....+. . a i -€ c0+,,+ 	 IPA)., is citratc-soluhlc, even if' the wvatur-solu ilitv is low. 
(.i ratc-soltlle P2)5 is often also called "availale l ,(..

- " ,Zxainplcs ofgrades produccd with the Kemira process are 

,nown in Table 2. 

N,,,, t Table 2. 	 Examples ol'(;rades Produced With the Kentira 
Process 

Figure 1. 	Ktiniria's Process FlowhI)iagrain I'or
 
Produclion of' NPK I'ertilizers. 
 8-24-14 15-15-15 17-17-17 23-23-0 

I0-20-20 15-20-15 20-10-10 20-20-0The Ractlisn Sectioni 12-24-12 16-16-16 30-10-0 18-22-1)
A niixcd ;cid (or pilwl>1irhltic) NI'K process invol'­

i ,
in hrgIl J.e 1I1, i, '. 1lhc r;l\ mnili rials are: amlll­
llrIl;r i d R I'l1 c t. pilosphlate
tr icMIlkil l- l 1 and 
liirphilic ;acid lhl t i nhilli, llapi tirm chloride (ra'llation and Drying


ort tr)sirn >,tii t flIhIcl iitllli. .4Stlfuric Acid Mid . slurry in 
 the bufer tank typically contains about 
firiC riLntC , arc' :Al) u , 'd iIIll 'Ic "l'rrtiltions,lr. IM, water. The temperature is around 135C. (jrarnula­

tion and dIrving take place simultaneously in a combined 
IIn dditil 10t Ik, pr t.'ee also accepl wilhoul grartulatol-dryer called a sphcro-izer. Slurry is punped

modifReat ion MAl, I)A1. arid ifo CXChMigC riluitWion thiiugh nozzles with air dispersion, and sprayed on lhe 
(I 1'( ) KN(),) froml the Sirtltos iil exchangC cede material in the spherodizer. The recycle material 
procs,. I'or.n a curtain in tlie ,pherodizcr as a result of the lifter 

flight, in tire rotating drum. Tfie granula ion is a layering
In 0wr fir,Ircctor rirtrre rcid :ttae.:s lic rock phos- proccss, or an "onion skin mechanism," resulting when (lie

phatlC. In Inc ",COrld eaclt r Ih' O\flllw from the: first slurrry drops 
' 

hit the recycle particl.,s repetitively. The
 
reactutr is ainioniactd rndiulru liquid 
 (underfltw drying mcchanisii is predominantly flash drying at the 
'ron scttlcr) is addcd. lc ti ird ,actor providcs for fiiad slurry nozzle outlct, but normal dilfusion also occurs fur­
llilnoiNtliori of, lvrl1fI hooi Il, seco l reactlor. I lcre thIlr 1O1lin] tie sphcrodizcr. 

pihosploric arid sulfuric acid, ire iddc ard tieIK'l i, 
(issolveI. Ally riiieoruCrtrie.ru, Ill be irtcorpror:tlcd in IhL The Inaxilntl; tutput for one grantilator-drycr
Iornmuit,ior, are addcd It t!', pjilrt. A I uflcr tank is ursud depends on sCveral small dctails in design and operation.
als a lipror fed I rik hr tire -r hLrdie/r and as af rccc)- 'I IIC Ovious variables are slurry water content and physi­
tacie for InTclrL'rig IenitiCr dtll fr, rri thC Ib;g lte1rs ;ard ica1l dimefn ,osof thle spherodizcr. A standard 4.25 
c,.covles diamlcter granulalor-dryer can n ow he opcra(Ld it 

1,210 mtl)d. \%h crcas OW rmtl)d was used as a design figure
Naturally, thc rall iii dlfcrclf raw material f'ceds aurud life world 15 Y':ars ago. 

v'aries accllrdili!, to ihe grade I(. 11ce foduced. \n iriplr­
tarit feature is that the w;tlcr ",,liity of the I'A)s in tire To improve fucl cconmLy, the hot cooling gas is 
prodrct can be atd~jtsteDi 1 aijunsting lie phospho~ric returned to(the dryer Inlct via a bag filter. 

http:riiieoruCrtrie.ru
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Sc('re., ing, (,rushing andl Itthlhudling 
lProduci-s/t r;iterilai, 2-4 rill, I" st.patll' 'riciri the 

titili tirmtiglllnlt It, .Irlnrle tir nrtmcilid the 
spher't dit/er lPrt I l In i oifel .5,/C m~ti.lrri;t is, diverted 

>l+_rrt+. lCilt + i e lt 'mi t' ;Iil (, tl iil c'\d it, 

e",+, It ]afIt,[- sti' te r'I;Ui tiI rI(M. .'litvrrrit , Itie 
In drhie ,i..',. disr cr'tI is t I rl' irtie;tt, it eIIriofs Ir 

,ra!I ult tin. 

()v,. ',e tUtll rril iF, rt-.ire, ui(.Ir,iit: is r,.veled. 
lhiat ptart o rtriai irieCItrll riItu l-i/e ' ,JiICIh is riot 

ii kvelced to the COlur 

'1olirig 

('Itlrliin+n. rlr':I h_' lie AIint. ;iI orm r ct,4ed and 
ielrhtinidilkt l air. le',tlirr, i, :i hi'v-i[iv imir ilrin. 
'vir lit ouincdaiill ; I t e.;il , e ' After the airrrn'e tii.tcr. 
ia, IteCr JrcCiCl, watlt tlIc'l., :it:;I istlailv 5eltVirtlled 
[iv sli~ilN ti I, 11 sal l leftvt me., lt:~ itlfnttir with 
Illhc hcrir l e,;tmxltat'1 itnl'trl. In i tl huritd 
'lijrt;ttc'. lht' ti' efe ii1 etifliu air' tI tird lrve' in eiitllin:r-

titm hih I I t lil_ hl lllt tirCOr t lht' it ili1iovs 
,flt ,llik'-l kpuil i mivid I elICt\ [hC CIIIml ,C (i tl tir\Cr. 

Ntiwa(itis thuinittl iofcr is ifllri a Iluidi(i'd-Ied 
Ci'(iler irrt ii tt ;I [,tlJ'--ty, C_ til .diiline The 
itiidi/cd-tCd ciofec' ha> flter t'iper';ii1 cet'tlhaIllre 
dirtin.. itt Itwtr *115e'.IrIlI ( 'il Andt lrv-outt diattinl;l S 
!(fr irC i i,,rrtir tl s tire opertl-flilihl/(d IedI, tier )t '.it 
irr11!ens+l. 

'I,,;!lnlfgt1S 
Aillcakirnw traett1c' (or" cotingis tarriedllft in : 

siralil
rtatring dtrur. 

NItrinent arn( Itl Rcr i't' Fri s Str ris 
lit an N P1K prroc'ss vith i typical waler bialance, lie 

WWtlti Water Out 

Witt HNO3 to Reacttors"-, 

Wili Reactor Gases 
S. . . . .650/o
jt1i H1PO to Reacrn. a.-1 

2 .0 - ------ --..... 

watelr etrilrs with tht raw ni ateriais ard leavs tlie plant 
throtigh the stack. Witi n rtliquid cliltuerit. tlru are only 
tWt ways o1'(rWatcr to leave the s.'stcr: thrruh thedstak 
Mid with the leprodi.- ai(I -loitire cmtlritl. 

lhI irI - ;It de shtv rr ree irth(i t r, ,tilerrev )ri n 

tie slurry w itcr Colrritn . lire wt.I il olmcCI,o)r tlc \wirolc 
pllit is ilrui t tlie sarue ils ritIr: rctoirl-, (lFierirl.s ;Ird 

3). 

The .scruhlnr:-v syst rir is (I ereid.lit to iairr t irlaxi­
n1rrn1 CtrlCiilcv inr trir.,iemlrt l with i i (lest Ci ir-

Tee "sistr lion of fresih ttr. Ire water is intoi't.ced in 
the last stage of' tlre reactor ga.s ,,.i ui r:;. The pI I of' the 
scruhhing liquid is autir;ticialv bttrrtrlrildiiKv addiiti 
acid. 

TIe' llu rirlirt ctiltri ill' tie scrullrr liquotr irera:1ses 
a it riro%-s ttiterictrlrrtnllv !- n tihe reactor gas 
Cltlr tni Illt t ry'r !'iS sCrIriri-CrS. In l thd~rsrtlhilt 


easds'tiftlrC's ildionAl w;tr is evillratui, which filr
 
tieir (ile'lttr;it cst i i(iliiii. Il Illi siitsc 
 ire n1t irt:11
 
s;lts ,ire SCelilrtd ill. itr ,nrrr it. a Ianpir l rt
irallasp i. 

;i ctriilhucg Iriti wir C ire 1(ic'k phitts " is returned 1tt 
tire rec'tClr trld the t'Cirer liijiIid is rCirCtLJiltCd lt tIre
siriThhreri s\e, le eetxc.lrlnl restulls of Kerir's 
d l 101111pir cllt tIr gIliIls cliem i h Iheld were preser,t_ ii :ta l 
the Nitlerli '6 ctirte'rirC'' (1). 

fill proter i t ( f orril rill SN lt'nis 
(te pter- ttl svstIeCrrI1( hatve IhC II deveCl­rt 11)(;') 

oped arrtiit ili/e'i iii Klririra's NPIK iliants. (,ue of" tlew 
n tC CInu fe i st .ss'Iiil Ir'osireIieiaitres S C Sinluli t.lmn'ri 
rcgulaltmi ofI' W riltlera wich rreIrstln .i)I.all Cds, 
regulatrin (i' t:i prtltr(icltrr raite without disturbances. 

Other fiitu ;irte tnilUr-ctiitrolled chang oif grade
air 'iir u(rI raw material feed rait. to aclhitvcorlit 
proper proiiltto analysis, ,ased on reslllts from teir 
aItoraillt" NPIK anrilyVer. 

WaI nWaeu 

"\ 
With HNO14'9.1%/° With Reactor Gases 

I 71°0'c 

F.' 

• 

to Scrutbbers 

r 

"" 

19.9 o , 

i - I3.lli ae i With HPO35.80A 

% 

, 
cc' 

Wrth Slurry 

29% 

N­

t+i, 

Willi Drying Air 

4.7, M.' ^ . 'liiial Wr/ilt'r II~llrit fort in N 11K IPlait. +igurre: 3. "')it'yica ...Wa.itrHIi ~nee'foI'rlhte Retr.l.. 
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Econ[o llic a I A.n tlv.,is1 


c,illil [%ilil,, , nix, k, iT,,L,11 d,,N,.n ,,,dl()\ I) ill 

, T\T.,)i(,;l ,i t'rtili/LT ('NISs',---IBreAkdw,-% Of 

(':h'iab-.d ,)m11hc IB;li F ld(of Price. 41,"(lhe 

' 	d ilt 2.(0
 

R ct Il~l t'11 !11',L.'1Ill L llI 0.4 


I )eIn ci~ti ii1m.d intcest 	 8.8 
a,, Wcil ,,
efl~t~76.8 

100.0 

TIie inip& ittmcc All the raw ticrial ci;.ts can hardly
le C\ri'tllal~l-i/.'(l. \V ld ilrke prices ftir raw 
;ia.ril- doh1 l - 0 \ the enl 1l uetItpirics, or 
vice ,,r,. "hle c tICI\k Impol ini w 10tt saIicgtlard 
e°nilpetih i"'.e 

I. 	 NfximNi/ i , ii ,I I , Is.h, ,icM dn re.,'.$,1 , rittr 
2. 	 kl, [i'll,1 I1e lk+I;l t\khl pIlkltl, !,;iId s ;\ith vari-

i~l;'h rI , I t' k I'.()1+] 	 til .... 

An ,in:l,,i, h ii t ',1'I>1 t) n1eth it lie 
(:Nit)() l,',,, ,111;, ii)il'd (-.). An,i 11l 
eximpll,% tha - ,h v witr-st,luilcl P.(), :a cts the 
ral\, nl t5',', i" I-h i 1; ;B1 .r,.w -1. H cilratc-Illitlt.:I 


'\\Ver ->,, , I. . 1-1i,, .,I, ,u 'itI>-> Ii~IIh ihire1
L I
acid aid !+,,:,ii lx i -ihih t 1,)'ciink. 

1aw iiiacli,il priw.. 'e.td ii the cxairiplc alc ,h ,iwni 
,hIv.ow. 


U S it 

Nilh 11 
IINo , 41) 
R1 ek " )i:;(I'.'().s) 30 
11.1'( )1(a,> I'P ).) 300 

K(I 75 
1L'SO;. 5(1 
I:iller (inert) 	 20 

120 

0~.100 

i 80 
CD, 

60 

m-


I 

20 _ 

I I I I I I
 

50 60 70 80 90 
Water Soluble P20 5 (/) 

Figure 4. Water Solhility Versus Raw Material Costs. 

lRlehalilivition of'RCF's Plant in Bombay 

Intrirodticjon 

alitria, Ch.miicals and Fertilizers Ltd. (RCF) i:;a 
major prordurcer of' irlilfizrs and chemicals in India. The 
tC'irlpi.pny has two production sites in the Bombay 
iegiol --t oldcr Troiilay site in Chunmibur, a suburb( of 
Boiliav aid l newer a nillionia/tirca site in Thal , also 
close Ii) l iiiiliha,. The "'roilay unit is within a hca'ily 
~popuL led region. Antiu ig oiIer units, at the Trombay site 
is the NIPK plantt called Suphala. The Suplhala plant was 
sarte[l.d up in 1')5 and enltrged in 1975. Alter enlarge­
mcill the plant has a ,apacily of 1,1() mtpd of 15-15-15 
NPIK, lin, I\t'o) of PL, type and sixreactIorIlines the 
Sf;I)iL i ih ir rgra. u lti liiin lIlCs. 

Objtclives 411M odernization 
lilte B iimibiv region i!rcal atil ltion has been paid to 

aif pollttiii cotlrol. A modification of existing effluent 
control systcnis at tie Supliala plant was called for. RCF 
contacieti Knmiri for tOle first lime il 1978. 

The l'lhwi tariget', fr tie iiodillcation were set: 

I.Improemcenl of pollltition control. 
2. 	 Decrcase of raw malcrial consumption by improve­

rIIleit of, Iljltli ellclficiclcv.f 
3. 	 lincrc sc of lirdlic;iiiii'12lp;iit o 1)(1,mtpd. 

C nIi
4. 	 " ,Iiction it Cic rl_\y sllllitOi. 

In late lP)83 R( I:siened an i grccmnt with Keumira for 
consulting skrvices iiit relicbiIllatlol of* the Suphalahe i 
NPK plant bascd on Kemirat proccss technology. 
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Scope of Services Supplied by,Kemira Results of theSuphala Rehabilitation -R. naibihitation 
1 Process License. of the Suphala plant accomplished the following
2. 	 Basic and'detailed engineering for reaction section and_____
 

gas c cleiiiling es ' ' m rdarpluoncontr'ol

3 	 Basic engineering for the salt, (granulation and solids 2.Reduced amount of liquid effluents.
 

handling) section. 
 !3. 	 Improved raw material efficiency. ': ;,
4. Reactor agitators and Lamella separator for scrubber 4. Increased plant cap city (35%). ­

liquor solids separation,'' - ." 5. Reduced energy co ' umption.

5. 	Training of RCF personnel in Finland at KVimira's 6. Reduced maintena ce 	costs. 

6. Supervision services and startup of the plant. \\ A few more benefits are to be expected'like a higher 
*time onstream factor and improved product quality,

Modifications Made 
Reactor Section'-The original two PEC reactor lines 

with 34 U-tube type reactors were replaced with one re-ac- Conclusion
 
tor line having three reactors that use the Kemira process.
 

Salt Section-The six spherodizer lines were to be Some of the features that make a fertilizer process
modified to four lines. So far, two lines have' been competitive are:" ' 
modid and the other two lines will be modified la;er. 

' 	 ' ' 

The, product cooling was improved by installing air 1. Flexibility in the use of different raw materials.
 
precoolers in the cooling drum air inlet for thoI modified 2. 
Ability to produce a wide range of grades with variable
 
lines. Fuel economy was improved by recirculaOing cooler levels of water-soluble P205.
 
air to the gas burner for the spherodizer air heating. 3. Plants that are thermodynamically efficient.
 

- 4. Environmentally clean plants with no liquid effluents,

Gas Scrubbing-A closed-circuit water circulation sys- no solid effluents, and a very low level of gaseous emis­

tem was established together with installation of a'* sions..'
 
Lamella separator. The reactor gas scrubbers were ' 5. Easy and stable operation due to advancedcomputer

modified by using the exising equipment with rearrange- control. 
ment of the flows and other modifications. The drying gas -, 
scrubbers were renewed and one scrubbing stage was In view of these advantages the Kemira NPK process ­

added.' ' ' appears to be an interesting alternative for the production 
of compound fertilizers..
 

Instrumentation-A major revamping of -the in­
'strumentation system' was also made including installation~
 
of a computer-controlled system (DDC).
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Compaction/Granulation of Fertilizers 

R. Zik;sclinar Ilead (4 c)Cpm Iielln -B Ir-iqnIuirg, Compactlion, and 
Size RCdtICion, .l;isch~uirnrf;l,rik KOPIPl.RN (;M1311 & C(. KG 

A)st ract 

In compaction gration ion a fertilizer is subjected to 
enough prcssure to remove iost of tlie voids in the bulk 
material and thereyl bring, the individual particles close 
enough togcthcr to prmitnmolcculfr attraction to occur. 
This is accorMlih(fd hv pirsing teialcrial thlough a 
roller prcs whcrc 1he mitcrial is Iorccd between Iwo 
counter-rotating rollcrs tlt arc prtsscd tog-ether by a 
hydratlic [pre'Y1rc svst, i1.Tlhre rct is typically at flat 
sheet of tai~r .5-) rm thickrmacrial i,. and has an al-
parent density thfal ald a half to thre tirw. s asis one 
great isthat of' the f'ecd mitcrial. The compacled sheet 
(flakc) is brokn into Iairly large pices by a "fllake 
breaikcr" aid subscqtcntly crtlcd to obtain particles of 
the desired size. I11the siet is britilc it is usually crushed 
in athailcr nill. I1it is soll arid plastic the shee should 
be cured until it harde'ns and then crushed in a special 
roll-type mill (disc crusher). The protuct sized particles 
are ursttalhv t umbled if) a (.rnnr111 rcirovc any sharp cor-to 

ners andi hrs redice Iurhr abrasion anrd drust. 


Fertili/r c irlipit'lion is influced by many 1"iltr, 
which alfcct tlheselection of the various pieces of equip-

cnlnt tind the opcral ng conditi ons. Ilowcver, by careful 
sclection of eqiiprieCnit rild Olurlatirig plCreedtires, most 
ferlilizeVrs can su.tlCCessfu1lily bC ernitl;jIcd by the Collpac-
tiori nncthIid. 

Adlvanlags ol the compaction priccss arc: (1) its 

power co sumption is low, (2) it requires no liquid 

binders, (3) it can handlc feeds of various cornposilions, 
(4) it can process; feeds withi a wide range of particle sizes, 
(5) it can le tuscd iii plknit. of1alrot irv size, and (6) it 
can be operated cot iltiously or infurnitnllv, thereby ,l-
lowing considerable flexibility in opneration. 

IinI
rod it ii 

In agricult nc the nutrit ws nilrogen (N), phosphate 
(P205) and potash (K.'()) are reioved f'rom the soil by 
harvesting arid these in sItbe replaced Iby adding fcrtil-
;zers. F'ormcrly, tle only fcrtilizers used were organic 
materials that containcd mineral stbstanrrces, nitrogen, 
available hurnus, bacteria, arid carbon dioxide. Today's 

intensive fairming, though, requires additional natural or 
synthetic mineral fertilizers. 

Besides si"2',,r cormponent I'crtilizcrs which contain 
only one nutrient, N, P (1:05), or K (K.O), mixed fer­
tilizers are offered which contain two or more nutrients, 
fOr example, NP, NK, PK, or NPK. Some of these may 
also include CaO, MgO, or trace clemcnls which, for plant 
growth, have similar functions as vitamins. 

To guarantee full utilization of the individual nutrients, 
these mixed fertilizers are formulated according to the 
needs of the particular soil and crop. In the face of a last 
growing, world population and decreasing acreage of high 
quality land dedicated to farming, multicornponcint fcr-
Iilizers which provide the best possible crop yields in 
modern mechanized farms are growing in iiiportance. 

Critical factors that affect the usage of fertilizers ar-: 
their storage, transportation, and handling characteristics. 
Until the 1920s fertilizers were exclusively applied as pow­
dcrs. Except for advantages during mixing of the com­
poncts, tie use of powders did present a niumier of dis­
advantages such as segregation, uncontrolled agglorncra­
tion, unsatisfactory flow characteristics, and losses dtirilng 
application because of dusting and runoff. These disad­
varitages wre largely reduced by the development of 
processes for grain-size enlarg;ng, so-calledthe granula­
lion processes. 

Several fertilizer granulation techniques were 
developed which are based on either wet agglomeration or 
birndcrless pressure agglomeration with stubseqient crush­
iog and sizing into the final granular size. In addition, 
some fertilizer materials can be melted and dispersed by 
spraying and cooling in a tower (1,2). 

In tlie \vcl agglomeration of finely divided particulatL 
matter, liquid binders cause green strength by capillary 
fl'es. During subsequent drying, chemical rcact:,ns be­
tween tile conl pornents or crystallization of dissolved sub­
stiralnces form solid bridges between the particles [hai make 
ip tIre agglomerate. Typical equipment for this tcchnol-
Ogy includes drums, discs, and mixers l'hllowcd by dryers 
and coolers as well as fluidized beds (3,4). 

Binderlcss, pressure agglomeration is a competing 
technology which, in most cases, does not rely on lie 

http:KOPIPl.RN
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material bridges betwecn the particles forming tile ag- Fresh Feed
 
glonerate. Rather, granule strength is caused by
 
molecular forces. Bccause of the short range of these
 
attraction forces tile particles inlist be close together and StrgStorage
this requires the aplplication of ,'xlcrnal pressure by cithr
 
c\trusion (natcria! is pressed through fixed diancter
 
orifices) or compression (material is press cd betwccn two 
 Raw Material 
surfaces). If compression takes place in tile nip between Proportioning
 
two counter-rotating smootth or slightly profiled rolls, this
 
procss is called (roller) comlpactim (5).
 

In the following pages, this techniqutic which includes
 
crushing and sizing of the conpacted shect intc the Mixing
 
granular product will ;,cdiscussed in more detail.
 

First, the principle of'compaction/granulation systemsl
 
will be introduced. The heari of such systems, the corn- Compacting
 
paction process with ml I ,,sscs, will t lien be described
 
briefly. Afterward, tihe
paraictors that inluericc fertilizer
 
compaction will be invesigatcd. And finally, some typical Undersize S o
 
examples of application will be givcn to illustrate the (Recycle) Single-0rStage Multi­
conih)ictioi/graniilaihton svstcn. 
 Size Reducing Oversize 

Principle of Co,,lpactioli/,-nhflati(;n 1lants Multi-Deck I 
Screening

(;eneral i)escription o"F:nt
 
The general flowshet of a fertilizer compaction/gran- Fines Onsize
 

ulation plant is shown in Fi-gure I. PoFines
 

The systcn is nladc ip of four groups of machines and
 
apparat us for the followingrLprocess Steps: ,
 

Single-Deck 
1.Storage, proportioning, and ixiing. Screening 
2. Compaclion. 
3. Size rcduction and classification. 
4. Finishing. Conditioning - - Granular Product 

By ieans (if various transportation devices, such as 
bucket elevators, belt conveyors, and drag chain con- Figure 1. (;eneral Flowsheet for a Fertilizer
 
veyors, the material is moved fron one part of the system Conpaction/Granulation Plant.
 
to the other.
 

Systens that granulate only one multicomponent fer-
Storage, Proportioning, and Nixing tilizer product are normally equipped with continutous 

The nulber of bins as well as tile sophistication of nletering and inixing devices such as belt-type scales feed­
proportioning and mixing operatiors depends on the numi- ing into the mixer. 
her of fertilizer corpiicnts to be incorporated into tihe 
final product. No natter whr ich operation is used, selection of the 

lype of nlixer depends on the composition of tie fertilizer. 
InI eystCns designed for tle production of different [or example, to guarantee the uniform (list ribution of 

niixed fertilizers, hbatcli mixing is prelcrred. (_'otmponilts trace elements, a high intensity mixer nlust lie used. 
are ietered into a weigh bin. After formulalion, the con­
tents are dischargcd into a batch mixer. A surge bin be- In addition to tie fresh feed, recirculating utdersized 
fween the discontinuous forniul,,tion equipment and the material from the crushing and sizing circuit is fed into a 
rest of tile system allows for continuous operation of all doble-shaft paddle mixer (Figure 1). Typically the ratios 
other equipment. of recycle to fresh feed is between 1:1 and 2: 1. 
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C(,impaction LUnit 
'fhe h nen,,eCCoUt. fertilizer mixturc is fed to th corn-

paction process dC crihCd Iblow. 

For this process, roll incrscs ire available that utilize 
tie principle of pressurc eciot iitltioll. In such mnachilcs 
pariticulLtc mairial is ]ilroduccd into the n1p t two 

tcoltlcr-rlottlll Iirll., v mcans ol a vertical fecd screw, 
As the iiiatcrial Is e'imcted. lesuW ii the mass in. 
creasc, reichest. a peik just ;aove Ihe line of! closest ill)-
proaich blwecn the rolls, and then drops quickly to zero 
(Figurec 2). Ihis aptarcnlt density of,"Dne 1111,pressth 
th liixt iire is incrcascd by I Lactlor 1.5 to 3 becaui of 
decrceising tle v hiie of' voids hi the bulk ialerial. 

Fed 
X 

/" -,Pmax 

.0 -_1 
F---- F ,--'" p 
K. Ii---Pm''--

cJ 	ss :Gap main wtIhe 
] Dgiameter of rolls 

Half the angle of nip
Sheet Pm = Mean pressure 

Pmax = M2ximum pressure 
F -- Pressing force 

Figure 2. rinciplie of' Roll k onii;ction. 

The prdtict is tlvpica lly:a[Lit sheet §-29 in thick. 
Selection of the Si/c :i1id dcsli.n Ir huCroll iress dlepends 
(in nunerols pirlnlute'rs v-hich in ilrn irl' declindent oin 
the iteri;l and irn il riust e dctcriinincd cxperinien-
lall '. 

Sizt Reduictioln al?! ('lassificitioln 
The hCCl (flakC) proiduccd iii the roll press imst be 

crushed and classified into tlic desircd particle-size frac­
tions. 

Often, lie first crushin.lstep takes place in a specially 
designed flake breaker which is installed directly lhow 
the roller press. The shct is broken into sinalicr pieces 
which CInlbe caSi\V h tlCdl d liae perfect fced fo r 
sulseliCntl crushers. 

The initcrial is scparatcd into orsize, Ir)iohict size, 
and undcrsi/c o! a iiulldeck screen. The utndersize 
(passing thIirough th,:h\c, scree deck) is rccirculatcd to 
the nixer and thencc to tle coimactor. The oversize. 
matcrial which fails to iass through lhe tipper screen of 
the dh(tlc-dcck scrcc il ini bee furher rcdiccd in size. 

Selection of ti secondary crusher depends on fhe 
characteristics 0i" the comipacted fertilizer. the11' com­
pacted material is brittlc, as is the case wil potasl:, it 
should be c,ushed by impaction. In these high intensity 
crushers all softcr pails of the shcet arc pulverized result­
ilg 	in grantlar parlicles of high strength and excclient 
rsislanc to altrision. Products from such plants will not 
a)r.de (lring, handling and field ipplicaition. 

Miiny mixcd fertilizers, ipartictilarly those containing 
plosphates and/or trea, iitially produce rclatively soft 
anid 	 plastic sheets. They harden during aging. Therefore, 
in stch plaits, cuiring bins should be installed t1*_wccn the 
screcn "ind sccondary crushers. Even the,, lhe use of spe­
cial 	 roller mills, called disc crushers, is beneficial. Such 

uiteiipmcnl bandies the softer products more delicately 
lhan ini]pct or haimmicr mills. The granliar product lay 

still gain strength during firther aging. 

Another criterion for the sLcction Of secondary 

crushers is the niinimni particle size of the product. For 

p-articles with dlianieters loss than Imm impact crushers
 
inmust he used while for- paticles with diai:ictcrs grcatcr
 
than I i1om disc crushers ci he lscd.
 

Ta selection of lie screen l.so dclcnds on the 
characteristics Of 111L fertilizer material. Nit only tile 
sepatrtiion characteristics iust be considered bLt ailso
such hiaranicters as tie alrisivenes, the particles, their.;' 


t,.ndcncy for blinding, ind their flow characteristics. i
 
cases where screening difficultics ire anticipatcd, tests
 
nust hc carried otit to determine the optimn operali(in.
 

Correct selection if crushing and sizing ccl uipment is 
of t lmost imnportancc for the econll(imics ,' ;Ifertilizer 
conlpaction/graniiat system.vi PId determining the 
[irticle shape, which orially s.ould he cubic, and the 
size range, for example, 1-5 nn or 2-4 mill, the crushing 
aind sizing equipment deiermines the yield and the 
capacity of :Igiven plant. 

Fhisihing 
Often tle product is sulbjected to one or two finishing 

steps. The irregularly shaped particles are sometimes 
tunbled in an abrasion clrtini to slightly rouind the sharp 
edges iand corners. Pines produced in this step are 
reIoved by screening (single-deck screen) ild rccircu­
latwd. A further ftnishihg step may be the conventional 
conditioning with anticaking agents. 

The final product of the systern is tgranular fertilizer 
with ia certain particle size distribution in a defined range 
(for camiplc, 2-5 ram) and -. Inispecific granule strength. 
case of mixed fertilizers, individual particlcs have practi­
cally the same composition as tlie btilk mixmi,re. 
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Whether the strcngth reached will be adequate can be properties of the material such as bulk density and flow
determined by test methods which have been developed characteristics. In principle, a uniform and continuous
especially for fertilizers (6)). material feed should be aimed at in order to attain a satis­

factory filling of the press. 

Compacting lquipient If the material is of good fluid quality, a check plate 
with adjusting tongue will suffice for changing the free-In the operation ol a com pact ion/granulation plant the space sectional area. When sufficient filling by gravity

complacting process which is of central importance takes feed cannot be achieved because the bulk density is too 
place in roller presses. low or the filling capacity is insufficient, screw feeders 

must be used. These screws force the feed into the fillingRollcr presses consist essentially of: section, thus effecting a sort of prccompaction of the feed 
material. The screws are always equipped with a variable[.
The frame, speed drive in order to be able to adapt the feed capacity

2. The two rollers, to the throughput capacity of the press. In general, screw 
3. Tfhc hvdrauilic prcssurc syslem. feeders are used for fertilizers.
 
-1.'he drive.
 
5. 'I'e niatcrial feed equipment. Parameters of Fertilizer Compaction 

The rollers are carricd in self-aligning roller bearings Fertilizer compaction is influenced by many factors
whose hots' n1.Iesare supported in the frame of the press. which determine the size of a roller press and its operating
Each roll consists ol' a roller body on which the tools-for conditions.
 
example, rings or scrril nls--are mounted. 
 For compact­
ing I'cr;ilicrs usually rings with smooth or profiled sur- These parameters can be divided into three groups:

faces are used; Ihcse are shrunk oi to the roller body. One
 
of the rolls is immihovably mounlcd in the frame (fixed 1. 
 Raw material characteristics such as brittleness, hard­
roll), whereas the other roller is niovably mounted, allow- ness, abrasion index, and density. 
ing lateral displacemcnt hv hydraulic ranis. 

2. Properties associated with the condition of the com­''li hydraulic system serves primarily to check the pacted fertilizer such as bulk density, moisture content, 
pressingIforce between (lie rolls. If a foreign body enters temperature, particle shape, particle size distribution,the gap between the rolls, a relief valve allows the rams to and materia! flow conditions. 
go, rid of the excess pres:urc and thus enables the mov­
able roll to "give." In addition, the hy. itilic system is 3. Characteristics of the equipment s'ch as specific press­
cquipped with tilt rogen-filled coilpensating accumulators ing force and roller speed.

which bring about changes inthe gaps between the rolls in
 
response to slight v'arialions in the 
arnount of material Material Characteristics
 
being fed to the unit. In this way the pressure exerted by 
 The materials used for compacted fertilizer essentially
(lie rolls is kept conslant and thus the quality of the belong to the formerly mentioned four groups:
 
product (sheet) remains suitably uniform.
 

1. Nitrogen fertilizers.
A reduction gear unit with two output shafts provides 2. Phosphate fertilizers.
 

(he relatively low rolating speeds for the rolls in the range 
 3. Potash fertilizers. 
of 5 to 410 revolutions per minute. Torque is transmitted 4. Mixed fertilizers. 
from the gearbox output to the rollers through special
toothed couplings the dimensioning of which is so flexible Ammonia is the most important raw material for
that the floating roll has sufficient clearance of motion. In nitrogen fertilizers. Typical nitrogen fertilizers are: 
addition, a torque safely coupling is interposed between 
(he drive motor and !ie gearbox. Infinitely variable speed 1. Ammonium sulfate. 5. Calcium nitrate.
control can be obtained by mechanical means, but may al- 2. Ammonium nitrate. 6. Calcium cyanamide.
ternatively be obtained very advantageously by means of a 3. Sodium nitrate. 7. Urea. 
1hyrislor-conlrolled D.C. motor or a frequency controlled 4. Potassium nitrate. 
three-phase A.C. motor. 

Raw materials for the production of phosphate fer-The type of material feed equipment employed- tilizers are phosphate rock and phosphorus-containing
gravity feeder or screw feeder-will depend on the iron ores. The phosphorus nutrient is always water­
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insoluble apatite (calcium phosphate). Therefore, it is 
necessary to decompose the apatitc. This is normally 
accomplished with acids, by heat treatinit, or sometimes 
electro-thermally. 

In most cases sulfuric acid is used but sometimes nitric 
acid is also employed. )eco position with sulfuric acid 
results in supcrphosphatc (single. superphosphate or SSP), 
a mixture of soluble calcium hydrogen-phosphate and cal-
cium sulfate. For the production of double (DSP) and 
triple (TSP) supcrphosphatcs phosphoric acid is used. 

During ilhe reduction of iron ore, phosphorus con-
tained in the ore isoxidiied and concent rated in the slag. 
This so-called Thomas slag together with the added silicic 
acid is called Thomas phosphate and after grinding 
(Thomas mcal) is available as a phosphate fertilizer. 

Other importamt phosphorus-bcaring fertilizers are 
monoani monium phteshalc (NIAP) and diamnmonium 
phosphamte (IDAP). 

Potash fertilizers arc manufaclurcd from raw potash 
rock mostly by dissoltition and subscqunt crystallization 
or by Ihotation. ['he misl m'11ortamil potash fertilizers are: 

Potassium chloride (muriate of potash, MOP)
 
Potassium sulfate (sulfate of potash, SOP)
 
Potassium nitrate (nitrate of potash, NOP)
 

The fertilizer industry offers a large number of mixed 
fertilizers which contain two or three of the primary 
nutrients together with CaO and MgO. Sometimes other 
nutrients and possibly trace elements are added. Each is 
characterized by its formulation. Examples are: 

Ansup 

Kaliammonsaltpetre 

Amsupka 

Nitrophoska 

Ammonium sulfate + 
superphosphate 

Potassium nitrate + 
ammonium chloride 

Ammonium sulfate + 
superphosphate + 
potassium chloride 

Ammonium sulfate + 
diammonium phosphate + 
potassium nitrate 

Table 1 shows a summary of important fertilizers with 
their major nutrient contents. 

Table I. Some himrtant Fertilizers and Their Nutrient Contents 

Fertilizcr 
Name 

Nitrogen Fertilizers 

Ammonium sulfate 

Ammonium nitrate 

Ammonium chloride 

Sodium nitrate 

Potassium nitrate 

Calcium nitrate 

Calcium cyanamide 

Urea 


Phosphate Fertilizers 

Phosph, lc rock 

Single superphosphate (SSP) 


Double superphosphatc (DSP) 

Triple superphosphltc (TSP) 

Thoris meal 

Monoannionitl phosllatc (MAt') 

Diamnioniuni phosphate (DAIP) 

Potash Fertilizers 

Potassium chloride (niuriate of potash, MOP) 

Potassium sulfatc (sulfatc of potash, SOP) 


Formula Nutrient Content 

(%) 

N 
(NI-4)2SO 4 21 
NH4NO3 34 
NH.4CI 25 
NaNO3 15-18 
KNO3 13 (+44% K20) 

Ca(N03)2 15-18 
CaNCN 20-21 
CO(NH2)2 46 

P20.5 

Ca(hP04) + CaSO4 
Up to 36 
16-18 

Concentrated SSP 18-45 
Ca(-12PO04)2 46 
5CaO - P205. Si02 16-25 
NI-141-12P.4 48 (+ 11% N) 
(N114)2 1-1P04 46 (+ 18% N) 

120 
KCI 40-60 
K2S(4 50 
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The niany different frt ilizr "mponents used resulh ipart
of the material and recrystallize to form "bridges" be­in a broad spectrum of mt crial characterislics. rhcir twcen different particles of material).

influence on compactiorn muist he dctcrriincd experimen­
tally. An important material property of a fertilizer com­

ponent is its abrasion index which, together withIn the casc of inixed feril izcrs the material charac- specific pressing force, 
the 

causes w,-ar of the roller surfaces.tcristrics 
oft onec totpoelnt Cll positiely or negatively To obtain an acceptable life of tie wear parts, even in thechange the corn pactlibilily of the nmixtunre. ['or example, case of very abrasive fertilizer mater;,ls such as ThomasbcCause of the low nircin., tenipcratire Of tirct or lie Sot- slaty, the roller sleeves can be manufacturecd from highly
toning under pi-csstCr (thixtorpic lpbehavior) of super- wear-resistant special steels.
 
phosphate, hoth miicrials czn 
bccomc binders if added in
 
small anionrts. hlie saie chi;tractcristics cause Sof[ 
 and The true density of fertilizer components determines 
plastic sheets if*too larec ai tunt s arc used in a nrixed fcr- lie apparent density of the sheet and the throughput of atili'cr formulation. ()nlv afte'r hltrg and uneconomical roller press. In the case of mixed fertilizers the apparent
aging pci ds do tre0 Cet'tine Iri ttic cnough for graltla- density of the sheet depends on the true densities of ihetioll. 1:0r rtiptininlln ild cttliuttus operation of a components and on their percentage in the mix. There­coiipact iongran illittn ,.eii. tihe shccls Iiust harden fore, the capacity of a given roller press varics when thewithin less thlli 30 Iiultes toin i belt tr iii an aging hin. fertilizer 'ornitilalion is changed.

Idcally the consistCncv of the sheet should be suitable 
 for
 
grantilatitn direcclv after leaving 
ihwroller press. The Material
opltiiinli, ulinirnurn, Iid iaxintltilotllS of' individual Particle Shape and Particle Size 1)istribnition-The
cornlptMCits in at fe rili/Cr mixtiuriiiIst bci determined shape of particles, for example, spherical, cubic, flake, orcxpCriIlclilv. nccIdle-liku and their size distribution are important 

characteristics for any agglomeration process since theyThe rriciirahl0gtic;iIhardnCss iiOfthe fertilizer corn- influence the binding mechanisms. In case of multicom­
pnricns dleterriies tie pressure retiuirecdi aind, therefore, plnent fertilizers, particle shal;: s and particle size dis­lhC energy consurptiiil. II IhC case 0f mixcl fertilizers tributions may vary significantly. Again, the (luestion as to an average hardness is otainCd which depends on tire how these characteristics influence compactibility must lie
fornirilatlio . It is possilc, for cxtmipic, that a small per- answered experimentally.

centaIc of a hard crirCttlerit is eiibCddced in the larg1e

amOunt of t sotcr Iltllrixind tilly insigni caritly influ- For compaction it is a general rule that, together with crccs :ncrgy collSU Illit Ition. ()n lie otlier hand, Mixtures coarser particles, enough lines should be available to fill incontaining large tillnIitlif RetllivC hard c(iporncnts, the larger pores or open spaces. In such a structuresuch as kicseritc, anirlniui phtsphate, or potassium sul- molecular attraction forces become more active and thisfate, need hiih IIIrcSUre fir tle prtodUction f a srong results in greater strength. If the particles are shaped sosheet. that they can interlock during compaction, an additional 

beneficial binding mechanism is obtained.
In principle, ir increasin, hmdncss and brittlcncss of'a

material will result ii thelreaking of' single particles in- The van der Waals attraction alone is often not suffi­stead of plastic dclforin'ion. This causes new porLr spaces cicnt to produce adequate strength. In the case of fer­(cavities) which caiInot be closCd anl 
 lit, Sale [ime, tiliiers other binding mechanisms are also possible whichelastic clcforriialions will Octlr lv which shear stresses are somehow mobilize natural binders within the material
 
produced in tbe ncwlh,formed ii-,glOl
Hrilt. itself; among these are: formation of a crystal bridge be­

twccn the particles, chemical reactions arnong the corn-If tire stIresses exceed liet tensile srcrngth of the ag- poenrits of the mixture, and pressure welding.

glorncrate, al pressure 
 relief will cause bre'',king. There
 
are obviously IwO OppIOsi tC proccdtircs overlapping-
 For many single component fertilizers such as potas­corlillimnu i l ndiCrnlpclitl . siumi sulfate (with particle sizes less than 0.5 film) crystal 

bridges play an important role (7). They are obtained byWith hard and brille- Iced niaterial:s, tire high pressure adding a small anlount of water to the feed which dis­exerted by tlie rolls will sltlllCr iof theleed. In such soVCS minute quantities of the material. Subsequentlly tie ca.scs the fccd will nitl have cr(t1rh plaslic dcefrniaiion to dissotlve( solid recrystallizes during tle drying operati(ion
bring the individual grains 0r Ilr;-irncrlts cltse Cnough to f'rir a strong agglomerate with low porosity.
tocether to perriit the van ler "Vaais atllraclion Ito forri 
strong agglonicrates. This difficrilly can be partially over- Other raw materials, such as phosphate rock andconic by the application of bindcrs (Sr ltlions (hatl dissolve Thomas slag, do not dissolve in water and, therefore, dlo 
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Table 2. Pressing Force, Moisture Content, and Feed Particle Size of Various Compacted Fertilizers 

Specific 
Pressing Force, 

Fertilizer kN/cm 
(bascd on roll 

diameter 1,000 mim) 

Ammonium sulfate 100-120 
Potassium chloride (60% K2O) (120°-140°C) 50 
Potassium chloride (60% K20) (20'C) 70 
Potassium chloride (4t0% K2()) (90'C) 
Potassium sulfate (70)°- 1I(0'C) 

60 
70 

Potassium nitrate 100 
Calcium nitrate 60 
Urca 30-40 
Calcium cyanamide 60 
NPK fcrtilizcrs (not containing phosphate rock and Thomas meal) 30-80 

Feed 
Moisture Particlc 
Content Size 

(%) (mm) 

0.5..1 <1 
Dry <1 (3% < 0.06) 
Dry < 1 (3% < 0.06) 
Dry < I 
1 < 0.5 
0.5-1 <1 
Dry <1 
Dry 2-3 
Dry <0.4 
< I <1 

NPK fertilizcrs (containing phosphate rock and Thomas meal) 
Urea-based NPK fertilizers 

not produce compacts of suffiicient strength. In such 

cases, a binder component should be added. 


It is also possible to make use of the plasticity of some 

fertilizer materials; this property may be increase(] by 

using elevated feed temperature. This binding

mechanism, which results in very dense compacts, is used, 

for example, in the compaction of potash (feed size less 

than 1 mm). 


In the case of mixed fertilizers, chemical reactions be-
twcen components can promote binding. Also, as men-
tioned before, components which alone do not produce 
compacts of sufficient strength or cannot be compacted 
because of their stickiness may be incorporated in multi-
component formulations, for instance, phosphate rock in-
corporated in urea. In this formulation less phosphate
rock 'han urea should be used in the mixture. 

The most advantageous mixing ratio of phosphate rock 
and urea is 15:35; the remainder is diamnmonium phos­
phate and potash. It appears that when high percentages 
of urea-about 20% or more-are used in the mixture, 
another component which neutralizes the very plastic 
properties of urea is needed, 

If the proportion of urea is less than the proportion of 
rock phosphate, a significant drop of quality is recorded. 
A very disadvantageous mixing ratio of phosphate roc.. 
and urea is 46:38, th, rmainder being potash, 

A third binding mechanism of importance with many 
dry and one-component fertilizers, potash, for example, is 
the close proximity of particles that are subject to plastic 

80 or more < 1 < 1 
30-40 < 1 <1 

deformation. This closeness leads to a homogeneous con­
nection similar to press welding. 

Table 2 presents data on the feed particle size of 
various fertilizers. 

Temlierature-The temperature of the fertilizer feed 
often determines its plasticity. In comparison with colder 
material, a warmer feed may require less pressure 
(energy) to obtain a product with a given strength and 
density or, at the same energy input, to produce it product 
with greater strength and density. Examples are potash 
which requires a pressing force of 70 kN/cm at room tem­
perature but only 50 kN/cm at 120'-140'C and potassium 
sulfate which can only be compacted at temperatures of 
70'-1()°C using a pressing force of 70 kN/cm (Table 2). 

Elevated temperatures are also beneficial for the for­
nation of crystal bridges because more salt is available for 
rccryst illization. 

Mnkture Content-Gencrally, the compaction of fer­
i:izcrs can be classified as a (fry agglomeration process. 

As mentioned before it may be beneficial to dissolve some 
material in small amounts of a liquid to facilitate the for­
mation of crystal bridges which increase the compact 
strength. l-However, the moisture content seldom exceeds 
2% by weight (Table 2). While potassium sulfate fecd 
often contains more than 1% water, the compaction of 
potassium chloride takes place in an essentially dry state. 
Some fertilizers, such as urea, are highly hygroscopic and 
tend to absorb moistire from the air. For salt mixtures 
with urea the critical relative humidity is lower than for 
the individual components. Since this results in con­
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sidcrable stickiness, measures niust he taken to handle lotsCned up by aeration, thus becoming comparable to it 
urca in it dry environment \. iich maV inv( !\'c drying "of fluidized bed. In this phase the air out.flow velocity is so
plant air in humid climalte., high thati he particulate matter is fluidized. 

Charaeleristics of the Elquiineint If the speed of the rollers is still fulher raised and the 
Speeific Presssing lForice-()ne of tile most imPortai rac of' air expulsion increases even more, the deacration 

parameters of conipaction is the speciic pressing forcc of the feed material becomes noticeably disturbed. In this
which is defined :is: l prcsing lorce pc, active rollcr phase, which can bc described is critical, air Iubblcs are
width. 'O obtain a compact that is ,lense and strong Iformed directly above the rollers, so that the material thcn 
cLougih, a specihc prc,,sin, 'orcc is required which in1ist Iivchcs like a pulsating fluidized bed. The feed material 
generally he do.,tcrmincd during tests in 1lrec-diiamtler making its way down into the gap between the rollers will,
equipmenl. The scalcup to plroduction si/.c Cquiplmenl howvcer, prevent the fluidized bed from developing fully,
with wider rollers is casy and can ie done arthniticafly. so that the air ubbles cannot rise urther. Instead, they 

collapse and pass, together with the fluidized feed
For comipiacting fCitiliAs with rollers of i i in material, through the gap. This phenomenon is pcri­

diameter, the spccific prc.,,sin- fiorccs are generally be- odically repeated, so that pulsations ocCur which have an 
twecen 30 and 1It0 kN /(i. I haid, nonwatr-solutble con- unfavorablh eecctcon the_ operation of the roller press, As 
porcnts such its lflwph;,c r wk or Thomnas slag are i result there occurs irregiiat filling, which causes markedprese nt inl the iixtire, the -pecific prepsin fo'rces will be variations in the quality of' the sheet, resulting in
SOtkN/cm or more while fo(r otlicr feed materials pros- deficiencies in lit strength, density, and conjposition of
stiles less thal So) kN/cm are of1Cn suffIciet:. "Litble t,' .,glonicratlcd product. Another indicition of inade­
sumn~atrites typical specific iresine 'rces for various qiliate deaeration consists in tile amlount fIl'ine
miaterials. (nonatilonierated) material that emerges from tIle press 

,long with tile sheet.
 
Roller Speed - The circnnifecrntial speed of the rollers
 

is limited by tile dcacration bchavior of the teed material. 
 The deacration problem and [he resulting fluctuations 
in press operation can be monitored by observing the 

Finely dividcd parIlitC nillcr like a fertilizer con- poVer consumption and the pressure applied. If these two
rains air in the bulk volueno which must lecexpelled Juring quaintities are plotted on t graph, they will both display it
cornpicliOn. [or exanlpl., if1potassiunm chloride with a synchronous undulating pattern of incretses and
 
bulk density of' IXX) kg/rn" is c0iiipactcd into atsheet with decreatses.
 
al apparent densit. of 2,111 kg/ni at ta(apacity of

50 nit/h, approxiniatcly 7 liters 01fair 
 iltli be rem-ocd If the circumferential speed of the rollers and thus the
 
each sccond. In ,rdcf to maintain stcady-state press 
 amount of air to ble removed from the feed malcrial is still
tiperaittiOn, tile air Must be ableto escape upwards fron further increased, the pulsation results in an audible sharp

the roller gap. in a direction o ptisitlc that of tlie flow of knocking which causes 
 severe impact loads in tile

malerial inlroduccd fi-om above. Delpnding onl the air 
 machine, especially in the bearings and gears, so that their
 
escape rate, the bed of solids directly above tile rolls will service life is reduced.
 
assunc different phases, for cxample, solid when tile cir­
cumfecrnt ial speed of' tile rollcrs is low; tuiidized when the 
 In view of tlie deacration problem outlined here it is

speed is increased aliove tle loosciing point; and meaningful to define the working width of a roller press in
 
pulsating/lluidid wh\ven tle spIeed is f, rt her increased. terms 
of the possible specific throughput that can be cal­

culated from the Aheet volume and the rotational speed of
The led of feed material contains t large 1urn be r of the rollers. For a cerlain sheet volume tihe throughput 

very narrow passages that Imiction like an effective depends only on the maximum permissible roller speed.
labyrinth seal and olfcr a crltaii rcsist ice to the fIow of Taking into account the roller diameter, there can thus le
the rising air. This resistance is .rcacr when tile passages deteimined a maximum p::rmissible circumferential 
are. narroiwer or the particI'Cs arc finer. If the air expulsiili speed. In compacting fertilizer typical valthes of the criti­
ralte is just equi1;l to tle ratc ;11which ir can HWwaiv cal circuniferen tial speed iarc 0.6-t0.7 m/s (s).flow 
withtt difficuvly throuL0 tile pssae.cs, the solids bed will 
le comparlilc to it led od particulatc milter it; which tlie The deacration problem is particularly actltc with
individual particles arC in c'iiact and derive support from smootlh roller surfaces so attempts wcre made to remedy 
one antoither. Furtlhcr iicre.'sc il rtillcr spoed causes moire tile condition by using roller surfaces having different
material to be drawn into the gap, so thal i lrais (ids- Irofiles. Suggestions for diff'crent corrugations included 
placed from the voids betweven the particles than can Cs- hoth those in axial and those in circumf'erential 
cape through tlie I)ssages. ''le Solids bed will tihen le direction (9). 

http:pssae.cs
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In the last analysis wafflld sUfaces for the rollers Co*p,.: , 'sts between dry (pressure) granulation 
turned out to be nlost cffectivc. A wafflcd surface means and wc! ; -. inl,'tio.n indicate that even a most unfavorable 
that it contains pockets similar to thosc used in briquetling dry granulating system will bc much better than the best 
machines. The dif',:rencc, howvccr, is [hat they arc lot wet granulating systcm with regards to fhe energy con­
matching 	but axially and shiftd galnst sumed. to energy re­iircuil'crciflv This is mainly due the additional 

each other and they als, h.livc a rcduced pocket depth. 
Figure 3 depicts the cross seolin Of a shtccl made with a 
wafflcd roll surface. 

5 mm.. 

5 mm 

\gap 9 mina 

Resulting Mean 
Sheet Thickness: Approx. 13 mm 

Figure 3. 	 Cross Sectiw, ol'a Compacted Sheet Mlade
 
With a Wallled Roller Surface.
 

The land (raised pOrlion of the surfacc) facilitates the 
formation of canals through which the air can escape. At 
the samc time the nipping conditions arc improved which 
results in a thicker sheet and consequnent ly a significant in-
crcase (at least I ) in thc capacity. Moreover, because 
o0 this roller surface design for the first time it was pos-
sible to produce a sheet which covers the whole working 
width and tbercforc fully utili/es the entire roller width. 

For exccitional!y difficult cases containing a very fine-
grained material, thc cornpaclion of which is rather dif-
ficult, a division of the roll width into two ,,affled sections 
is recommended. This enables air to escape laterally at 
two additional areas. thus providing for a beter dcacra-
tion. 

Power Consutinption- As is well kn iwn, calculation of 
the specific power rcquircrncnts for compacting has to be 
,,ased on the powc;' input and the prtducl Ihroughpult. 
Whereas the throughput Is, in general, a prcsct valtic, the 
power input has to be ascertained, dlepending on the 
torque (proportional to the specific pressing force) and on 
the roller speed (rcvoltlions per minute), using dila 
which have to be dtcrmied by cxpcrirneifts. 

quired for heat treatment (dryi,,g) needed .,)r the wet 
granulation processes (I_)). Typical ene rgy consumption 
data are given in Table 3. 

Table 3. 	 Specific Power Requirement for Potash and 
Mixed Fertilizer Compaction 

Specific Power 
Consumption 

Total 

Material 	 Compactor Plant 
- - - (k\Vhimt) -- -

Potassium chloridl Sheet 7 24 
Granulate 14 

Mixed fertilizers Sheet 13 55 
(00- 120 kN/cm) Granulate 36 

Mixed Fertilizers 
(less than SO kN/cm) 

Sheer 
Granulate 

9-I1 
18-25 

36-45 

a. In case of urea based mixed fertilizers the specific 
power consumption can possibly be reduced substantially. 

Examples of Applications in the 
Fertilizer Industry 

Compaction/(;ranulation of Potash 
The typical compaction/granulation system that in­

staily produces a strong and brittle sheet includes impact 
mills working in a closed loop with double-deck screens. 
The ;mpact mills crush the prebroken sheet into an abra­
,,ion resistant granulate having a density of about 
2,0(0 kg/in3. For a gross (throughput) capacity of 
81-100 rtph of potash a large compactor xith rollers 
having a 1i-m diameter and 1.25-ni width is available. Tile 
roller press feeder is equipped with five screws. The yield 
of granular product depends on the desired particle-size 
distribution aot, the type of feed. For a particle size range 
of 1-4 mm the production capacity of the system is be­
twcen 35 and 55 mtph, depending on vhethcr the fccd 
being compacted has been derived from flotation or crys­
lallization. 

Cornlpactioli/(;raiiilation ofrNiixed Feit lihzers 
Figure 4 represents a typical flowshect for tie compac­

tit.n of niixcd fertilizers in a process which is characterized 
by the production of a soft and plastic sheet. 
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NPKConrpnens binderlcss (dry) compaction process with subscquent 
Frnm crushing and sizing. 
FreshFeedBins 


'. Fed !' Double Deck' e • Screen.mix, F c . Seneei Within a compactlion/granutiation system the compac-Bin Minus 2mm lion process is of much importance. The compaction 
- ... .7 proccss is influenced by a number of parameters including 

Screw 
-

"(1) 
. -

material characteristics, (2) properties associated withSceeder 2 mm the condition of the material (for example, moisture and 
temperature), and (3) characteristics of the equipment. 

SPolishing 'Fhe method of (dry) granulation of fertilizers by com-
A Drum 

,C~nihining DrumCo paction has proved to have the following advantages:Coarse 

Disc Crusher . . 6 'nular
 

Single Dlcl Product 1. Low power consumption. 
Screen 2. Elimination of the need for liquid binders. 

Figure 4. Flowsheet for it ( a .tiin/( ranuht ion 3. Flexibility in composition of fecd. 
Plant for Mixed Fertilizers. 4. Applicability for a wide range of fcd particle si.cs. 

5. Applicability for all capacities.Because the still soft sheetl must he handled and 6. Possibility for shift (intermittent) operation.

crushed delicately, special roller mills (disc crushers) 
 are 
used to cut, shear, tr bend the slhccl. Addilionally, it is of- Although sometimes the irregular shape of tile par­
ten beneficial to age the niatlriai in t curing bin before it tilcs of compacted granular fertilizers is considered to beis crushed, a disadvantagc, it has been shown that the shape of the 

particle has no influence on the followiing requirementsA plant such as this is in operation al Chenische for a fertilizer:
 
Fabrik tJctikon in Switzerland. The press tealtLres at roller
 
diameter of 050 rin and a widtlh of 5S() 
 1m. II is I. Sufficient strciigth.
equipped with a twin screw feeder. Fcrtili/cr raw 2. Proper particle size with practically no dust.

materials such as sucrphslhsphalr trilpc supcrlphosp hatc, 
 .3. No caking.

ammonium su fate, urea,, politsh, kicscritu, 
 arid trace ic- 4. Nat row particle size distribution. 
ments are conbined in diffcrenl flrsrl ulationS t0 produce 5. Free flowing.

fertilizers for specific ap)plic;itior s. Thercforu, opcration

of the plant is charatctcrizcd Iw freqiCnt changes of the Summarizing all the mentioned 
 aspects, it is not
product mix. The gross capaicily of the colipaclor varies surlprising that the interest in compact ion/granulation
with the formulation frin 2() ti 2o nitph. ;ranular technology has increased considerably, as has been docu­products wi Ii a si/c rangc of 2-1 n1 are p. sduccd at a mened in a number of new plants in various countries.
 
rate of 8-12 rntph.
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Establishing an NPK Conpaction/
 
Granulation Plant in Guatemala 

l.arry Taylor, Pruslicnt, le /A...SlIckc & Sons (o. 

Introduction By 1985 market penetration for bulk blends had 
reachcd its peak, and there was strong opposiion from 
the remaining uscrs (of chemically granulated NIPK

Comnpiictioi/yriru, l~ti~I is a relatively new and cxcit- products to use blends. ('hanging these farmers to bulk 
ig low-cost alternative I'mrlroduci g NPK fertili/crs. blCnds was perceived as a diflfcult and highly improbable
This paper will discuss thrcc important acltors: (I) why task in (lie short tern. Unwilling to continuc losing this 
use compaction, (2) how to use rcmpaction, and (3) what markcl, the owners of' FEROLI(;UA decided to look for
kinds of fertiliiers cau lw mi[dc with comrpat.t in,. an alternative method of producing NI'Ks that wmld mccl 

the requiremflents of the farmers and w ,uld bc Conomical.
InIorder to discuss tiledecr of a ctunp;tioloil planl in Th"ir objective was to he ahl' to produce inNI'K that 

(;tlalcala, I fel i is uceCCiruv I(I diScis tie background was homogeneous iii color and was cost corirpcttivC willi
Af tire mS recent NPK comrp,ctimi plant and tie evenlts tire products bcing importcd from Europe. Aller invcs-
Icading up to its dC\Comcrt. ligating available rctlods of producing NtPKs at the re­

(LIircd production rate of' approximately 1)(0,0)0) mtpy,
(Icy concluded that comipaction was the only alternative 
Ihat offlcrcd tire advantages they required at ir acceptable

Backgroundl - Corul paCt ion/G ranili aIion incstirrcl cost. 
in Guatemala 

The advantages that they saw in compaction were: 

(IUatMafa is a fa irlv smal cointry in Central America 1. Production of one color NPK products that would be
with a populalion of approximalcly 8 million. The country acceptable to the farmer. 
is about 400 km wide by 0(0 kirr long and it is located ill
 
the tropic.". (Guatcmala's clilnatc 
varies from tropical 2. Relatively I..'.' investment cost. Since this proiect
coastal regions to fairly arid motirtain recgions. The was funded by privatc money, this meant atcost that 
co intrrv proluces a wide ranwe of crops. (4ualcmala does would allow a reasonable return on investment and 
not have ailly raw materialssi/i;blC quantiics of fertilizer could produce the required products at a conlpetitive

and imports all of its fertilizer requiremcns. price.
 

Until tie early 19 70s (;ualcm ala has purchased vir- 3. Flexibility in terms of raw materials used and firnal 
tually all of itsfcrtilizcr rcfuircmenis from tie United products produced. 
Slates or F'urtol)c. These producls wcre inported in bags
and only two or three forrulas wcrc available to tile 4. Simplicity in the maintenance and operation of a plant
farmers. that was going to be located in a somewhat remote 

area. 
In tire early I97(k,, tfe owirers of whal is now The 

FERI I(;tLA Group bcegan imporling these I'rilizers inl 5. Relatively low operating and maintenance costs. 
bulk and bagecd tire products locallV. Shortly alter, Ire 
same eLroup eslablishcd tIrir fhrst bulk-hlcnding planl. 0. Relatively low-energy consunption.
Sincre tlrat hinrC bulk blCrIdiInl' lAs I)ci wi(ely aIcce)ted
lhroughot tihe ciinlrandrv irrif > t rajor NPK 7. Minimizationcscpreitly me or elimination of significant plant
production mietlod uiserl i ( ;lalcilialt \kilh approximately cfflucnts. 
(V of tie market share- the icmiird;r being split about 
ccnlv betwtcen straiglt iacrials and imported NIPKs 8. Plant would complement the existing bulk-blending

un:uropC.frnl operations. 
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Masic Design Criteria 

The following criteria were used iII dtCIrmining the 
plant design: 

The plnt11 Wa; 1t h 

usc urea its Irw ni kie ir.
 

. buil in1the trop1icS and pLanncd to 

M.lant de,,ien ieded tn, ineortnraic the naxiinuii_ 

1C'xibilitv in operatim and productim. I-i11 ;1prodiic-
lion viewpoint it %\&a kiown thit supidIland cost would 
d(cla!l the kind. jl, dut11u.L'd1and thit IheC iac-
tors wi uld hc tm.miutIl ehaneine. It wals fclt ih,:loih 
imilli aI i sn!:1 p a. wellmid nuiic'lnl ,duels. as 
ulicronutleii. s uhMid HneedCd. 

3. ScrCine aiil culuui, W.i., p iticntlrlv im portait 
IbCCauSC fauiiCr ptCCC'aniee ofI d -ocu tepsjld" fCrtili/cr 
\ is a maljo r CInc11I. 

4. The plant design nccld to he such that bulk blending
and/or compnaclion Wvis a possibility. 

5. The hacl generated at the compacior neCCdCd to he dis­
sipated quickly taCCusC ihis affects the product hard­
;ics and poitcnial 1,01 cAking piohlms. 

Atr a thorough cvalutiion off thcse considerations, 
the foolowing proces How wa, Iinadizcd (lFigure I). 

"le A... Sackett k&Solns Company was sclected to 
design the plai and supply most of the equipment CxcCpt 
for tlile compactors. 'he compactors were purchased 
froim Koppc-n of \Vest ,crmany. Some cqul ipment, such 
as hoppers and structural steel, was fabricated locally 
according ito Sacketf's (lesign and drawings. A more 
detailed discussiOl of, the priecl is given in the followinug 
paper. 

Dust Collection 

0 

Raw Material 
- Grinding 

f ...7 

Raw .. 

Raw Material Feeding, 
Wgighing, and Mixing 

_ 

. 

LCrushingand 

Screening 
(2 trains) 

, Compaction (2 trains) 

Fii''- 1. l'limsheet of Ihe 'F RQI l(IA Fertilizer C-oipa);cliont/( ;ranutlit ioni Plant. 
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Compaction f' NPIKs in Guatemala 

C[rIsiall Rodri!,l"(1.', 4; 1~~l ml ) l,kic i t I , 

lItCt ionI It d 	 segment of the inarkcl nevcr hits acclpt-d hlcnls, prefer­
ring Ilic unifornmt C(ltCdt lof gCllCOLs NI'Ks froinOur fertilie, tufp 1., it,, 1 l i c IU1t1 1',-0I klili d.l i, olest l. ,i(tint0lIf AM iynported small tuan­

bulk-icndini plant , t buli in 1t 7 (it, 	 thu soulh coasl of hf t Ihcsc NI'Ks to s;lisfv t i, i ind. (M e eas ll for(;tltICIIIAl ill F-SCtlirliha. lh;;,~tk 11tL:u a c~ ld w\Crc lilt' lillill ( () l HM.tCCL-j)(;1llCC MCI %k. h thi (.'\Cf n it 'u 
irnip irtcd lh i, l .f] .. 	 \Vhil hp\\.anl NI'Ks, \til sI/ [lti wt i,..-, \, is., nt\tc i .-,td n ii t-ill lifler; i slead,it Iutllk rm \w il(tJj;l .+li!t t.' A\l, (,1 ft., ()(X fl l ;ill ;1 t' tlsCd i I. lllh ~l M llll 0( litillll ll, i'f;t ,1- SF{IIl 'C OIf 
1)av cd pr ,dtLICt Ct,1, t',l;,t l l, ,. td '0.< fill, i,, l>Iilil 	 IIllfork'n ;| ld f1ll .1, ('01,lml, '~d \vk~l ltl ll :u .';i, ,"10')P,
ralpidly fwc !Ilw to.) "fn'ill I,, ",tppklilit,.lilt' 111:1Lk,_ l c tiltd ,.] 11i lttin~li-', ph,.oSphitic (1)",F') N'(l _'iht.L',S; our 

1lI, ", 114n l11 11111k lk 'I[ ind \',hCln ti,illPC~'l~inll };1, '.S lil h l ,' of1 Con­
1'(.. , 1Mi'IC (i;ltl- ;11M ha[d su .htg ill e.j~ 

tih I.ti d 11t i ,s \, 1. tmu w. i, cl,, tcc'plCd 1ti \ mt r ctU- ildci c- ill bulk ~lclids. 
(t illic l". lil'.'t( ,I ;I ,,. o t) ](I L w.ili[\ \t, 'IN ' l w l I ld( o l 

p f ll u ktli Il, Wt[ ' I , , R ' lt, *, ! [ [ t I l ? . , { ! . .. ,, , * 	 .g: 

Itt t c I IIT'%It II I' I c I 

ti icto i, ,l I ,hi iti II,, 	 i r SI i ell 

Isc tIIc !'LI li 1 i i 111 Il a it p l'Ifacility
 
\ .i' S
' t elllllt ' t]d kill It) '(' itA ' lP 	 tltrilan ticpolli 

'W m il"lll ti( Il,,iciipkli!l:. 	 y S pp \ (1JIhll t 'i tlh*h l w, p] il~l opcnlcd . 

il 'Jlenlt !"t'fli i', pIv,III-,n i ii;1 'itn)if. ., , kpalditt t n i tl3.)\'nipl e tsibilit. ti-prtlten a itil ,el~r ',I "l(hin, plant .I i ible w sN '\friie lhLhel. ; at.a.n 
:11S( IjIll t,1,i' I Ij: lU l iit,1) iiC, tii I I!t 11 t ii ;1 nc v . i i allso,-itttie N
 
ps iutii tl ll I I . t 1 t l1-,' t! iwrl itl 7. t t,S 
 l i'hfcr m s. i ed n 
.ti 'is( peIi i i ,, ,, lil(t itt ittii ,la ply a ii rcT steaforin S wa c itie li eti s mat "tl C , 198 tldiCS r sar on

iii(l tfit'i kyltptlt I. . 1 p lute tite tt)t1,000Illr I asihdulty of producig a follerco 
 atlsN nKacrilzclf ra 
ttuliVf, wh1l'IILt' 1 hulUI li Alilt i 'ch ft Iet |ilai cill tJdAill 'tltll (icll ee,1 litt out he Isut;CIl kalanN tK
aunh lth;t i ill ( it dil ilt I)i ltc ml:-,'d I ld njtirle alkCI prilttAIO t~liers tilcipltturc , it teinf tle N IK
i 111.0l11i l'l Ilt t l fii , 1,0i()fill " miik tltitie' tiier ' suhl Iftro. 

i , Itlit i l:!il i 	 ne, After ti itcrali ll.s

Itulik lu vi p lld (0)(q) fill ', tl ii i i it mle lr.-csll (-I' C(I)I thinhw lh eg ln coist:, talling
i snif.. N% o ct law lil ie

el, li oicilel ci at11 lfc(i.llat ft
tit I iUbh .'ll ,(1 lllIl l'd%, 	 ll to sllppl all . it(i itd itincd .triultieili't., 111. tm,11C .,difi 'clc t raw\.. pi ¢ lt|,l 	 l ii ;, ( ) Otw fia lco'¢'t1, IbY using, it l1llcr co,|| i ln,, h()(- l r;,|wx 

\k\h .:1l il iotti. i i , flinint .th rII ')IMItJ11t( and hil.'h1- k:., i(tl ,,t IdI;t oI (3,) oll',anld:, ptll , ia ltui plii i i1t,1 lsciitl 	 li tlll l.I ll 1ettaCti hll', bIt lk-el ndlaii ts th Ih 	 tci ti lers A l , u tti Infti able to 

rL; cOlt P ilt1c p)TI. I hC \ ll~i .' .'ilhv tIa n,u tlA illt l t'ii cr.iti , sutchs f ill out blcr imt tchdiscus­
li ~ttC t'01 lit ;)I'), inStlU]'atc. PieC- SI c i,(mm tat \ I, idedi10 eCS n(M(n/ShM ndtlllt',IMIt lit iIhC wItr

buleiinitt i tliIIwmkbIi ttlke npmIC( pati\' ki Idl,J illtIns.I,
hli 	 at thcxish1 1tuT spMatatiliticsbeenIle (e'aladi ,it!.p: to dtutcd 'l'ci'dliiit 	 itvite , d 0as wCt(4) cttnipat4fJ OH( fit[ tit NtPKS imldl F'mlopk'. Ko~lppcin 	 hl , andof \W c.S (;,.21+ nl\ wits (mm ar~cled ito 

N(U.)(81 fill ()I*]hiii",cd' pl-,)dukI M~ ]>.'uc l [il. ;,mld €>{,()() fill mtpt lY Ilic ,t()lo ) I? p"c rds, "]lic A .. JI , StAkc Mid 	.SMlN ('0lll­
hilli.cd iIn S~tto Timm.yn , 	 I) fN h1 nI11Cd hMS \vidh 0111- coulIIC St,|tcs I)CCI) 	 a||y 

hllll 111L'I h111111 .. II year'. ;11!(,; all om| blcm i l~d dis­
t']| t'![l'C ti ill I~,'hot1 I'lo l .%;Ickcllll V1,,11.1 	 mnidCom pcti[ n ra()lli1'I fi on liPi(ant "unihicd 	

as­
in (6talcmilli 11"vmll. iielslmncl. V c \','nted tc, 

1lakc advimlaigu oft [hS cclilJ r-Clli olll 11i\vilhi .Sackcwl 
Evcn though huk blicmIN luic a wide acccplatlce in Ilietercr , the fial cotiracl c,,llcd for KoIp.ii to stiplly

(uatetialt, especially kilh Ilic piloi esive fariter, a small Iwo 7()-ttmi dil IC Vt' 012111-11 wIe rilcr prcsCs wih 

http:hilli.cd
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accompanying cquipmcnl (for mxiniplc, scrLw-typc force 
feeders, hvdrau!ic pum p8, tIld grCasC puin ps), while Sack-
cit supplied tlc c,.i~itcrinL, amd criical raw mtcrial fccd 
an'ld ni-piOcCs:; 'atrial haini./pi-1ccssie equipment. 
()ur group a.',ci.iilcd thc pIan and 1,1bricated hloppcrs, 
duts, hl_:Ct Clhvat or sW,1lts.ni :lld slich c(Ipliinent on 
!location in l'c'ullwil. (Con111rclion Aa prcslcsscdfl coi-
ciei > elnl'l f I' he p10lt :, e(jlliplllt, r Iw l iat ials, 
,Ild alx cd product '.!orla. was bci7ln i l985 ar 1 
(hlicltmlh of NI'K, b','im in March l1)87. 

"Ible I. 	'lNpic:I S(it-c AnalNSis at Variours 'oints
 
fl*tRQI I!(it '\-- (;iiati'ri~tlla' 


'rin6ltl' I.'vd Ihppr,
l..i. Cal'' Mll t' 6l t _ Rrc c t lt pp rr ( oli t 2) 

\l Ric inot A i.ii1td Vt'lt Retiid Accumuated 

, 0, .()7 1107lI' 1.15 II	 HI Fil 1I.15
1.1 ,y 12 (.12 I 17.39' 

, (.0 I. 11 11,63 2.31)
IS 1.6 . 6 3 72 32.,6 

2' 1.66 ,1.(2 15 13 ()1 45.603') t.9l 5.9 2'1 , 55.22 
I, 13.67 i1,W 31) If)3t 65..52 
(4 3-.17 53'7 Is 2 .1') 18.01 

72.187,15 SI 9.32 98.33 
I(X) 13.(,7 92.(2 1 511 9(8.70.37 

1tl0 7,8 1 ), I 100 1.31.
 

.\It"h Rtlainetd Accumulllllated M es'+h Rulatilledl +.Act-11111111led 

in 7-1.57 7.157 -n 7S 7 25 " 
.1 716 81. 73 4 91. 35.69

6 13.38 95.11 22.716 	 5S..10
10 3 h5 96.(),) i 17..1 7,.34 
12 (.38 99.37 12 	 8.sss2.22 
t.1 0.3) 99.07 1.1 12.75 ,9-.1.97
6 011 ()49.7 16, .5t 9,,.. 
8 (.22 I 0l))) IS 30) 99.57 

2') (.13 Ix (y ), 
lFinlihd l,111duct (Po.int 1 

Mesh 	 .cumulaltdA ct'uiintcl 

6 0.4I1 0.11 
8 109,1 17.35 

10 7.1.1 ,'5.2)
12 8.61 'l3,90R
1-1 33s 97.2s16 1.33 98.61 
I18 1) 9,9'54 
20 016 ),Iiich 

a.TRefer it, ti. u I I, lc.iI(,-,(1 ,irnjIeh p,,Ill . Mesh sizes refer t 
'Tyler sert's. 

The cost of tlC fin:l cOnill ;lctioi/grahiIIat I,/sltora,gC 
installation can be hrolltc dowii as lIolfhws: 

1. 	4,700 in' Jit',rs coci c: iuilding covered withi 
rnincral/ceieiil JIcc]l'it. IT hl1115c Ilachii'cr and 

25,0(M) mt bulk product, 5,0() nit bagged product; 
gound work, civil work, andIII iiscellanCous -
LIS $W),v0). 

2. 	Koppcrn: compaction Cquil'Intl collsisting of two 
compactors, accessories, and spare parts-US $950,00() 
(based on 2.70 DI/LIS $1.0). 

3. Sackctl: rClatlcd process equipment and engineering­
[ Is $8(I,(XX). 

4. 	 l.lIctrical installation -.rd miscellaneous- LIS $200,000. 

Total: IS $2,550,)(0). 

After many fits and false starls, the plata startedproductio n i n M arch of I187 and com pacted 23,000 t of 

NI'Ks Until Octobcr 1987. After 2 months of mai tenance 
aind sonie corrective engineering, we bcgan our 1988
setson anrd have promduced 50,)(X) nit to dtte (October 
1)88). Acceptance of" tie product has becn so good that 
ttll montlily capacily of 8,000 rit has been exceeded by
slcs iliree tinres, thercfore in peak season we cannot 

pirolduce cnotiig h to cover the demand. In 190 we are con­
sidering expanding to three production lines by adding
iuolhtr train o quip mcnt. 

- ,4 +.+' 

It 

,. 

Now I would like to describe Ihe compaction plant to
give you a belier idea of the concept and workings of the 
I:ERO IJ1(;LJA plant. 

I A 
The flowshcct of the plant (refer to Figure 1) starts 

wil front end loaders (1) that feed a bulk conditioner,
in lurn feeds six material bins (2). A Tolcdo batch

,.'omputcr preparcs the individual 3-ton batches, feeding
:ic product into afwciglh hopper (3) first, tihen ito a 4-1oI 
rolarv hfndcr (4). A second elevator raises Ile product to 
a dothbl-row cage mill (5) which grinds tie product to 
mineiis ()- plus 100-mesh and dischargcs it into a primilary 
hoppt'r. Rcvec producl and primary product arc inixed 
iia doulc-shaift pug mill (6) before passing ove'c mag­
ncltic humps aid splitting into tvo production lines, where 

http:8.sss2.22
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two chain-type lratg CollVcvt5 fced the ,cri,\\ -t Io'ce' screw-tipl force feeders, (1) hydralic pIcrssun- on thew 
i'cdcrs l the c'lilclion 1i11ils (71. .\iin c'llOw is n.cced Ihitie of theHt roller comptor, (5) spee'd 01' the e.'lhl 
to ensure sufl'iecnt low of i,iole to [lie c(tipiwaols; mills, id (6) sI;e of' life fhiial produlct (1)v e'alltilil.f seirell 
O\_illw product ltol[Ii,, clitil cii\c'ovrMS Is coilictcfd Ioi Si/ ir nedh '). iU'pon changcoveIr fromi e pioductl i 
tle IfLa1C eiveCvr be'rit;tlh lielt cihiieto,... \t,'r eomplle- uiitlhr. n;llV of th e vaall Ics ciaie (itici to th dif,­
[iou the flaki al lcd thimiili e, 'l'\ i)r to Ihe fctrcnl rlaw milltri;l coml)osition ofldie forimulas.
 

tLiulflc-dcck scro'cl,, iniirentllv p!luii S -i C:1.
(S), (11hill, 11 
The .crc , divid: irc niiteiAl ( i', ruited , lici I spoke. ellI .Ir of' ft ;liid ['lc stalls fi 1087w'ii ii[i \i'r ',' llat 
t teItcch iii riiill+. (i)), liltl."i./,' Ih1it iVs lt t ii'fl I(tI ptgif stairltl' t -e;uirll I wai hilii)ltII! , t i i, rcl'crrihIii Illv to aIll 
mill IN it IC l V t) Vtfl, dilt i i/e ir uio tlihltl.i pY'S these ii lstilinlls and the lC riih ll' c>, hiviilved ill(lireetly to I.,, luPiilife o. bultk fiojrpc. I d'r to0 '[i'leL I teaclhin, our employees to crrc tcly o lic plant.
for tpicvil Iit 1iie I/c datai 11Mit liioi, irolt' ill Ih Alter Almost 2 vears of' olinra , the plai, we have 
pr c s. iclncd t i i ithl coiipaction arid the plati has 

IreC Clni(le l bi'v'illd our11 itt A' iiir( ilaiu.S ti0 o O jectlives. 

nuiddle of hC pliailtl iac;i I lt i l-t tilii Ih' dist- A sulnnililiil if Ihcr malor idvilaai'~es, we hivC found 
[)roinel i i.irn+';i 'li is dhi,l i, i tirllidtlo I th rc es hf i coilipactIi/ornt ilC imparedli 16t h other gr;iintili-
Ih. rccv cle_'' l.rcl Ihti)iii', I I ll Li-1\1iron- lion mihethods folows. 

,mcli c laclic'allh pi llet Ic l fiorill Ielc sYste.,ire fill, ;,, 

i"le.ililiity We tIhourhtlit O \VCe ,tild haive prodhluC­
,\iI l) (tI.,olriditioln-, irc closely mioiirlitoid liii 1tm ruins if 2-I days per formula and consequently wouldrecirded includiiim h li. iiiiiibelf d 'iiMl, collnrol- h;iv fo mainalin large stocks of hagged lrtlut. IIow­

led Il\ the toC r incIldir, (t) selheih\ (qillillkit) f ever, wc have rit as low as 11)tois of priiduct through the 
ftsh fCed 1o the CeieL nill. (2) pioduction (f fireJh verstls plat aid can calclate closely i certain foriula down to

iIcycleh !eCd the pun ull. (3) vehcitv ()I R lNI of its is 2t)tt bal., each1t i the' little containing -6 kg. Changing 

?EE 9 

QiIndicates major process equipment items.­

0 Indicates sample points (refer to Thble 1)._.. ..s- -

Figure I. Fltowshiee oI fllhe I"F R()I J!( t \A lrt ilizer Cr t fioi/( ;irlat Phirit.pall llion 
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ismnot the, 
primaryprodutaustomet material :until is 

1 :iiproducts we e we stop.eeding 

prmarprocrpsaon m arecWhei0 h
nd.A turnaround in productgradecanmgs be o'iplish d 

)racocallyas little asu20<in mi lnes.'o t 

7Pieiio tii can W useSals mB
aot, necweasuro, tmroiim sulfate, phosp hate 
rock, Moll', mooammonium phosphiate, (MAP), kise-
ito, 'boron comipounds,~ zinc, oxide, K-Mag, gy psum, dolo: 

rmite, ad various other microntrients.o With this mndiof 
raw m r e an make fertilizersfor different cropscin 
different areas. Coffeemard cardamom are excellent . 
examples of crops grown in.Oareas where phe at s 
a viable and chcap mann;'6 obtainiing slovijI releephos-
phorus. Boron is a very'expensive raw mate Oal deficient in 
practically; all. Guatemnalan soils but in 'ffering ranges. 
We can add 0.5%" 1%, or 2% boron (B, 7j,- depending> 
upon the necessity of the crop and fiarnt.r. For. basic 
grains it is cas,, to alter 'concentrations of phosphorus and 
potassium and at (lie same time add micronuti'ents 

action lant Compatibility-
There are some rawtomatrials that we cannot compact 

econlohmically at this time. Our blenuing plants have, 
traditionall used granular ammoniud" !ulfate 'as' filler in 

taiinlformulas such as 16-20-0. or 20-20-0.- Now we 
can make a substitute filler using urea, MAP, andfirgypsum, 
which is much cheaper than ammonium sulfate. We can 
also comipact different types of,phosphorus to obtain 'dif-
ferent agronomic reactions,' such' as MAP and phosphate " 

rock. The flexibid ty offered to the farmer by ha~ving'both 
ogether is enormous;we havemade morhan 200 

differe'ilt combinations of NPK plus micronutrients. We 

maerals taveeomke' ty in using different raw 
ltuats e fertilizer, taking advantage of 

'e 

price futaininteitraialmarketplace.-

-'- ;'*'4full 

-" 

mny raw e ria s; U r uagrmi tha e~cnweseura~ y awmaria:> aol ially correct.' We ai e' p 6 to-' note tht we 

2t be readily 'bt' ined in Gutml:Wt-ig6dpeety C 

Remember t *at Guatemala, is a small~country about4, 
~ ~the size of: Ohio that plants bananas coffee, sugarcane, ~ 
~>~melons,,,t~bacco, tomatoes, strawberries, flowers, and 

cal rain forest, withrainfal from 5lincheto 300 ichas 

per tannum ritK. 
Guatemala is, not different frommany tropical coun­

~tie singfluE or fqvedifferen CNPK fertiliic fs is not 

hadle22 different raw materials and we, belie that 
flo~abilityand customer saitisfac~tion aire the wayto "cor­
rectly sup'ply 'a tropical '&iuntry with, fertilizer~:Alarge: 

.wetye/chemical granulation plant,, for a CentralcC'
 
America twould appropriate individual
notdb for ;the 

farier needs and suchhuge plants onlycontri t the'
 
kicrops-?
d b burden on these cnties. The ThirdnrWFErRTldpans 

ties m~cd" to mderize~ their agricultural p'rodiictionI.not, ~ 
only'to feed their. people but to. export produce. to ,the< 
industrialized countries. The only way to produce for tbe, 
U.S. market, ;for example, is to be fexible,with16fs~ofifer­
tilizcr raw materials' for, producing ' pr crp 
 .Iuha 

melons, mnangoes', cucumbers, 'tomatoes, and~t adp tio' 
changing conditions from 6ne day to another,that's' 
agriculture. With ouir bulk-blend/comipaction complex, 'we,4 
can meet that demand. 

LmWssions- e FERTICAnts ineCe A-i 
have hiad -problems -with air polluition, and o6ne of our6" 
major' objectives was to have no environmental problems-k' 

this process. 'With [he dedusting system now ipla.c.... 
havefweo emiissions from our sta ck 

, 
Operating Costs -We were, most concerned about
 

elect rical. costs in the operation of the plant because~com­
paring our bulk endith a
 
in transformer' capkaity, we 1,note 'a difference of -375~ kV,
 

compared with 3,000 M We had estimated an electrical
 
cost ofUS mtut reit weare spengonY
US $0.53/mt or -1.9 kWh/mt. Al ot mu&6-ao 

'~US, $3.00/mt;, therefore, even 'though these' costs. ar' 
higher than. in our bulk-blending facilities, they'are rhuch' 

-'lower than ected. '~ 

ow ownts'/ Maintenance -Last yearI tdw hplant for 2 months 'for rpais and maint­
h yeaidueto higherde
 

our 'shu;tdown time will be 1 m re e
 
mamtoeDn time/Simplte } h
c'ajicity in-the plant for 100 consecutive:"asai 
'downtime during that pe riod was less than 5% Tfherere 
50'"different machines in die process,, but- they aire all basi­
ca-dlly simple, an~d most spare parts are h('a, 2hl~m 

aianeprogram, tim~e can~bewdo kept'to a'i
 
mum. Aft&r10 years' experience wihMupysa, h
 
consensus was to.constriuct two separate production lines,~
 

ml opcors were~ bght -instead of 
?one larger, model. This-factor alone'gives uis'tremnto1is7 J 

+"more, -at elevations from ,the,Atlantic to the Pacific of sea-, IChel in cist e w repairs must be'him, 
Slevel to 10,000 ft, in soils thatrange rom volcanic to t'rpi- "' Qause, stopping the'-proacess and accumulating produict in­

4~6'& -, -4" - - -" L 
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hoppers is a sure headache; Iherefore, we can shut down 
the flow to one line and keep the product in the hoppers
rnovi ng. 

l)illicultics/l)isaippointnents--'TIcrc are soic things
 
that are difficul in the plant, such isconparcting any
 
ratcrial that is wet. Sonie raw matcrials colpac better
 

when tliey have F.'7 or 2'7;water added to enhance the
 
compactibility fthe product. But generally speaking :my
product with 4"; or more water is very dificult to work. 

Aftcr passing the lroducl through the doublc row cage
 
rinill, basicallv where wc girind the urea since allother raw

materials are fine, the priduc, is very hy'r iscopic, and aiy" 

time wve stop the production pr)ccss it is very diflficult to 
Stat'[ li;aiil. Also aV (ist thti CSipCS the u1.st collection 
sysi cn rapidly ttrrns ti water ICto the urea conteirt in 
the NPKs. Thereforre, it's difficult to maintain this plant its 
clean as the bulk-blending plant, fOr example. tlowever, 
aftcr seeing quite a few feililer plarls, i consider our
 
coin plex cleaiier t ian unos.
 

\VC'VC also had prohleirs with !liedust collection svs­
tern due to the hvroscopic naure of tlli,,
producls. Dust.. 
sticks to the ducts and tiponturin olf the fais for any 
reaison, any prordelt dcpoited inside the ducts rapidly Ic­
coile!; Verv rolist a1(dvLrv dificulI to recycle. 

[tlovwxcr, we consider these problemirs minor, and cxvci 
though dlifictilt to solxe, we can easily live with them. Ii 
sy.itlicsis we are so happy withIthe system that we would 
like to offer our plant to anyone fIr tests of ihe coinpac- / 
libililty of differenit products. We would also he willing to 
help anyone with Ihe design of a similar coiripaction plant .
 
rind/()r
the transler of our knowledge and experiences to /

other plants. Feel free to contact (is directly or through 
Sackett for any consultati.ons or trials that interest you. 
Our plant is noti pilot operation, therefore e cneed time 
to set tip any trials that you iiight have, and from October 
until February is our slack seasoi, when we have time for 
any such trials. 

' '
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Raw 	Material Requirements for Quality Bulk Blends 

Mabry M. Handley, Director of Technical Services, IMC Fertilizer, Inc. 

Abstract 

A high-quality hulk-blend fertilizer should have the 
correct analysis, be free-flowing, thoroughly mixed, csscn-
tially nonscgrcgatiig, and nonhygroscopic. To olbtain a 
lulk-blend fertilizer of such high quaitiy it is necessary to 
choose raw materials of known chemical composition, mix 
onlv materials Ihat arC Corn lMp,"iblc, and closely match the 
particlc si:,c various components. Whenever theof the 
particle si..e one more of the coinponents divergesof' or 
I0% or more from the average particle size of Iihe other 
constituents, cxccssivc segrecgation will most likely o,:cur. 

!nitroduction 

The selection of raw materials for the product;on of 
quality bulk-blended fertilizer is a subject ithat has been 
explored in great detail in the pa'st, but is also one that 
deserves review periodically because of the rapid changes 
taking place in the use and (list ribut ion of bulk-blendcd 
fertilizers. 

A high-quality bulk blend has certain important 
properties. 

It should be free-flowing, 

It should have the correct analysis.
 
It should be thoroughly mixed.
 
It should be essentially nonsegregating. 

It should be cssCntially nonhy1,groscopic. 


Therefore, the first steps in selecting materials are to 
chose those with a known chemical analysis, mix only 
'hose known to be conpatiblc and select materials which 
are closely matched in particle size. Even when the 
operating procedures and equipment are perfect, if the 
nutrient contents of tlie r;,w materials arc not cor.ccl or if 
the materials are not size-,maiched within certain limits, 
the final 	product will not meet guarantees. 

Properties oi Raw Materials
 
That Influence Bulk Blends
 

properties which must be taken into consideration when 
planning methods of handling and storing these materials. 

Nitrogen Raw Materials 
The major sources of nitrogen used in bulk-blended 

fertilizers are: 

1. Ammonium nitrate 
2. Urea. 
3. Ammonium phosphates. 
4. Amnmonium sulfate. 
5. Potassium nitrate. 

All of these products ?re relatively easy to transport, 
storc, and handle. They can be shipped in barge, ship, 
boxcar, hopper cars, and trucks, in either bulk or bags.
Storage can be provided in any type of building that has a 
substantial floor such as treated concrete or asphalt and 
has weatherproof roof and walls. They can be handled 
with short augers, draglines, belt conveyors, or front-cnd 
loaders. 

All solid nitrogen products will absorb moisture from 
the atmosphere when the atmospheric relative humidity 
exceeds the critical relative humidity (CRH1) of the 
product. Table I shows the CR-I of some nitrogen 
materials at 30'C. 

Table 1. 	Critical Relative Humidity (4 Some Nitrogen 
Fertilizers 

Critical Relative 
Material Humidity at 30'C 

(%) 

Aminrnium nitrate 59.4 
Urea 72.5 
Ammonium sulfate 79.2 
Potassium nitrate 90.5 
Monoammonium phosphate 91.6 

Whenever two or more sources of solid nitrogen areEach of 	the N, h1and K raw materials used in bulk- combined the critical relative humidity for teicombina­
blended 	 fertilizers has unique chemical and physical tion is usually lower than that of the individual salts. 
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Table 2 	 shows the critical relative humidity of some 1. 18-46-0. 
nitrogen 	mixtures at 30°C. 2. 16-48-0. 

3. 12-48-0. 
4. 12-36-0.

Table 2. 	 Critical Relative IHumidity of Mixtures of 5. 11-52-0.
 
Nitrogen Materials 
 6. 10-50-0. 

Critical Relative Diammonium phosphate (18-46-0) can release small
Material 	 -lumidityat 30'C anmounts of free ammonium under conditions of high at­

(%) mospheric temperature and high humidity. If this am­
monia is released in the presence of tr;",e superphos-Urea and potassium nitrate 	 65.2 phate, a reaction can take place which cau., he mixtureAmmonium sulfate and ammonium nitrate 62.3 to "cake." Usually, however, this reaction is of little conse-

Ammonium nitrate and pot assium nitrate 59.0 qucnce in bulk blends.
 
Urea and anlmoniulll sulfatfle 
 56.4 
Ammonium nitrate and urea 18.1 	 Potash Raw Materials 

The most common forms of potash used in blending 
are: 

Some nitrotgen malcrials will react with other plant Muriate of potash, usually sold to bulk blenders as afood sources to create severe caking problems in bulk or coarse or granular material in the form of natural crystals,
baggcd storage. An example (if' a rcaction of this type is compacted product, or crystals formed from dissolving
one that 	may occur whe n triple supcrlphosphate and am- and recrystallizing muriate 	 salts. The coarse malerialonmnium sul fate arc Combined. usually falls in the size range of minus 8- plus 28-mesh, 

ard the granular muriate is usually in the size range ofCa(FI-PO04)' 4 (N1,:SO.-, 2NI .H1PO., 4- CaSO4 minus 6- plus 20-mesh. Both of these products are easy to 
handle and store.

Monoc:aeiuj Am monium Monoa nmonium (;ypsum
 
phosphate sulfate phosphale 'Fhe critical 
 relative humidity for granular and coarse 

muriate of potash is 83.0% at 30'C.
 
When this reaction occurs in a pile or bag, severe
 

caking may rcsi:lt. 
 Sulfate of potash is sold to bulk blenders as a granular 
material in the size range of minus 6- plus 20-mesh. This 

Several other combinalions caln also have reactions. A product has a critical relative humidity of 96.3% at 30C.chart developed by the Tennessee Valley Authority
(TVA) shows clemical compatibility of somle common Potassium nitrate is sold as a prilled product in the sizeblend materiais. range of minus 6- plus 20-mesh. This product has a criti­

cal relative humidity of 90.5% at 30'C.
'ho,;piiate Raw Materials
 

The major sources 
of phosphate used 	in bulk-blended Sulfate of potash-magnesium is sold to blenders
fertilizers 	are: 

as a 
coarse product in the size range of minus 6- plus 28-mesh. 
This product has a critical relative humidity of 92.0%

I. Ammonium phosphates. 	
at 

30 0C. 
2. Triple 	superphosphate. 
3. Normal superphosphatc. 

Physical Properties of Raw MaterialsThese products are easy to handle and store in a That Influence Bulk Blends 
granular form. They are not so hygroscopic as nitrogen 
products such as amnnionlim nitrate anl urea and unless Particle Sizethey are stored under very s;evere conditions of humidity, Segregation of bulk blends is a continuing problem in
they will usually remain frce-flowing, the fertilizer industry. It is usually considered to be the 

result of incomplete mixing or subsequent unmixing of theThe most common grades of ammruonium phosphatcs plant food materials. When such segregation occurs aused in blending are: sample taken will not have the guaranteed chemical coin­
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position. 'This, of course, prestfposes that all of the 
proper amounts of plant food were introduced into the 
formtla and none were lost dhring 11hlcmixing process. 

It 	 is important to recognize that many ,,-corded 
(eficiencies are a dihecl restli of improper forintilations, 
I'r 	example, failure to add the correc quantities of con-
stitients or fhc IOss of some of the plant [0od values 
during the mixing step. It is cqually imporlant to recognize 
that sampling techniques can lead to app,;icnt segregation 
or 	(Icficiencies in anlysis. I low and where a sample is 
taken and the way th, sainpIe is prcparcd have a definite 
bearing on the analysis. Many deficiencies are believed to 
rcflcct problems with iiformitv rather !han actual deft-
ciencics in avcra;c composition. 

Now that segrcgation has more or less been defined, 
one mor" basic fact should be considered. Some segrega-
tion is virttiallv in1l osilhlc to avoid in man ufacturing 
mixed fertilizer. IO COrlpletelV avoid it, the current 
nciiod of i annu'Actuiriflinmixed fertilizers would require 
homogeneous materials rather t han the heterogeneous 
ones we iUitLis . Any mixtire of heterogeneous 

products will show Icndccics loward segregation. All 
that can be done is 1t(wo k to reduce this tendency to ac-
cepta'ble tolerances. 

It is generally known, from studies at TVA and by 
others, that differences in particle sizes between blending 
materials have a much greater effect on segregation than 
any other parameter, including density and particle shape. 
Closely size-matched materials produce a blend having a 
low tendency to secgrec atc. 

The real probhlem. in segrciating materials is how 
closely lhe malterial must he size matched to prevent 
pi oblenms. TVA field experiences indicate that if each 
particle size fr,'ction of malerials used in blends is within 
10:,') of the average particle size of all the m aterials uised 
in the blend, significant segregation is unlikely to occur. If 
the size fractions are within 20% of each otl'er, segrega­
tion may not occur to any great extent provided the blends 
are carefully handled and anti-segregation devices such as 

baffles are used. Ary difference greater than this is very 
likely to cause proOlems. Fcr really reliable control of 
size, a blender needs to obtain complete and reliable 
screen analyses on all of his blend materials front the sup­
pliers, or run his own screen analyses. The compatibility 
of a typical diammonium phosphate with a coarse grade 
of inturiate of potash as well as that of' DAP with a 
granular muriate of potash can be determined graphically. 
An easy way to compare the diffirent materials is to plot 
their screen analyses on a graph. The closer the materials 
are in size the closer the curves will 6e and the less the 
tcndency for segregalion. 

In 	 conclusion, one can predict the segregation ten­
dencies of fertilizer blends. The smaller the divergence in 
particle size the less is the chance of scgregation. Again,
blends with no more thim 10% divergence show good field 
stability, those of between 10% and 20% differences will 
be 	acceptable if handled gently. Any greater variation in 
particle size may cause the mixture to segregate after it 
has bcn blended. Size matching of materials is very im­
portant in the production of quality bulk blends. 
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Comparative Advantages and Disadvantages of 
Blended and Granulated NPK Fertilizers 

lanies J. Schultlt, Fertilizcr 	P oduction Specialist, Inlcralional Feitilizer Development' Center 

Abst.ract 


NPK ferlilizer plants raseb bulk blending cost lessd io 
to build and are easier to operatc than comparable sized 
gra(lliion plat, Bu1lk-blcnd IlaLnts have fole lcxihility
than granilati,,oen tlij,, ho in clluin!fu forniultiokns and 
in the unibcr of foriniulations i ft( cai bc mlde. 
I fo',,\e.'I b i,cof the t,'tndcoev of mixtiures of d:' 
loafr;i[lMs tI'see-,'ffe durio , iOdli!urile',s all the corn-
pooclts are well matched with rc.,,pc: o part dc size,
bulk-hcndcd f'ertillzers are Ic htllCOsS 1ol1W1hoficn ,:, 
grao ulalcd products. This palp discusscs tihe technical 
aiil cconooilc advalta ,sand cons!rafiiist of bulk blending 
and granolaifoIl. 

Introduction 

Bulk-blended f'rtil/crs olffcr 'crliin ccoomic, tcchni-
cal, and agronolic 1fvLintatgcs over honiogeneous 
grantiLr fertili:,crs (compounds). Ilowvc,cr, blends are 
also beset with soni1C di atdlvtaages. The advantages and 
dism;(lvantaf,,cs are someineCs exaekeCratCd or distorted 
de plending uiom one's point of view or objective. This 
papcr wvill tempt to o'bjectively appraise the rclative 
mcrils of these two basic forms of ihiltinut ricnt (NIIK)
f'Crtili er (bclnds i l conipoirunds). 

Economic Factors 

In discussing the economic merits relative to the 
production of blends and compounds, itis impnortant to 
look at the major economic components of each produc-
tion niethod-tilese include (I) fixed capital investment, 
(2) working capital required for raw materials, (3) fixed
 
and variable colvcrsion costs, and fimify (4) raw material 

costs. A 	discussion of eitch cmnipp Mnre follows. 

Capital Investment 
Fixed (apital --As illu.istrated in Table I, the fixed capi-

lal portion of the total irnvesilintt re(Uired for a grass
roots bulk-blending facility isonmly about 201% of tha re-
quired for an equivalent anillionium phosphatc-bascd 
NPK granulation unit. In this example, both plart invest­
ment estimates are based oil a grass rools facility (cost of 
land not included) :it an asmumed water port location. An 

annual production of 2M0,000 nit at 80% capacity utiliza­
tion is assumed. In hoth cases, storage facilities for raw 
materials and finished products represent a considcrable 
percentage of' the tot1l fixed invcstment - about 56% for 
the hlending plant and about for2(0 ',1, the granulation
plant. Since these invctmcnl estimates assume importa­
tion of all raw malerials to the plant site, the storage 
facilities are quite large to accommodate large shipments 
and provide a reasonable dcgrec of'stupply security. 

Table 1.	Capital Investment Estimate - Bulk Iending
 
and Chemical Granulation
 

Cost basis: Mid-I987 US $ 
Plamt location: Carilbbean Region
Plant capacity: 2M,000 ntpy at 80% capac;ty utilization 

Estimated Cost, 
US$ millions 

Bulk Chemical 
Item Blending Granulation 

Bulk blending unit, battery
 
lim;ts 0.5
 

Granulation unit, battery
 
limits 
 - 12.0
 

Bulk storage and handling
 
facilities (raw materials and
 
products) 2.3 
 1.9 

Liquid storage and handling
facilitics (am monia, sulfuric 
acid, and phosphoric acid) - 2.2 

Auxiliary and support 
facilities 0.8 2.3 

Total installed cost 3.6 18.4 

Project management and 
plant startup 0.2 0.9 

Interest during construction 0.3 1.5 

Total fixed investment 4.1 20.8 
Working capital 5.0 3.8 

Total Capital Investment 9.1 24.6 
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Working Capital 
Tire relativcly large inventory of raw matcrials and 

products, of course, has a significant influence on the re­
quired workini capital which aiunits to about 
US $5 million foar lie blending plant (ahot 55. of' tlla;il 
capital investntci of US $9.1 million) and US $3.8 million 
for the granulation plant (ahoul 151, of tolal capitl 
invcstmcnt f .LI $24.6 nillion). 

Prodoction (ost 
The Cstimate d total production cost fOr a 15-15-15­

2 Ig-41B product produced by blending and by granula--
lion is shiw)il in Tahle 2. Raw malcrial consumption data 
(jirodtiori forlrrulaS) for this Iroduct produced by blcnd-
hlg ,ind granulation are shown iilTablcs 3 and 4. In each 
case tile PlroduCtiOn cost consiss ot" two iin :tr C(o11i-
ptrinls: (1) raw inateriaI cost ind (2) conversion cost. 
The CollCrsiol COS( i, fiirtlh'r brokenll down il!,) IhXCd and 
variable hlnis. For the Iurpo.c oft his discussion, the cost 
of raw niarerials is estiniatcd on1the basis of' the ,l\ivcrage! 
f.o.b. U.S. (hilf Coast prices plus dclivcry to the plant site. 
The prices have also hccn adjuslcd u iward toiorrecl f'or 
tle ctrrent d.lrcsscd price struclirc, which is assumcd to 
be tcrnporiry. The individial comllponenls of these 
producli1n cost est rniatcs may vary qtite widely frorii one 

location to another. Ilowevcr, the purpoc of this coi-

parison is to illustrate the approxinatc differential one 

could expect with the two product ion metlhods. 


Tech n ica I Factors 

Process Simplicity 
Most people are already well aware of the rel.aivc 


siiplicity of bulk hlcnding coipared with the miore corn-

plex technical require ments of animonium phosplhatc-

based or other chemical granulalion methiods. Bulk 

blending, as can be observed from the above investlent 

dala, requires relatively simpl, equipment and operating 


Srocc,lurcs.a result recluired for
As the skills and cost 

operation and riiaintcnance of bulk-blending units arc
 
quile niodest comparcd with those needed for the more 

complex chemical granulation route (aboul US $2.1/nit 
for Nerndil, , not incltding interest on working capital or 
fixed capital recovery, ,ind abott US $14.1/rut for 
granulat ion). 

Product 	aind Raw Material Flexibility 
Since bulk blending involves only tle weighing arid 

nixing of dry miiterials (except perhaps the use of sonic 
special liquid hinders), it is a relatively siunple itaier to 
quickly change from one product (nutricnl ratio and coni-
position) 1o anolthcr. This capability is perhaps tile major 
advantage of blending over granulation. The abilily to 
quickly and economically change products is ftrthcr 
facilitated by tle hatch-type method of mixing used by 

most bulk blenders. In most cases the batch size is in the 
range of I to 5 nit. 

Table 2. 	 Production Cost Estinate - Bulk Blending and 
Chemical Granulation 

Estimated Cost 
Bulk Chemical 

Materia' Blending Granulation 
(US S/mr 15-15-15-2Mg-4S-113) 

Prilled urca 46-0-0 (US S130/mit) - 26.9
 
(ranular urea .16-0)-0 (US $1,0/mt) 28.3 
 -

(ranular diammonium phosphale
 
IS-16-0) (US S180/mr) 59.4 -


St andard sulfate of polash iagncsiui
 

0-0-22-1 1Mg-22S (US S75/mit) - 13.7
 
Glranular sulfate of polash magncsiun
 

0-0-22-1 tMg-22S (US S85/mi) 15.5 -


Standard nmuriat of potash 0-0-60
 
(US S75/mt) - 14.0
 

(iranular niriate of potash 0-0-60
 
(US $SS5/mi) 15.9
 

Annirirona 82-0-0 (US $15/mt) - 8.8
 
Phosphoric acid 525%, 11205 (US S150/nit) 43.8
 
Borax 115 II (US $260/nit) 23.7
 
Solubor 20% 13(US $560/nit) 28.0 -

Conditioning powder (US S40/mt) 0.6 0.6
 
Liquid hinder wax/oil (US $300/mi) 1.5 -


Granular filler (US $30/nl) 0.9 -

SubtotalI 150.1 131.5
 

V:riable Conversion Costs
 
Eilectricity (US $0.04/kWh) 0.2 2.0
 
Steam (US $10/rt) - 0.3
 
Water (US $0.50/mt) - 1.0
 
Proccss fuel (US S8.0/million kcal) - 0.6
 
Miscellaneous chemicals and supplies
 

including mobile equipment fuel 0.3 0.5
 

Subtotal 0.5 4.4
 

Fixed Conversion Cost 
Operating labor 0.5 2.5 
Overhead and general expenses 0.5 2.5 
Maintenance (laborand materials) 0.4 3.7 
Insurance and taxes (1%of fixed 

investment) 0.2 1.0 
Interest on working capital (15% of 

working capital 	 3.8 2.9 
Fixed 	capital recovery (17.1% of fixed 

inve:;ment) 3.5 17.8 
Sublotal 8.9 30.4 

'Total Production Cost 159.5 166.3 

a. Refer to Tables 3and 4 for material consumption per metric ton of 
product (production formula). 
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Table 3. Bulk Blend Formula for 15-15-15-2Mg-4S-IB 

Materiala k_/mt N P20.s K2_O Ng S B 
----------------- (kg/nit) ----------------

Urea 46-0-0 202 93
 
Diamnionium phosphate 18-46-0 330 59 152
 
Sulfate of polash magnesium 0-0-22-11 Mg-22S 182 40 20 40
 
Muriate of pot ash 0-0-60 
 187 112
 
Solubor®R powder 20% 
 B 50 10 
Filler 29 
Conditionijig powder 15 
Liquid hindcr (oil or wax) 5 

Im) 10'2' T1-' 1' T(-) 4 i-10 

a. All materials are granular except as noted. 
b. Typical owrform ulation to account for process variations. 

Table 4. Chemical Granulation Formula for 15-15-15-2NMg-4S-1 B 

Materiala _ kg/n N P205 .(O Mg S B 
----------------- (kg/mt) ----------------

Prilled urea 46-0-0 207 95 
Phosphoric acid 0-52-0 292 152
 
Amnmonia 82-0-0 
 70 57
 
Sr andard sulfate of potash magnesium
 

0-0-22-I1 Mg-22S 182 40 20 
 40 
Standard muriate of potash 0-0-60 187 112
 
Borax 1I1 B 
 91 10 
Conditioning powder 15
 
Product moisture 
 5 

1,049
 
Water evaporation -49
 

1,00-2 152a 152a 20 4 10­

a. Typical overformulation to account for potash variations. 

Bulk blending is also very flexible with respect to the In a typical NPK granulation plant about 4-12 hours
 
number of grades and nutrient ratios that can be prepared are rcqc 
 red for the plant to coiie to equilibrium when 
florn a few basic raw materials. This is illustrated in changing from one grade to another. This "grade change
Tabl2.: 5. In this example seven nutrient ratios can be period" varies quite widely depending upon tie magnitude
prepared from three basic raw materials-urea, dian- of the change and the specific process and operating
monium phosphate (DAI'), and muriale of potash (KCI). parameters. The change is usually made without totally
Likewise, since no chemical processing is involved, a rela- interrupting the operation. However, during the grade
lively large number of raw matcrials can be used to change period tie production rate is usually decreased 
produce a given product provided the materials are cheini- and the raw material feed rates are adjusted to bring
cally and physically coln paiblc. about the desired change in analysis (grade) as quickly as 

possible. During the grade change period, the product isA chemical granulation plant is operated on a con- continually discharged to storage and is usually routed to 
tinuous basis and is much more restricted with regard to one of thrce locatiois -(1) the former (old) product bin,
the number of grades that can be produced and the raw (2) the new product bin, or (3) an off-specification or 
materials that can be economically processed. 'rework" bin. However, in most cases tl;c accumulation of 
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oif-specification (rcwork) product is avoided for obvious 
reasons, 

Table 5. Example of Bulk Blund, That ('an Be Prepared 
-roin Thiet Raw Malerials 

Nominal 01)talinit+\v of Rml 
Nutrient .Maxiinuin (;,adc MtCrial Rc!irI&. 
Ratio N )PA I )AtIC' K..() Mr )Il 

-- (-) - -.. (k-/t)--... 

1:t:l It) 1t) 1I) 2(I 4,1- 321 
1: 1:3 II 11 35 15) 255 5Se 
1:2:1 I0? .1 I5 7 'N 2' 
2:1:1 2ot 13 13 482 203 225 
2:2:1 22 22 11 3111 4t()) It)I 
3:1"1 31 I II)IIl 17.3I(1 22f 
4:1:1 34 8 8 07( 18.1 141 

a. Raw material analsis: urealt' N, I)AP 18 N and 
4ft"; P. )., and NI( Wl0' ; K.(). 

Flexibility in Capacity 
len,ding plaill, are alst' ver\ Ihsilel withI respect to 

Calacily. Since the prtcs is usually pcrtal' on a baitch 
basis and no procss 'chistrv is invol'led, it is :i r latively 
simple inhttei to change the aily or annulll capacit 
simply by changing lie lIcngth of the workday. For cx-
amlple, a 5-mot batch blending pl1)nt C iiId Prttd tr I'mli 
about 25(1 mtpd to ibott 750 mlpd dlmnding upto the 
number Of hours the unit is opcr:rtetf. Such flcxibilii'v in 
capacity would be very unconomtlical to aclivce in a 
granu klatin plant. 

lncorporationr of Nicronntrients 
The uniform incorporation of nicronutricnts into 

granular bulk blcnds is quite diflicult because of the small 

quantity usuially required (often about I-II) kg/mt) and 
the lack of certain nicronutri. ' sources that are of the 
proper parliclc si/c-Ic it a fine pow.'lci or a graniular 
miaterial. 

On tihe other hand, granuilation (flfers a very e ffletive 
method for incorporating a wide varictv f sccondary and.( 
micronutricnts into at homogenous ard stable product. 

lowcvcr, cvcn with grantuliion certain prlecauitionis muist 
he taken to avoid unwantd reactiois thal Iay\7 adversclv 
effect the solulbilily of tile ulicrot ulrl;ict aiid its ptossib': 
agronomric ,ffdcIivCICss. 

Product Quiaiify 
The quality of bulk icnd, is almost comnplctcly dleter-

mined by the quality and compatibility of lihe raw 
materials. F,)r this reason, it is essential that tie raw 

materials used for hlcndin be chemicallv compatilc, 
properly matched with rcspcl to siZC, and suIfl'IciCettlV 
durable to resist dcgadation during hmdling. Although 
the required high-quality raw materials for bulk blending 
are available in the intcrnafljoIl marketplace., oftcn, for 
,'cojomnlic rea,,o, they if,' not :dvwavg u-cd. Substiution 
(11'ICss Ctstly raw matc'd that d) not mccl the rclatively 
iid speciflcations reu(tire(d for the pr(,JLuCtioD Of high 
uality bulk blends alhnot 1as tolead, scgration and 

oI_' pi dtuct quality and wrononlicther lir,,leinhs related to 

pc IrfrIIIanee.
 

Nbtsit fanlutL tiiu l -, on the (to r hand, are nl,,i w( 
cstrictivC relative it) r.w material l qutlity. Such plants, in 

fact, require noneralar raw matcrials for oPtilumii 
rcsults. The ahilitv of mt NIt K granulattion pl.nts to use 
a Wide varicv Of Ies costlv ntugralnular and sometimes 
off-spCcificatitn raw mratcrialk, is a major advantage of 
such plants. I tt wcvcr. ; indli,'itcd in Table 2, the cost of 
prCl'CSSig the lowCr cst raw materials into high-quality 
lioniogcncous grailar products may partially or coin­
plht.iv offset the s.,vins in Ihc co"st of raw mlaterials. 

Agronomic and N11 trleing Factors 

Agronomic PIcrforinaicc 
It is important to crnphasic t tat he agrormic per­

formrance of fcrtili/ers can be sinmficantly affected by the 
method of production. In the case of blends, free flowing 
homogenouCs mixtures are essential for optimun perfor­
inamaice onimost crops. Caking and segregatiom caused by 
inIco,mp'atil-e si/es and/or inadeqtlIC p;nrtile sizC dis­
tribution or other technical fauls wvill often result in an cr­
ratic crop response to the applied nutrients. The erratic 
response is more apt to octir on the shorter growing 
season food crops than oil tihe longer term tree crops such 
as rubber and oil palm. 

Likewise, in the case of granulation, the solubility of 

the nutrients may be adversely altered I-y unwanted 
chemical reactions and othcr unfavorable process condi­
loios. The solubilities of" phosphate and certain 
micronutrient compo unds are most likely to be altered if 
care is not taken in the select ion and control of the 
granulation process. Even with granulation, segregation 
of the nutricnt sources (especially polash) can occur if 
care is not taken in sclect1ing and controlling the particle 
si/C olfthe raw materials fed to the proccss. 

Appearance and Farmer Accepfance 
The raw rmatcrials (nut rient sources) used to make 

bulk blncds arc often quite contlrasting in color--ranging 
from white to shades of rown and red. The differeice in 
color of the individual nutricnts, and therefore the tnulli­
color appearance of hlends, often causes soile inilial 
rcsistance from dealers and farmers who are accustomed 
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to a honmogeneot s granula- product that is trniformli application tcclhniutics arc uscd, ihferior icsults may result

color. On the other hand, the visibility (d tile Indlidual flroml some llends.
This is bccalrsc of, the diffecrnce inl tihe 
nutrients il a blend maY (,fc S nomc a surarn c to the ballistic charactcrislics of the individual raw m atcrial par­

is reccivir t iet-duct de( oilfIarwi r that he ig i scrilbed lic to variations iltitcls (lILC d.e sity, shapc, and surfacc tex­
lab,.'l. rhis al assurance,viS is- c iaju-ly of' 1Ifthe;A'lue l rtc.The individual paitidlcs ( ,1anlihs) oI' hionlogcncolis
'arm cr susp ct s lhat t11C l itil i/cr iii f\have b Cen ; d ul - com po unds arc m o re unif rin \ 0 l _tlto
d e ns ity,
lerated. tCIo rirrg agents ace soi addcd to llcnds,itirie, shape, and surfa'.ce tcxttrc llhr.icforUrifo'0rir, a iinone dis­
to achicvc a rore r a particular of' the . expectedrrrilorm colo ot to cl.iat itl1tion nutrieits .\ be ,ild With m1+ost
 
lh.nd to a ertai (0rop - l'0eX;o r ., 1M ,bCeaus com pounds.
:.'eb lue so or 


fortr'fniai/c. In MIi cL',,iL'su Cc ,tl ion
, iWrtIodctc 
of' b ulk blends into the ma lt'ctpLh cc imvt take into 
considecrationl tile appeaC~ranMce Af t11e Jiioiiic tas NkCil itsaS Conclusion 
performanice. Tl issue of apo;ipaiiuc b-comes less
inportant once the 'armer becomIIs convincCd that the From this discussion it comCs clear that blends and 
product's performarncc c,'tals or c eeds his expectatiM s. com poutnds exhibit impoirtant advani iages and disad­

vantages with regard to economics of production, produic-
Field Applicat lion tion technology, and use. m nor­farril-lCvCl relative elie 


U nifor m application o f app lie d nntr ients is a prcrcqui-
 tane o f each advant a. and disad' anitage is oft clhig hly
site toiuic am cto optimni ing aieron pCerforir0 arad ticrefhrc dependent upon local ditions.co N evertheless, a 
fa r m e r ac cep tan ce . WeCll- iMr (n sCilr_'g( til lhor o ug h u n d e r stand in g o f thipossibl e pr ob lem s that layar iu f c t tired tr ig) e 
blends and honlogeneots coimlpotunds would bC expected ii1 rodtlhcil., 
to pcrflorm the same. whetiher poihn - or baI Id-I)laCHicnt to tire armer is nccdcd to ensure 

bC ecilCtlelC d whCn hulk IlidCd products 
ilc greatest level of' 

nicthiods arc uscd. lowever, if spinrcr-tepc broadcast ,uccess. 
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EconGmic Comparisons of Selected 
NPK Fertilizer Production Alternatives 

James .1.Schultz, [ertilizei Production Specialist, and 
Nam 1). Le, Chemical Enginccr ( Projcct Analvs!), International F-ertilizer Development Center 

Abstract 

World production of all fertilizer products currently 
amounts to about 4lX) million tonnes annually containing 
about l36 million tonncs of nutrients (N f l':05 4 K2()). 
Of this amount, about 50'; is produced in some form of' 
granule. The granule size of individual producls varies 
quite widely depending unpnii he production process and 
location (market prefcrcnce). IIowvcwr, in most cases the 
particle size ranic of' "gra uular" fertilizers is usually be-
twccn I I and 5 1m1. 

This palper will examine, in a comparalivc way. the 
ccononics of four basic incthods (production tcli-
nologies) commonly used to produce a major portion of 
Ile world's iultinuticrint (NIPK) produts which aniount 
to about 15%'r (.bo 60 millio ton nes annually excluding 
binary products such as ammonium phosphale) of total 
world Iertilizcr production. 

Briel' I)escription of' Selected 

NPK Production Technologie5 


A very brief description of the fi'r basic NP1K produc­
tion technologies examined in this pal. 'r follows. A more 
full examination and discussion of a broad range of varia-
tions of these basic technologies will occur during the 
course of this workshop. 

Bulk Blending 
This technologty re fe rs to the physical mixing 

(blending) of granular fertilizer matcrials (raw niaterials) 
without the intentional introduction of chemical reaction 
or modification (enlargenent) of thc particle size. The 
raw materials used for hulk blends arc usually gianular in 
form and ;ire also ofteni sold as finished products, for ex-
ample, urea, diamnionium ihosphaitc (DAP), and muriate 
of potash (M(P). In some instanccs, nongranular or 
scmigranular matcrials are used to prepare blends; 
however, this practice usually leads tI a lower quality 
producl. In tle context of Ihis discussion, a distinction is 
also made between "prillcd" and "granular' urea. While 
technically both pioducts are granular, the particle size of 

most prilled urea is too small (often less than 1 nim) to 
remain homogeneously mixed with other common 
granular materials such as DAP and MOP which are sig­
nificantly larger in particle size (often about 2.5 mnm 
average). 

('onpact ion Granulation 
In this process mechanical force is used to form dense 

particles (granules) from finely divided (nongranular) 
solid raw malerials. With compaction granulation the dry 
materials are first proportioned and thoroughly mixed to 
achieve tile desired nutrient ratio (fertilizer grade). The 
mixtutire is then continuously fed to a prcssure-roll coin­
paction machine which forms the powdered mixture into a 
dense, hard sheet of' material usually about 2-3 cm thick. 
The sheet is subsequent ly crushed in a controlled nianner 
to form smaller particles. The crushed material is 
screened tc, ob, n:imlie desired product-size fraction. The 
reject material is returned (recycled) to the compaction 
machine after first being thoroughly mixed with the fresh 
raw material feed. As with bulk blending, no clienical 
reaction is involved in the process although tile raw 
material properties (especially chemical compatibility, 
thcrmal characreristics, and plasticity) have a major in­
fluence oii the performance of tile process. 

Steam (;ranulation 
The raw material feed requirements, especially particle 

size, and method of proportioning and mixing for stean 
granulation are very similar to those of compaction 
granulation. However, with steam granulation heat and 
moisture (steam and/or water) are introduced to the 
granulation equipment (usually a rotary drum-type or 
pigmill-type granulator) to provide sufficient liquid phase 
and plasticity to cause the dry raw materials to ag­
glomerale and compact into particle-size granules. In 
some cases ammonia may also be added during granula­
tion to react with superphosphate, for example, to aid ill 
granulation and improve product quality. The moist 'nd 
plastic granules are dried in a rotary drum-type, fuel-fired 
dryer, and screened to remove the product-size fraction. 
The reject material is recycled to the granulator. In some 
cases it is also necessary to cool the material either before 
screening or after screening depending upon the fertilizer 
grade and local conditions. If cooling is reqiired, it is 
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usually perforncd in a rotary drui-typi unit that is very 
similar to Ihc rotary dryer. 

Chemical (;ranulation 
( 'hlical granulation is tIhc most complex of the four 

methods evaluated III fhis paper. The chemical granulalion 
pic,:ss is very si milar lo Ihc previously described steam 
granula~im procc s CxcCpt that most of the liquid phase 
required to achieve grantulation is obtained by reacting
arria wi II phlosphori acid and/or sulfuric acid. Some 
procSsc,, also involve a significant rcaction bctwCCn 
anrniua and siperphoslhath. NiucI o1 IrC arnnioria-acid 
raction is ohzn perl'ormcd outls,-,d IdIC gtranulator eiller 
il a tIi" 'ypC %essel (prmneutraizer) or in a pip.-type: 
rt_'fl. In MrIarlIV cas, siam, \vater, and additional 
ammonia and acid are a]so( fed to the granulator Ito opti-
nli/C thc erinulat ion clamacleriics f'r cacch parlicular 
orirulatimi. II most NI'K chCiiCal rarulatioN planls, a 

;111,1111cantof solid ra\w rlatrials is also uscd. The0u11it 
rclatii.hip bctceCi the CMisunMilr Olmsolid and liquid 
iav rmaterial is dLcrrirmed by a nunicr o1' variables, in-
Cludi '.,( I ) rcquired nutnicit ratio :ind sdullility (fcriliicr 
eIa-dc), (2) liquid phase rcquirmcnts, (3) hcat of reaction 
aid temuluratirc liiitaturns, and (4) PrImce , plant equip-
Ircil Capltl miand uuperatinL'i cria. 

['Cleolit IicCmpariSOIS 

'I lh I'our basic NPiK lpiducion telchrolugics: (I) bulk 
blending, (2) compactmijrgaulation, 13) steam granula-
tion, and (4) cheiiiical granulation are compared in terms 

of (I) fixed capital invcstment, (2) conversion cost (not in­
cluding raw materials), and (3) production cost 
(conversion cost plus raw material cost). The premises
and assumplions used in this evalnation together with a 
discussion of the main economic characteristics follow. 

Premises arid Assumptions 
All estimates (mid-1987 LIS $) arc based on a grass­

roofs production facility in a developing country location 
with an existing industrial infrastructure: where the invest­
rIlcnt cO;t is aSStrlieCd to be abOutl the same as that of a
I.S. iGulf ('oast location. Convenient access to an occall 

poll is assumed and lie cost of land is not inclhidti. All 
raw malcrials arc assumed to le purchascd froni intcrna­
tional sources at tie indicated f.o.h, prices which, of 
course, can vary quite widely. 'The fo., prices were 
increased hv US $3t)/tonrc for solid ijiatcrials and 
lIS $4t)/tornc for liquid materials to arrive at an assumed 
dclivcrcd cost to the plant site. Storage facilitics (capacity) 
for dry and liquid raw materials are based on importation 
of' raw miatrials in 3,(XX)- to 5,0))0-tomic lots and aill 
approximate 2-mnili inventory at irC plant site. 

The base case capacity of each NI'K productimn unit is 
12(0,(1 torrncs/ycar at 75% capacity utilization. This 
translatcs to 160,(M)t toincs/ycar at 100% capacity utiliza­
lion assuming 331) days per year. 

Fixed Capital Investment Estimates 
As indicaled in Table I and Figure I the eslim'ted 

fixed capital investmenrt !or the four production schemes 

Table 1. ELstilmated Fixed Capital Investment Ifor Various NPK Production Processes ­ 120,0() ''onnes Per ear at 75% 
Capacity Utilization 

NPK Production Process
 
Bulk ( ompaction Stearn Chemical
 

Blending Granulation (ranulation Granulation
 
..--------------

Battery-lirilts process unit 0.4 
Bulk storage (dry raw nalcrials and products) a' 1.6 

Bagged product stor age" 
 0.5 
L.iquid storage (ammonia, phospfhric acid, and sulfuric acid)c --
Auxiliary and(support facilities( 0.4 
Total Installed Cost 2.9 
IProjct- mnamg,cnrcrn and startil 0. 1 
Intcresl during constructiM 0.2 
Total Fixed Capital Inieint 3.2 

at. 22,(Xi() tonr.rs total, except )1.5,)0 Inlnes for clieniical granulatitn. 
V). 5,00(0 [oins tdlai. 
c. 3,04X) imincs each f'or ainionia, phosphoric acid, and sulfuric acid. 
d. 15"'; of cost of process unt .mrd Iotal storage facilities. 
e. 5,7; oi'tot al installed cost. 
f. 8% of' totll installcd cost 

4.6 
1.6 
0.5 

1.0 
7.7 
0.4 
0.0 
8.7 

(LS $ x 1 million) ------------­

5.9 9.4 
1.6 1.1 
0.5 0.5 

1.6 
1.2 1.9 
9.2 14.5 
0.5 0.7 
0.7 1.2 

10.4 16.4 
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Table 2. Estimated Conversion Cost for Various NIPK Production Processes -120,000 Tonnes Per Year at 75% Capacity 
Utilization 

NPK Production Process 
Bulk Compaction Steam Chemical 

Blendinl Granulation Granulation Granulation 
------------- (US $/tonne product)-

Fixed Cost' 
(peraling labor 1.4 2.9 2.9 3.5
()verhcad and general expensesh 1.4 2.9 2.9 3.5 
Nlaintenance (labor and materials) 0.5 2.6 3.1 4.8 
lIsat ;rce andt laxes" 0.2 0.6 0.8 1.2 
iNcd t'apir i:1rco cryl 4.6 12.4 14.8 23.3 

Subt tal 8.1 21.4 24.5 36.3 

Variabhy (Cost 
llI..rlcitv 1 .5 $0U.01,ik\Vh) 0.2 2.0 1.2 2.0
 
Stealnl (t I S 0.0/toinc) 0.0 0.0 0.6 0.3
 
\Vltcr (I ISS{.I/tonnc) 0.0 0.0 0.5 1.0
 
:ujcl (US $8.0/ni illion kcal) 0.0 0.0 1.4 0.8
 

Hla.-s 
 10.0 10.0 10.0 10.0
 
(Conit ad labor (hvllinl) 1.0 1.0 1.0 1.0
 
,IiScllcouls chemicals, anid Supplies 0.3 0.5 0.7 1.0
 
Subloltl 
 11.5 13,5 15.4 16.1 

Total (onvt'rsion Cost (not iiacluding raw materials) 19.6 34.9 39.9 52.4 

;1. ( fcr to l'ablc I for total hixed capital investment estimates.
 
.
t})/' ofoperaling labor. 

c. I.0,,; of total installed Cost. 
d. 17.1", {oftlotal fixed capital invcmenl (15 years at 15% annual interest rate). 

20 , asis. 120000 lonlics per year al 75% capacity utilizatlion. granulation facility. In the case of the bulk-blending plantOeslopIini.country loctilons. the storage facilities represent about 65%]1987 USS of the total
S.l fixed capital investment, whereas storage facilities account 

I US ,S 16.4 Million 
for only about 20%-240 of the total fixed investment in 

15 , the more costly compaction, steam, and chemical granula­

tion units. 

I: USS104Million 

u $87 Million . Conversion Cost Estimates 

I- The estimated conversion costs (not including raw 
1 materials) for the four NPK production processes are 

US$32 Milli n summarized in Table 2 and Figure 2. The conversion cost,
FF based on 120,1.X)0 tonnes/ycar and including bagging but . coianot ra,' materials, varies from about US $20/tonne for 

0.bulk Bflk Compaction Slearn Chernical blending to about US $52/tonne for chemical 
Blending Giai laiin Granulalion Granulation gra nulIation1l. In all casec: fixed capital ic'covery (based on a 

15-year plant life and a 15% annual interest rate) repre-
Figure 1. Approximate F'ixed Capital Investmenit for sets the largest fixed conversion cost item and ranges

Various NPK Production iPr.,cesses. from about 23% of the total conversion cost for bulk 
blending to about 44% Cor chemical granulation. The cost 

varies fromi a low of US $3.2 million for the bulk-blcnding of bags represents the largest variable cost item (excluding
plant to a high of US S16.4 million for the chemical raw materials). 
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60- Basis: 120,000 tonnes per year at 75% capacity utilization.Developing-country location.7iu S a Estimated Raw Material Cost 

S S52,4runne It is difficult to precisely evaluate the cost of raw 

50-
16.1 materials for the four NPK production process.s ex­

amined in this paper because of relatively large variations 
in prices caused by international markct conditions, quan­

. 

40 
0 -

US$34.9[10nne 
13.5 

USS39OonneL154 

36.3 

tity of purchase, ocean freight rates, and a variety of time­
and site-specific conditions. However, for the purpose of
this evaluation average mid-1987 international prices 
(f.o.b. Western Europe and Lnitcd States) wcre used as a 
base. As .icviously indicated, these prices were increased 

30- by US $30/tonne fo; solid materials and US $40/tonne for 
liquid materials to arrive at an assumed delivered cost to 

24.5 the plant site. These data are summarized in Table 3 
using 15-15-15 as an example product. The 15-15-15 

20- USS196/0nne 
-, alevable 

21. 

1 
product was used because it is one of the most common 
NPK products manufacturcd and sold on the worldmarket. Typical production formulas (raw matcrial con­

-I sumption) for the NPK 15-15-15 produced by the four 
1_0 processcs are shown in Table 4. According to these 

i,ed criteria the cost of raw materials is the highest for bulk 
blending (about US $139/tonne of 15-15-15). The raw 
material cosl for compaction, steam, and chemical 

Bulk Compactio. Slea,.. Chemical granulation is about US $10-$1 2 less (about
le,lrig 11,1aiulatoa 6,aelat,0,un Gr,ulalin US $127-$129/tonnc of 15-15-15). 

Figure 2. Approximate Conversion Cost (not including It is important to emphasize that the compaction, 
raw materials) ! r Various NPK Production steam, and chemical granulation processes offer con-
Processes. siderable potential for raw material cost savings if the 

Table 3. Estimated Raw Material Cost for Various NPK Production Processes - 15-15-15 Product in l)eveloping 
Country Location 

NPK Production Proc;:ss 
Bulk Compaction Steam Chemical 

zRaw Material' ) Blending Granulation Granulation ,ranulation 
--------- ------------(US $/tonne 15-15-15) -----------

Prillcd urea - .46-0-0 (US $125/tonne) - 16.6 16.6 13.1 
Granular urea - 46-0-0 (LIS $130/tonne) 5.2 - -
Nongranular 1nonoanin1oniu 1 phosphate- 10-50-0 

(US $2 tX)/tonne) - 60.8 60.8 
Granular diammniurn phosphate- 18-46-) (US $215/tonne) 71.2 ­ -
Standard ammonium sulfatc-21-0-0 (US $80/tonne) - 23.0 23.0 
Granular ammonium sulfatc-21-0-0 (US $95/1.onne) 33.7 - -
Standard muriate of potash-- 0-)-60N (US $95/t. :me) 24.3- 24.3 24.3 
Granular muriate of potash- 0-0-60 (US $105/tonne) 26.7 -
Ammonia - 82-0-0 (US $135/tonne) - - 17.1 
Sulfuric acid - (9',, I-L'SO. (US $80/toniine) - - 20.8'Phosphoric acid - 52i'. P205 (LIS $17 0/tonnc) - - 51.5 
Conditioning clay (US $4/toine) 0.6 0.6 0.6 0.6 
Conditioning binder (US $30)/t l(ie) 1.5 1.5 1.5 1.5 
Total 138.9 126.8 126.8 128.9 

at. Indicated raw material prices based on 3,(X)0-5,(XX) tonne lots de'ivered to plant site (mid-1987 international f.o.b. prices
plus US $30/tonne for solid materials and US $40/tonne for liquid m,,terials). 
1). Refer to Table 4 for raw material consumption data. 
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Table 4. Typical Production Fornifus (Raw, Material Consumption) for 15-15-15-V'urm. NPK Production Processes" 

NPK Production Process 
Bulk Compaction Steam Chemical Granulation 

Raw Naterial 13lcnding Granulation Granulation Feed Basis Product Basis 
---------------------

Prilled urea 46-40-I -

Granular urea --46-11-() 40 
Nongranular mononimonium phosphate - 10-50-0 -

Granular diammroium phsphatc -- 18-46-) 331 
Standard arinronium siliatc -21-0-) -
(;rrrular amrnor1itilr sulfate -21-0-0 354 
St;11ndalrd ruiriat o[ pulash -()-0-) -

(r,,nular riuriultc ofljpotash -­ d-( () 255 
.r\nroni, S1-C)-(I -
Sulfuric acid U(/( II:S(), -I; lI2() -1 

Phosphoric acid 521; '.() 21-12 
('onditioning clay 15 
(Condiitoing hinder 5 

lotal I,(XX) 

a. Nutrient content of product (as formulated) is about 2% 
malcrial variations. 

Opport [if) itv Imr huying dislrcsscd, ol'-sp cilicaion, or 
byproduct raw inatcrials exists Such niatcrials can oftcn 
bc purchased at a sigcilcant discount ard, then by 
processing, c;1n bc upc.rad cd 10 Ihigh -qua lity N PK 
products. Bullk blending d u.sually olfer this ad-ridi0 ot 
vantagc cca usc IrC liroductiom of 1h-quality blended 
NPKs i highly (Icpenident upon the use of high-quality 
gramniar -aw materials tha arc priced accordingly, 
Hlowever, the combination of compaction iranulation and 
bulk blending at the saic 'acility may bc lieului in trans-
fCrring soie raw inate ia' ccinomics to -Ilk blending. 

(kg/tonne)-------------------­

133 133 105 105 

.304 304 

288 288 
-

255 255 255 255 
-

- - 127 127 
- - 261 251 

- 303 242 
15 15 15 15 
5 5 5 5 

1,000 1,000 1,000 

higher than theoretical to compensate for process and raw 

This strategy is a topic that will be examined during the 
course of this workshop. 

Estimated Total Production Cost 
A sumnary of the estimated total production cost for 

the four processes using 15-15-15 as an example is shown 
in Table 5 and Figure 3. These costs include all fixed and 
variable conversion cost items (including raw materials 
and bagging) and vary from a high of about 
LIS $181/tonne for chemical granulation to a low of about 
US $159/tonacfor bulk blending. 

Table 5. Estimalcd Total I'roductioi Cost for Various NPK Production Processes - i5-15-15 Product in Developing 
Cou lIry Location' 

NPK Production Process 
Bulk 

Blending 

--.-

Compaction 
(US $/t

Steam 
Granulation 

onne 15-15-15)----------------

Chemical 
Granulation 

Fixcd conversion cost 
Variable conversion cost (less raw na
Raw material cost 
Total (Bagged Product)t , 

8.1 
tcrials) 11.5 

138.9 
158.5 

21.4 
13.5 

126.8 
161.7 

24.5 
15.4 

126.8 
166.7 

36.3 
16.1 

128.9 
181.3 

a. Refer to 'lahles 2 and 3 for c,,timacd conversion arod raw material cost details. 
b. Mid-1987 f.o.b. (Vcst FlIropc) price of baraed 15-15-15: US $1,45/tonne plus US $40/tonne freight and handling equal 
US $185/tonne (f'or Lrpose only).conparateivc 
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Conversion ion process. It also indicates Ihat the cost of rawv 

12% materials front imiported sources is qu~ite hiigh and does12 Covenot vary nitich frorn one proccss to the other. Ilow\evcr, it 
' 
 220/n is important to recognize that the feasibility of bulk blncld­

ing, while indicated a";the most cost-effective in this 
CxNAninalion, is hfighly detpCndcnt upon the availability of 

Raw Materials Raw Materials / high-quality granular r:w malcrials and acceptance of the
880/a 78/ / bleidcd lroducts in the ni;irkcll)lacc which traditionally

K.--
 K has been donminatcd I1,hoongencous (complex) granular 
S...."....products. The granolato processcs offer the greatestBulk Blending Compaction Granulation flixibilitv in raw malcriil ch ,ices, a fcattic that can, in

US S158.5/Tonne US S161.7rTonne " somec.'ascs, lead to significant savings in raw intcrial cost 
when compared vith the hulk-dcndiiing altcrnaiive. The 

".. .". relative economics of' tie funr NPK processes may favor...-

chmciiical granulation if the 1-I>K granulat ion plant is Io-

Conversion Conversion cated adjacent to the prodhuction ficilitics of the requircd 
2Wo 290/a liquid rav iatCrial,; (anin.:mia, phosphoric acid, and sil­

furic acid). 

Raw Materials Raw Materials76i0/a 711/o 70 

Steam Granulation Chemical Granulation
 
US S166.7rTonne US S18li.3/Tonne
 

60-


Figure 3. Approxiniate )istrilbution of* Prodtuctiolln Cost 
for Various NPK Production Processes ­

15-15-15 Product. C
 
Gauiiliztiino
 

hrnpc t o 'C p iy .a 


The above production c)st data are bascd on an an­
nutal production of 1-0,0 wvhile operating at 751',
(t~lflonnecs 

capacity utilizatio. ']'he effect on the convcrsion cost and Steam
 
the l iotaprod,ictio u co st (in cluding h aL % ,in y in
g ) cMis c h v ­
creasin oir the annual l al,aity is sh o\il
decrce.asing plati 

in Figares 4 and 5, rcsl)cctivclv. In lile most capita!­
intensive plint (chmcnical graniuhllon) a decrease in
 
capacity utilization to So,( (801,100) tone's/year) increases 2 3G Compaclion
 
the total production cost to) almost LUS S2)/tonlic Colin- Granulation
 

pared with about LIS S%181/htneC aitthe baisC case condi­
tion (Figurc 5). The bulk-blcnlding plant, bccausc of its 
fow fixed capital invcstment, is least affectcd hy changes in . 20 
capacity utilization while tle compaction and steail _Blending. 
granuLo ion units are niodcralcly affccicd cornpared with
the othe rprocess. 9 Base Case

(75%capacity ultilizatian) 

1050- . ........ ... .-O __

50 60 70 80 90 100
 

CoIIclIuSiOi Capacity Utilization, 0/o 

This paper clearly illuslratcs that the fixed capital Figure 4. Inpact of Caipacity UJtilization on Conversion 
investment aid conversion costs (not including raw Cost (not irlchiding riw tneriils) for Variois 
niatorials) varies widely dcl)cnding upon the NPK produc- NPK Production Processes. 
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Practical Experiences in the Granulation 
of Urea/Amnionium Phosphates 

David lvyel, Senior Chemical Engineer, Norsk Hydro Licensing 

Abstract 

This rapcr discusses the practical cxperiencc thLt 
Norsk [lydro Licensing (NI il.) gained during the startup 
and subsequent o[)eiation of' i urea-based granulation 
plant in Turkey. Powdcrcd nionoaninonium )hosphate, 
l)roduced on the site, is core rted inlo NP and NPK corn-
pounds in at granulation plaml. Merchant grade phos-
phoric acid, amni onia, and potash are purchased on Ihc 
world markets. Prilled urea is obtained fromi a Turki:sh 
manufacturer and sand--uscd as a filler-is available 
locally, 

The monoamnionium phosphate (MAP) plant consists 
essentially of' an aniuon:a vapotrizer, a pipe reactor, a 
spray tower, and an off-gas scrubber. 

The granulation plant is made up of a rotary-drn il 
granulator, a dryer, screening equipment, a cooler, and a 
coating drun, along with the isu al conveying and dust 
removal equipment. It was designed to produce
1,000 ntpld of 15-15-15, 18-18-18, 27-27-0, or 20-2)-0 at a 
recycle ratio of 2:1. 

Preliminary operation of the complex was excellent. 
Overall efficicricies were high: ,9% for nitrogen and 
99.5% for P.,05 during the l)erformance test. Some 
problenis were cncou ntcred with buildup in the granulator
and in the bag filters in the dust recovery system butl these 
wcre solved. 

It was concluded that for pl nts Ihal must import raw 
materials the powdercd NIAP pro,,css together with low­
recycle granulation offers a siiple, efficient, and cconomi-
cal means of producing high-qualily granular fertilizer, 

Introduction 

In the United Kingdom most of tlie work has been 
concentrated on the granulation of compounds based on 
ammonium nitrate as the major source of nitrogen.
I lowever in many parts of the wold, particularly outside 
Europe, tlrea isa cheap, agronromically acceptable form of 
nitrogen. The process licensing depart rcnt of -isons (now 
Norsk Hydro Licensing, Levington) realized the potential 
for processing routes to complex fertilizers th t incor­
porate urea as the major nitrogen source. In the l)60s, 
thereforc, they embarked upon a program of work Io 
develop suitable processes. This work subsequently 
resulted in a large number of :ctenses being granted 
throughout the world. Of particular currenl interest is the 
granulation of urea/am monium phosphate mixtures to 
produce high nutrient content complex fertilizers. 

In this paper we discuss some of the practical exper­
irenice gained during the startup and subsequent operation
of a urea-based granulation plant owned by Toros Fer­
tilizer and Chemical Industries in Turkey. 

Background Iniormation on Toros Ferilizer 
and Chemical Industrks- Turkey 

In 1978, although there were :;cveral existing fertilizer 
manufacturers in Turkey, demand outstripped production 
capacity. Tckfen Construction and Installation Company 
of Istanbul formcd a new company, Toros Fertilizer and 
Chemical Industries, in which they were to have a 50% 
lioding. The new company was formed to produce fer­
tilizer mainly for the cotton producing area around Adana 
inSouthern Turkey. 

The procoss operations at the complex involve the 
incorporation of powdcred monoammn oniunm phosphate 
produced oi site into NP and NPK compounds in the 
granulation plant. 

The process units were commissioned during the Iirst 
4 montls (if 1981 and the complex was officially opened inNorsk Hydro Fertilizers (formerly Fisons) has always May 1981. As well as the two process units, it includes 

been at the forefront of developments in rotary drum port facilities, a liquids terminal for refrigerated aninonia,
granulation techniques. sulfuric acid and phosphoric acid, storage buildings f, r 
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solid raw materials and finished product, bagging facilities, 
offsites, and utilities. Constructors of the complex were 
the Tckfcn Construction and Installation Company. NHL 
of the United Kingdom n pplied the process and "front-
end" engineering for the tvo process plants an also acted 
as a consultant to Teklten for the ulilitics and offsites. 
F(.stcr Whcclcr, lbcria, assistcd with thc detailcd en-
ginccring and procured the cquipinint. 

Operations at the factrv arc based n the importalion 
of mcrchant -grade phrSl)h-ic acid, ainmonia, and potash 
purchased on the world market, prilled urea from a 
Turkish manu facturer, plus locally available filler. The 
intake and bagging facilities were also designed to handle 
imported, granular fertilizers such as I)AP and TSP for 
local distribution. 

The granu hition plant was designed to produce 
I,0(HX) itpd of noiminal IS-!5-15, 18-18-18, 27-27-), or 
2(-2(0-() at a recycle ratio o1' 2:1. 

The NII1 hw rcc,-ic process was chosen because: 

1.The ow recycle results in significant savings both in 
caplial and operat ing costs, 

2. 	Produclion of a powdcrcd MAP intermediate results 

in a more flexible operation and greater plant 
availability. 

3. 	 No complicalcd ammonia recovery systems arc re-
quircd which greatly simplifies the operation. 

Fergiures of the Process Units 

l'owdlerd MAP Plant 
The flowsheet of tile Toros powdered MAP plant is 

shown in Figure 1. 

Sm-Figure 

-

.t4W 

(~Sn !a 	 ile 

-ond.ensair 

10
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~I~ C lj s, 
PhosphoincAd 

Figure 1.Flowsheet of'the Toros Powdered MAP Itint. 


Gaseous ammonia from a vertical shell-and-tube 
vaporizer is fed to a pipe reactor where it reacts with 

phosphoric acid to form MAP. With the use of merchant 
grade acid there is a surplus of heat in the system. This is 
removed by the addition and evaporation of a conlrollod 
aniount of water. 

The pipe reactor discharges into the top of a short, 
natural draught tower. A specially designed nozzle is fitted 
to give a good spray pattern while at the same time avoid­
ing the formation of encrustations. 

The tower isa simple structure whiclh can normafly be 
installed within an existing process unit building. The 
tower walls are fabricated from a plastic covered canvas 
which is loosely attachc d ,)a supporting structure at the 
various intermediate floor levels. The walls of the tower 
are thus able to flex naturally to prevent the buildup of 
solid material. 

The MAP solution from the pipe reactor quickly 
solidifies after leaving the nozzle. As the powder falls 
down the tower it is cooled by th-e flow of air so that it can 
be easily handled at the ba:e of the tcwer. The base of 
the tower is fitted with removable doors, io control the in­
take of ambient air for cooling, and a simple rotary 
scraper is provided for product recovery. 

The top ,fGhe wr is vented !: ain'ospheie through 

a simple recirc'dhiing water scrubber to recover entrained 
dust. The scrubber solution is fed to the pipe reactor 
together with the phosphoric acid to control the moisture 
content of the product. 

As can be seen there are very few items of equipment, 
all of which are very simple. As expected therefore the 
plant is cx.remely easy to operate and causes very few 
problems. 

NPK Granaiation Plant 
The flowsheet for the granulation plant is shown in 

2. 	 The main features are discussed. 

-	 -~- - ­ - - - - - r
Stack 

V/ 	 V/ -W 

\' Ui\j';FInes 

-- I ,. 

Cam Sore'n,1]"' S1v 

Coatnq .~scrn,, 1 
T(_Orin 

,,,d To-

Figure 2. 	 Flowsheet of the Toros NPK Granulation 
Plant. 
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Raw Materials--Pulvcrized urea prills, powdered vibration are variable so that screen performance can be 
MAP, and sand for 20:20:(0 nanufact ire are taken from optimized. ft has been found that this iype of screen gives
the individual hoppers at a steady and controlled rate by the greatest degree of control over particle scparation cf­
fixed spcd wcighbelts specially designcd for the duty ficiency. Screening efficicncy is of course crucial in lowv 
Tight contr I Is required to ensure dhal the analysis is rccycle plants sc as this. 
maintained within the nitrro k, statutory limits of 
tolerance. Oversize material is cooled before being crushed be­

cause problems can be encountered with buildup in the
Grainulation--tRaw matcrials are fed togethcr with pulverizers, particularly when NPK grades are being

recycled fines to the rc,!ary-drunai granulator. produced, if the material is crushed immediately after it 
leaves the dryer. 

The pr .:ss ofpratcs with a low recycle rate and is 
therefore granulation-eft ency controlled; this means 1-ligh-speed hammer/low-speed drum type pulverizers
that the rale o!" prodtuction is determined by the capability are used. This type of pulverizer prodvces ;)ar(. "les of 
o concrt thc powdered raw iaterials to granular approxmatcly 1-2 mra rather than dusi. The pulverizers 

product of iccpt blc size during each fhiss through the arc located directly on top of the fines hopper to prevent
grantulator. dust emission. 

(iranulation JIfIciencv is a function boti; of the physi- Environmental Controls-No liquid effluents are al­
cal propcrt ie; of the raw n,,:ceials and of the conditions of lowed to leave the plant and therefore it was necessary to 
tem peratunrC, moislrc contcni, :und plI cf the rolling bed remove dust from the process airstreams by dry methods. 
in the granulator. The , pkicail prope.:rtics of the feed can­
!u.nt oc conltrolled acc tlie raw mierials have been Within the granulation plant, dust extraction points are 
',clcited r a particular NPK formulation. Achievement fitted where material is being transferred from one item of 
of high granulation efficicncv therefore depends on the equipment to another. This cnsurL.s it clean working en­
em ployiinIt of 01l)(imutim conditions in the granulator, vironment in the process building. The dust entrained in 
which involves tei use of small quantitlics of stcam, sul- this airstream is recovered in a bag filter and returned to 
furic acid, and amnoiiia. These granulalion aids are the fines hopper. 
added to the rolling bed of malcrial in the drum. 

Another bag filter is used to recover dust from the
D~rying- Urca/amnioniuni phosphate grades are very cooler airstream. This air is now recycled to the dryer


temperature sensitive and therefore low air temperatures which reduces fuel consumption up to about 50%.
 
are used for dry;ng. Accurate control of these tempera­
tures is parlicularly important if 
 blockages are to be Ii the case, of the dryer, high efficiency cyclones were
 
avoided. A conventional oil-fired air heater is used with originally used 
to avoid any possible problems with mois­
individual autom alic controls for tile oil and dilution ture pickup in bag filters. Since the startup of the Toros
 
airflow rates. 
 plant, however, the Norsk Hydro Group has gained con­

sidrable experience in the use of bag filters. Bag filters
To control bu ildup inside the dryer specially designed, are now in use in its own plants to recover dust from dryer

pneumatically operated hammers are installed. These airstreams and we are now confident that with 'he correct 
have been foum, to be more reliable and more effective design features bag filters arc practical.
 
than mechanical hamnmers that are often used.
 

Plant Performance 
Material leaving the dryer is screened and the under­

size stream is returned to the granulator at about the The powdered MAP section of the plant is a very 
same Icmperature as he exgranulator material. The use simple and efficient operation. The process commission­
of hot fines enables higher granulation temperatures to be ing was completed in only 11 days operation, which in­
reached. As a general rule, the higher the granulation ci-ded the 72-h guarantee test. Both nitrogen and PO5 
temperature tihe lowcr the exgranulator moisture required efficiencies were in excess of 99.5% during the test run 
for maximum granulalion efficiency, and the higher the and the plant was free of liquid effluents. 
absolute value of that efficiency. This in turn reduces the 
drying load which cnablcs the dryer size to be minimized. A variety of merchant-grade phosphoric acids have 

been processed in the plant and naturally analysis of theScreening and Crushing-All screens are of the in- final product varies according to the acid source. 
clined screen cloth, electromagnetically vibrated type. However, a typical dry basis analysis is 11.5% N and 
The angle of the screen and the magnitude of the cloth 56.0% P205. The product generally contains about 6% 



82 

water. A production rate of 110% of dce.g;(n capacity has Table 1. Utilization Data for Toros Fertilizer and 
Chemical Industrie-n, t983-,)bcen maintained for all acids used. 

Originally the reactor on the plant was a pressurized 
vessel. Perfeirmance of the reactor w'as excellent in all 
respects and caused no problems. However, Toros was 
interested iM the concept of a pipe reactor and wished to 
investigate the perfornance of such a dcvicc. In 1984, 
therefore, a pipe reactor facility was provided. The use of 
the pipe reactor helped to further simplify the operation, 
prticularly during startup and shutdown. In addition it 
was found that the P:O water solubility dramatically in-
creased. Around 99( water solubility is now achieved 
with bo h Moroccan and Souli African acids. 

All the powdered MA P manufactured has been used in 
the associaled granulation plani. Since startup, produc-
ion, in rCsponc to tie demands of both the local and 

export markets, has becn ltrgclv 20-20-1) and 15-15-15 
with sonic 15-45-t0, 23-23-0, 24-24-0, and 26-13-0. 

The commissioning and plant optimiation phase of 
the granulation plant was comnplctcd within the first 
3 months of process opcrati n. A successful 72-h 
guarantee test was carried out at tlhe end of this period; 
during the test, the average production rate was 105% of 
design capacity. The plant now achieves a daily output 
rate of lp to 14(Y7' of design capacity and mont hly produc­
tion igures in excess of 206,()0 mt are rcgular!y recorded. 

The factory has quickly become one of, if not, the most 
successful in Turkey with over 300,000 nitpy being, 
produced on several occasions. 

Somc on-stream time data are presented in Table ! 
showing that annual plant utilization is typically around 
85%, which compares very favorably with most other NPK 
plants in Turkey. 

During the commissioning period 20-20-0 was 
produced exclusively. Table 2 shows the averaged produc-
tion dat.i Measured during the guarantee test. 

The most striking feature of the formulation for 20-
20-0 is undoubtedly the large filler content-over 
25%-making it a difficult grade to granulate. It was 
necessary, therefore, to investigate fully thC effect of the 
available operating parameters on granulation efficiency, 
in order to produce material at the design rate. 

The following parameters were found to he important 
in the granulation of 20-20-0. 

Granuhtion Temperature 
In general, it was found that the hotter the granulation 

temperature, the more efficient 	the granulation. Sulfuric 

Annual production, nit 
Operating time, h 

Average 	production rate, mtph 

Downtime Analysis (hours) 
Mechanical 
Electrical/iiistrumentation 
Process 
Other 

Planned maintenance 
Power failures 
Lack of raw materials 
()ffsites 

Total 

Overall utilization, % 79 (290 dpy) 76 (278 dpy) 
Plant utilization 
(granulation plant), % 83 (303 dpy) 83 (303 dpy) 

Table 2. 	 Production or20-211-0 Granulated Fertilizer at 
Toros Plant 

Granulator 
Urea prills, kg/mt 296 
Powdered MAP, kg/mt 349 
Filler, kg/mt 262 
Ammonia, kg/nit 29 
Sulfuric acid, kg/nit 46 
Steam, kg/mt 14 
Recycle ratio, mt/mt of product 1.9 
Recycle temperature, 'C 70 
Outlet temperature, °C 82 
Outlet moisture, % 1.8 
Outlet pH- 6.1 

Dryer 
Inlet air temperature, 'C 132 
Outlet air temperature, 'C 86 
Product size, +4 mm, % 9.1 
Product size, -4 mm + 1.5 mm, % 41.t 
Product size, -1.5 mm, % 49.3 

Product 
Production rate, mtph 43.1 
1H20, % 0.41 
N, % 19.86 
P20., % 19.44 

1983 1985 

300,006 332,495 
6,945 6,681 

43.2 49.8 

327 250 
90 115 

128 102 
101 55
 
786 839 
160 36 
121 511 
!01 172 

1,815 2,079 
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acid was addcd, at around 5('; of the formulation, together cven in the humid conditions prevalent in Southern 
with ammonia to supply heat from the r'action. The tcn- Turkey, are excellent. 
pcraturc of the recycle fines was maximized at 700C. by
using higher dryer tcmpcrat tires than were strictly ncces- Flhe elimination of wet scrubbing and the use of bag
sary for drying, and nii nimurn co:ling. filters means that the plant is completely free of liquid 

cfluents. Overall plant efficiencies are high; 99% and 
Granulator pll 
 99.5% were measured for nitrogen and P(O.s, respectively,

The pil of the niit cria in the granulator also ;la. an during the perforr.iance test. 
important role in incracasing the solubility of the product
 
and therchy inducing granulation. The addition of excess
 
;1amiinriii to obtain 
a plI of just over ,was found to Ibe Operational Problems 
very important in obtaining efficient granulation. 

Granulator Internals 
The major problem faced during the commissioning

Urea Crushing period was associated with the granulator internals.
Urca crushing '.vl,found to be h.,!'eiai lo granula- Originally steam, sulfuric acid, and liquid ammonia were 

tiara. Matcrial under I niin 'i ,t,.ghv ie best results. all added in the granulator through Ifrilled pipe spargers
At those times when uncrushed urea prilis were used it supported beneath the rolling bed. This arrangement 
was difficult to incorporate them to produce uni form resulted in several problems.
granules. I lowcvci, becaurise of size of t lie urea prills, tile 
production rate coul mhailained while uicrushed urea Very heavy buildup quickly accumulated on the pipeswas hcinrlg used hut urca was visihlc in the product, which themselves and on the main support beam and support 
was of por quality. legs. '[le buildup was particularly heavy on the support 

leg closest to the inlet end of the granulator. This buildup
A hot recycle togcilcr witi the use of stIfuric acid and caused a physical restriction to tlie flow of material, result­

a i monri gives ICIIII)Cralire, the of ing in back-spillage. All three sparger pipes became bent.tI at ortlet the 
granilat or, in excess of S()°. At this tcipctattirc tine op- In addition the spa.ger- were rapidly corroded which, in 
tiium iuislitre for graihilation is less than 2%. This combination with the bending caused the pipes to fracture 
situ ation has scvcral advariages: after only a few weeks of operation. This was particularly 

true of the sulfuric acid sparger even though it was made 
1.Th hot recycle Lcads 1o a reduced cooling load. of Haslelly C. 

2. The high teiiperature and low moisture of tho The problems were eventually overcome by making a 
material leaving the ;ranurlator results in a ' fuel olniber of stepwise modifications. First the sulfuric acid 
usage. spargcr was removed from beneath the ',cd and 

suspended beneath the main support be,:,i so that the3. The high tempcrtiure in conjunction with ammonia- acid "streamed" onto the base of the 1?.:d. Second he 
tian in the granulator results in highly efficient steam sparger was changed from a long drilled pipe to an
gr,',nilation; 42% of the product is in the size range of open-ended piece of armoured rubber hose, the end of
1.5 to 4 im at the dryer outlet causing the recycle which was flattened and ezxtende2d beneath the rolling bed. 
ratio to le under 2:1. After these modifications the support legs, which were 

relatively bulky, could be cut down because only the am-All utility consumptions have in f'acl hcen low, leading monia sparger required support beneath the bed. These 
to lov operating costs per metric ton of product. modifications completely solved [ie corrosion problem
Averaged values are given bhelow: and markedly reduced buildup since the amount of metal 

Under the bed was substantially reducced. The last
Utilayv Amount Used modification involved installing an inflatable rubber 

shroud over the top of the main support beam. An
Water nil automatic timer was fitted to a compressed air line feed-
Steam 14 kg/ut of product ing tlie shroud so that it periodically inflated and deflated 
Electricity 19 k\h/mt oh product thus dislodging buildup.
Fuel oil 5 kg/mt of product 

G(ranulation Eliciency
Product quality is high. The granules have an excellent Although the formulation for 20-20-0 includes 25%

uniform appearance, shape, and size. Storage properties, sand thus making granulation difficult, design rates were 
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achieved fairly swiftly within tile commissioning period by 
optimizing the operating conditions within the granulator. 
As indicated in Tal,,..2 [lhe recvc,- ratio d'ring the 
guarantee test averagcd 1.9:1 and the production rate 
averaged 1,035 nitpd (43.1 mtph). 

T[he Turkish size specifcation called for 90% of the 
product to he between I and 4 mam. When the fines 
screens were fitled with cloths having 1.5-mm mesh open-
ings the following approximate product size resulted: 

+4 mm 1.5% 
-4 mm f.2 n in 4f,, 
-2 mm + 1.5 mm 30% 
-1.5 mm + 1mm 16% 
-1 mm 6.5% 

99') 

Although this size awiysis was considered acceptable
for the local market, i reduction in the quantity of 1-2 mm 
material was neces:,ory for the export market. Screen 
cloths with a larger mesh size were therefore fitted to the 
fines screens in 1983 with the expectalion that in order to 
achieve Ihc tighter size specification l)roduction mie might 
well fall. In fact the 2 mam-mesh production rate actually 
rose y almost 20% while the recycle ratio dropped to 
around i.5:1. The following product size resulted: 

+4 mm 3.5% 
-4 mm +2 mm 80% 
-2 mm + 1.5 mm 13% 
-1.5 mm + I mm 3% 
-1 mm-,_0.5% 

10)0% 

The increase in production rate \as :ttrilmted to ima-
proved fines quality (size) which -ignificantly increased 
granulation efficiency. With a still '.arger fines mesh size, 
the recycle ratio began to rise once more although of 
course a further improvement in product size was 
achieved. 

Bag Filters 
Originally the plant was supplied with bag !Icrs 

operating on the low-pressure reverse air system. Each 
filter contained it number of cells each of which comprised 
five envelope-shaped filter bags. The bags were cleaned, 
one cell at a time, with air supplied by a small fan. All the 
bags were made in Dralon felt. 

Efficiency-wise. the performance of the filters was cx-
cellent. However both units tended to clog up over a 
period of time and required manual cleaning every couple 
of months. This procedure was very difficult because of 
the weight of the large envelope-shaped bags, particularly 
when they were badly built up with solids. In addition to 

being time consuming, it was difficult to clean the bags 
without damaging them. 

As mentioned previously the Toros plant was designed 
in 1978. Since that time NHL's experience with operating 
different types of bag filters has grown considerably. Bag
filters are now used to recover dust from the airstreams of 
various granulation plants throughout the Norsk Hydro 
Group. As a consequence NIIL is now able to specify not 
only which type of bag filter is most suited for a particular 
duty but also what detailed design features are necessary
for the successful application of bag filters in fertilizer 
plants. 

On NHL's recommendation TYoros placed an order 
with AAF Limited of the United Kingdom for one ,.' their 
high-pressure, reverse air pulsejet units to repla'c the 
original filter used in the Toros plant to remove dust. 

This dedusting duty was potentially quite difficult since 
the process airstrcai temperature is generally only 40°_ 

53)"(' and therefore quite high relative humidities are pos­
sible. NPKs with high urea contents have very low critical 
relative humidities, of course. 

The AAF filter contains 216 cylindrical bags vrranged 
in 18 rows. Two rows at a time are pulse cleared with 
compressed air (pressure of about seven bars). The fre­
quency of cleaning and duration of the pulse are adjus­
table so that optimum cleaning performance can be ob­
tained. Total filtration area is 322 ,uare meters. The 
bags themselves are polypropylene with a special glazed 
finish to enhance the dust release properties. 

Among the detailed design featdres incorporated are 
steam heated panels on the hopper and a 
startup/shutdown heater. The heater system includes a 
small fan which circulates heated air around the filter 
housing during the startup and shutdown periods. 

Since the filter w;as commissioned in July 1987 it has 
not been necessary to either manually clean or replace any 
of the filter bags. Pressure drop across the unit has 
remained steady at 80-100 mm water gauge. 

Conclusions 

The experience at Toros has confirmed that, par­
ticularly for a manufacturer whose production is based on 
imported raw materials, the powdered MAP and low­
recycle granulation processes offer a simple, high utiliza­
tion, economical route to high quality granular fertilizer. 
The flexibility of th, process enables the manufacturer to 
adapt easily to changes in his market requirements and 
raw material supply. 
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NPK Compound Fertilizer Production 

Chong Kok San, Fertilizer Plant Manager, Chemical Company of Malaysia Berhad, Shah Alam Works 

Abstract 

The Chemical Company of Malaysia produces corn-
pound NPK ferti!izcrs mostly for cash crops such as rub­
bcr, oil palm, and cocoa. (;raiular compound fertilizers 
are made from ainmonium nitrate, Christ mas Island phos-
phate rock, muriatc of potash, kicscritc or calcined 
niagncsite, and occasionally dianmioniu i phosphatc. Ihin­
ported ammonia is oxidized to produce nitric acid which is 
Ihen neutralized with nio c am monia to make ammonium 
nitrate. All raw materials except the nitric acid and 
amnmoniun nit rate are imported. Thirtecn differcn 
grades are made. The plant complex has a capacity of 
24,00) tpy and ,navailahilify of more than 80%. 

The manufacturc of am monium nitrate entails certain 
hazards that derive from its acidity and its sensitivity to 
excessive temporalures, high pressures, and containima­
tion. Measures are taken to obviate these hazards. 
Fcrtilizcr, containing ainnionium nitrate are subject to 
three types of decom position - spontaneous heating in the 
pile; "fume off," a vigorous reaction that occurs when the 
product cont:-las chloride; and a self sustaincd decomposi-
lion called "cigar burning," which is catlyzed by chlorides, 
These three types of deconi position can be copied with by 
use of proper operating proccdurcs. 

Major environmcntal pollution control systems for th 
plant consist of (I) fugitive dust removal units, 
(2) cyclones and wet scrubbers for extracting dust from 
the various exhaust gases, (3) a centrifuge-type dewatcring 
unit for alleviating water balance problcms, and (4) a 
low-cmission neutralizer for reducing the losses of am-
monia and ammonium nitrate when nmanufacturing an 
ammonium nitrate solution. 

Introduction 

The Chemical Company of Malaysia Bcrhad, Shah 
Alam Works, ir CCM-SAW, as it is popularly known, is a 
member of the Imperial Chemical Industries (ICl) 
worldwide group of companies. In Malaysia, the ICI 
group has been in business for 60 years, supplying a wide 
range of products and raw materials to agriculture and 
industry. 

The CCM factory is located on a 72-acre site at 
Padang Jawa, some 30 kilometers southwest of Kuala 
Lumpur and it is strategically located with respect to road 
and rail services. 

Other than manufacturing granular compound fer­
tilizcrs, the company also manufactures chlor-alkali 
products, herbicides, and animal feed supplements. 

The CCM factory started operations in 1965 producing
chlor-alkali products. Subsequent additions were nitric 
acid/NPK compound fertilizer production (1966), 
gramoxone formulation (1971), paraquat dichloride 
production (1979), phosphate rock grinding (1980), and 
animal feed supplements (180). 

The factory at Padang Jawa provides direct employ­
ment for over 5(X) Malaysians. 

Fertilizer Market In Malaysia 

Malaysian agriculture is dominated by the export of 
cash crops like rubber and oil palm and to a lesser extent 
cocoa. Hence, the growth and the demand for fertilizer 
will invariably follow the nutrient requirement of these 
crops closely. Currently the fertilizer market in Malaysia 
is approximately 1.2 to 1.3 million mtpy of which the com­
pound fertilizer requirement is 350),000 mt to 450,000 nit. 
The rest is made up of ferti!izer mixtures (nongranular 
blends) and straights. It is envisaged that the fertilizer 
consumption in Malaysia will continue to ;row in the long 
term in line with the growth and development of agricul­
tural land as promoted by the Malaysian Government. 

The CCM-SAW Manufacturing Process 

General 
The CCM-SAW compound fertilizer plant was 

designed and commissioncd by ICI, UK in 1966. Local 
agronomic requirements were incorporated in the choice 
of formulations and raw matcrials. 

The granular compound fertilizers of CCM are made 
from ammonium nitrate, ground Christmas Island rock 
phosphate (as the soils in Malaysia are acidic, ground 



86 

phosphate is used rather than soluble amnlonium 
phosphate), muriate of potash, kiescritc or calcined mag-
nesite, and occasionally diamnioniuni phosphate. The raw 
materials are accurately and proportionally fed to the 
plant in accordance with the desired nutrient ratio of' the 
product. Trace elements [or special requirement are also 
incorporated whcnever appropriate. 

Details of the Process 
Initially, amnmonia reacts with air over a platinum-

rhodium catalyst to form oxides of nitrogen which are ab-
sorbcd in water to form nitric acid in the nominal 250 
mtpd nitric acid plant. The 55;, nitric acid produced 
reacts with more ammonia to form am monium nitrate 
which is then mixed with Christmas Island rock phosphate 
dust, muriate of pot ash, anid kiescritc oir calcined mag-
nesite in the blui.ger. For water-solblC phosphatc conm-
pounds, diamnmoniuin phospliate is also added. The 
resulting fertilizer mass is dried in a rotary (fryer and 
screened. Oversize and fines arc recycled to the blunger 
and product-sized material is cooled. The cooled product 
is treated with an anti-caking agent, passed through 
automatic weighing machines, and packaged in polythene 
bags. 

Table 1. Standard Range of'Formulations 

Formulation 
CCM No. N P20.5 K20 MgO 

CCM 11 18 4 3 
CCM 15 10 16 9 2.5 
CCM 22 18 11 5 2.5 
CCM 33 15 7 18 3 
33P 13 6 18 4 
CCM 44 12 6 22 3 
CCM 45a 12 12 17 2 
CCM 55a 15 15 6 4 
CCM 65 a 15 15 15 
CCM 66 14 14 14 
CCM 77 17 8 17 
':.>M88 10 13 15 2.5 

CCM 99 11 14 16 
R3 10 12 13 
NK 14 - 32 

a. One-third of total P.105 is water soluble, 

Range of Formulations 
The granulation plant was initially designed to 

manufacture two main formulations, a potassium sulfate­
based 11-18-4-'1 MgO and a potassium chloride (MOP)-
based 11-11-4-3 MgO for rubber trees. However, CCM 

currently manufactures 13 standard formulations, 3 coin­
I)lcx formulations (with one-third water soluble P20.s) and 
I straight-nitrogen formtlation. The range of formula­
tions is given in Table 1. 

The three "complcx" formulations (CCM 45, CCM 55, 
CCM 65) have DAP incorporated to produce a material in 
Which one-third of its P205 is water soluble. This product 
was introduced in 1983. Other non-standard-range com­
pound fertilizers are also made if a substantial quantity is 
required. 

Product Quality and Standards and Industrial 
Research Institute of Malaysia (SIRI N) Specilications 

The granular products are free-flowing and have at 
least 90% of their weight within the size range of I :',i to 
4 imin. They have a consistent analysis and the individu,' 
component raw materials do not segrcgate in storage. 
Nutri,'nt levels are kept within very strict limits by means 
of rigorous quality control. An automatic sampler picks 
Up fertilizer from the product conveyor continuously at 
5-minute intervals and tile composite samples are 
analyzed hourly by a set of auto-analyzers and an atomic 
absorption spectrophotometer. The product which does 
not conform to standards is rcjccted. 

The CCM formulations are the only locally manu­
factured compound fertilizer that comply with the stan­
dards cstablished by SIRIM and explained in Specification 
MS 49, 1984 (first revision). 

Plant Capacity 
The plant has a maximum operating rate of 45 mtph 

for 60% of the formulations while the rate for the others 
varies from 28 to 40 mtph either because of ammonium 
nitrate limitations or granulation limitations. The capacity 
is 240,M) mtpy based on the current mix of formulations. 

Plant Availability 
Currently, the plant availability-or the percentage of 

the total time that the plant was in operation - is 83%. 

Maintenance 
Since 1976, CCM has incorporated a maintenance 

planning syst,;m to improve the plant availability. This has 
shifted the emphasis from breakdown maintenance to 
preventive maintenance and eventually to predictive main­
tenance. 

Raw Materials 

Sources of Raw Materials 
The sources of raw materials are given in Table 2 
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Table 2. Sources of Raw Materials 

Raw Material 	 Consumptiona' Source 
(mtpy) 

Ammonia (NI-b) 30,0)0 Esso, Port Dickson
 
Nitric acid (55% l-1N03) 
 60,0(X) Manufactured on site
 
Ammonium nitrate (98%) 
 75,0(X) Manufactured on site 
Phosphate rock (3V% P'(P05) 	 6),(XX) Imported in bulk from Christmas Island
DA' (18-46-0) 5,(XX) Imported in bulk from U.S.A., Jordan, Korea
MOP (60% K20) 50,(X) Imported iv bulk from Russia, West Germany, Jordan
Calcined magnesite (84% MgO) 5,M1) Imported in t,!3gs from Spain or China
 
Clay 
 10,(X() Local 

a. Based on 205,MX) mtpv of compound fertilizer produced. 

Ground Rock Phosphate Operation and Control 
'Fle rock phosphate is ground in a roller-type mill to All CCM formulations are granulated with approxi­75% minus 120-mesh size before it is pneumatically trans- mately 1%-4.0% water in the b!unger while maintaining

ferrcd to the plant. Part of the ground phosphate is also recycle ratios of 1.5:1 to 3.5:1, depending on the formula­
bagged for use in mixtures and for straight sales. tions. In general, the plant should be operated with as 

little water as possible in the liquor fecd so as to minimize 
the amount of oversize produced and the amount ofGranulation drying required. On the other hand, insufficient water 
results in an excessive amount of fines, which causes highFundamentals recycle ratios that make it difficult to produce good

Granulation is essentially any process used to produce granules. Hence accurate control of the liquid phase is 
a granular solid. At CCM, the main feature involved in essential for good granulation.

the granulation of compound fertilizer is aggloncration.

Molten ammonium nitrate is the main liquid phase An automatic recycle ratio controller affords a degree
needed to facilitate agglomcralion. Other raw materials of control over the particle size of the bMunger feed. Other 
are grotind phosphate rock, mtriate of potash, and cal- control parameters ae the rate of scrubber slurry fed to
cined magncsitc or kiescritc. A unique feature in this the Hunger ano the granulation temperature. The slurry
granulation process is the direct injection of the ground rate is a more convenient control parameter and provides
phosphate rock into the granulation loop, which makes it a quick and effective means of controlling the granulation.all 	the more difficult to process the mixture into granules. on the other hand the temperature of the blunger solids isSome steam and scrubber liquor are also added to provide less effective and has a slow rcs, being largely
enough liquid phase for granulation. Basically, granula- governed by the recycle ratio and the recycle temperature,
tion takes place in the Hunger by bindi ig together the raw which in turn is dependent on the temperature of the
materials with the aid of surface tcrsion forces set op solids leaving the dryer.
within the thin layers of liq uiJ within tI c granule. These 
surface tension forces are then replaced by stronger crys- Equiplment
taT bonds when the granules are dried and the water is Iflunger-The Hunger or pugmill used at CCM-SAW
removed. The two main factors aff'ecting granulation arc: is a twin shaft mixer in which each shaft is equipped with 

48 Type 304 stainless steel paddles that have been hard a. 	 The amount of solutlion phase present in the blunger, faced with tungsten carbide. The shafts are operated at 40
the solution phase itself being in turn dcl)cndcnt on the rpm and are driven by a 150-hp motor. 
moisture content of the material in the blungcr and the 
chemical composition and the temperature of the Solid raw materials and recycle fines are fed into the
mixture. inlet end of the Hunger while the ammonium nitrate melt 

is fed through a distributor box that distributes itb. 	 The particle size distribution of the solids fed to the throughout the length of the unit. Some scrubber liquor is
blunger. also fed through the distributor box. Steam is injected 
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under the bed and is especially necessary in high potash 
form ulations. 

Dryer-An oil-fired rotary dryer is used to dry the 
moisture.product to ( '7 0 'The unit is 14 ft in diameter 

and 112 ft long and is operated at 3.4 rpm. The residence 
time is 18 minutes. 

There are no lifting flights in the initial 40 feet of the 
dryer which is coatcd with a stainless steel meil powder 
containing 13% chrome. °liis coating was applicd by use 
of the Metco process to provide a smooth surface which 
would facilitate granulation, ulillinliZc buildup in the front 
end, and prevent corrosion. I'his metal coaling, which was 
spraycd on during the an1nual shutdown in November 
19.85, haWs no yielded Cncouraging results. During the 
recent annual shitdown i Novcmber 1987, it was noticed 
that the wear rtc was high so CCM -SAW is considering 
other alternative methods of protccling this inlct section 
of t,,c dryer. 

in order to prevent thermal decomposition of the 
prodtucts in the dryer, there are two temperature controls 
which limi tlie upper temperaturc of the (fryer gases. 

Screens-There arc I'Mur Ilunincr-typc double-deck 
vibrating screens each 4 ft wide and 15 ft long, inclined at 
30 degrees to the horizontal. The oversize mesh is slotted 
and is 3.0, min by 32 min while the proluct size mesh is 
1.96 by 32 inim. t'lie long dimension of the slot is placed at 
atright a glc to the materia flow. 

The ;brators have variahl fretluency and amplitude. 

Oversize Pulverizers-There are two 36-inch by 72-
inch .leffrcy Diam(ond swing hanimer units operating at 
1470 rpm, The cast steel hamners have Souda Metal 
Supercrom its a buffer layer for the tungsten carbide hard 
facing. This buffer layer ensures effective bonding. 

Environmental Pollution Control 

Dust Removal System 
The plant was originally equipped with two central 

dedusting systems (Viscobeth) -one for the raw material 
area and one for the granulation area. With the develop-
nient of pulse-jet dcdusting units which arc nit, e efficicnt, 
CCM-SAW started installation of these individual units in 
198) and has installed up to dtC, a total of four such units 
oni various strategic pieces of equipinent that needed addi­
tional dcdusting. This has decreased the dust concentra-
tion levels in the plant. 

Scrubbing System 
The dust laden exhaust air from the major pieces of 

equipment (dryer, product cooler, and fluid-bcd cooler) is 
passed through cyclones before bc ing scrullbcd with Doyle 
wet scrubbers which operate oit ihe impingement prin­
ciple; the air is subsequently exhausted through the main 
stack. 

The scrubber liquor which contains mainly insoluble 
phosphate dust is used in the bHunger. Some scrubber liq­
nor is alsa sent to the centrifuge dewatcring unit to help 
iunprovt, the overall process water balance. 

Centrifuge Dewatering System 
li 1980, a centiifugc dcwatering systcm was installed 

to help improve the water balance problem. 

The centrifuged sludge (mainly insoluble lhosphate) is 
used in the blunger, while the filtate is used to further 
rework wet spillage. 

A tight control on water addition is necessary to en­
sure a manageable water balance. 

Low-Emission Neutralizer 
A low-emission ammonium nitrate neutralizer was 

commissioned in December 1984. This unit incorporated 
MCC (Mississippi Chemical Corporation) technology to 
reduce the amnionia and ammonium nitrate emissions at 
the sourcu, and it precludes the need for any external fil­
tering or scrubbing operation as is required in it number 
of other plant locations within tlie ICI Group. 

In the MCC neutralizer (Figure 1) nitric acid of sufli­
cicntly low concentratlion is reacted with amnonia in such 
a manner as to inhibit the vaporization of the nitric acid. 
Under these conditions, fumes and vapor losses are mini­
mized. The neutralizer has an internal annular chaiber 
to produce recirculation of ammonium nitrate solution 
and nitric acid within the vessel. 

Five weeks after the successful commissioning of the 
new neutralizer, ammonium nitrate began to fall oiut from 
the neutralizer exhaust stack, gently at first but it became 
so severe in late May 1985 that it was bette" describc'l as a 
blow out. The ammonium nitrate solution was buing 
blown out of the neutralizer stack which is 40 feet high Io 
t lieight of 30-40 feet beyond the top of tlie stack. The hot 

solution sprayed on the surrounding area creating a haz­
ardou.,w situation. 

There was an initial suspicion of possible aninioniuni 
nitrate decomposition because of the high amount of 
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Figure 1. 	Mississippi Chemical Corporation Ammonium 
Nitrate Neutralizer. 

energy judged to be necessary to raise and eject the solu­
lion to such heights. A thorough check was made of oil 
and other contaminants. No abnormal levels of organic 
contamination were found. Three sight glasses were then 
inst Iiled on the neutralizer to allow observation of its con-
tents near the ovcrllow level. Itwas observed that there 
was a lot of turbulence, and gas bubbles were building tip 
well abovC the dip tLibel Y)C overflow point. It was the 
formation of these excessive aimounts of thick and stable 
bubbles which reached the dcmister pad and caused a 

blockage. 	This resulted in a high prcssare build-up which
eventually led to the observed ammonium nitrate "bhow 
out." A steam sparger was fitted just below the denistcr 
pad to break up the bubbles, while a Second overflow line 
(not dipped) wars added to facilitate the removal of 
ammoium nitrate soluLtion and hence allowed more vapor 
space to accommodate tle thick layer of bubles formed. 

The cause of change in th, behavior of the bubbles was 
traced to the presence of fine iron o .ide particles in the 
am monia 	 feed. Under normal circumstances the mixing 

scrubbing 	action of gas would produce an abundant 
number of gas bubbles near the dcflccfi)r plate above the 
internal annuLr chamber. But these bubbles would not 
have caused the problem because they would normally 
break up 	before reaching the demister pad. However, 
wvith1the presence of thle iron coniamni at ion, the foaming 
becamiie more severe because the bubbles became more 
stabilized and did not break up readily. This allowed the 
bubble layer to increase substantially and reach the 
d,-mistcr pad, thereby causing the phcnomcnon described. 

The fine iron particles had actuially come from the 
ammonia vaporizer which was subjected to a cleaning
operation 	a few weeks before, but the unit could not be 
cleaned thoroughly because of poor access. The fine iron 
particles must have conic from the loosened debris of 
oil/iron sludge at the base of vaporizer. The neutralizer is 
now operating satisfactorily although cxccssive amounts of 
bubblcs can still be observed in the sight glasses now and 
then. Table 3 shows the reduction achieved in the emis­
sion of both ammonia and ammonium nitratc. 

Ammonium Nitrate Safety 

Neutralizer 
The production of ammonium nitrate by neutralization 

has certain safety hazards that need to be considered. 

The maximum concentration of animonium nitrate 
solution that can be safely produced and stored in bulk 

Table 3. Neutralizer Stack Losses- Ammonia and Ammonium Nitrate 

Old Ncutlralizcr 
(A 

(kg/mi) (gm/m) 

Ammonia 1.78 2.2 5 
Ammonium nitrate 7.0 8.87 

MCC )csoyl 
(kg/nmt) (gi/m) 

Achieved Results 
(B) 

(kg/mt) (gm/n) 

Reduction 
Factor (A/B) 

0.1x) 
0.45 

1.14 
0.57 

0.35 
0.05 

0.45 
0.06 

5-fold 
148-fold 
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tanks is 87%. Therefore, the neutralizer section has been 
designed with this in view. The main sources of danger in 
handling ammn1oniu niijit ralC Solution arise from its acidity, 
cxcessiv. temperaturc, continernent (which allows high 
pressure to build up), ad contaminaltion with chlorides or 
organic niatcrials. 

In gcneral, [lie occurrenec of' any one of' these condi-
lions is inlikely to lIad to ] hazardou, conditions, but the 
ct millinat loll of iny two or nore of them can cause a 
sevei c explioryon. It is in relation to these points that 
cu phasis ol good supcrvision is required, both in ensur-
ing 1tll thC nitratc sect ion is started up and shut down 
correct ly and that the prmpcr proccdu res are strictly 
ad hered to. 

Acidi cidic nit rAte111miui solulins mu1tlst 

never be cva poratcd to strengths greater than 87/; and 

highly acidic solutions (pl I less than 1.5) should never iC 

proidueed at all. The ratcs ofnnionia and nitric acid fed
 
to the neutralizer itre automatically controlled by a ratio 

controllci wvilie
the ratio beiuhg set by thci p1I nicasureillilltWhen 

Of the liqu1or l)IdUCC]. Th'i pl I controller is fitted with a 
niechaiism which inltcrrp!s the nitric acid supiply wheii 
1ie pll hettnoes tot low. 

IIlih 'Teipera,:e -T'[he am noionil nitrate is pro-

duced in the ncutr ,.i.-r as it boiling solution and its coii-

cciratlion is liherefore depeclndcnt on its temperature. The 

ucutrali/cr is fitted with Ire lernpcrature indicators that 

have a high tcmlpcratiurc alarm and tripping dcvice (with a 

voting system) set il 140" toI 142'C which shuts off the 

nitric acid supply when t lie tciiperat nre becomes too high.

Int lie cvent of a further rise in teipcrature of 3' or 4TIC, 

which could indicate tle oisct of a catalytic dcconiposi-

tiou reaction, the alairm system thn opens i valve which 

floods t1 licutrallizcr with coidCIIsitC (water). 


('onfinenment- The possibility of a blockage of the
 
deiiister if] the mai 10-iich 
 vapor vcnt line causing it 
prCssuire btuild11rp in the svstcln is eliminated by having on
[lie top of" tile vessel it water-scaled safely device set to 
open at 2.5 psig. If the vcnl On ilie ptiriimpling tank should 
get choked, the ovCrflow line Oil tile tank would act is it 
safety valve which would open. 

Containination-The ouly likely source of' chloride 
contaminatioi is froiii walcr supplies. Although [lie nor­
rial level of chhiri'jc i: ordinary water is probably too low 
tio constitute a ]lu/iard, there is always the possibility of it 
local concentration in tlie syste ii bccause of rccycling. 
Therefore, all tle wltcr used for washing out lines and 
vessels and ,r dilution purposes is supplied from a con­
densate head tank in which a level is always maintained by 
condensate from tlie main stcam system. The head tank is 
fitted with a low-level alarm to ensure that it is never 

allowed to become empty. Only the greatest possible care 
in good housekeeping can prevent contamination with 
organic materials such as paper, grass, string, sawdust, oil, 
and other materials. Special emphasis must be placed on 
inspection after any of the vessels or lines have been 
opened for maintenance work. 

Evaporator 
The evaporator which is designed to concentrate 18 

nitph of ammonium nitrate from 85% to 99% is of the 
falling-film type. This type of evaporator consists of a 
large number (320 in this case) of tubcs inside a steam 
chest. The liquor to be evaporated passes down the tubes 
as a thin film on the walls and water is boiled off by the 
heat transferred from the steam jacket. An importei nt 
reason for selecting this type of evaporator is that it has a 
very short residentc time, and therefore there is only a 
very snull quantity of highly concentrated nitrate liquor 
present at any time. 

I)ecolmpositioi ilaz'irds 
heated above it certain temperature, fertilizers 

[hai contain ammonium nitrate and potassium chloride 
can decompose, liberating toxic gases and a dense white 
fumC. The instability of these mixtures is dile to i 
catalytic effect of the chloride on tile decomposition of the 
ammnonium nitrate. ecause tile decomposition reaction 
itself liberates heat, tie fertilizers may continue to decom­
pose afler tile external source of heat has been rcmoved. 
Aminoninm nitrate itself does not decompose atI tempera­
tures of less than 17f0T but chloride catalyzed decomposi­
tion can occur a tem perattures as low its I10TC. 

During the decom1 ,osition chlorine, nitrogen, aind 
oxides of nitrogen are almost invariably present in tie 
gases liberated, although the brovn fumes, typical of the 
oxides of nitrogen, may not usually be visible unless tlie
 
chloride content of the fertili:',o r is low.
 

It is most importaiit that no attemnpt is made to sup­
press this type of decomposition by suffocation, for
example, by excluting air, since this will not stop the reac­
[ion and could lead to a violnl explosion c:tused by the 
buildup of high pressure gas. Exclusion of air will inot stop 
this type of reactiei bCcaust tle ammonium nitrate con­
tains sufficient oxygen to support tle reaction witlout tie 
need for an external soorce. 

A qucnch-watcr system is avail ,hI, for supplying 
hydi-ant water to the pieces of equipment that may contain 
a large quantity of decomposing material (for example, 
the dryer, hunger, and product couoler). 

Types of Fertilizer l)ecomnposition -There are three 
types of decomposition of nitrate fertilizers which arc in­
pirtant. They are described briefly as follows. 
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1. Spontaneous Heating in the Pile (Pile Self Heating) Sul-sequent work wa s done by George Hunter in 1968
Ammonium nitrate-bawed fertilizers can, at storage and again by K. Sivapathy, the Laboratory Manager ofte;peraturcs, undergo spontancots heating due to CCM-SAW in 1970-71. Sivapathy used a series of open­
slow reactions, between the nitrate and organic matter t:'av tests to establish the burn:ng rates of the range of 
occurr~ng in the pile. Normal CCM fertilizcrs do not CCM-SAW's formulations. This work showed a similarunde2rgo th,:, typc of reaction, but there may be small order of severity and the transition line between con­
stock piles of rejecl material wl.ich are contaminatd tinuous burners and those that stop. Both sets of results
with organic matcrials such as paper and string. It is confirmed Parker's earlier triangular diagram. The results
thereforc possible that spontaneou,; combustion can were depictel as iso-velocity lines for the bu'rning rates in 
occur in the pile, particularly if some of the fertilizers the affected area so that the degree of cigar burning couldhave bcen made from incomplctel' neutralized nitric be ussissed. It was foind that low-K20 formulations are
acid. the mere severe burners,. 

2 	 Fume (ff
 
At higher temperatures (above about I(X)°C) the more 
 K' '0 

vigorous dccompo.,ition, usually described as "fume G°
 

off." can take place with all nitrate-based fertilizers 'UCgr,,un°ng0pt,,, , /
 
which contain chloride. This type of chloride catalyzed 1. BorderW n/ ,, 

Ucconiposi!ion has a tcnperat'tire-dependent induction 
 S 	 N igr buner 

p(riod. During this imdnet ion period, the fertilizer
 
remains comparit ivclv ',table. but at tihe end of this 0\
 q -\ 
period, very rapid decomp~..itioi occur;, aiccompanicd 	 0 k p\by a rise in temperature and the evolutior of dense j-

VIiite tunics tI,1 conSist primarily of anmonium "ot,


chloride -tod con,ain toxic gases such as oxides of
nitrogen. This phenonicinon normally takes place 	 / 
00/" 0

is
 
during the manufacturing process. 'o avoid "fume off' Cr.......,ln / 0,
 

fertilizer material should be kept neutiral or alkaline Nock 0 	 Nr'qI,phosphate
and below I )°(. 	 rod. . - ­

3. 	 Sclf-Stistaiacd Dccomposition (Cigar Btrning) Figure 2 Cigar-Burning Pitential Bastd on Laboratory-
Sorne fertilizers also undergo a sd'-sustaining decomp- Scale Beaker 'l-sls.
 
position under certain conditiojis. This phenomenon is
 
normall,' initiated by localized 
 heat and is often 
ieferi'cd to as "cigar burning," since the decomposition Further work by Sivapathy in 1971, hewever, indicated 
zone of a mass of fertilizer moves forward at a de.finite that the severity of cigar burning in CCM-SAW's con­rate soniewhat like the way a cigar slowly burns along tinuous burners ,,uch as formula numbers 1, 22, 25, and
its length. lhi, burning prnpagation is accompanied: 60 can be reduced by using ground MOP as shown in
with the generalnin of toxic fiics. Clearly this be- Table 4.
 
hav.(or :an coilvcrt , local small incident into a major

disaster. fii fact, several mijor disasters of this type It 
 is 	believed that since cigar burning is an insidious,
have been repoitctd. chloridc-catalyed exothernic reaction, the use of fine 

MOP (finer than 60% through a 60 mesh screen) whichThe init ia work oni cigar burnijig of' co pound fertil- has a greater surface area to facilitate greater heat dissipa­izers made in CCM was done Iv A. B. Parker ot ICI (UK) tion, actually reduces the cigar burning severity. Althoughin 1965. The result was tabulated in a triangular diagram this offers a method of reducing cigar-burning severity, it
(Figure 2). Athough this was; fo i a three-component is not the method currently used by CCM. 
system (N)'K), its application to CCN's four-component
system was justified on the groundts that the fourth corn- Acid Scavengiag Effect on Cigar Iurners-Chloride­
ponent (kieserite) constituted only a se' all part of tile total catalyzed cigar-burning '-eactions are acidic in nature.(less than 10"). It was used to ;.,tinguish potential cigar This is evidenced by -tbe fact that copious amounts ofburners; at the initial formulation stage in the early days. riitrous fumes ae generated during the process. If these
The diagram provides a fairly good method of disliguish- fumes are scavenged at the source then the onset of cx­ing between cigar burners and non-cigar burners It does othcrmic cigar-burning reactions will be greatly reduced. 
not, however, include the rate 0 ' burning to establish the This is the current thinking at CCM-SAW. The idea vas
order of sevcrily of the cigai burners, first developed by Sivapathy in 1970 while CCM-SAW was 
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making TSP-bascd compound formulations. Sivapathy 
round that alkaline ammonium nitrate actually resulte, in 
an acidic end product which was both dangerous to 
>:nfacturc and store, while the use of acidic ammonium 

nitrate would yield an end product which was less acidic 
and consequently saL'i to man iiraclurc and store. 

Table 4. Severity of Cigar Burning of Compound 
Fertilizers Containing Aininoviuni Nitrate and 
riuriate of Polash (NOP) 

Burning 
CCM Fo,'mulation Rate, cra/l Duration 

Ordinary MiOP 
11 12.0 Continuous 
22 6.4 Continuous 
25 8.0 Continuous 
66 9.0 Continuous 

(;round MOP 
11 7.5 Continuous 
22 4.0 Continuous 
25 4.0 Stop 
66 4.0 Stop 

When ammonia is added to TSP, one of two reactions 
takes place. Ammonia reacts with the free acid in TSP to 
form an ammonium phosphate product: 

NI-3 + !L131'0 -4 NhH421'04 111 
free watcr-soluble 

acid in TSP product 

Ammonia also reacts with TSP to lorm water insoluble 
calcium hydrogen orthophosplhac: 

NH3 -C1Il+1(P0 4)2 - CaHPO4 + NH4H2PO 4 121 
TSP water water 

insoluble soluble 
product product 

Laboratory invest iga!ions revcal that reaction 121 
proceeds much faster 1han reaction Ill and resul:s in the 

reversion of soluble P2Os to ; insoluble form without 
measurable change in pH or reduced acidity. 

In the absence of ammonia, t e TSP will behave some­
what differently as follows: 

Ca3(PO)2 + 4H3PO4 -- 3CaH4(PO4)2 [31 
phosphate free acid TSP 

rock in TSP 

The free acid in TSP is scavenged by the alkalinity of the 
insoluble rock phosphate to produce a TSP/rock phos­
phate mixture of lower acidity but higher soluble P205, 
making a product which is safer to manufacture and has 
improved storage properties. 

The net effect of this can be seen in the cigar-burnip,; 
characteristics of the formulation 16-16-8 where the burn­
ing rate when usiag alkaline ammonium nitrate is 
14.7 cm/h, while 'he rate with acidic ammonium nitrate is 
8.0 cm/h. 

The fact that acid scavenging helps to decrease cigar 
burning has !ed to the use of calcined magnesite which can 
be used as a source of magaesium in place of kieserite. 

Calcined Magnesite Helps to Reduce Cigar-Burning 
Severity-Calcined magnesite is a rich source for mag­
nesium but ;tis not water soluble and hcnce it has not 
gained acceptance as a source for MgO especially when 
L:ieseiite isavailable which is relatively water soluble. 
Fortunately, caicined iagnesite has a trace of carboi.tc. 
It will therefore require anly a trace of acid to break up 
this carbonate. This action not only makes MgO become 
available but also removes the trace of acid, which is pur­
ported to bring about cigar burning. This is illustrated is 
f!lows: 

Trace of Carbonate + Trace of Acid - Available MgO 
(fr,)m calcined (from insidious (reduced 
iagnesite, no cigar-burning + cigar-burning 

available MgO) reactions) severity) 

Ihe end result of this practice has been to reduce the 
cigar-burning formulations from eight to three and to 
lower the severity of burnings (Table 5). 

http:carboi.tc
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Table 5. Current List of Cigar-Burning Formulations at CCNI-SAW 

CCM-SAW Nomenclature Formulation Trigger Time Rate Remarks 
(minutes) (cm/h) 

CCM 15/R1 10-16-9-2.5 40 2 Non-continuous 
CCM 22 18-11-5-2.5 10 0 Non-burner 
CCM 25/R2 14-13-9-2.5 40 3 Non-continuous 
R3 1(-12-13 30 3 Non-continuous 
CCM 33 15-7-18-2 40 2 Non-continuous 
CCM 44 12-6-22-3 40 2 Non-continuous 
CCM 45a 12-12-17-2 35 1 Non-continuous 
CCM 55a 15-15-6-4 25 6 Continuous 
CCM 65" 15-15-15 20 12 Continuous 
CCNI 66 14-14-14 40 3.5 Non-continuous 
CCM 77 17-8-17 40 5 Continuous 
CCM &8 10-13-15-2.5 40 2 Non-continuous 
CCM 9') 11-14-16 40 3 Non-continuous 

a. 	 One-third of total P205 is water so'lble. 

Note: 
1. 	At CCNI-SAW, the cigar-burniiig rate is detcrmincd by heating one end of a trough 25 cm x 30 cm x 40 cm high con­

taining about 30 kg of fertilizer with a bunsen burner. 
2. 	 Non-continuous means the burning docs not propagate itself. II extinguishes itself; these formulations are not con­

sidercd cigar burners. 
3. 	 Continuous means the formulations arc cigar burners. These can propagate themselves; among them are CCM-SAW 

Nos. 55, 65, and 77. 
4. 	 Among the burners CCM 65 is the worst at 12 cm/h. 

4 

' ' , 	 ,.t , r.+' ;+t? ;g t, ,, .- ',¢ -­
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Granular NPKs Based on Superphosphate
 
and Ammonium Phosphate 

.John L. Medbery, Consultant to IMC Fertilizer, Inc. 

Abst ract 

Granulation of solid fertilizer materials recquires a 
proper licuid-to-solids ratio in order to form agglomcratcs 
of the desired size. In granulating ammonium phosphates, 
phosphoric acid is partially ne utralized with am monia in a 
prcncutralizer to an NI-13:l1H.'0 mole ratio of either 0.6 
or 1.45 because the solubility of tlie ammonium phosphate 
is maximized at these points. The prencutralizer liquor is 
then addcd te the dry solids in the granulator where the 
mole latio is adjustCd to a less soluble level by adding 
either ammotlia or phosphoric acid. The amount and 
characteristics of the recycle fcd to the granulator also af-
fect tlie liquid-to- olids ratio. Stcam and water oftenare 
used to overcome minor upscs caused by variations in the 
recycle system. 

The use of the pipe-cross reactor results in the rapid 
removal uf most of the walcr from the neutralized or par-
tially neutralized slurry (mit) of ammonia and 
phosphoric/sulfuric acid and causes it to quickly solidify 
without adding much liquid phase to the process. The liq­
uid phase can be prolonged by adjiusting the mole ratio to 
provide greater solubility of the compounds in the melt. 

Highly so Ible salts such as ammoniuim nitrate and 
urca can be incorporated in granular NPK products. 
Little water is required for granulation. The products are 
very heat-sensitive; therefore, the slightest change in the 
dryer temperature can cause problems. Nevertheless, 
many plants use ammonium nitrate or urea to supply a 
significant part of the nitrof~cn in the producls. 

Superphosphate, which is a mixture of several chemical 
compounds, can be easily granulated by ammoniating it in 
a rotary drum. The ammonia is added through a drilled 
pipe-type sparger placed becatli the rolling bed of super­
phosphate in the drum. Liquid phase (granulation cffi-
cicncy) can be controlled with the addition of water 
and/or steam, Superphosphatc can also be granulated b 
itself, without the addition of other fertilizer materials, 
simply by adding steam and water to it. Salts in the ituper-
phosphate are solubilized and subsequcnlly reprccipitatcd 
in the interstices of the particles to lorm strong bonds that 
agglomerate them. 

Basic Principics 

Fertilizer materials agglomerate into granules on]
when conditions are proper for this to occur. Carl Ludwi 
(1) in a 1954 paper states: 

Think of agglomeration its a progressive gathering of 
sub-asse¢mblies into a larger interlocked structure. 
Such action is probable only when the loose bulk can 
suffer some deformation without fracture and when 
there is both a tendency for and freedom of the indi­
vidual particles to find their own equilibrium loca­
tions during the packing. 

This helpful and important phenomenon is called 
plasticity. It can be artificially promoted in several 
ways: (1) by adjusting the screen analysis to get some 
luosolid mobility, (2) by adding liquids which make 
it easier for the fragments to slip into place, (3) by 
intimate mixing of plasticizers (liquids) with fines to 
capita'ize on liquid to solid surface tensions. 

Any liquid medium among the fines will lubricate the 
particle migration and, because the liquid can be dis­
placed, will also afford a higher freedom of move­
ment to the non-yielding solids. Less obvious, but 
highly significant in the agglomeration process, these 
liquid plasticizers, when displaced or sheared, give 
rise to unsatisfied surface tcnsions which, seeking 
equilibrium, help the particles reach their optimum 
locations. 

In the foregoing quotation, Ludwig very lucidly 
describes the relationship,: of liquid-to-solids that must cx­
ist for agglomeration to occur. Things have not changed 
in 34 years; it still requires the proper ratio of liquids-to­
solids to form an agglomerate. 

Surface tension films that develop around the solid 
particles merge with adjacent surface tension films and 
tlthese films in their urge to draw together, also pull their 
captive solid particles together. '[le rolling action of a 
drum, pan, or Hunger bed promotes intimate contact and 
thus assists the surface tension forces in consolidating the 
wetted sub-assemblies into larger assemblies or 
agglomerates. 
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The objective of the formulator is to provide just modern plants contro tile rate at which recycle is returnedenough liquid to achieve the consolidation of solids into to the granulator, but other lctors such as crusher perfor­agglomerates of the desired size; not too nnuch liquid, or mance or dust collector behavior are not always uniform.­not too little. Because recycle of solids varies in many A certain amount of operator discretion in the use of 
processes, it is ,lcsirable to have onec or two sources of water or steam may be needed to ov:rcomc minor processliquid in tile formula thal can also be varied without upset- upsets.

ting tie nutrient colitent of' Iie lfornuliahon. These discre­
tiouarv liquids can be Iiianipulated 
 lv tine operator to When the pipe-cross re:ictor (P(R) is used, eitherobtain the product sizc that is desired. \"aler and steam singly or in conjunction withi a tank-type prencutralizer,lulfill this requiremenl, some additional operating factors must be considered. 

The chief advantage of a PCR is the instantancous releaseAs the various types of eranulation processes are of vater from the reaction slhrry (melt). This saves dryerdCscribcd in the following sectio us of this paper, the vital fuel, but only if the liberated steam is rcmoved from theliq uid-to-solids rclatioiship will ICchar ceri/cd. granulator. File melt that is discharged from the PCR 
remains in a fluid state temporarily, because of its high 
temperature. However, itas mixes witl the materials in(Graniulation oAinioniln Pihosphates the granulator bed, it cools and solidifies rapidly. Its con-
Inbution to the liquid phase needed tor ak!gonieratiolr isThis discussion villdwell on those processcs that thcrefore of short duration. 

involve the neltralizalioa Of phosphoric acid with ailno­
rima to produce an co which, ill turn,NP ripund is the The fluid phase can be polonged by adjusting themajor constituent of' the final I rodlcls. Molloanmlonihln nole ratio of ammonia to acid fed to tile PCR to provide
phosphate and diianlinoiini p~hosphate fall into this higher solibility of the NP compounds illtie melt. Forcatcgory, as do any NPK feri iIzcis in which the ins!ance, many prefer to opcrate tile PCR at a mole ratio
neutrnlizltion of IiosphioriC acid is 'I iajor operation in of11.8 or 1.2 rather than at 1.i.
 
tie process.
 

To control buildup in tile PICR caused by inpurities inThe liquid required to facilitate agglomeration is Ihe plnsphoric acid, significant amounts of sulfuric acidlargely provided by the partlally nilrali/cd acid. As tlie are introduced. Also sonie residual sulfuric acid is presentaigglonicrates form, lieiqridlit. phase lbee es progres- inmost wet process phosphoric acids. The formulatorsivelv less fluid, either because of addilional chemical lusl calculate the ammonia that will combine at a molereactions or becausc of cvaptoraliol and rerimoval of water, ratio of 2.0 with these sources of sulfuric acid and thenIn most cases, both of these occur sinilltaneously. Tle deduct that amount of anmmonia from the total to arrive atextent of' nCLitralization that has occurred before 1itroduc- (lie amount available to combine with (hc pho sphoric acid.
lion of the NP liqiuor to the grinilalr controls 'e rela­
live plastcizint uaiilitv of [tlhis Ihid. A drum granulator is basically a volunetric feed­

through device in which chcnical reactions occur at dif­'he solurility curve for the sys cm NI t-1 1APO-I-,O is ferent places throughout its length. The opportuniiy for
familiar to all ferlilizer chemists. The preneiulralizer is agglomeration to occur in any given zone depends upon
operaLed at a high soibilitv iiole ralio eilher 0.6 or 1.45. tile likluid-to-solids ratio in that particular section of the
At 75'(7, the solubility at these mole ratios is about 
 triple bcd. An example would be tie melt discharge of a PCRwhat it is at a mole ratio of i .1 or 2.1. Agglomeration is onto the rolling bed of solids in the first one-third of aachieved by mixing tle high-soliibility preicutralizer liq- drum. If the PCR is operating at a mole ratio of 1.25, tileior with the (fry solids and Ohen shitling tlie maole ralio it liquid phase will be almost doible what it will be aftcr1.0 or 2.0 by tie addition of eithcr lhosphoric acid or more acid has been added and tile mole ratio decreased toanmmonia to tlie granlulator. Sirlitllancously, with tile I.;. If qportunity for agglomeration is to be enhanced,chernical reactions, wvat cr v;ilpi r is cvolved and removed tlie extra phosphoric acid should be added inthe centerfrom the process. 'Ihese faclrs drmiinalically reduice lie one-third or perhaps ccn tihe final one-third -if tihe
liquid plase. granuilator. 

Concurrently, tlie aniourit and charactcristics of the A similar case would exist if the PCR were operated ilrccycle fed to the granulator also inluerice the fluid-to- aimole ratio of o.8. Then tile location of the drilledsolids relationship. Dry recycle can \ary in many sparger through which additional animonia would be fedways-quantity, particle size, tcniperat Lire, chemical coni- is most important. Adding anmonia will almost im­position, moisture, and surfiace properties; all of which can mediately (fry the bed and shorten agglomeration time.affect the agglomeration efficiency of the process. Most Placing the ammonia further downstream will maintain 
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the higher liquid phase for a longer time and promote 
morte agglomeration, 

Granulation With Highly Soluble Salts 

In this paper the term "highly soluble sths," refers 
mainly to am nionin i1 nitrate and urca. Compared with 
other nitrogen salts, they arc vastly more soluble and only 
a small change in water coilcml Or Icpn)crAtlire his a verv
pronounccd effect upon the total liquid phase available for.doilhciatio . ii fict this propcnsily is hoth ia blessing 
anod t curse. The blessi g is that ,ranltltion can be 
acicvcd \6i scrv little watcr. The curse is that the 
prdlct, alc ,Lhcal-sctilt Vt' thia the sl ichi cst upsct indrycr tcmprat irt, Ir e':ample, call rcsult in i rapid
chal"C in total liquid phisc, 

In spite oft hsc difficulties, many plants are opcrating 
verv succcssl'ullv will, irca a:, i sign ificant contribtor to 
lie fitrogcrf contcnt of' thet irtidcts. Beca use irca has 

become Illoitra olce (If nilrogCn worldwide, there is a 
strong O.caced to iicorptoraitc it in NUK lroducnts. U.rca i!, 
also the teC.t nitlroieCil s'u CC fI r floodcd agrictilture,
which makes it cspccijll iini mrtaitin Mtlhcrn Asia. 'Ihe-
plant engineers. hi vC, of ccc , it,. leariied t1 control the 
proces . 

Urea annloniti phSlihaiC 1)idII1S in lildia, for in-
stance, limit the sfddenesCs OIf clan,,s in the liquid phal.scby (;pcraling the graIulator a relatively low temperatures
of'71°-77°C (2). 

To quote from Vasani and Icyslon: 

l)ving hligh -tirea-ci ml 'ct liters has beei a well 
baCLancd act requiring close control of lenipcralture. 
Larger dryer [an capacilics thian normalv required 
for iother I)AP/NPK grades ha'e to be used to limit 
gas tcniperaltirc int li drycr. 

'hcsc authlrs go ol to say tihat larger fans serve two 
purposes: they pICVCn1 ovcr-licatling and thdis, mcling ofthe fertilizcr, an-d they ifls) permit drying to less than 1% 
moisture, which is i requircm cni for lie I AP grades. 

'o c(tlit inc froii ihi.,sourc:t 

UIrca-I)AI' fIormlas rc lo Ingcer d- 'cr leteCtion. 
This Is batsic;llV [It I ill' 1)r(13 si/cd parliclc with 
its thin film l)f'tiw , thee dry vcrv rapidly. The 
added dctcni on i.s il CLopc wit lflips and ag-
glomeratcs whi'h dry e y slowly. 

Addilionally, the ant hors sav that urea NPK grades are 
much more difficult to dry liiiii uirca N P products. This is 

attributed to the lowering of the critical relative humidity
when potassium chloride is incorporated in the product. 

To continue fron, this source: 

Hydrolysis is relatively difficult to avoid, but is mini­
mizcd by certain process conditions including avoid­
ing the addition of either unneut ralized phosphoric 
acid or sulfuric acid to the granulator. 

It has also been pointed out that screening and crush-
Ing onerations are very difficult because of the high
Ilygroscopicity of NPK grades that contain urea. 

Products that contain am monium nitiate are alsodifficult to granulate on a controlled basis. Temperature
hts a pronounced effect upon the overall liquid phase. 
The temperature of the recycle as well as the recycle ratio 
must be considered to obtain satisfactory performance.
W. F. Shcdrick (3) reported on : 20-10-10 formulation 
produced by spraying a mixture of ammonium phosphate
and amnionium nitrate into t granulator. Ammonium sul­
fatc and potassium chloride were addcd as solids. 

It was determined that as tIhe recycle temperature was 
lowcred, the granulation temperature al o dropped, and 
the recycle ratio required to control liqu'd phase could 
also be reduced. In this case, the output of the plant could
be increased merely by cooling the rccycle. 

Sheldrick's paper explained how Fisons, Ltd., was able 
to predict the granulation parameters for various NPK 
grades by developing relationship curves based on bench­
scale laboratory tests. The curves presented in h;s paper 
correlate water content, temperature, particle size of feed
and chemical reactions that occur in the process. 

Granulation Based on the Ammoniation 
of Single Superphosphate 

Supcrphosphate is a mixture of many chcmicals. The
 
primary constituent is monocalcium phosphate 
 mono­
hydrate. This is a water-solublc source of P20.s. When

single siaperphosphate is properly made and cured, using
 
Florida 72 BIPL rock (about 33% P205), lie product willzonlain about 88% of its total P.205 in this form. About
 
1().5% 
 will be in the form of dicalciui phosphate, which is 
soluble in a citrate solution and thus considered to be 
available to plants. Approximately, 1.5% of the P.D)r will 
remain in the form of tricalciuni phosphate. Moisture will 
makeup about 6% of the product weight. The gypsum willbe mostly in the anhydrous form and will represent about 
48% of the product weight. 
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The analysis of a properly madc superphosphatc will NI-hH2P0 4 + NH3 + CaS04
 
then bz: total Pe0s 19.9", available Pe0s !9.6%., water-
 CaHPO4 + (NH4)2S0 [614
soluble P-05 17.5(,, free acid 2.4";, water 5.,9"., CaO
 
27.1%, ',0328.41";, R:() 1.3 ,F I. V7 
 (_4). 	 If ammoniation goes all the way to this 6th reaction, 

the water solubility is reduced to 25% of the total P.05.
It should be pointed out that tihe first rolary drum 

alumoniator was built for the purpec of conlinuously ad- Because tile two gypsum reactions (5 and 6) occurding am monia to supcrpho.-,llhitc. It was found that when slowly, sulfuric acid should not he added too soon becausc
Ihis was dome under colltidlcd comdilions, a-,glomcration that will intercept the ammonia andiprevent the conver­
would occur (5). sion of the gypsum. Of course, if more water soltbility is 

desired, then the acid should be added early.
The eItep was to caplitalic on this discovery and 

add acids which would also be reacted wh almonia, gcn- Logically, ammonia should be added at a uniform rate
crating heat and coln ribtlii li to liqtid phase and thus through a long sparger beginning near the inlet end of the
prolloing eraialialion. 'The acids and the 	ammonia were drum. Sulfuric acid should be added stepwise to facilitate 
dId to the' rolliiig bed in thIe ainmoniator through the generation of the desired end product.

drilled pipes callcd sparcrs. The amnmoniator then
 
blcii c ;ilinimoiiator grinil;,:,,,. 
 All of the reactiors produce heat. When superphos­

phate is ammoniated up to 6 lb of ammonia per unitThe drilling of holes in tlc spa rgcrs is 	 designed to 
of 

P205, 1,480 Btu of heat is released per pound of amrionia. 
priilaote the ;ItInIIt iiM] of Sulperphosphate before the
acids are cinlactcd. The sclacincc of superplhosphate When this heat is coupled with tile heat produced by
miinmoialio i rcactions is: reactions of ammonia and acids and heat added through 

steam injected into the bed, the desired granulation tom-
Irstt lie frcc alcid is nculrali/cd: peraturc of 93"-9-"C is attained. 

I ti'()i NI I, Nlh II'., Il This process is very operator-dependent. The 
operator's duties include frequent adjustment of waterSecond, tile ninicalcium phosphate becomes in- and steam inputs to the bed. He lit,'rally "makes" ag-

Volved. This reaction occurs &s aminmonia is added up to glomeration occur. 
2-1b per unit (20 11)of P)!:: 

Ca(I [P04)) f NIL1 NI hIlI1P04 t Cal IP04 121 Granulation of Superphosphate 

Ncxt, a series of setidmirv rctitons take place. These
 
occur more slowly, and at tie 2- to 4-1l) per unit Of PO5 
 When superphosphate is granulated by itself (without

al moniat ion level. 
 This shows 'MAP bcconing IAP: 	 the addition of other materials) the liquid phase necessary 

for agglomeration is derived primarily from water andPNI-1411),i NI I, (N I.)21 IIP) 	 131 steam. The development of strongly structured granules 
that will withstand handling and storage is desirable; and,Thesc reactions involve producls off rcac-


tions, and this one shows the iatolvemen of tle dicalcitim 

tile first two as with other granulated fertilizers, Ilhi is dependent upon 

the bonding of the wet granule together with a matrix ofphosphate: dissolved salts. The more salts that are solubilized and 
then, upon drying, rcprccipitated into the interstitial3Cal I')04 2N Ii -, (NI li)11 P(0 + Ca.(P04)2 141 spaces, the stronger the resulting granules will he. 

If gypsuni is present, thcii twImore reaclions occur at Many excellent papers have been written regarding the
the 4- to -11b ion level. Dicalcium variables that affect the granulation efficiency.per unit PA), almininia A 1969 
phospiate, aninionia, and gy prduce tricalcium paper by Rao and Hohmann (6) does ani excellent job of
phosphatc and am mon in ut:: c: reviewing the literature aind bringing out the key factors 

involved in this process. One of the most significant find­2C'al(P)04 + 2NtII ('aS( -	 ings was the importance of temperature. They showed 
'a(1'(0)): + (NI14)2S ) 151 that as the temperature increased, so did the granulation 

efficiency and the crushing strength of the resultantAnd MAP plus am monia and gypsun results in dical- granules. They also noted that the salts found insingle
cium phosphate and amnn miui sulfate: superplosphate are somewhat slow to dissolve, so that a 
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certain residence time at the elevated tcmperalurc and 
about 10% added water will produce 2()'.-'i-30% liquid
phase, wkhich is the amount neled for good granla!ion. 
Particle size of thc feed malcrial is impoilant too hcc~itise 
the dissolution rates Will bC prolp)oriM)l to thC a1m0n1t of 
exposed surface to he wetted. 

At a.n ISMA confcrencc ,\ irnali ct al. (7) rcpo;ted an 
interesting relationship belwccn 0he trcc acid pr.sent in 
the supcrphosphate and Ihc amount of watcr needcd for 
successful granailation. Their formula coiveCild to Fnglish
units is: 

I-[rcc moisture- i '; trec cid 17 (t 122'F (50"C) 
For evcrv 5.40F over 1221 , ,ubtract 0.1 
For everv 5.4°t under 122', add t1.1 
7 Frec acid is cxpr,_,,cd * ' P:(). cquivalcnt. 

Internaional Minerals and ( 'heCrical ('orporation's 
(now IMC Fcitili/cr, Inc.) cxpcrcncc in Iic gratilat in of 
sini,h superpiosphatc has ycriltcd his iontcpl, and it is 
nfow connion practice t,, acidulrte rock with a slight cx­
cc, orf.sulfuric acid to enhanc its cranriilatility. 
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Solid Fertilizer Granulation - An Appropriate 
Manufacturing Technology 

Sanjcev R. Doshi, Director, Fertiplant Engineering Company Pvt., Ltd. 

Abstract Philosophy 
Fcrtiplant Engineering Company Pvt., l.1d. (Fertiplant) In the 1950s when the Government of India washas developed a granulation process that uses water (or 

for­
mulatirg its fertilizer manufacturing policies, it followedsteam) to agglomerate solids and does not involve chcmi- the pattern and the philosophy prevalent in the Unitedcal reactions or require fhc u,c of liquids (other than Statles. Therc was a nced for establishing large plants towater or steam) such as am 11nia, phosphoric acid, or manufacture basic fertilizers like urea and DAP, but at thenitric acid. Solid raw malcials stch as "off-grade" NPK same time the need for smaller sized NPK plants for localfcrt ilizers, plarlt sweeping,,, dianimonium phIosphate inanufact ure and distribution of fertilizer was also([)AP), urea, and muriate ol potash (NI O) can be con- emphasized. However, the Indian Government went aVCrcd into strong granulcs with the desired particle size step further. It did not stop at bulk blending but insistedand chein ical composition. The cquiipmcnt needed is that these small mixing plants should also have an at­>,in ple-essentially a small hIlk- lcnding planit to which a fached granulation process. In this way, the advantage of!,ranulator, dryer, ;nd coolCr have been addcd. The csti- bulk blending could be combined with those of granular

mated total cost for a 150-nilpd plant is US $1-1.2 million, fertilizers. 
Fcrtiplat has built 56 such plants in India and all have 
operaled quite satisfactorily. 

The philosophy, therefore, behind the. establishment of 
smaller capacity solid fertilizer granulation plants can belntroduction summed up as: 

Solid fertilizer granulation is to be (listinguished from 1. Smaller capacity granulation plants should be built tochemical reaction grarilation. In solid granulation, only meet the demands of the local markets. 
solid fertilizers (either in powder, prillcd, or granulated
form) such as urea, D, P, and MOP are mixed and granu- 2. The enormous flexibility of bulk-blending plantslated. There are no chemical reactions, as is typical in should be combined with the advantages of granular
aminoniuin phosphate granulation or nitrophosphate fertilizers. 
granulation. The process is purely physical in nature. 

Logically, this would be tke next step in process corn- The Deccan Sales Corporalion, Ltd. (Deccan), a Fer­plexity to bulk blending, thal is, after dry mixi'ig and tiplant group company, was the first company to establishblncding the mixture would bc granulaled. This type of such a NPK mixing and granulation plant in Bombay, way
production process is not very widely practiced in the
world. back in 1963. The various pieces of equipment were pur-People either stop al bulk blending, or straight chased from Fertilizer Equipment and Engineering Co.,away set up an amnmonium phfsphalc or nitrophosphatc- now known as FEECO Intermlional, of Green Bay, Wis­type granulation plant, where liquids such as ammonia, consin, U.S.A. Experience wih this technology was sophosphoric acid, and niftic acid are reacted and grant- good that the group company, Fertiplant, entered into alated. Ilowever, in India, there are more than 5) slid fer- licensing contract with FEE('() and until this date, hastilizer granulalion plans based on solid raw material supplied 56 such plants in India. The location of thesefeeds. This paper deals with ithe approprialeness and cur- various plants throughout Inlia is shown in Figure 1.rent relevance of this technology and the experience with Most of these plants have capacities in the range of 100 to
it in India. 200 mtpd. 
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Technology and Process 

The Fertiplant granulation plant consists of three main 
sections: (1) mixing and hlctiding, (2) granulation, and
(3) screening and recycle. 

Irir% 

: UThe measurement of the different ingredients in the 
correct proportion can cither he done by volumetric
methods or by gravimetric nmthods. After the ingredients 
are measured in the corrccl proportions to achieve the
desired nutrient ratio and blended (mixed) in a double­

itK K shaft paddle mixer, the mixture is conveyed to the granula­
tion plant. 

K r 

From Figure 2, it can bc seen that the process flow for
K: Wthe solid granulation plant is almost identical to the 

process flow of any typical chemical granulation plant. 
The only difference is that there is no liquid handling or 
reactions with chemicals lie a inmonia and phosphoric 
acid. Also, since no ci-'mical rcactions take place, scrub­
hcrs are not required. Cycloncs are sufficient to remove 
dust from the gases before Ihcy are exhanswlte to the 
atmosphere. 'he wetting medium for the granulation is

Figure 1. Location of Fertilizer Granulation Plants wl.tcr. If steam is available, it may be used with an 
Supplied by Fertiplant Engineering Co. INvt., Ltd. advantage. 
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Process Description Special Design Features 
Blending of Raw Materials Solid granulation has its own problems which have toRaw materials like urea, DAP, MOP, single super- be overcome by proper design of fhe equipment. In thephosphate (SSP), pLosphale rock, and filler are removed first place, the granulator has to be longer to allow suffi­from storage in the right amounts, either by a volumetric cient time for the granule formation which is basically bymethod which controls the flow of ma terial onto the belt physical agglomeration. The first part of the dryerconvevors or by a gravimctric metlhod where the right 

also 
has to be properly designed since it is here that theamounts of the various materials arc fcd 

urea 
from a cluster just begins to atlain plasticity. The right amount of plas­hopper into the vcigh hiippcr and a batch of' the correct ticity is necessary, which in fact, helps in granulation.nutrient mix is made. Care must be taken not to heat the product too much. 

The cooler is also extremely useful in the solid granulationAfter the correct quantitics have bCCn CxtracCd, the process. This is because the material leaving the dryer isinatcrials are cither mixed or blc ndcd in a double-shaft sticky and has to be cooled sufliciently to produce round,paddle mixer (pugmill) or in a ribbon or other type of hard granules. In fact, all three drums help in granulation.nixer. Afterward, the blnded inatcrial is conveyed to the From expcrience, it has been learned that the percentagegranulator by an elcvator. ol' the voluc in the drums that is filled with material has 
to he substantially lower than in standard dryers(ranulation and
coolers used in a chemical granulation plant. TheSteam and/or water is added to the material in the peripheral speeds of all three drums are also importantroltar druim granulator in the rCq rircd tlanlities. File and so is the internal flight design. These and many otherdanp maltri: containing aboul 10.'.i moislure is fed by design features have to be considered while designing andgravity into the dryer. The dryer is a cocurrent unit sizing of equipment for solids granulation.


equipped with a hot-air, cncriaior at one end which
 
delivers hot gases al 5(X)' t(X)t i( (it 
 the ilet oI'the dr,,er. Quality or (;ranules
The dryer has its exhaust svst cai colsisting of a cyclone Since the solids granulation process is similar to theand fan. The miatciial lca','c, the drhCr al tenIperatlure of' chemical granulation process, the quality of granules is as7WfC and the gases at ahmit 80('. The outilet product good as those produced by chemical granullaion. There isinoisture is aintaincd arourd 3'. . tiformity of color; the size distribution is good; and the 

strength of granules meets the standards required by thematlcrial is th11From the dIryer, lihc transl'crrcd to the Indian Governnmcnt for granulated fertilizers. Thecooler by means of1I bl cimncvir. The co1olcr is a corL- product is stacked 20 bags high as is normal practice in the 
tercurrcnl unit, which has its Mv~i dcdlusting systciii con- fertilizer industry. In fact, one cannot differentiate be­sisting of a Cyclone and a iali. Matcial leaving tile cooler tween granules produced by tle two processes.

has a moisture content 
aroutd 2%. In a few ins!,llations,

the exhatist air frori the cooIcr 
 is rccCled to tie hot-air Possible Grades
 

tcnicrator ii orer tI coiserye heat. 
 Almost any of the convcntioial grades of fertilizer can 
be made in a solids granulhtion plant. Even high-ureaScreening and Recycling grades like 18-18-10, which is a very popular grade in in-The cooled granulated matcrial is raised by elcvalor to dia, is easily produced. Table I gives a few of the typicaltle screening section which (if'consists an undersizc grades made by Deccan iii Bomibay. This table shows thatscrcn and an owersizc scrL,:n. The undcrsic iaterial the percentage of urea used can be higher than 40%. 

falls dirccly ontlo the recycle belt c iinvcyor whereas over­
sa/C material is fld to the (ii)II)lc rotor chain ull, tile ot- What is more important and advantageous is the 
put of which is convcvcd to tie same recycle bhl c(ii- ability of such plants to use rcjecls/off-specificationveyor. Tihe acccptcd siC rralcrial is Ithe range 2-4 nini malcrial from large single- or multinutrient plants. In al­()r2-5 nmii, dcpending on lt dcaiands ofitilc riarkcthilacc. most all countries in the world, fertilizer quality isThe pro(duct is comCycd to tihe phcKiig hripper. ('oating goivcrned by law. Ii large plants, bccause of listurbanccssvsems cai Aso le providcd. in tile nianufaCt tiring process or because of some other 

rcasons, riianiy times o(lf-spccification or reject prodluctsAs previously slalcd, the cqiipicnt and tlie process arc produced. Such products cannot be marketed toIow are similar to those if'any chemical gr:1niulatiill 1iicrs. The only alternalive is to rcprocess the material.planl. This reprocessing is an expcnsivc and rat lient Iiullesomc 
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affair. Large plants usually prefer to sell such material to 
solid granulation plants, who have Ihe flexibility to use the 
material and produce a good quality product of a givcn 
NPK grade. 

Table 1. 	Typical Grades and Com)osition of Solid 
Granular Fertilizers Nanufactured by )eccan 
Sales Corporation, Limited 

Nutrient Content 
(uantily in Product 

Grades Ingredients Used Used N I'() K20 

(kg/mt) ---- ) ------

18-18(8)-10 Urea 310 1-440 - -
I)AP 21X) 3.60 9 9 
Phosphate rock 320 - 9 -
Muriate of potash 16 - 10 
Filler -1 

l,0t) 18 18(8)3 10 

20-0-20 Urea 130 20 - -
Muriate of potash 332 - 20 
Neem cake l)0 0.25 -
Filler 138 -

1,0)0 	 20 20 

S-13-0 Urea 4o8 21.58 -
DAP 19) 3.42 11 -
Superphosphate 125 - 2 -
Neem cake 60 - -
SPARTIN 80 - ­

(micronutrient) 
Filler 77 ­ -

1,000 	 25 13 0 

16-12(4)-16 a Urea 31-I 14.13 ­
)AP 87 1.57 ,4 

Phosphate rock 267 - 8 -
Muriate of potash 207 16 
Neem cake 65 

1.M) 16 12 (4 )a 16 

14-5-5 Urea 300 13.75 - -
Superphosphate 312 5 
Muriate of potash 83 - -
Neem cake 100 0.25 
Filler 205 ­

,00o 14 5 5 
l,__ _o_ 14_ 5_ 5 


a. The values in parenthtcses itndicate wlte r-:oluble 1'2( )5(O;) in prouct. 

In fact, many of the solid etra nulalion plants use plant 
sweeping or off-specification matcrials. Even materials 
with a high-moisture coielnt do not posc a problem in 
granulation (except maybe with Ihe handling and convey­
ing systems). With the use of such ttatcrials, at worst, the 
recycle ratio may increase, buit equally good granules can 
bc produced. 

Capital 	Costs 

The capital costs for the 150- and 400-tpd plant are 
shown in Table 2. These tosts are based upon the actuai 
order booking done by Fertiplant during the year 1987. 

Table 2. 	 Capital Costs for Fertiplant's Solids 
Granulation Plant 

Size of Plant 
150 mtpd 400 mtpd 

- (US $ x I milion) ­

Fx-works cost for battery limits plant (without 
raw materials handling and paL kgirig section) 

0.50 0.95 

Additional cost of NPK metering and mixing 
equipment 

- 0.20 

Total cost of battery limits plant 0.50 1.25 

Additional cost for raw materials storage an( 
handling, packaging section, civil works, 
nterest, erection charges, and miscellaneous 
items (approximate) 

0.50-0.70 1.10-1.25 

Total Project Cost 1.00-1.20 2.35-2.50 

Notes 
i. 	 The cost for the 40C-mipd plant A ,':)r an SSP gr.nulation unit 

and therefore the cost of Ni., met.ring r.r r.fixing equipment was 
added to atrive at the cost fo: cn ecj',,ale:¢ NPK plant. 

2. 	 "Ihe total cost of civil works, .aw m't.as handling, and other 
items assumes a combined 3-'.;tt storage facility for raw 
materials and finished products and ind:ant cost estimates for civil 
and other works. 

The cost 	of the battery limits plant indicated here may 

seem to be on the low side. However, it must be realized 
that in a solids granulation plant, the recycle ratio is typi­
cally about 60% compared with a chemical granulation
plant where the recycle ratio is as high as 600%. There­

fore, the equipment sizing is oi a lower scale. For cx­
ample, a 25-mtph cheical grnultion plat would be 
a
designed 	 for a throughput of 2() mph. Whereas the 
same 25-mtph solid granulation plant would be designed 
for a 50t-mtph throughput. That means, for a similar out­
put capacity, one plant is dcsigned to handle 50 mtph 

lthroughput, whereas the other handles a 200-ntph 
throughput. Naturally, Ihe sizing and, therefore, the cost 
of the equipment are much lower for the s(ilids fertilizer 
granulation plant. 

Also, one must not forget that this process and tech­
nology is available from India where the cost, as compared 
with that in Europe or North America, is much lower. 
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Outlook for Solid Fertilizer Granulation contept or a higher moisture content, can be used in these
in the I-)90s solids granulation plants. Everyono is aware of the dis­

proportionate reduction in cost 1or these off-specificationThe solid fertilizer granu limm icchnol icy is simple, itproduces excelhnt matleri,ils. This can be fully exploited by these solidsgraniulc, i i rccl- at-itf cIx cCist granulalion plants and lhat can niake the entire operation 
fractivc. !n India thcrc arc nimyv such Iflmlit ill ,xcr the extremely profitable.
 
country and lictexpcriencc hit.s, e'eii cii . l]ic ,rV tihe
 
relevance of' his tc li lOVY 101 lC InI m .lIIld(hc i,ces-
 No Liquid Handling
ligated. Some of tlhc p,,iil, h clidcl a ic i,,,d. In the solid granulation plants, there are no liquics 

such isammonia and phosphoric acid to be handled and. niufacturinga anld Ial .\laitf.ctin', of this is a great boon especially in those countries where theIlie (iiade(s Re,'miliut(ded I,A.-iiiliil tot:iil fertilizer proiduction is limited and it would be quiteF7iexiiltv is hc kcv ii i .,Ii tci licr eiuinila- lieconomical and impractical to import, store, and handle
kon. Air-iost anY rlaw ull;t11( i i ii, li. Iw'hwrcr. hglc shilm nts of 'icsc liquids. Because no liquid hal­any rldc' Callc h ct'li d. k il 11"' iliaii 'llA" eI, , dljug or chcini ;: lcaclions are involved, the process he­i-ronilmists, iaswell a, f;iilii ,- 'iuL ii bbh moc conies extrcincly sinplc and casy to operate and maintain. 
speeiiic With rcaltIrd !0 I)1i0 lile' ii 1 ,I(ItIIIh d I'ie-r[lir
 
pirllculir Crop and s iindill\ i 
 'n. ii l ii a hitter poAsi- ConsitiCiIng the abov, pollts, it is apparent thal thisIion thall lhese plants l e I i d nt ie 1n1l.1 te 'h10101y is relevant, not Onlly in the developing nations, 

but also in the developed nations which canSettclhio of Mositt'Eonouhiii'l i take ad­.laliisi vanltlige the of offgradc materials and plant s\cep­iof use 

S'inee' 11121there it.' lhuIi
ir l Iili/ti s ii laiil c ines.. Therefore, it is obvioLus lhat his technology has itshiIMrouhioutIhe woIrlhmai,iv t itill'kcl whilithl lls (,triw own i1hportant place aniong the various technologiesnilatlerjils ie availabl i , il!,liii ' ii li1)artilciar available for fertili/er manufacture.
 

waiOtl'.The e plaIts, hiCrliCCe hll Le-elClt' in
,i al f1lcxihIlithv 

chiolisine. he c'onouliil id Fimi cx­most l,. liitliils. 
aimIIC. IlIL'ycan iiiiii h I i'ul icil 11,Ct , i ti f iil itcnl 
c 'lit t thc ilpUtls. lhi. ('I'llail cite , 111,ildcd ad­
valltaci ci clielim-A l ii ii ' s .i,.hlir slln- Concl usion 
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Complex Fertilizer Production -Quality Control 
Experience of Madras Fertilizers, Ltd. 

K. R. Krishnaswami, General Manager, Madras Fertilizers, Ltd. 

Abstract 

Madras Fertilizers, Ltd., (MEL) operates three NPK 
granulation trains for manufacturing sevcral complex
(NPK) fertilizers. Eighty percent of its production is 
17-17-17. Since the process is t continuous one and the 
product ion of granules from liquids and solid feed 
materials is complex, the qualit% control o! the product is 
difficult to attain because any rccss correction is accorn­
panied by a time lag before its effects are realized. 

Little trouble is cncounCred in mclering the liq uid 
componcnts -phosphoric :tcid, aniimonia, water, and 
steam. But the, proportioning of the solid materials- urea, 
potash, dust, rccv:red producL, and conditioning 
agent-involves the use of weigh feeders which operate 
with less than optimum accuracy because of rncchar.:,:al 
malfunctioning and because the flow of solids n,,' !,c in­
terrupted in bins and chutes. 

The screening of hygroscopic materials as well as the 
conditioning of the product also presents several 
problems. 

MFL has partially alleviated these problems by 
(1) increasing the frequency of analyzing the product, 
(2) establishing a program for close monitoring of equip­
ment and operating conditions, (3) improving the 
mechanical condition and operation of the screening units, 
(4) calculating the input of raw mnalcrials for marginal 
over formulation, (5) niodityifng the weigh feeders to im­
prove their reliability and accuracy, (6) arranging pan
feeders that more evenly distributc the matcrial over the 
screens, (7) using smaller size urea to result in a more 
homogeneous product, (8) tuing dolomite instead of sand 
as a filler, and (9) using i tine powdercd clty as a con­
ditioner, however, the s arch for a better conditior,:g 
agent continues, 

Introduction 

Madras Fertilizers, Lt . (NI FL), operates three corn-
plex NPK manufacturing units designed and engineered 

by Dorr Oliver to produce the following grades of NPK 
based on urea, wet-process phosphoric acid, and potash: 
17-17-17, 14-28-14, 11-22-22, 18-46-0, 24-i2-12, and 24­
24-0. 

Of the above grades, based on market demand, MFL 
has chosen to manufacture 17-17-17, 14-28-14, 24-24-0, 
and 18-46-0. Again of these, the major share (nealy 
80(%) goes to 17-17-17. 

MIEL started regular production of complex NPK fcr­
1ilizers in two unit s during thet hird quarter of 1971. fTh', 
third unit was added in 197(. The installed capacity is 
540,000 nit of N.FK Comlex fertilizer per year. Urea 
ammonium phosphatc-base! NPK complexes mani'f.ic­
tured by MFL, in spite of thcir inherent problems in main­
taining long-term keeping quality, enjoy a high market 
share and are very p-.pular anong the farrmcrs. 

The Process 

The manufacturing process includes the receipt, 
storage, and feeding of all raw material and the key steps 
can be divided into three sections. 

1. 	Ammonia and Phosphoric Acid Rea(:tion Section: 
Liquid ammonia and phosphoric acid react to form a 
slurry in the prencutralizcr. 

2. 	 Granulation Section: Fresh solid raw matcrials - t:rea,
potash, filler, and recycled fines-are granulated by 
adding ammonium phosplale slurry and additional 
animnonia. 

3. 	 Drying/Cooling/Scree iiiring/Cottirig Section: The 
granules are dried anil screened to remove product­
size material which is then cooled and coatcd to 
enhance its storage quality. 

The bhasic process technology is adopted from TVA 
granulation techniques. A schematic of the p, ocess is 
given in Figure 1. 

http:mani'f.ic
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Phosphoric Acid Aimtona rroblems in Operation and Process Control 
0301 nit . III-88 

Stack
__et-fiizer RecIyc Phosphorc ,cid The various process parameters maintaincd at differ-

Rc cido 
Aninrut .	 c/-tsections of the plant are shown in Table 1.Theproblems in maintaining 	the required parameters are dis­

ueOil,0e,~ 	 Air Fraine 	 E inpawaii E.,,.. 	 Raw Materials -Feed Controlcrbbe -A,~ r 	 ole a 
Dutl L-d­

_s.rh -
Liquid Handling 

Si-r .The theory of the phosphoric 	acid-ammonia ri-ction is 
Scren -- -. ip.D...., 
S I .... 	 well understood and the operation..	 this rcaction of the equipiment faris easily controlled, Hence, it is possible to 

Onner~erachie~e the desired chemical composition ef the slurry.This part of the plant presents no significant operating or,_
c0,t., A0..t -	 control problems. 
CoatingAgScrubier 

-- -- Tl~l-e r PIi--	
-r--! Solids Handling and GranulationScrubter1Se The formation of granules of complex fertilizer in the 

filler 11100nit granulation process is subect to a large nmber of vari­
_'s ntash 0251 ml ables such Isthe temperature of the slurry, the feed rate,;.... 
 of the materials, the size range of the solids, the addition 

of recycled material, the physical nature of the feed 
Noterheabovelowdiagranis material, and the condition of the equipment. Granulation,a,usetrain.Theother Iwo is still

ProfduclIoBagging 	
an art, but over the years quite a large amount oflrainmalso haveidenticalImlNPK14-28-14 equipmernt 	 experience has been gained and put to practice at NIFL. 

However, the granulation process is not easily controlledFigure i. Flowsheet for the NPK lant of Madras because a quick process 	 correction is accompanied by
Fertilizer, Ltd. 	

a 
long time lag before the effect of the change becomes ap­
parent. This poses a problem for the manufacturer with 
regard to quality control. Another troublesome step in theTable 1. Plant Operating Parameters manufacturing process consist!; of separating the granules 
into specified size fractions and returning the material 

Operating Ranges above and below specification limits (oversize and under­
size) back to the process. In this step the mechanical con-Prencutralizer dition of the equipment a.id its performance efficiency

Phosphoric acid strength, % PO 42 determine the nature of the final product manufactured.
Water content of slurry, % 15-18 During the granulation step fresh ar,d recycled solidN:P mole ratio 	 1.4 materials are mixed with liquid slurry to build up largeSpecific gravity of slurry 1.50-1.54 granules. This involves the layering and agglomeration ofTemperature, 'C 110-120 smaller particles of fresh and/or recycle solids onto a coreSteam injection If required particle through the adhesion provided by the liquidScrubber liquor, % PO.s 25-2S slurry. The composition of slurry coming into granulator isN:P mole ratio 1.40-1.42 maximum usually fairly constant and does not vary much from

Granulator prescribed operating values.
 
Slurry temperature, 'C 11(-120

Product N:P mole ratio 
 1.78-1.80 The composition of the solids in tl,.nal granule can
Bcd tem perature, TC 74-75 vary because of the difficuly in accurately feeding theseMoisture content at discharge, % <3 materials. Though the feeding systems have provisions for
Recycle-product-ratio 4 varying the rate, in practice the variations that can be ob-General tained are not precise. Effective granulation is a problem
Material temperature at and any difficulty in the grntilalion process causes the

the screen inlet, C 72-73 	 production capacity to decrease as compared vith the to­tal feed into the granulator. This increases the in-process 

http:1.78-1.80
http:1.40-1.42
http:1.50-1.54
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material inventory in the sy.tcm, thereby causing a larger 
quantity of material to be recycled to the granulator. 
While the liquid (slurry) feed rate to the gran ulator is kept 
constant, the composition of lie materiai inside the unit 
changes. Once ,here is a change in the composition of 
fuaterial in the granulator, there is a direct e'ect on the 
product composition. If the onY reaction in the grai ulalor 
wcre a cheenical one, correct i(ns could be inadc instantly 
by changing the reaction itself' as is tie case when produc-
ing ammonia or urea. Ilowcvcr, in granulation some 
chenicjal reaction is co'nbincd with phvsic:d blending. 

There is always a time lag bctwcr.'ri the corrective ac-
tion taken as a result of ;inalvsil or data feedback arn the 
results of such aclion on the operation of the unit. ('onrsc-
quently some ,'ff-spccificatiot! mattrial is produccd during
the time lag. 

Particle Size and Moisture Control - Screening 

The nmoistire levels at various sections of tile plant are 
shown in 'fabhl 2. 

Particle-size separation at NI F. is carricd out in a 
double-deck screening systemi t; cparalc the granulated 
mllatcrial inlo undersize, OVCsizc, and product size fiac-
tions. The screening system po-cs consl nt problems due 
to ( the quality of lc I'1' inade scrccn nlaterial and 
(2) nature of the product bciw scrccned IPoor quality of 
thc screen materiaI catusc., ihw ,,cr,c 1 tomcxpand or tear. 
The hvgro,;copic nature of the reev,'led materials and the 
presence of fines catWse the screens to bhild. As a conse-

quence, off-specification sils s show up ia the product
stream. Over th,- years, MIIL ha, i(enified beler screen 
mnlAufacturing vendir;, introduced better screcin vibrating 
e(luipilcnt, and redneed screen had b) increasing screen 
area. A third screen has bcen inlo,iuced oni two of the 

Tamle 2. Particle Size and Moisfure Cmourol 

Sample 
Number Location Screen Size 

I Granulator exit 
2 Dryer exit 
3 Cooler exit 
4 Process screei Top deck 4 mm 

Bolton dcck 2 mm 
5 Polishing screen 2 mm size 

granulation units (trains A and B). Maintenance of these 
systems is accorded high priority. 

Maintenance of Product Keeping
 
Quality-Coating of Product
 

In order to improve the keeping (storage) quality of 
the product, it is necessary to prevent moisture from com­
ing in contact with the granules. This requires the use of a 
coating agent to provide an impervious covering for the 
product. Various coaing agents are used by different 
manufacturers for different products and the selection of 
the most appropriate one to provide the best storage 
quality is still an open guestion. MFL has been carrying 
out research and development wOrk i, this area and has 
been experimenting with many coating agents. Certain 
patented materials ar(: very effective but enormously ex­
pensive. The fine clay used at NIFL is cheap and has ef­
fectively prevented mitcrials in storage from caking for a 
few months. Unfortunalcly, MFL has a large quantity of 
bagged products that remain in storage for periods ex­
ceeding 3 months. During movement of these bagged 
materials, the use o! hooks on the bags tends to expose 
the fertilizers to outside moisture. The inherently hygro­
scopic natuie of the product and the long periods of 
storage tend to cause serious quality deterioration. MFL 
does not have bulk storage facilities which are weather­
controlled (dehumidified). Such a storage would preserve 
quality of the product but at a higher operating cost. 
Once again, it is a matter of economics. An optimum 
period of storage should not exceed 2 months. 

Quality Control at the Laboratory 

The quality control work at the laboratory consists of 
analyses of (1) raw materials, (2) in-process materials, 
(3) final plant products, (4) warehouse products, and 
(5) bagged material testing. 

Mois;ture
 
Level Remarks
 
(%) 

1.5-2.5 
0.8-1.0 Cocurrcnt hot air used for drying 
0.7-0.9 Countercurrent air used for cooling 

0.7-0.9 
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Raw materials are analyzed for the following: 	 Fertilizer Control Order Tolerance Limits 
and Need for a Change

Phosphoric acid P2() Conllnt and impurities
 
Potash 
 K2O content, impurities, moisture, The FCO stipulates the specification for the NPK 

and sizc products and also the tolerance limits within which varia-
Urea and iller Size and mioisture tions are permitted. Howevcr, it is pertinent to mention 

here that the FCO standards vcre fixed at a time whenProcess analvses arc made oil an hourly basis at different there was vy little opcrating experience of large-size 
process points as indicated below: plants that make different formulations of NIPK coin­

plexes. The tolerance limits fixed are more stringent than
Prcncutralizer N:P mole ratio and moisture those in technologically advanced countries like the
Granulator N:' mole ratio and noisture United States, the United Kingdom, Australia, or Canada 
Dryer Moisture for similar products as can bc seen from a comparison of 
Product at NPK plant Amnmoniacal nitrogen, urea, these standards given in Table 4. 

nit rogen, total P.(), and K20
 
Final product at Am moni ,cal nitrogeni, urea
 
bagging unit nitrogen, total :'_95, K2O, 
 The negat;ve tolerance limit of 0.5 unit foi each 

mois lure, and particle size nutrient N, P20, and K2() is meant for two distinct sets of 
constraints: 

Prodct and Fertiliser (ontrol Order (FCO), a 
Governmeni of India regiatiton, analyses are carried out 1. The analytical constraints which vary depending upon 
on nearly 150 samples per ionti received from various the method of analysis and the apparatus use(l.

warehouses. The M'fl lahoratory is well equipped wilh
 
modern analytical instrunicnts like the Aulo-Analyzer. 2. 'Tiheprocess constraints which depend on the produc-
Th Atio-Analyzcr at MII. Cn lloys " continuiOus-flow tion technology and the complex operating parameters.
iitoiiatic tchniqetic and hn lie capacity to analyze

-10 samljulcs itr hour With ili ih iecisi m and accuracy. A !t is to he stressed lhat out of tle FCO-allowcd 
coiliparisor of' the litie re(lIired for analyses by classical tolerance of 0.5 unit, a variation in the analysis to the cx­
m.tlhods and hy usc of thc Atut -Analyzer is given in tent of 0.2 to 0.3 unit of nutrient is attributable to the
Tal:lc 3. 'Iis comlpa ison indicates that the Auto- methods of analysis, in spite of the best analytical tech-
AiialyCr j quires only about one-fourth as much time as niques. Thus, after allowing for the above analytical
the classical methods do. tolerance, the tolerance meant for production technology 

and operating field conditions is limited to only 0.2 to 
0.3 units. There is thus t great need that the tolerance 
limits should be changed. 

Table 3. Comparison of the Time Required [or Analyses 
by Classical and Auto-Analyzer Methods 

Measures Taken to Improve Product Quality 

Time Required for Analysis, Some of the measures taken at MFL to improve 
Minutcs product quality are discussed below: 

By Classical By Auto-Analyzer 
Nutrit _,:_ Method Method 1. The normal frequency of analyzing the product is in­

creased immediately if an analysis is found to be off-Ammoniacal nitrogen specification and the increased frequency is continued 
and urea nitrogen 100 20 	 until the next analysis is acceptable. The time taken

P205 	 4 18 fo: the analysis itself h:as bccn considerably reduced by
K20 21 16 the use. of the Auto-Analyzer equipment at the central 

laboratory.
rotal time required for 

analysis of a product 2. A program of 	predictive inspection and maintenance 
sarple 	 100 20 	 involving extensive monitoring and auditing of equip­

ment and operating conditions is carried out witllI 
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Table 4. Tolerance Limits for NI'/NPK Fertilizers Fiollwed in Various Countries 

Maximnm Negative Deviation Permitted, 
in Nutrient Units
 

Cotntrv 'otl! N Citratc-Solublc PIO.S K20 
 Total Nutrients Remarks 

India 0.5 0.5 0.5 1.27 17-17-17 grade
0.5 0.5 	 ­ 1.40 28-28-0 grade
0.5 0.5 	 0.5 1.55 10-26-26 gradeUniied States 	 0.68 0.70 0.5 a 17-17-17 grade 
0.83 0.74 - a 28-28-0 grade
0.58 0.73 1.27 a 10-26-26 grade

United Kingdom 	 1.7 1.7 1.7 2.55 
Australia 	 0.75 (.75 0.75 ­
('anada 	 IH) 2.0 2.0 b 
Eur-opcan [Economic ('oninitv 1.1 1.1 1.9 1.5 

a. 	 ()vcrall index \ alue is usld. 
B. No specification for lota] unu rients. Only for combined nutrient level (CNL). 

specific emphasis o uini ining quality, even at the 
cost of reduced product ioM. 

3. 	 Everv siop is lack in to k-cp up (lie icIMilianicai condi-
tion of the cqaipmclt, to mintltain c[liency of the 
screenim, niiits, arid to rccllice tlie possibilities of 
prodtiint, oft-!,pccilihcaoio material because of plant 
dowut lfi1c. 

-1. Inputs of ii?n it raw mat cials are calculated on the 
basis of imargiI ovcr-fornmtilation as insurance 
against the ntlrnt colllt1ln iii the product falling 
below ,specificalion. This usdone eveni at tlie expense 
of iticreased cost of raw malcrills. 

5. 	 The raw nalcrialI(.ed le v tofcca r cseenmodlified ii-
prove their rcliiabilit, and to reduice spillage. This 
greallv innproves colil r f ciin cal composition1ILe 

of the product. 

6. 	 An arrangcmenl of' pa i feeders has been installed to 
evenlv distribultc iaterial ocr Ihc screens. This ii-
proves the efficiency ,I tie crciccni opration, gives,ig
bcttcr size s paralioi, 'id a1-,) av oils vrtoadillg the 
screens, tlhis rednceimt Oh lel of meiachnical (Lamige. 

7. 	 SrmallCr sic ureN is I'imie iwcd hi NPK pidt.ll?'io to 
avolid urca,.li'\ci aloli \\11 I1mrdiuct NPIlK. A facility 
to 	 ncreciu c leat r1ca , t1,I1111l into twodicd size 
ran,s- above 2 min a ] ch w 2 mi has been in-
stalled. The uidersl/cd LiteI kbclw 2 ami) fraction is 
fed to the NPK pl Thish. has helped greally in 
iniprovinig the ntualitv 1'the N'IK pirdtict. 

8. 	 Earlier, MFL used sand as the filler material because 
it was cheap and locally available in ample quantities. 
However, the granulating tendency and cohesive power 
of this material are poor. Dolomite, which is more 
crystalline and is available in a smaller size, has been 
found to be a better granulating medium and therefore 
it is being used at present as a filier. 

9. 	 The low critical relative humidity (CR1]) of the urea­
based NPK complex fertilizers results in poor lc)ng­
term storage properties, and this requires conditioning 
treatment to avoid caking of the product in storage. 
MFL has been coating its products with fine powdered 
clay as discussed above. However, this treatment has 
not 	been yielding satisfactory results. The practice of 
coating products villi clay has been replaced with the 
use of fatty amines and other k',rmulations that are 
proprietary in many of the western countries. MFL 
has been experimenting with one such proprietary 
chemical formulation to improve the long-term keep­
ing quality of its products. These plant-scale trials are 
yielding encouraging results. 

Further Measures Planned to Improve
 
Product Quality
 

Further improvements in product quality are anti­
cipatel as a result of the application of the latest technol­
ogy in research and devclopmcnt an( plant experience. 

A few of the many improvements now under evalua­
lion for possible implementalion ae: 
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1. Introduction of weigh fccders with ian electronic fre- The performance of lhese modificatins is bcing 
qucicy control svstem tfor solid raw ialcarialls thesc evaluated. 
feedcrs have an accuracy of I;. Already'a Irial unit 
has been installed on tle hais of llie aI 'e piincile 5. lin order to ke r !he final NPK product from contain­
and the performance is bhi, cvalu~tcd. ing granules less than I in i in si/c or more Ihan 4 nim 

in sitc, certain measircs are being takeni with regard
2. Continuous, spccific--.ravi\ :m;nilh/cr, witi rccordurs to the screen opcning. lhc, arc:
 

to help opcralors, mainlini lclcr cniilrol ot1he slrry.
 
a. Ins allation of an additional polishing screen to

3. Modification and uinipweiulentiof 1th coatlne scrCw to remove all undersit pticles beow I innl.
 
give a more effcctive coai mi, lothe prou(ictL is beinl
 
studied. 
 b. A (lccrease in tie scrccn opening in the product 

screen on the top dcck from the present 4.4 mm to
4. Because NI'K n1iaiiu;ict IIIC invlvCs a iminlicr iTslid 4.0 rm. 

feeds, an uninlerrtIcd flow of solids froill the hinsl
 
through the chutcs is et c jimal
for coilsisIcnlt operation,
 
which is an importaint rc(liirciicit for inodtLC 
 qualilV. Conclusion 
In this coniiction N1Is i cosii"dcjring Iwo oplional 
methods of solving tiis lro lcin (improving solid As discussed above, thle iatfiict tire of NPKs involves 
niaterial flow). the use of a numl)cr of solid raw matcrials. Some of them 

are hygroscopic, abrasive, and corrosive in natmre. These 
a. Use of p',lvnicr ]inIe, fo1r tie bins md chutcs to factors work againt the continuity and consistency of the 

pcrmit free fHow of matia . locess. S"stcmatic procdtlures for plant opcratilin, 
mnailicnance, and laboratory serviccs are clnloiycd at

1). Use of an air cainoni svstemii to prevent any N11I,. to enistire continuous aiid sllotlli flow (if latcrials 
adhereince of solid mticrial ti thfe surfaccs of to ohtain cffcctivc quality control. There is i nccd for 
cltitcs and bins. looking into the strineiit quality-controi tolerance limiits 

for N PK complex fertilizers slipulaicd by the FC) con-
On a trial basis some cliitc s amd hin savelicie cilicr sidcring the difliculty in tlie iniianufaclttring process and 
lined with polyicr o lm vided wi ;in air cinnon. the prevailing practice in other countrics. 

ty 
.00 
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Urea-Based High Potash Formulations
 

S. Chandrr, General Manager, Zuari Agro-Chcmicals, ltd. 

Abstract 

Zuari Agro-Chernicals, Ltd. (ZAC), operates a corn-
pound fertilizer manufacturing complex near Vasco da 
Gama, Goa, India. Fhe c mplex includes an ammonia 
plant, a urea plant, a DA' plan, and a compound fertil-
izer plant with a capacity of 535 mlpd. Phosphoric acid 
and polash are imported. NI'K production is mostly 
19-19-19. ()peration of tie plant has bccn quite satisfac-
tory, although some problems have bcn:, cncerunlrcO with 
foaming in the prencutralicr, de position of scale in the 
prencultralizcr and scrubber, handIling hygroscopic male­
rials in the humid plant halihin, and pollution and quality
control. Methods for coping with and solving these 
problems have been developed. 

Introduction 

Zuari Agro-Chicmicals, Ltd., is a companyjcintly spon-
sored (technical and financial) by the Itrse of Birlas and 
U.S. Steel Corpora:ion. The flactory is locatcd on a 500-ha 
plot overlooking the Arabian 'ca near the town of Vasco 
da (ana in the state of (;oa. The Port of Mormugao is 
approximately 15 km from the f:ictcnv. The 1('oyo En-
gincering Corporalion of'.1apm was retained to design and 
construct the plant and its auxiliarics. During the first 
phase the ammonia and urca plants werc construccted with 
(i60-nitpd and 1,140-mtpd capacity, respectively. These 
units went on stream in 1973. Al that time a steam and 
power generation plant also wcirr on stream. The corn-
pound fertilizer (NPK) plnt witi a capacily of 535 nitpd,
constructed at the same tin; , s lrt,.d conmercial produc-
lion in 1975. The delay was duC ti the nonavailability of 
imported phiosphoric acid. In the second phiase a DAP 
plant with a 50. nilpd capiciy \kent into production in 
December 1984. The fertilizcrs produced are marketed 
mainly in the :maies of Andhra Pradesh. Maharashtra, 
Karnataka, and (;oa. The market area has been recently 
extendedt to upcountr,, part eclrty or I)AIP. 

The main raw niatcrials uscud pe. year are about 
220,0(X) mt of liquid naplit ha and 100(,00() mt of furnace 
oil. Besides this, 210,000 nit of phosphoric acid (52.5% 

P205) and 51,000 mi of niuriate of potash arc imported. 
Naphtha is pumped from the port through under­an 
ground pipeline, while furnace oil, phosphoric acid, and 
inuriate of potash are transported by road from the port. 
With the recent addition of DAP production, anhydrous 
liquid ammonia is received from Maharashtra by road 
tankers it a rate of 120 nitpd. 

The capacity utilization of the nitirogen fertilizer plants 
ranged from about 58% to 65% in 1973/74 to about 108% 
in 1987 while the phosphate fertilizer plants improved 
from about 40% in 1975/76 to about 110% in 1986. 

Compountid Fertilizer Plant 

The NPK plant at Zuari is designed to produce three 
formulations, namely 14-35-14, 28-28-0, and 19-19-19. 
Over the years 19-19-19, known by the brand name SAM-
PURNA, has gained immense popularity and thus is 
)roduced almost throughout the year. The raw materials 
required for this grade of complex fertilizer are ammonia, 
urea (both from captive sources), phosphoric acid, and 
muriate of potash (both from imports). 

The proper quality of law manterials in terms of chcmi­
cal and physical analyses is extremely important in tile 
production of gra.ular fertilizer. Ammonia and urea from 
tie captive source meet the soecific quality requirements.
The phosphoric acid analysis varies from shipment to 
shipment, depending on its source. It is thus necessary to 
hat',: a complete analysis of the acid in .ordcr to plan 
pro)cess operations. The impurities like iron and 
aluminum even in small (luantilics help in good granula­
lion, ,hile suspended insolubles affect it adversely. 
Table I shows the specification ol'lhoslphoric acid suitable 
for good granulation and tlie ct ual nalysis of ,cid usually 
received by ZAC. 

Potash is generally imported from two sources, 
Canada and Eai Germany. Witi potash both tle chcmi­
cal and size analy.:es are extremely important. The par­
ticle size of the potash greatly affects the operational con­
trol. Table 2 shows specifications of the potash desircd 
and used by ZAC. 



Table 1. Chemical Analysis of'Phosphoric Acids 

Standard Phosphate 
Itcm Specification Snciegal Morocco Chemicals 

P205, % 52.00 minimm 51.65 54.0) 53.80 53.95 54.N1 54.89 
Density 1.75 rinaximun 1.676 1.708 ­ - - -
112S(} (SO,), % 4.5 4.67 3.92 2.20 2.01 3.34 3.34 
Fc., % 1.1-1.9 2.79 3.50 0.42 1.14 1.70 

0.23 0.21 2.24 1.14 
A I203, % 0.7-1.6 -

MgO, % 0.4-1.2 - 0.96 0.82 
 0.77 0.71 
Suspendcd solids, % 2.0 maximum 1.04 0.51 0.29 0.69 1.36 2.12 
Viscosity cp u 100°F 80.0 ­ - - W).0 80.0 

Table 2. Scrcen and Chemical Analyses of Muriate of' j "r
 
Potash (KC)I
 

ProspdwI b 

East G;er man Caniad ian Ac'd 4 M'1slbt. 

Fine White Pink L -
Mesh Size Specification KCI KCI L_ 1 17 - , _ Due 

10 Nil 1.4 0.3 [ ( j K KI
 
-10 ±30 4)11.0 52.5 ­

-30 +50 4) 84.0 45.2 
 1+-501 480 15 4.4 1.5 " --,7"' , I I ,,'[ ( ' 

-81 5 (1.2 0.5 G;yMo, k I \- " Cr,


K()0, % 6W) 60.1 59.3 
 i
 
Nnisture, % 0.5-1.0 2 0.52 ... . -


Process Description F] F1 con 

The NPK plant is conlpriscd of two sections namely, 1 um 

the dry and wet sections. A flowsheet of the NPK plant is _ 
shown in Figure 1. Phosphoric acid is reacted with am- IJ,, C00, Pde 

nmonia in the prencutralizer. Since the reaction is exother- I ?' 

mic, water and dilute soltion recovered from other parts I,..,0, 

of the plant are added to control the lemj eratinc in the Figure 1. Flow D)iagram of NPK Plant (19-19-19) ­
range of 112" to 118'C at a nole ratio of around 1.4. The 25 Metric Tons per Hour. 
slurry so produced in the preneutral icr is pumped to the 
ammoniator-granulator where it is sprayed on o a rolling A venturi-type fume scrubber is used Io recover the 
bed of solid fceds, for example, urea, polash, and recycled .nreacted ammonia gas from granulator and pre­
solids. Ammonia is also in.jected at this siagc to increase neutralizer. The scrubbing is done with dilute phosphoric
the mole ratio further to achicvc tile grade of 19-19- 19. acid. The dilute solution thus fIrmcd is puriped to dust 
This granulated, imoist material is passed through two scrubbers where dust emitted from the dryers and leaving
dryers arranged in series ,,nd the moisture is reduced to the cyclories is rccovered. The concentrated scrubber 
less than 1.5';. The driCd in tcrial is screened. The sollition formed is sent to the prcnticutralizer. 
undersize material aloiCL with the crushed oversizc 
material is recycled to the grantiLitor. Part of the product Performance of Major Pieces of Equipment
size is also recycled to t lie granulator. The final product is The performancc of the major pieces of equipment 
cooled, coatcd, and taken to stora,e bins. such as lie prcneutralizcr, am moniitor-granulator, bucket 
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ClcNator", recycle 0iglut- typc convcycrs, and vibraling 
scrccns has bcn quite satidtcltotrv with scheduled pruven-
livc maihitcnaicc. There has cn a ItlitItic cxl)crience ilf 
brikdmvn tl the c r, (,,.ccilecatiois od lhc dryers are
cisci in 'ale ()n or f oc'3). iirei' itoir' asinS;, circt(nI-

lercwtlil craicks, motic i, lotte is, 7 fit, have aippeared onl8ithe d%%CR'hcll . lht'c ,,cr. rCpaircd bv wchlding. The 
dryer shellk werc utter i'Ititil hcd wldihr on addi­
titinal rcillt rcimtt, t t,+Vs.()t ttt't'lY, il 11 i'C' -ClinldIVt lhc 
te' havet' c er ket. H(c'p,,ciIcIIu it c,, w crc prcure dl t hic;tal ",t ir c . bi t t lhe ' hiase o tl bee.n'r .s<lis flic ho',r . 
,S-ib + , h l ct.(v '' Ihqv + +I t h t, dl , , ,'l , h e l l c tm il J u tc d to th e 

lh i 'cr t 	 . tlo ,hI t ,ity ,. , yn i d 10%t%.e ,roidcd 
pir-t i i f i it t I , ,, 1:'W,i .ithllant dryeron ita 

elihtlst tICttetl c.';t[ t\ '.hich is ,cenorallv ',2<7 

lale' 3. Slecificatnins I I) t'rs 

I)rcr No. I Drver No. 2 

I.Ios ,tlc 	 I(1H in phi I ) 
Dianlmcr, ImlmIl 3,5()() 3,5)(C
Ixl h1t,tii .43,000)1 43,0)0) 

R,.Italing specd, rpm 
 4 4 

I ncli natott, dcet ccS 4 
 6 
I h1h0dup, "; III 	 15 
litin I:i rst It) in none 

with S 'S 2 

Knockers IPrividcd ; nnc 

Nt or, kM 211 
 280 

aI. latcr rcnItvcld. 

Plant ()pvratiuis 

lI'c niain obict:ivc oI plant opcraton.s and prtwes


control is to productc utiltuim si/c .rantlcs- ,' NPK within 

:ailarrow ritn.e, oI* 'litctiiiAt inlysis (1li-Itt-I'1. 'C hcgin

with, parl ()f the (hmitIl ic;tettM i, car'icd utitin the 

pr'cncut :-aii,'r. basical 
 it, ell, it'itac thc prttdticlioll

r;itc and rinnimi/c tttMtt , i,t ... lhC cht-titci tl rcacliot
 
is 'ollllcl in ihe cittitilat ,r. I lie kev tq)craling 

parinir'tcrs lo 
 chttc tolttt ol,,I tirttlimi arc the 

dilIn oni;1-t -phosphlt ic wid itdc lt tc.' "lids 
 ctlicnl
 
and cmptiratir 1 the lttt': tie ciipcraturc, liquid

phase, 
 ;trd titoiinrc c', mtni ,1 !t, Inalcriat in Ilie 

Lraji l:ii,)r: intl the rc' cl- tilltI. 


,Miull Ratio I I C il Lcitrtli,/cr, tlic molc ratio of 
dntrni - itsh tlit I Ick! 1, t iait1,.l clto'c to I-I. A 

shut haliit o, the' (qulality
of the acid se.'[. ie nli lt nctiikncotlnt oiIc slurry is 
kcpt at .'t1id; ; ht Iiinp.:tftttt- atit t11W t ('. The 
mtlole ralitt Iuihcr iis tIltc cd hYb arnntoiat i'lh in [lie 
grantila;tr tt L.tS- 1.7 (sc -icitrC 2). 

90 

85 

. 

75
 
-- 125c­

70 k /EE 70C 

65
 

C/
 

Z 60 950C 

55 

50 750C 

0.6 	 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
NH3/H3PO 4 Mole Ratio 

Figure 2. Solubility for Ammonium Ihospiate-Wter 
System. 

Graniujlation Control -Close control of 	granulation 
dcpends on the 	design of the gtanulator and regulation of 
lie process paramcters mciltioncd abovc. It is generally

acceptd tihal granulation occurs when thle liquid phase of 
the mixture rcaches proper proportion which is about 
201%" to 30%. The liquid phase consists of \att aol dis­
solvcd salts. The amount of sal; s hat dissolve in a given 
amount of water depends on the kind an( quantity of thesalts and tle Ieniperatire. In case of feed salts such as 
urea and potash with ammoniunti phosphate used io 
prtlducc a concentrated fertiliier like 19-19-10, many 
itroblcIs occur bcasc this rcslts in a soluble-sat sys­
tcll where (lie quantity of liquid phase is very sensilivc to 
changcs in the temperature and moisture conlent. 

Thc relationships aimong the moisture conlent, ten­
pcralurc, and larticle sic are briefly descrihed 	below. 

I. The temperature range within which acceptable 
grantllation occurs b'conics narrowcr as the moisture 
content is decreased (:,ce IFigure 3). 

2. The finer tihe produlc theihigher the granulation teii-
Ipcratjre required (sec Iie rc -1). 

3. 	 The slope of' ile granullion curve increascs sijg­
nilicantly as the proportion of highly soluble sals 
increases; in particular Iii urea, alinioniuml phosphate, 
pothash systcims, the curves arc steel), dnotling great 
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0 

sensitivity 	of granulation to small changes in the liquid rate and temperature helps in good graniulation. It is also
phase (see Figure 5). important to maintain minimal changes in the feed rates 

of the slurry, urea, and potash. The control of the tem­4. 	A lower iecyclc temperature helps to maintain a lower perature at 550 to 60C and the moisture content at 2.2%
recycle ratio. to 	2.5% at the granulator outlet have been found to be 

.deal conditions for granulation. 

G 	 l 80
 

N. N. -Ex, essive Fluidity 	 1 
"-
N. 60N " 17-17-17 . Granulation Curve (Ammonium ,l!;,ate Minifos, and 

N. 	 . Potassium Chloride)
<- Granulation Area E 40 19-19-19
 

Insufficient Fluidity- -"N. ,. (Urea, Minifos, and
...
 Potassium Chloride) 

"-. 
 20 

Water Content (/b) ­ 1 2 3 4 5 6
 

Moisture Content (01)- -

Figure 3. 	'eil)erature-Moisuie Relationship for
 

Acce)table (;ranulation of Urea-Based 
 Figure 5. (ranulation Curves for NPK Fertilizers Based
Iligh-Polash NPK Fertilizers. on 	Minifos. 

Table 4. Specification of Arnmoniator-Granulator 

Diameter, 	mm 3,500 

Length, mm 9,000 
Retainer (Weir) At 6,000 mm from feed end 

Fine Slurry fced Spray nozzles 
Mediu~m Ammonia feed Liquid feed through pipe
Coarse below rolling bed 

Motor, kW 132 

Water Content (0/o) 

Figure 4. 	 Effect of Particle Size of Feed on (;ranulation Particle Size Control-The product particle size in the 
of NPK Fertilizers. range of 2-to 4-m is specified in the Fertilizer Control 

Order (government im posed regulation). The undersizeThe sensitivity of a high t1lCilgrade form ulation to heat particles arc useful for granule growth as mentioned

has alrcady been Cmlphasi/cd. A slight increase in tcin- above. Control 
 of the granulation is necessary to avoid
 
perat trc causcs ovcrgrainulation. A further increase 
 in ovcrgranulation. Teniperaturc control in 	 the granulalor
tcmpIeratC 1i'leds, to 'sofcteing" of the product. Tihis and drying cycle has an important influence on the control 
,tle in lust bc l.rcve nt ed, since the inass becones very ofpariicle size. 
sticky ;nd chokes thc dr\ci inlet and causes hard deposit.­
on the !lighl, of 1h t h ( lrn "'fhspccilicalions for Ile 
.r:njlatlor arc civ'ie in Tldlc 4. Major Operating Problems Faced 

Recycle Ratio-- Thc proccess is based on the use oif Foaming in Preneutralizer
recycle material to serve as nuclei for the growth of Dust carried over from the dryer and removed in the
granules. The use of recycle material at a nearly steady dust scrubber is recycled back to teipreneutralizer. In 



__ 

114 

the event the urca nitrogen is high, foam ing in the 
prcncutrali'cr takes place. This leads to changes in slurry 
flow due to pum ping difficultics. Oft cn tlhc prcncut raliicr 
overflows. In order t)control foaming, rcrular analytical 
checks are carried out ind the urea nitrogen is maintained 
below ).0"' ,. For suppressing foam, generally antifoamers 
are used. It has been folIld hat lowering of slurry tern-
pcriu!tirc !)v 20-3'( by ;iddini! .inal!quftieHICS of \kaler for 
short periods of time helps to reduce foaming, and also 
improves granulatlion which conscquntly reducesi dust 
carryowvr to the scruilhr,. Atvi\ea r(vwlcd scrubber 
solution has 2 - 1 13(nitrigen dci,'tvd from 
nilrogcn derived from ;nimonia, lndt.(1";-t.3". itotal 
nit rogen, 

Scaling in l)ryers 
The to-1I,.1 is dried at a low temnperatore and a low 

drying rate. Any sudden incrcase in tcnpcraturc tends to 
solten Iihe m:tss of product which results in choking of tle 
inlet to the dr.',or, as well a causing buildup of imiatcrial on 
the flights. In ordcr to achicvc proper drying, the deposits 

arc icbuilt tip pneumint ic:,ll ovd (chiseled) oluc cvcrv 
3-4 moti. The not ,.water ii orderdr,,cr is, wa.shed with 
to avoid tleccreation t1 iqu;d lfflunIs, 

Illuniidifv (ontrol 
The /.A(' Plant is localed oin ca coast, where highlhe 

iumiiidity prevails around lie vcr. Tlhe critical relative 
humidity of P)- fO)- 11 i> very low, the spillages from various 
pieces of e cIV'iIg ,(fa MiCnt tend to absorb imoistire 

from tlie siirrotnding air within a short time, and this 
rcsultls in thc torm:tion o1sush (.-c 0ir,).It is quite 
difhicult to hundlc such materif ada thu:s necessary toit i., 
avoid Juch a h;tlfi ning. At ZA(' a dciuimidification Linit 
has bccn installcd, which opcratcs roiund the clock, and 
tisIhas helped in recovrv spillage ii si forn.erf li.I 

8 

Temperature: 	 22°C 16 Relative Humidity: 75%a 

z- 4__ 

35-14 

2 

0 30 60 90 120 

Time (minutes) 

Figure 6. 	 Rate of Nloisture Picktp for Various 
Fertilizers, 

Raw Material Quality 
The dcired quality of raw materials has been stressed 

earlier. Phosphoric acid is obtained from many sources 
an.l the amount of insolublcs or sludge, as it is commonly 
called, varies considerably. Iligh sludge contents disturb 
the granulation control, leading to excessive dust genera­
tion and loaming with conscIuent loss of" production. 
Similarly, 	 if the screen analysis of potash does aot mcet 
specifications (see details in Table 2), it also causes 
granulation problens. The potash received from East 
(;crly teLrds to separate oit as finer partices. Lately, 
[hera,e. improvement in the potash suppliedthere has been some 
frlm this source by using a mixture of fines and prillcd 
material. 

Product Quality Control 

Quality control of the product assumes a high priority 
in plant operations; high-gradc NPK products are made 
from raw materials comprising dilids, liquids, and aninio­
nia inIaseouis form. It is ncCssarv to h:ve accLirate and 
timely analytical data. The opcralors carry oltit insl.nt 
tests such 	 as the determination ot specific gravity and pH 
nicasurerents. '[he analysis for nutricnts at various 
stages is carried out in an "Auito-lLab, which is attached to 
the plant. The Atito-Lab is manned around the clock by 
chemists. 	 Normally sarnlfcs of the product are taken and 
,aialyzed at intervals of 91) minuites; hiw,,r, at time: this 
interval is rcuccd to 45 minut es, which is i;niniumr time 
for stich an analysis. 'Thequality ,fthe product, therefore 
have fi~ituiations in nuitrient contcnt to son, extent. The 
allowable variation on 19-19-19 is 0.6 for each nutrient. 
Such variations in other countries are wider. The follow­
ing tabiation shows a comiparison of the variations al­
lowed by the Fertilizer Control Order with the variations 
allowed in other couintries (I). 

Allowable Variations in Nutrient Constituents 
(19- 19-19 (Grade- 1:1:1 ratio) 

Cotuntry N 	 K20P20 5 

India 0.6 0.6 0.6 
United Kingdom 1.7 1.7 1.7 
United States 0.7 0.7 1.0 

Canada 	 1.0 2.0 2.1 

Mention needs also to be made to the sampling 

method. Improper sampling leads to incorrect analyses 
and this adversely affects lhe process control. 
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Pollution Control 2. 	 In the ammoniator-granulator, tile ammonia was pre­
viously fcd in fhe gacou,; form. Ammonia is nowLiquid effluents are gcncrat ed by sp'lage of solids added in a liquid form. This has improved ammonia­

which absorb lloisttiure 	 bccausc of tie;r low critical lion in the granulator and reduced amnionia losses.
 
humidity Ind by liid fcakacspuiI)
1'rom glarids. The 
cntire plant floor area is cove red with concrlCe and the 3. Breakdowns of various blowers in the plant, mainlydrains arc properly lined to pre'vcnt sccpa:c of acid. The with the bearings, have bccn experienced. Failure ofZAC fatorv is bulit ulpon I latcrite so)if which allows ca:;v the component,,, of blowers is now prevented by using a see jitcc. The liquids arc collcted in a rccovcry stiiip "trcnd-analyyis" techn i(jueiiiMdC possible by use oftaink ;iiid recycled to the imc scrubbcr. ilic solids are vibration-monitoring instruments. This provides aniaziiallv rccncrcd. thc 	duliimidiilcd almsphere helps diagnosis of material buildup oii the blades of thein this reovcery. Sone li(qutid efflCnt is igeierated by blowers and conscquently dynamic unbalance. The w rkcs wasling i) Ohe b fiplmlt. Iliese washings are iniely cleaning of the bladcs rcsiorcs the balance and
scerc1attd 111(1rCusCd inithe NPIK aid I),. , plants. thcreby prevents damage to the equipment. This 

ilproverent has not only reduced the maintenanceAniioia is,,rcc ,.'cdi ho l the p 1t~vilicr and tlie Cxpeinses but has lelped to 	 improve ilie on-stream
Irantllitr hy scrulic th tHfiASCe, ,ithi (hiliL 1)110S-	 efficiency and pronoitc steady plant operations. 

p ol ic acid II in 'Aliicii \ciittiri-I\pc fliic scruli er.
 
The pt1 oftu dihutc acid is uin1aiuiucdt 5. Ai;ilv:,Cs 4. Rcccntly 
 a 	 complete "dCduS-ing systcnlf consistng ofod 	 the oili';ises froiuu the stack show an aiiiinMi:t contMtI cyclones, a scrulbl'cr, and solution circulation facilities
A lcss, th1 I 1)1ppn1. was added to collect dust from the screens, various 

chutes, conveyers, and othe~r items of lIuipmcnt.MostI o th1i du ilfll thle divers is separaled in
 
v'eloii(-iw ud tite rcuuiindcr is scrtibbed ii 
 M Clficiun
 
tiilcr-typc ,'ruibhcr it h a dilute mtili Iroi
ye the Conclusion 

;Iiiiinoniii ,cruibbini .wtei. I)uut trou the scrccnis, belt 
e llvevors, variuiis chlC, aMll cCv;ttlor, iS re moved by a The fertilizer induI'iry in an effort to produce
ieVw dcdtistjin- stcii 

more 
1W installcd reccltlv. Thi dust iis- concentrated pr(ducts has taken to adding urea as a

sioi firom 11lie tAickS, i - haidl,' nt iccfL e. 	 source of nitrogen. Iri recent years this practice has grown 
rapidly. The economics f'avor this growth. Thc. technology 
as well as the critical cquipicn has improve(] over theMajor Chanl ges in Plant years. It is, however, cmp)hasi/Cd that a high degree of 
skill is required to opcratc plants such :is the one operatedChanges made in plant opcratit11 are shown below: 	 by ZAC. Tile use of raw matcrials that mect tile standard 
specification on which tI,., design of plant is based will. Scale in tlie prcncitrali/er is flow leieg rcnivcd pcri- make operational control 	casicr. ]he quality control asodically. The walls of' 	 the pren icutralizer become veil as the pollution control shouid not bc compromised

coated with a 	thick scale ovcr a perid of' tilme. This lr any cost. The economics and the case with which tileoften peels off" and causes slrrv ltiniping probllens. in tiinutrient fcrtilizcrs can le used should motivate the
Tradilionally, tIle scale is rcmnlvcd hv IMatl scraping. Indian farmers to 	improve their per-hectare consumption
It 	 is now sifiiplified by va.shing the walls with a heated \wilh fruitful resulls.
 
solution ol 5tt; phoslhoric acid and steam. The liq­
uid intile prnicutrali/cr is agitated Ior a few ihours. 
 Refteerences
 
Such an operation is carried out once every 2 months.
 
Scale in tile I'uic scrtibbcr is renmovcd ini a similar 1. Ramasami, T. R. 1984. "Ouality Control of Complex
inarnher. Fertilizers," FertilizerNtws, 29:(6), 51-62, June. 
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Optimizing Formulation of Complex Fertilizer Grades 

P. K. Ramasubhl, Dcputv (;cnral N a:incr (Procc,;) and N. Natarajan, Deputy Chief Engineer (Proccss), 
FACT Enginee ring and Design ( )rga nizatuin 

Abstract 

Thi,; paper highlights thc. clati',c advantagces and draw-
backs of urca-containing, radsc, ,specially in plant loca­
tions where high hum idi tV lIrCVails, compared to low urea 
or non-urea-containing com1plCx Itertilizcrs. Different 
[proicesses by which the N1/NI'K ci o~llplex I'crtili/crs could 
he- )rodtned wilh special rClcrL'nL 0t ica-Containing 
amumoiiiiuii pIiosihiltC (I !AP) and11AI'K proccsscs is cx-
pltaiicl. ,\ ilisctssi i Is prc'sctlicd of the FACT C'ochin 
Division cxperie nce withirjdcs like !7-1 7-17 mld 28-28-0, 
lie various prohlciln faced. icd,lltlasrcs taken to solve 
licni. (;ratic optlinlition cxitricocc and ilet ncd for 
Iroducing ai non-utiea, :tinroniurn stlf~ic-piosphlatc 
gradc of Irtili/er, namely 20-20-0t, in the ('ochin Division 
is dliscusscd. 'File various lacthrs Io hc ta, Cl into Con-
sideration 'br gratde optini/;i!ion, espccially withi urea-
containing grades, are tolicicd upon with special 
reference to ret rofittint, f pipe tcclnohgy in cx-ing reactor 

.sting plants. 


Introduction 

Urca, keing a single nutrient higli,lalysis nitrogcn 
fertilizer, plays a najor role in .hc production of N P/NPK 
complex fertilizers througho al the world. The farmers arc 
well awarc of 111 dvaltigcs of highIIIian;lsis NP/N PK 
coniplex fertilizers f'or auglinecniirlg the food prodluction 
nooded for an cvcr-incrcasiig population. The farmers 
generally prefer the 1:1:0 or 1:1:1 ratio high-analysis corn-
plex fcrtiiicrs for the aidOLS food crops to oblail 
balanced nutrition. li1 spite of i nllllber (if g int capacity 
animonia/urca coniplexes bcing conccivcd iii the itlian 
fertilizcr ilduslry, lhe dm-iiid for nitrogcn and also total 
nutrients are (I1 ie invra>c tolt't_'l the chll/cilging 
needs for increascd boid ptkiactiii. According to the 

prejections maiet, tIClCMtiean a1 the cnt (of the (Govern-
inci of' India ScvcIIh Plan kx ibolt 9.3 in illion it of 
nitrogen an(' 14 inillion ilt ol" tItl] lit IintrI s :1"coilipared 
with tie cxpcctCd produclioll f c.5, ill fill (' 

nitrogen and S.7 milliln lIlt ol iill tlic nuitricits pUl 
together. Incorpotiflio io ' tf,:a ir otlhc nilrogcil Ir-
ti!i/ers like aimotniumi sulflte'I ii the Nt'/NIK !m;rilizers 
forns ,in important aspect at tIlis jut nlrc for Clbcti,eC 
inprovenent in the overall consumption paltern. 

Brief Description of the FACT Organization, 
Production Facilities, Product Pattern, and 

Capacities 

Before going into the subject (of optimizatii,n of 
NP/NPK formulation, it scc'in relevant to mention briefly 
about our company, Fcrtili,crs and (?hemicals. Travan­
core, Limited Udyogarnandal, in Kcrala, populaily known 
as; FACT. 

Today the Indian ferlili/cr industry is the fourth I irgest 
in the world and FACT has pioneered this industiy in 
India 1v setting up (he first nitrogen fertilizer factory is 
carli as l94-1 near the Cochii port. From it single-product 
fCrlilizcr plant of the i914iIs, FACTl has, through the years, 
gnwn intoi a large multiproduct, multi-divisional corpora. 
tion today. FACT's two i;iinufaeluring divisions ;it Udyo­
gallandal anu Cochin tog:thcr have all annual capacity of 
27,00l) nit of nilrogen and 151,300 lilt of' P:(). fertilizer 
nutrients. FACT's markeling division has a well-organized 
sales network which covers even the remotest villages. 

The rich fund of expertise, experience, and skills 
gained over the years in the manlfacturing inits of FACT 
was pooled in 1900 to form two separate divisions, FACT 
Engineering and Design Organization (FEDO), and 
FACT Engineering Works (FEW). Today FACT is also 
implementing a massive expansion program by putting up 
an aminoniun sulfatc-caprolactam project which marks 
the entry of FACT into Ilhc field if petrochemicals, too. 

J(lyoglnillllal Unit 
Starting commercial production in 1947 wiih a single 

ainrionium sulfate plant having an annuial production 
capacity of 10,(X) mtl "nitrogcn, the Udyogainandal Divi­
sion today comprises a variety of iledlium capacity plants 
using different routes to proiuce a wide varicty of fcr­
tilizcrs and chemicals. The. piducts and capacities are: 

Annual Capacity 
(mitpy) 

Anhmonia 1 12,20)0 
Sulfuric icid 250,800 
Phosphoric acid 33,000 
Aninioniin chloride 24,750 
Ainmonium sulfate 198,00(0 
StLpcrphosphate 49,500 
20-20-0 ammnoniurn phosphate sulfate 148,5(10 
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Cochin i)ivisio, 
This unit vas setetup in the late 1l()s at Ambalamcdu, 

Cochin, in two stages. The first stage consistcd of an 
ammonia/urca conplex with an annual capacity of 
I)S,(M1) mt of ammonia and 330,00)) ml of urc, while the 

second stage is an Nl'K comrpkx plant which was to hav 
an arnnil capacity of 41-,-1)0(1 nil of v,iiuls Nl'/NPlK Icr-
I lizers., Athng with 1(11) of1 acid33i0 n sulfuric and 
Il5,((I) It of P(. At prcscntIthc complcx plant 
imoduc. lnaiNlv two products, tItnaCly, A1mnliuni phoS-
philc sultle (2-20-0) and )PI using imported 
am inon iA. 

lIe actual prodluction al the U.dyogaruandal and 
S'chIll isiViorI plants during IlSQ-87 was as fbllows: 

Capacit v Achieved 
I ,980-87 
(mitpy) 

11dioganandal Unit 

,rmlioniam. 	 72,401 
2. 	 Sulfuric acid l)5,)0()0 
3. Phosphoric acid 8,10(H) 

-1. Aimmonium chloridc 6,601 

5. 	 AmrnIiurm sullate 107,600 
,. 	 Supcrptiihspliate 13,6(1 
7. 	20-20-( cornplcx 139,800 

Cochin Division 
1. 	Ammonia 114,000 
2. 	Urca 230,1001 
3. 	 Stll-IIic acid 260,200 
4. 	Phosphoric acid 34,:0(1 

.	 AtP (1S-.46-0) 36,7(X) 

2)-20-1 conmplex 366,M)0 


Total for FACT
 
Nitrogen 238,11(1 

PlC).5 	 120,200 

Need for Urea-ased Fertilizers 

li earlier days of d.,,clopmcn(it ,t ciil)lcx fertilizers. 
low-analysis fornrlwtLiiiMis were prhiLucCd hylii/,straighl 
fcrlilizCs like aR i r sulfate and o lr such sources 
of nitrogen. Ill cvvr., It ue, of tirca ;ia, s'Itircc Oif 
nitrogen madc it p;sll priducc high ai:ilsis gridCs. 
The popularity of hifi-aalysis balanccd NP aid NPK fr-
tilizers increased rapidly bCCauSC Of the fLct thi higher 
total plant food cuilCtl Cilhe achieved. ('onditions such 
as soil characteristics, climatic ciiilitons, aiid cropping 
paltterns determine the type Of OrIMiulitos required in 
nost cases. hlie r uuired N: P:(.),,:K,() rallos il NP and 

NPK grades are preferably 1:1 and 1:1:1, cspecially in 
South India. Based on markel dcmand the high-analysis 
grades required are 28-28-0, 17-17-17, and 19-19-19. 

For lhe production (if such high-nitrogen balanced fer­
tlizcrs, urea is:a nccessary ingredicnl. Any oilier source 
of nlrogcn such as aminloniun sulfate or amnioniumn 
nitrate cannot produce these high-analysis grades. 

The advantages of urca-containing fertilizers are: 

1. 	 Savings in distribution cost. 

2. 	Compared with ammonium nitrate, urea is easier to 
use because the critical relative humidity of complex 
f'crtilizer containing aminiotum nitrate is lower than 
that with urea. The proble iif caking with urea is less 
than that with anrnoniu m nitrate, cspcciilly when K(CI 
is present in the NPK complex. 

3. 	 Urea is cheaper than olier soUircs of nitrogen u;rich as 
almonimill sulfate or anrniorriurn nitrate. 

Howcvcr, high-urea-containing grades hav certain 
disadvantages. It Can be sccn front Figure I and Table 1 
that the highcr the urea contcrl, tie lower is the melting 
point of the product. l'en th ou.h the critical relative 
humidity (if urea is 75. r(and DAP 82.8 , the mixture of ' 

tliese two as in the case of comuiplex fertilizers results in 

nitrch !mivcr critical relative humidity on the order of
a;lmi 62%1i as shown in Figure 2. Addition of a third corn­
porient like potassium chloride will reduce the critical 
relative humidity firthcr. This rcsults in more sevcrc 
prol)lems of hygroscopicity for urea-containing complex 
fertilizers. The problem with ammiionium nitrate is still 
greater because its critical relative humidity is only 59.4% 
comparcd with ammonium st1l falte of 79.2% and urea it 
75.2%. 

Table I. 	Percentage of IJrta Niftrogen ain( Melting Point 
of NP/NPK Fertilizers 

NP/NP'4K Percentage of 
Fertilizer 
Grade 

Nitrogen Derived 
Frot 1Itca 

Melting 
Point, °Ca 

I)-19-19 85.-19 137 
28-28-0 65.45 137 
17-17-17 65.1( 137 
14-2,'--14 30.91 52 
11-22-22 30.78 152 
I,8-3;-) 30.75 152 
1-1-36-14 12 16 > 155 
10-20-26 9.41 > 155 
12-32-10 5.35 > 155 

a. Derived fromn Figure I. 
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E,en though urea is used in all the processes except 
155. 	 the iitrophosphate-bascd process, this paper will discuss 

briefly the slurry amnmonium phosphate process and a 

145-
melt granulation process because they arc increasingly

-6 	 incorporated i the latest gcncration of fertilizer plants.rhe non-urea NP/NPK proccs., will also be claborated on.~140 
)orte on 

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 Conventional Slurry Ammonium Phosphate
 
Proportion olNitroen as Urea('o) Process (UAP and UAPK)
 

Almost all LJAP or UAPK fertilizer plants in the worldFigure 1. Effect of Urea on Melting oI UAP and UAPK use this conventional slurry granulation process. Wet 
Fertilizers. process phosphoric acid (48%-54% P2,0.5) is reacted with 

ammonia in the preneutralizer to a mole ra.io of about 
1.3-1.4 to achieve a slurry conlaining about 15% water. 

,.,' ,o "
! 	 ,""L 
 The reacted slurry is then graiulatcd by evenly dis­
- tributing it over the rccyclc malcrial in the TVA-Ivpe 

6 7, .. rotary granulator or ina pugInill-type lunger. The 
V 7 A,1 2 -granulated product is dried in the rotary cocurrent dryer 

4 ..71* and screened to separate producl from 	 the oversize and 
C23 5,4 7, N" 	 fines. The separated fines and crushed ovcrsi7:- materials 
690 b991 	 7, /,o .,,16] 3 . are recycled to the granulattor .irbhrnger along with a

3,459 9 64 6S 671 b 2 16 j u , 'N weighed quantity of fresh feed of urca and potash. 

4 6, 9 71 4 7 • 8 7 ( ,ua ,.h sc r ee ne d pr od u ct s coo le a co at ing of73] ,, , .i 7. qj" 	 e d a n d give n 

'5' 57' china clay or kaolin along with an anticaking agent to"". O preserve the quality of the product before it is bagged and 
.
..... l . l.............	 dispatched.
 

13 ,Umlfjl ]n1IliIU iI
 
A~p-,11 l ullal tU,,, d 1, 1VA
3 

A scrubbing system is provided both to prevent atmos-Figure 2. Critical Iumidities of Fertilizer Salts and phcric pollution and also to recover unrcactcd ammonia 
Mixtures at 30'C (86F). (Values arc Percent vapor from the prencutralizer/granulator as well as to 
Relativc Humidity) remove dust particles entrapped with ithe gases from the 

dryer, cooler, and cquipment vent system. Scrubbing isIn addition to tile hygroscopicity problem the presence achieved by the iriinate contact of tile am monia and
of urca causes foaming in (lie prcerieutralizer ind the dust-ladein air with a circulaling solution of weak phos­
scrubbing systen of the granulation plant. A low miling phoric acid in a venturi-type scrubber and afterward
point also restricts tli drying enip,:rattrc inthe crycr, solution is fed back to tle reactor. 

tile 
The general arrange­

necessitating a longer retcntion time for effective dr,ing of mnent of this process is showi as a block diagram in
 
the complex fertilizers, especially in the UAPK -rade of Figure 3.
 
fertilizers.
 

The various UAP/UAIPK grades commonly manufac-Technology of NP/NPK Fertilizers 	 tured are 19-19-19, 28-1-(), 17-17-17, 14-28-14, 11-22-22, 
16-36-I, 14-35-14, 10-26-2o, and 12-32-16. 

The NP/NPK fertilizers ,re generally produced by the 
following routes: Melt Granulation Process 

Tie[melt granulation proct.ss uses the latest techinol­1. Dry ingredient granulation process using various ogy of the pipe reactor sysicii. This process was used by
finished fertilizers. TVA to miake JAIP. It1 a new development in that it

2. 	 Bulk blending of various finished fertilizers. effectively utilizcs the ieat Of'recltion between aninioria
3. 	 Nitrophosphatc- ased NP'/NI1K fertilizers, and pihosphoric acid to avoid or minimize the drying step.
4. 	 NP/NPK fertilizers by conventional slurry ammlinitnm A simple but highly efficicnt pipe reactor is tie key piece 

pL;ospiate route. of equipment in this process. A t'picl arrangement of this5. 	 Melt granulation process, process is shown in Iigure .1. 

http:proct.ss
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Phosphoric Acid 
(48'o54/ PO,) 

Ammonia 

Scrubber 
Urea UraAm 

PreneutralizePotash Fle 

(_) FilrSpray 

Granulator 
or Blunger 

-- Recycle 

DrLry 

Erusher jScreens CseUrea 

Cooler 

Coating Agent 	 coacerF 
JRecycledI= Coter 

UAP 

Figure 3. 	 Flowshcet for lProduction of Urea Ammonium 

Phosphate by Conventional Slurry (;ranulation 
Process. 

Wet-process phosphoric acid (52%-54% P205) is 
metered to a spray scrubber, where :',xcess ammonia from 
the pipe reactor is iccovered. Phosphoric acid that has 
partially reacted in the absorber is recycled to the ab­
sorber and a slip stream from [lie recycle is taken to the 
pipe reactor (normally 15 cm diameter and 3 m long).
Phosphoric acid enters the pipe reactor through a side in-
let, while anhydrous gaseous ammonia enters through the 
main inlet at a measured rate. The slurry goes to the 
vapor disengager where free somewater and combined 
water are evolved together with unrcactcd ammonia which 
is recovered in the spray scrubber. The slurry in the form 
of melt is mixed by the helical blades of the vapor disen­
gager and the compacted liquid mass is fed to the double-
shaft pugmill. Granules from the pugmill are cooled and 
screened, and the product sent to storage, while the over-
size and undersize particles are recycled. Typical grades 
of UAP made in this process are 28-28-0 and 11-55-0. In 

each grade 15%-25% of the phosphate is in the polyphos­
phate form. The presence of polyphosphate in the con­
plex helps in improving storage quality. 

oi 	 Phosphoric AcidAmmonia (54%/ P205) 

(Gas) 

Absorber 

Pipe Reactor 

Vapor 
Disengager 

I 3Pug Mill 

Particles 	 _ 

Cooler 

1S
 
Crusher Screens
 

VAP 

Figure 4. 	 Flowsheet for Production of Urea Ammonium 
Phosphate by a Melt Process. 

Design and Performance of
 
FACT NP/NPK Plants
 

Design Basis Philosophy 
The FACT Cochin Division NPK complex fertilizer 

plant situated at Ambalamedu, Kerala was designed along 
with the 1,000-mtpd sulfuric acid and 360 mtpd P205 phos­
phoric acid plants as part of its second stage of expansion. 
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It is laid out in two identical trains. Similar to most other 
plants in India, it is based onl conventional slurry granula-
[ion process using a TVA-type granulator. The plant was 
designed, engineered, and in:lallcd on Ihc basis of the 
know-how supplied by Welliman Lord of the United States 
(who has now bcconic part of the Davy McKcc Group). 

Different NP/NPK complex fertilizers suchi as 
17-17-17, 14-28-14, 28-28-0, 18-36-0, 24-12-12, and 
11-22-22 were contcmplatcd in eledcsign with an hourly 
capacity of 40-4); atlph per slrcam and a total installed 
capacity of 4S5,(XX) m tpy of product from both streams, 
When ammonia is not available, the plant was designed to 
produce TSP at a capacity of 3( mt ph for each stream, 

The original scheme of the NIPK plant consisted of: 

1.A two-stage system for neutraliuing 371 P205 phos­
phoric acid with gaeous ain monia and recovering the 
vapors from the first stage in a barometric condenser 
using saline water to control the water balance in the 
entire system. 

2 	 A TVA-type granulator with i a mechanical scraper 
arrangement. 

3. 	 A recycle system consisting of a rotary dryer, a 
double-deck screen unit, a recycle conveyor, elevators, 
and a venturi gas scrubbing systcii. 

4. 	 A conditioning system for coating the product. 

Originally, 37% P.{).s phosphoric acid was adopted in 
the design along with the use of gaseous ammonia for the 
ammoniation reaction with i a view to reducing the load in 
the concentration seclion of the phosphoric acid plant. 
However, in actual practice this system. failed and a h;hcr 
P.,0.5 concentration was necessary, 

Raw Materials Used and P'rocesses Adopted 
The NPK plant was dc,,;g!icd(o tile basis of importing 

anamonia for the entire NI'/NPK complex. Phosphoric 
acid was to be obtained from a captive source, urea from 
the adjoining stage 1 urc,t plant, and potash from im-
ported sources. Adequate infrastructurc facilities were in­
corporated for storing and fccding the various raw 
materials as renuired using weigh fecders for solid raw 
materials and flow mc crs for lie liquid raw materials. 
The process adopted is tie samc as iat tuscd in the con-
ventional slurry graniulal ion Nl'/NI'K coinplex plants. 

Operational Bottlenecks and Equipimnet PI'oblemis 
With 17-17-17 and 28-28-0 Production 

Right from the commissioning period in 1976 a 
ntiinber of design and operational bottleneck, were en-

countered in the production of the complex grades like 
17-17-17 and 28-28-0 for which there was demand in the 
southern region. The main problemsh experienced were 
operational difficulties due to congestcd layout, poor per­
formance of the screens and crushcrs, poor granulation, 
and equipment failures. Thcre were frequent dioking.i of 
!fhcgranulator chute, inalfIunctions of the mechanical 
s,-,'aper in the granulator, and failure of the Rhewum 
magnetic-type double-deck screens for product separation. 
Because of poor granulation, the dust content in the prod­
uct 	was high and this caused choking of the chutes and 
ducts. Other operating problems such as overflow of 
slurry from the prencutralivcr launder and upsets in the 
mole ratio of the slurry resulted in choking of scrubber 
circulation and slurry discharge lines. Spillage of 
materials at different points also affected the continuity of 
product ion. 

To achieve a quality product it is necessary to maintain 
a steady feed rate of the raw materials, an optimum N:P 
mole ratio (1.35-1.45), a minimum of moisture in the reac­
[or slurry, effeclive distribution of the slurry in the 
granulator, and a uniform quantity of recycle. In addition 
t) 	these conditions, the effective and continuous pcrfor­
mance of various pieces of equipment, especially the 
screens, crushers, and the recycle e(luipment are also im­
pot tant factors. 

To achieve the above objectives, the following 
improvements were made it- the operating proccdures and 
the equipment. 

1. 	Tie concentration of the feed acid was increased to 
45%-50% instead of 37% P20s. 

2. 	 The N:P mole ratio in the scrubber systein was main­
tained at 1.20-1.25 instead of below 0.4 by adjusting the 
feed of phosphoric acid to the scrubbing system. 

3. 	 A single-tank reactor wili better slurry pumps was 
provided instead of a two-stage reactor system. 

4. 	 A rubber paneling arrangement was installed inside 
the granulator instead of a scraper mechanism to over­
come buildup and lunip format ions. 

5. 	 The Rhewum double-dcck screen unit was modified to 
increase the gap between the screen decks and to re­
place tlie electromnagnet ic vibralors witi a motor 
vibrator arrangement. Subscqucntly siiigle-deck, Der­
ric screens were installed. 

6. 	 An Auto-Analyzer \vas used instead of coivemtionaI 
laboratory analysis for qtuicker analysis of nutrients. 
This provided effective feedback for control of 
nutrients in the product. 

http:1.20-1.25
http:1.35-1.45


In spite of all thesc ilve merit,lcs the scvcrF liriniditv 
cond.itions in the (:hi area and Ihe hiIgh hy'roseopieity 
of 17-17-17 and '- ti-urca-contaliling grades posed 
prohicms iil achievin cont Inultv lfopliiurli aId this 
resulted in l \V !:cain f i ',v. 

01t ,I the intj,, proll"rt;'ce tIl rccitlv ,as the 
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sv'in whe~rtin alnloni+;) tlhlils 

ire scruIIh,.ed. Similar IMllN 
tii granul:ltor and cooler ct ilr 
tturi ( l."ure 5). :reuntc l hilku', 

peilcliced and thuere 1aiii) Lav\ 

" 

alilurcs of the serulhin ,
ad dustl coiituini nr gase,s 
; ,li CI c ncountrcd with 

ha\'ini, i internal vn-
,f el \'eilt uri wecre ex-

wax to clean lh: tui. A 
til i1 witll ext \ 

a!Td e+'asiCr ela !n1 rCt,,lv1 e.kd for t.inovin tite 

ie"v seruhb z , ar _ riatl 1t ] in IL'IIL r 
1,as ;Y 

11uitles ;i du A,. tvl aitllrauicilnt t t, , new ,,stemAt. l, 

I' -I[owil ill I . T he l,,wI ,l t ,lf tIi"! ,lhii l) hi-
,in pllaut a. it exists i \\,v th sit e-tank [prehneutralizcr 

ie'",, iti1lt h l ' ruhhcr systllm ill shto\vnit, c 7. 

Gas Inlet 
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Figure 5. Arrangement of' IPrc, ions Ventri Scrubber. 

Grade Optimization and FACT/FEIDO
 
Experience With 20-20-0 (Noit-Urca) Grade
 
Amnmonium Phosphate Stilftte Prodtction
 

'IVA h:ls carried oat,ilIaiy sttl.h:( on thef matntaininig 
qulity of irea- or ainnioitim nitrtte-containing fertil­
irs. One of these studies (.) coucludcd that the critical 
relative huinidy (furea anlonituin hsf hate (mt)-3)-0) 
is O3K(., which is less than the ('1II of tirea (75.2%) or 
NiAI'/IAP. When lpotad-: is also added to the mixture, 
the critical rciative humil;t de,'C asL., from 03";, to452>L 

Gas Inlet 
. . Gas Outlet 

Weih Arrangement -

F-iT 

Variable Throat 

-
Figure 6. Arrangeneni of New Ventiri Scrubber. 

It will be nccessmy to mainitzin a very low humidity in 

the prodduction and storle facilities used for urea­

containing UAP or UAP1K grades, as contemiplated for the 
FACT Cochin Divisionl NiPK plant in order to maintain 
the product quality. Due Ito tie fact that the Cochin area 
has a very high relative humidity (about '10%- 100% for 
-- (, monthis each %,ear), it has become difficult to maintain 
such a low relative hum idity even thmgh dehumidified air 
is supplied to Ih, unit. The prllohlci is severe, especially 

Table, 2. Annual Produmction uf NI'/NIPK lertilizers at FACT's Coclhin )ivision Plant 

Bef'ore Produtct (hanoni'ver 
I't?8 79 1979?8() 1980/81 1981 82 

Produic( tn, mT '1 t I 3,9(1 99,406 198,414 151,869 

After Pnrredul C a i , 
53/8'1 Il984185 1 85/ 1986/876 

Productioun, I lp)v 2 1-4.7(1 
a. Somellproductimll lost I 
('ochin, and also)5,0t))-it capae;t 

h. Data for last half otI 1)7/N. ;c, 

__ 333,2012 323,9 79 402,71)1 
ill1'cise deco'( lns.-ionin, of 1(,)00-tnt capacity amnionia slorage atthl 

at FA('T ('ohen Division site during this year. 
ltllnt nil, year not available. 

1982/83 

179,233 

Iex,1987/88 Through 
Dccembcr 19'711 

315,700 
Wellington Islind, 

http:scruIIh,.ed
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Figure 7. Flow l)iagrain of Existing )APIand 20-20-0 Plant at FACT Cochin Division. 

during the rainy season, and mintaining continuity of NP/NPK fertilizer grades. However, the drawbacks of the 
UAP or UAPK production becomes difficult. The high humidity problems prevailing in the area of Cochin 
prodluct quality also cannot be maintained especially when plant cannot be ignored if effective utilization of plant 
slored in hulk. capacity and satisfactory perf,,rmance are to be attained. 

Since the presence of urea limits the drying temperature it 
To overcome the hunlidity problcm prevailing in the also becomes necessary to provile a larger dryer with ade-

Cochin area and to achieve reliable performance, the quate retention lime. Considering the various aspects it 
kinds f product niade wcre changed in 1982/83 to less will be worthwhile to go in for low-urea grades for plant 
hygroscopic grades like DAP and 20-20-0. This has installations localed under conditions of high humidity. 
resulted in higher plant utilization. The annual production Otherwise, it will be necessary to provide elaborate 
achieved before and after the product changcover is given dehumidification facilitics for the production, bagging, and 
in Table 7. bulk storage areas. 

Maintaining quality of the new products, namely DAP It is reported in literature that the Fresence of 
(I8-46r-() and 20-211-ti, has not posed iuch of a problen polyphosphatcs iiproves the storage qualities oi urea­
evenii when they are pul in biulk storage. Continuous containing fertilizers. Also low moisture content in the 
monitotring of product analysis with the Aulo-Anllyzer has product ininimizes the caking tendency. This is (file 1o the 
helped to cffcclivch control nulrienl variation within 'hc fact that the initial moisture present in the fertilizer forms 
tolerance linits s1ipt l icltd (;oe rnncnt's Fertilizer solutions in thc presence of easily soluble salls like urea 
Control Ordcr. and forrms crystals. These crystals grow wilh the cycling of 

temperature and cause bonding which is known as caking.
As already explained, there are various aldvanlagcs to This effect will be less with smaller amounts of moisture 

the ianufacturc of urea-containing, high-nutrient in the product (2, 3). 
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FACT/FEDO Experien,:e in Granulation Plant with an adequate gap betwccn the screen decks and an cf-
Design, Operation, and Quality Control fcctive mcans, of vibration. Motor vibrators are generally 

preferred for maintaining adequate and effective vibration 
The expe-riencc gained by FACT over the ycars in the throughout the width and length of the screen cloths. 

various aspects of the design, opeCrationl, and quality con­
trol in its granulation plant,; is given below. The following Oversize Crushers-'The oversize crushers should be 
factors contribute to the good p,:rfiormance of complex sized to take care of any sudden upsets in the granulation
fertilizer manufacturing plants. process with consequent increased amount of oversize in 

the 	dried product. It is preferable to design the capacity
I. 	 Proper selection of the product. of the crushers to handle 40%-50% of the recycle capacity 

depending upon the grade mauffacttUred. 
2. 	 Proper layout of equipmcnt a,d chutes. 

Other Pieces of Equipment - Selection and reliability
3. Proper design and sclection of ecquipment. 	 of other pieces of equipment, especially the scrubbing 

system, are very important for achieving good operating
4. 	 Sufficient analytical facilities for maintaining the efficiency. 

product quality. 
Plant Operation and Quality Control 

Design Aspects The main operational controls are the N:P mole ratio 
Unlike most of the straight nitrogen fertilize plants, of the reactor and scrubbcr slurry and the product

the complex fertilizer manufacturing plant has to handle ana'ysis. When different grades of NP/NPK fertilizers arc 
mixtures of solid materials and hence is susceptible to to be produced with the addition of urea and potash in the 
variations during processing, especially in the recycle sys- recycle system, it becomes necessary to have accurate con-
Icm. To achieve the expected otistrcani efficiency, it is trol of these solid raw materials. Quick and timely feed­
necessary to design the system with adequate surge back of product analysis is essential for taking corrc.tive 
capacity to have more flexibility during operation. The 	 action to minimize the variation in product specification.
layout of the plant should proVidC adequate space and The Auto-Analyzer facility enables a quick feedback of 
should tave properly sized duels and chutes to avoid any nutrient analysis to operating personnel. Hence this 
choking probhlems. The following items are most critical, 	 facility is essential, especially for urea containing 

NP/NPK formulations.
 
Equipment Selection-The eqtiiprrlent chosen should
 

be of proven design with a record of reliable performance. Improving Productivity of NP/NPK
 
The critical equipment items in the granulation pl,,ui
are Complex Fertilizer Plants 
the prcnCutralizer, screens, granulator, oversize c.'ushers, All complex fertilizer plants in India employ the con­
dryer, and the recycle equipment. The continued perfor- ventional slurry granulation process to produce various 
mance of the plant depends mainly upon these pieces of grades of NP/NPK fertilizers. The Government of India 
equipment. Seventh 5-Year Plan has been formulated keeping in 

perspective the development targets up to the year 2000.
Preneutralizer- In case of a conventional granulation If the goals set for 2000 are to be achieved, the fertilizer 

process it becomes necessary to use the preneutralizer to industry has to undergo substantial expansion. The 
increase the N:P mole ratio of fccd phosphoric acid to projected demand for th fertilizer nutrients in 2000 is 
1.35 to 1.45. Depending on the formulation chosen and around 20 million nit. The 1 roduction in 2000 is projected
capacity required, it is neccss:iry to carefully size the cross to reach about 15 million mt of nut-ients as compared 
sectional area and hcight of the prencitralizer, taking imo with the present production of 7.4 million mt. The P205 
Account the amount of water vaporization from the production itself is expected to reach about 4 million mtpy 
picncutralizcr; otherwise surges and upsets will occur, from the present level of about 2 million nitpy. Since tile 

fertilizer industry is capital intensivc, the projected expan­
(;ranulator- It has bTn found from experience that sion by ?0 warrants substantial investment. 

the rotary-hinin grailulators are increasingly used witi a 
length t,'.-diamc~cr ratio of 2.00t) to 2.25 and an optnlium Considerable developments have taken place in the 
speed between 38';, and 42 . of the critical speed to complex fertilizer manufacture during the last decade,
achieve effective rolling and tunmbl ing action which results mainly in Europe, Australia, and Japan. Perhaps the most 
in good granulation. outstanding developments that have taken place in recent 

years is the adoption of various pipe reactor systems to 
Screens - It is preferable to have adequately sized con- augment production and to reduce energy consumption in 

ventional type long, narrow-width double-deck screens the plant by lowering the recycle requirement. Innova­
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tions have becn imade in tie pipc-rcact or Icch iud& my ', 
many process liccnscrs like S.A. ('ro, o[ Spain, ('dF 
Chimic-AZF F :railCC, I fi1dk ( ;Inbl I of \cst (crnlany, 
ElR-lspifndA o S :Id IitclIc o,1.\ustralia. The 


l.',Cof thc'.,c iuII, itIo> in IIhe,ii hm, Nl'iNIK and DAP 
plants abload have sfil*I, 1l,1 ,i pr)oed tecili logy' islit u 

a boono 1fr atlini t pi
tm, lilth duclion of Nl'/NI'K plants 
in 	India. 

Thc pipe re. tlor is a siiple piece LofCquimtcl which 
can be easily retlofittcd in the cxVitine plntIs having 
suitable coMCctcd faciities aCtlittle cost arId \ ith subslan-
tial bce'its,. The main ad\ antts of Ih pipe rcactor 
praC.,S dIC: 

1.'lhcy require low int tIIuIlt :id Iduce perathi cost 

ofcuc~ their h *rlos \ l aIc.
 

2. 	 lIcy ire hihl c 1dicicrtcaily adafi Cd to various,lui
lccdstocks and (hIll t ci i'des of lhlO.shh ,ric acid. 

3. 	 "Ihcvhave hieIhr ,p IItinc Ilcxibilit with bet tcicon-
trol oftriuilat ii. 

In vi.s, of the variOUs d'v;IntagCs mnicnei d ablltdo'v, it 
will bc worthwhile to rctirolit many ofithc existing plants in 
India with p;pc rcactors. 

Conclusion 

Considering the various aspccls of fertilizer manu-
factnUrc discussed in this paper, :ippare ntly it will be advan-

, 


tagcous to utilhze urea for high analysis NP/NPK fertil­
icrs provided the pltit is located in a low-humidity area. 
Othcrwise an elaborate dcliumidification systemn has to be 
provided for production, Ieging. and storage areas in or­
dcr to maintain product quality and conlinuity of prodac­
tion. 

Alternatively, it may bc preferle to produce low 
urca-containing grades or non-urea NP/NPK complex fcr­
tili/ers in order to have sustained quality production of 
fertiliiers. Reduction o.t0C product moisture to the order 
of 0.5 -0i>.i, instead of IU)"iis expected to help in 
improving the product quality. The pipe reactor system, 
in addition to augmenting production, can give a better 
quality product. Flence the existing plants can be 
retrofitted to reap the benclhis. 
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DAP/NPK Performance Iml rovelent by Retrofitting 

K. (;twhldarajan, lxecutivc l)irccto-, South ern Petochcmical Industries Corporation, Ltd. 

Abstract 

Existing DAP/NPK plants have the capacity to expand 
their production facilities lbv reLtrotitting them with a new 
pIpc reactor proccss. "Ihe ncwv (;SA "doublc-gun" 
process being cniplovcd for (hc first time in Inldia, offers 
inpr,mvecnlt in operating cltincy \O.thmto any discharge 
Of Ii(jtid C1flucnt, w%ith Oltional f]e\ihulitv. incrCasCd 
reliability, less tnalutenane.V and enery', v l. A con-
,idCralIbhIincreae in productin CapMitv ILCNi)Cttd to be 
aIthieved ;ita quite low invstm,'; ost, This paper 
dCe.ribes the Co t , mid it,, drawbacks andl il mocc, 
the rctrofliting i'hilc vl crPetclrchmical InduslriCs 
(:luiratiol, Ltd. (II( ) I).\P-l plant with tIle(;IiSA 

"lull-, I .ss,rowelllr 


Introdtction 

rhe vrotlh in the fIrtili/c idustr\ ill response to the 
increased use of chcm;cal fctilicrs has been phcnomncnal 
in the last tWo decades. NCvrthelCes., India imports 
si'blc quantitics of h'iIli/u ,sto hridlc tile increasing 
dcland-supply ,ap. ',';n1qnnl,., sullaliial ncv 

Icpieit\ is plaimncd or cmlliliutlie( \Cars. 

tatljY, toltt needs 

oh(,s crutiny'ast,, t,;I 


'11cl2pt k), _'ncueii- i/er production a 
t lorlit t,J c\- plant or revamping 

or mIdil'ying tllcc\istili plant. The cost of production is 
quite high in the of' 1asnIew plants owing t high invest­
talit cot and risilng cost of1raw llterials. The fertili/cr 
indwstr\' Is nioini- toward, ,I . ilvc.,t nicI per unit of 

ptllt il tle last few \''aC.. l~ nt dCvChojnlIts ill fcr-
til(er t,.clhnoh LV CMI VLd advantaICously tocan np! 
I Isfit exisliling Ald plants \ith tIC I.cessarv m difica-

liolls. tcvamping resultsill in limIicd energy cficicncy 
;wd ivcr production O)sls. 

SPIC Fertilizer Complex at Tuticorin 

Southern Pcrocihcnuical I1)dtIstriecN ('ipi0r;ifi6r, Ltd. 
(SPIl('), has its fcrtili/cr diviion locatcd at Tuticorin with 
the following priductioni faciliti1e 

Liquid alilmlollia I, IfI0Il id 
Urca 1,(I(li)td 

Sulfu ri.- 4711 ntpdacid 


DAP - Train I 50(0 tit pd
 
DAP- Train II 500 nItpd
 

In addition to the above production facilities, there is a 
captive power plant with a capacitv to produce a maxi­
mum of 18.4 nclawatts ant shore Icrmnia:, facilities to 
imnrt amnmonia and phosphi icacid. 

The DAP/NPK Plant-I iwjt;ilcd in 197ti is based on 
the prccss improved by Teiessec \alley Authority and 
Nissan-LIZ. Later a .second uit1 with a similar capacity 
and the ,ame Jirocss "know-how" was comnissioned and 
commercial production was, started in thc beginning of 
I983. The produtct mix has been its!ricted to mainly DAP 
to s:lisfv tie agricultural rcqtlirtments. Il- vecr,ow uroa 
aInlloniunl phosphate 2S-28-(0 has also been prodiced in 
Plant-I for a short time. 

Aligmentation of' Prodluction 
In accordance with the national goal of may:,inizing 

productivity, SPIC undertook a thorough study on the 
pteniitial capacities of its planlt equipment for possible 
aigientation inproduction. 

Production can be augmented ly introducing new 
processes and/or replacing/modifying certain pieces of 

t[le plant equipment to attain higher production, rcdtlcCd 
downtimc, lower maintenance cost, and better operating
efficiency. 

An analysis of tile conventional process, wih its limita­
lions and drawbacks, is useful before examining the 
various technologies that are available for consideration. 

Conventional Process 
The manufacture of'ammonium phosphate is achieved 

by neutralizing phosphoric acid with ammonia. Depending 
on tile quantity of am monia used, it is possible to produce 

ononiamnmonium pliosphalc (MAP). 

N13 + 1LP( b -,NIl41I'PO-I 

or, by further reaction, diammoniumi phosphate (DAP): 

NI-13 I NI 14i 12P.,-' (NIH.)2 I-IP0 

DAP ismost commonly produced ingranular form, typi­
cally in a slurry process using an ammoniator-granulator 

pid
Phospho,icacid I5 Int and a preneutralizer (Figure 1).
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Figure 1. 	Flowsheet for Production of' I)AP/NIPK 30 /
 
Fertilizers by Conventional Process. L
 

The so!ub1,ility of th :.;urry inthe rtcutraliier decreases 0
 
with increase in N:' niole ratio ul) to a ratio of I and 10
 
again increases betwcctt the ratios of I.) and 1.4. Ilencc, 10 ­ c t ,I
 
for fcrtilizcrs with hiegher nitroager, a niole ratio of 1.4 is
 

grades it is maintained betwccn 0.6 and 0.7. The solubility I 

of anmnmonium phosphate silurry is shown in Figure 2. A 	 .. H-1
small portion of the phosphoric acid fed to the plant isused to scrub exhaust gases from the granulator and dryer. -.2.6 . 0 2.4 
The scrubber liquor is then fed, together with the main .4N/P Mole Ratio
 
phosphoric acid stream, to the prclicutralizer to which
 
am monia and, if nccessary, water are added. 
 Figure 2. 	 Solubility Diagram ofAmmonium Phosphate 

Slurry.
From thc prcrctitralizcr, thcpartially reacted material,

which is now a slurry, is ptimpcd to the granulator and order to be pumpable, whereas moisture in the product in 
spriycd onio recycled solid tiatcrial which contains fines, the granulator has to be maintained within narrow limits,crushed oversize, and pro0duct. Furlher antmroniation because a product that is too dry or too damp can lead totakes place in the granulator through spargers to bring thc unsatisfactory granulation. If the material in theN:P mhle of ratio to about 1.8 (intlie casc of IAP). The granulato" is too moist, a high solids recycle ratio is neces­
reaction is cxothcirmic, as in the prcncutralizer, wvilh sary to absorb the excess moisture in order to obtain
evaporation of water, suitable granulation. A high recycle ratio increases invest­

ment and 	operating cost (power consumption) since theWet product leaving lie granulator with noi:.ture con- size of the main equipment varies almost directly with the 
tent of aboul 2% to 31,;.is tiln dricl, ;crcencd, and recycle ratio. With a high recycle rate a rather high fuel
cooled before bcing sent to storage. Oversize particles are consumption is also required for trying the granulated
crushed; tie fines togetler with a portion of the product is product to a specified moisture contlent. 
recycled to the granulator. Exhaust gases from the 
prenculralizcr, granulator, and dryer are passed through An analysis of the conventional process as given above
:,crubbcrs to rccovcr the atintoitia. reveals that the bulk of the energy is consumed in recy­

cling the solid material and in drying the granulatedDrawbacks to the Process product. Efforts have been made to reduce the energy re-
The slurry-granulation process is not without its quirement for these operations and to develop more 

problems. The slurry needs a minimum water content in energy-efficicnt processes. 
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The recyccl ratio depends on Ihe ratio of liquid- elevator in the granulation loop (no recycle conveyor) and 
phase-Io-solid-phase in the granu lat or, which itself tillluidized-bcd cooler is used for product cooling. This 
depends (in the walcr balainc and the hC; of crystal- process can be adopted for DAP and a wide variety of 
lizalion. So long itsthe desircd recycle ralio is dctermined NPK products. 
Iw the quantity of liquid phlias, in Ihc granulator and not
 
hv the granulation yield, it is concciva lcthat a reduction
 
in the rccvcic rati, could be achieved by decreasing the ERT-Espindesa Process-- The main feature of this 
water contcnt of the ;lurr\ or by cooling the recycle process is that the convcrsion of ammonia and acid to 
and/or using a solid salt. MAP or DAP is cormpletcd xsithin the pipe reactor and 

thus further ammoniation is not neccs.iary. By this 
The survey of the variois )AP nroccsscs indicalcs Ifat process, powdered MAP or D)AP can be produced by 

on an average 5Q),0W}0 to I0(.th)() kcal/mt product is used spraying the melt from the top of a tower. Alternatively, 
as fuel to dry the granulatcd product. The hcat of reac- granular product can also be made by spraying the slurry 
lion cvolvcd per mcric t,: of product is about inside tile granulator. Rccycic ratios of 2.5-3.0 are 
25(),flhO kcal. Fhe availahl hiat is grccitlr whcn more a'hicvcd. 
,wuccuIr;ted grades of phosphoric acid are used. I lence, 
ifI proccs could be designed to ultilizc the heat evolved in One of t he innovations that revolutionized the 
fhlc process itself, it could be mnaidc ; lotlrmic and sub- nanufacture ot NP/NPK fcrtilizer is the pipe-reactor 
stIa fiecI savings would be Letcc d. tchnology. This technology makes use of almost all 

equipment in the recycle loop of the conventional plant 
Thc considerable increase in t lie cost of energy and except the prcneutralizer and hecec offers an opportunity 

high invcst incni costs have led to tile invention of new for rctrofitting existing plants to derive tle maximum 
technologies to achieve tile overall rcduction in energy be nefits of this new inventin. 
consumption aind] decreases investmenthent,: si/able in 
and operaling costs. A pipe reactor or a rcacthii gun, as it may be called by 

some process licensers, is a long pipe of suitable diameter 
made of special alloys (like Uranus B6, Jessup 700, or

New Technologies 5s316L) with suitable provisions for the addition of am­
monia, phosphoric acid, and sulfuric acid/scrubber liquor.

Pressure Reactor This pipe reactor does the function of the prencutralizer 
In the Norsk H-lydro process, the neutralization is in a conventional process. That is, it combines the am­

carried out at a pressure Of approxiimately I kg/cm 2 ,  monia and phosphoric acid in a confined space of the 
gaige. This clevatcs the boiling point of lie reaction inix- pipe; resulting in intimate mixing and a complete 
Itre ind thc resultant slurry Iias a lower moisturc content, neutralization of the phosphoric acid. 
This allows the plant to be opcralcd at a recycle ratio of 
abo,:ut 4:1 as compared hi6:1 requircd for convcntionii The heat of the chemical reaction instantaneously dries.,,'itli 


processes operating at atmospheric pressure. The reactor the product as the neutralized product is sprayed onto a 
is installcd at an elevation above tile granulalor and tile rolling bed of solid materials having the required moisture 
slurry flows to the granulalor under pressure, thus avoid- content. Because of the lesser moisture brought into the 
ing tile need for slurry pumps. Retrofitting an existing granulator, the recycle ratio can be reduced considerably 
plant can result in significant cost and energy savings, from the usual 6-8 to about 3. 

Pipe-Reactor Tetchnoloy The chief advantages of Ihis pipe reactor technology 
SA Cros Process-A mixed process that uses both a are: 

pipe reactor and a pricitraili/cr has bccn developed by
SA Cros. Dcpeiiding oniltt: product and lie capacity, the 1. For the same capacily plant, tie dryer, cooler, material 
pipe rcactor and r-rcncur:ti/cr irc used together or in- handling equipment, and scrubbing systems can be 
dividually. For DAP producti on -05",. smaller comnparable a conventional('.1; of flie sluiry is than the units in 
made in tle prcneutrali/cr and the rest in the pipe reactor plant. 
(recycle ratio 3:1). For NPIK products, only the pipe rcac­
tor is used (recycle ratio 2:1). 2. Saving in fuel consumption can be attained by effec­

tively using the chenical heat of reaction. 
U )E Process -Two pipe reactors are placed at the 

granulator, each capable of producing 25%-60% of the However, single-pipe reactor technologies pose the fol­
total load. The recycle ratio is 3-4. There is only one lowing major problems. 



I. 	 The eritire heat of' reaction i, releascd in the 
granulator which mtav resnlt iit overlhating of' the 
product with c/nsecpcicnt o\elr, l IIILII;ti . 

' v,(cr vapor 

graniulatrr. aid this ltc,-itIesa Liau,er siVC \'tlti lg 

2. A very higih tlant6 diV. is relcased it the 

and .scrunhlni, 5v'terii 

hI rv lIn t rd tLr obAteiI 1C it; L ' l\cis 11;1tcIn I.CSand derive 

1he laximttLln be1net1, it Fe, lles IL'(T,SSlV tci distrihutthe hecitl reac't jcn in it'.ire thait o~ne i ce"of"t+c(itietplll. 
theo lisa t4 eCacess Itil~ct SIm//i (tic pi'itcl o qupetThatl o thIsc ,s h' Cl tiol 11c dlv, td into another111c c 
mil ()Ith e:r uc 'v c hl . L c \khLr c'Owc ry s'.ta+.' oop 	 ,, IIh \ l­

li/jilioll it ' ,ILh:ittd O ',l[lt l Ali"' st2lii can takc 

Such I it,e.>c'csI,,
hUl dcvclop d by Cd.F Chi mic 
Z,/ (torierlY (;l.,\ --(;incfalc ics Lnitrais SA) of 

I ran[I:. lti- s C. Icc,illed the FS\ "do lnle-guL1" 

fea'C.ltlrc
Thc' tiiin sof this pipc-rcact ir pitcess arc: 
T he invest inclnt cost is l ocw.
 

it. Nt prcnctlrali/cr i rcttlrlC(I. 


h. 	 The rccei iall Is. hiw. 

2. 	 The operating cct, is low. 

ai. 'hc opcratitiol 'tti rnial (nonat lcatihg energy is­
lte dcd). 

b. 	 The elcctric vcr consnntipnicn is l,'w. 
c. 	 The Io.ssl 'citra-isc-n ltille P>), is small. 
d. The cfficiencv ct aitltltia ctllptillollln is high. 

3. 	The procc.ss is hichly ;itatahile thr 	;oritis fcedstocks. 
I.[he is suitale phto ,plic icids I'ronlprocs f*lrr 
vartins sttreC's. 

4. 	 () pcrati4n1 lexiiiit, ind st;ihlity a1e ht, 
a. [liTe scrtilhuing syst eni is well pr/vc r. 
b. 	('ontrl ofi'grrinliot t ioins isell'Uctive. 

5. 	A wide variety rof/ii acucts (;icc formulatld, 
a. MA P, DAP, and var'icuS tVps'. of NPK can lie 

mide. 

0. 	 The cnvironnental impact is low. 
a. Enissrtn \'ilti's are Ilow and cot ply with EPA 

standlards. 

)escription of lion(tESAIDoille-(hiin Process 

This process utilizcs at traditional graintulat ion systen 
except that the ncutralialh/r of phcsphoric acid with 
anmonia takes place in two pipe rcactors, one in tihe dryer 
and lie other in the grantlalor (Figure 3). The gas-
scrubbing unit f'or this prccss is :;hown in Figure 4. 

SolidtLinuid Raw Materials 

iNH
.... 
 Recycled LiQuid 
Plhosphoric Acid From Scrubbers 

- r 
Pie ealJ ../ 

Gr,,oliti,, 

- 2 P~pe 	
-

PrluctPeodtor
 

PipIe Reactor.M Dryer/Cooler 	 Mill 

Figure 3. 	 Graniulationi Loop fIr DIAP/NPK Fertilizer 
Production Using Two Pipe Reactors. 

Oedusled Gases From Dryer 

as From "C oiumnc 
Granulator r N I 

o e -Venlurn, /mVent..­/ " I .--+ 
-

S 

sporAcid .. HS0 

i Separalor 

1
 
I I LL 

R-,cycle o Reactor -- J 

Figure 4. 	(as-Scruhing System. 

The process envisage. distribulion of the process heat 
at two different locations. That is, the heat is divided he­
twecn the granulator and the dryer in such a way that 
enough heat is available f'Or drying in the dryer and the 
product does not get overh. ;ited at the granulator. This 
effects a reduction in the recycle ratio and in smaller 
losses of anrronia. 

Reaction 	 -Section -In the pipe reactor installed in the 
dryer, about 50%O of total phosphoric acid is nctitralized 
with ammonia and fixed at a N:P nole ratio of' 1.0 to 1.05. 
Very fast crystallization occurs in the gas stream and 
hence tie product frosm the graitulator is not coated with 
MIAP. 

MAP formed at the dryer pipe reactor is easily 
separated in tie vibrat ing screens (70%-90%;.>.',) and in ie 
dust cyclones (10%-3(P4) the particle size being: 

80% greater than 50 pm 
50% greatcr than I00 pin 

http:procc.ss
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A typical in;le ratio mctsured at different points of the 18% of aminmoni_, not already fixed is neutralized with 
circuit isgi,cn in Figure S and in the following tabilation. phosphoric acid. The efficiency of the scrubbing opera­

tion is maximized by using I) staiges of scrtflng.
DuLst 

lin., lParticlcs In the first stage, efficicnt cc(ntx't bewccn off-gases
(;rantlaOr AiW Ilrcm thie and scrulbing solution in ilhc x'ntuimi section ensures that,teCr 

()utlct 1rol1ct ScrCening Cclone the ainnionia .sabsorbed al nuttIizcd to a pI of about 
N:l 	 mole .4 and the fluorine in the sribhing solution is fixed. Sul­

ratio 1.91) 1.87 t.0) 1.3() furic aeid is added in] the final towevcr (second stage) to 
-~------­~ 	- recover the ammoni:t that cscaipcd from the first stage, 

thus ensuring a high recovery. The scrubbing liquor is 
recirculated and fed entirely to tihe pipe reactor in the 

-f .... granulator, thus ensuring a zero discharge of liqnid 
- - - effluent. 

175 	 Dus t s Dust recovery is carried out as in a conventional sys­
130 1f73tern. The producl cooler alone is vented separately to 

...........
n 	 . , .lT- -ine maintain the product t mptralure at acceptable levels.
60 	 For this purpose, a hattery fcvchorcs and an exhaust fan 

,o 	 - +are used. The dust frce air is vented to the atmosphere' 	 -' j either direcly or through the funic stack. 

.Pruducl Advantages of I le D)onble-( 1)u 	!iocess 

tan 
-f
t 	 The GESA double-gun proccss offers many advan-

Figure 5. N:P Mole Ratio at Various Poi'its in Process. tages over single-pipe reactor processes as vell as the con­
vcntional slurry granulatior, process; they are: 

The fifcly divided state of MAP is eminient ly suited to 
the complcmcntary absorpt ion of ;ammonia inthe granu- I. Fuel Saving--Less watcr has to be removed in the
lator tup to a iiiole mat;o of 1.0)- 1.5. dryer than in tile )tcicutr,ilization process. The heat 

of reaction betwecn aim116nia and phosphoric acid is
In tle second pipe reactor ,ctip inthe granulator, the better used. In fact for DAP, tlie process becomes 

balance of the phtosphoric acid is ie ut ralized by ammnoia. autolhcrmal when tlie average P205 content (f the 
Washiine !iqtor from the scrubhbin, systhem is alsO fed to phosphoric acid is at lcasl 415%. 
this pipe reactor. This piipe rc:,dor is operated at a molo 
ratio (If about I.A. AdditiMil ammonia is injette(I into 2. Power Saving-Draslic reduction of the solid recycle 
the granulattor bed 1materia throplih special spargcrs to ratio and the uniform distribution of heat between thc 
bring tile N:P mole ratio up to 'lie reullired vallie, dryer 	and granulator redtuccs the size requirement of 

the 	 recycle equipment, thereby reducing the power'lhe following talulalion sh ows the operating condi- consumption.
 
tions (distribut ion of' acid i d arniimiat for lie manufac­
ture of DAP. 
 3. 	Steam Saving-For many formulations like DAP, liq­

uid ammonia i!;used directly, thereby eliminating the 
Pipe Pipe requirement of steam for vaporizing ammonia. 

Reactor Reactor in (Granulator 
in Dryer (;ranul:aor Sparger Scrubber 4. Lower Investment Cost -The reduced size of the 

equipment in the recycle loop aiid also inl teiventingPhosphoric 51% 37r'; 13% and scrubbing systen decrease the invcslmcrit cost. 
acid 

Anini 2,ia 2')"; 18%'28; 	 43% 5. 	Flexibility of (peration --lixcellcmt control of the dis­
tribution of P,05 feed ratcs bet ween the 	 dryer and the 

a. The 18(';, value represenit s thlie maxi iltlm evolultionlOf granulator results in accurate control of (he solid-to­
amr(Ionia occurring mainly from the L-anulator. liquid phase ratio inthe gratntlator as well as accurate 

adjustment of the temperature of the rolling bed of
Scrtubbing System -The scrubbing syst em treats the product in the granulator. This makes the operation

off-gases and acts itself its a reactor in which about 12% to easier. Moreover, it is very cas' .o change the formula­



130 

tion of the product as tile hold-up volume of the pipe 
reactor is very small, 

0. 	 Improvement of Elliciency- I he excellent am monia/ 
acid contact obtained in pipe reactors aids the reaction 
to go to completion and ;eduices ,mnmnia losses. 
NIorcoveLr, the NAP produced in thu dryer is very 
reactive and easily am monlatcd wdin recycled to tile 
granulator, thcrclyrcducing the annonia lossesi 

7. 	 Improvement ofi Environniental (ontri--rThc total 
gas flow rate iksmaller comipared witi the conven-
tionai as well as; single-pipe reactor processes. This is 
because there is no prencut ralizer to be vented and the 
heat is distributed partly in tihe dryer (as steam) and 
partly in the granulat or (as an animonia-vapor mix), 
thereby reducing tire size of the scru)ling system and 
improving the efficiency. .\llthe sCrUbbiing solutins 
are recycled to the grannl;itor pipe reactor, thereby 
avgiding the dis hargce of liquid ipo llut:ts, 

In addilion to the advaitlages 1cntnitiled albove, there 
are others such a less maintenance cost, greater 
availability of lie plant and hence increased production, 
l)etter quality product of precise grade, and low moisture 
content, and a reduction in Ihe requircd number of 
operating personnel. 

Retrofitting of Existing Plants 

The double-gun process is well developed and there 
are, for the time being, 21 (;ESA pipe reactor plants 
operating or under construction all over the world. 

Since the recycle ratio is drasticaiiy less in the double-
gun process (3.0 to 3.5) than in the conventional process 
(grcater than 6), the size of the equiplienit that is already 
installed for the existing production capacity would afford 
a considerable increase in the production level by install-
ing the pipe reactors in bolh the dryer and granulator. It 
has been estimated by GESA that the production levels 
can be increased 6y 7t0,4 or more by installing the pipe 
reactors including their control instrunients, and only min-
im um modifications to the screening, lrotlIct cooling, and 
dedusting equipmeent , hlbe required. Furlhermore, 
the retrofitting needs Consideralhly less time for mechani-
cal completion of all rnodllcation ., say about 2 months 
when all materialk arc readily available at Ilie site, as corn-
pared with 6-8 months for tie installation of a conven-
tional process (for erection of equipment and piping). 
The most important advantage of retrofitting existing 

rlants with the double-gun process is the investment itself. 
It has been estimated that the capital outlay for an expan-

sion in productiorn capacity of about 70% would only be 
approximately one-fourth to one-third of that required for 
installing a conventional plant of thc required size. 

Retrolitting SPIC's )AP-1 Plant 
The DAP-I plant al SPIC has leen retrofitted with the 

GESA double-gun process for increasing the production 
level to 85) mtpd from the present level of 50( mtpd. The 
modification was done at a total cost of about 
US $3.5 million (IRs. 451 lakhs) which includes a foreign 
exchange component Of about US $1.0 million (Rs. 140 
lakhs). 

'File modifications tihat were carried out for augment­
ing the production capacity are shown iii Figure 6 and 
listed below. 

1. Granulator 
a. 	 Addition of a reaction gun (Uranus B6 or 

equivalent) 
b. 	 Addition of a new liquid ammonia distributor con­

sisting of live spargers (3161- stainless steel). 
c. 	 Addition of new slurry sprayer (316L stainless 

steel). 
d. Replacement of outlet (discharge) thre.shold (316L 

stainless steel). 

2. 	 Dryer 
a. 	 Addition of a reaction gun (Uranus B6 or 

equivalent). 

3. 	Screens 
a. 	 Changeover from electromagnetic to unbalanced 

motor-vibrating system with control cubicles for 
operation of the nmotor-vibr:-ing system. 

4. 	 Cooler 
a. 	 Modification of air exit hood. 

5. 	Product Elevator 
a. 	 Replacement of drive unit for handling higher 

production rate. 

6. 	 Product Conveyor 
a. 	 Modification of the unit to handle increased 

production capacity. 

7. 	 New Equipment 
a. 	 Addition of a set of tOur cyclozies and cooler air fan 

to meet the increased load on the cooler. 
b. 	 Addition of pumps for feeding strong phosphoric 

acid at required pressure to reaction guns. 
c. 	 Addition krscrubber liquor pump to transfer wash­

ing liquor from preneutralizer to reaction gun in 
granulator. 
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Figure 6. Flowsleet for SPIC l)AP/NlK Plant Retrofhitted With GESA's "Double-Gunt Pipe Reactors. 

d. 	Addition of a Sulfuric acid diluition Cooler for b). Emergcncy trip valves.
 
preparing dilUtcd sulfuric acid for fecd to dust c. 
 p 	and density controllers for scrubbing systcm.
scrubber. 

c. 	 Addition of sulfuric acid pump, cooling water
 
pumip, and a cooling tower. 
 Beneflits Anticipated 

8.~' Dut he 	 retrofitted plant wvill produce the following anti­a. 	 Replacement of gas dluct fromt granulator to fumne cipated benefits:
 
scru bbe r.
 

b. 	 Modification of air duct from cooler to new 1. Production of an additional 350 mtpd of DAP. This is
cyclones and from cyclones to new cooler air fan. achieved at a total project cost of about US $3.5 nil­

c. 	 Modification of venting ducts from handling equip- lion (Rs. 451 lakhs). A new plant in addition to a 
ment, wherever necessary. higher investment cost woald also need a longer con­

9. Piping and Valving struction schedule. 
a. 	 Addition of piping and valves to feed raw materials
 

and wash liquor to reaction guns and to feed re-
 2. Improved recovery efficiencies of the raw materials 
quired utilities. (ammonia and P205) are realized by efficient two-stage

10. Control Systems scrubbing and by recycling the entire scrubbing liquor.
Addition of instrumentation system including: This will greatly reduce the pollution, thus keeping the 

. Magnetic flownicters and controllers in the acid environment clean. Also, the crmst of production will 
and ammonia lines to pipe reactors for accurate be reduced because of the improved raw material 
control of the mole ratio, recovery. 
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3. 	 A saving of 30( or more is expected in fuel consump­
lion by more corN pltc recov'cry of the heat of reaction
 
in the process.
 

4.A 	 salving il powerCl conlStIfl 1piti td1 is eux-3w
 
pcted. This was achicvcd h.'cauM' the electrical drives
 
were kept practica lly the sam e except for a few addi­
tions despite ihe Increased pro lCtion.
 

("onchisions 

Additions to install:d capacity of frtili er plants have, ,-I3 
so far, becn based on setting up larle-seale plants i1at 
incorporate the latest tcchnofogy. I lowevr, when there is 
a poteltial need for cjiukly increasing the 'rtilizer 
producing capIacity, rutrltinc, na avoid tlie additiolal 
cost of the larg, infr~tsirt m c required for new facilities 
and savc soere of the eapital costs as well. Ii such eases 
the options clcalv vi ill towa d utili'in" the latent". 
capacitiCs o t C t cilitis akizti full ad,,anta .es 
of the tchnological dcvlopmuntis th:t( have bcen rec'ntly 
dCv'-Ilopec inl the fertili,r industry. 

0A4"" 

I
 
<A
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Impact of Raw Materials and Formulations
 
on NPK Plant Design and Operation
 

Glen H.Wcscnbcrg, Vice President (Process Enginecring), FEECO International, Inc. 

ERaw Material= 

Abstract 
 Receiving 

This paper explains 1lie inipact of' raw materials and F-- a- e.--RawMaterial
formulations on Ihc design and operation of NPK fer- Storage 
tilizer plants. It lists the principal factors thai ntlst be
 
considered bcl'orc the actual dcsign is bcgun. 
 Thcsc fac- Batching ...tors inclde the fcrilizcr rcquircncenls of the market area, Weighing
the availability of raw tttatcri tfs, and a number of equip- LL 
n)IClt design anrid layout faclt os. Examples are givcn of the BaseMaterial Blending 

CquipmCnlt syste s used and the procedures normally fol- Manufacture or Mixing
 
lowcd in designing new plants or itiodifying existing plants.
 

Granulation 

InrodticBt ioProdc 
Stog Bagging 

This prcscntation will atitnp to explain the impact of
 
raw materials and ltrnutil;,tions on NPK design and : 
 BaggedFoods 

Storageopcral ion. 

BaggedGoodfFigure I shows typical fertiliier plant fuictions for an E Shipping
NPK granulation piant. 1lock diagrams, such as this, V -
showing dlesired plant functiotis anildsimplilicd flow of
 
materials beconie very usefitul in conceptual deternmination Shipping
 
of conplx plant dsigtis.
 

Figure 1. Typical Fertilizer Plant Functions.
 
In determining tfe requirements for an NIPK granula­

ion plant, we should frstl etermi ne the needs in the c. Requirement for uniformity of plant feeding.
market area to fully apprcciate the various reasons for 
having an extensive variety of fornilulations and raw d. Type of application equipment. Particle size becomes
materials. In determining these formulations and raw important in spreading applications where uniformity

material requiremcnts, three basic studies and evaluations 
 of distribution is required using mechanical spreaders
should be made: to uniformly apply the proper amount in a given area. 

The physical nature of the product becomes very im­
1.The product requirements of thc market area. portant for this purpose. 
2. The availability of ialcrials. 
3. The overall economics of thftc production facility. c. The type and size of product desired may vary based 

on the land conditions. The product desired in sandy
In delcrmining the protduct require menii ts Of the soils will generally consist of slower -.lascd materials. 

market area (hIter I above), tie l'odlowing considerations These may also be requircd in swamplands. Particle
should be evaluated: size may also be an important farctor for specific 

conditions. 
a. Crop requircnic ts for plant fIood and micronutrients. 

f. If waste materials or byproduct materials having plant
b. Rate of, clease of the plant food desired to the rcspec- food value are used, cquipment requirements and 

tivc crops. formulations may vary considerably. 

I 
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Table 1. Plant Food Ingredients Commonly Used in GranularFertilizer Formulations 

Sources of Nitrogen (N) Sources of phosphate (P205) 

Anhydrous ammonia (gas or liquid) Triple supcrphosphate (dry) 
Nitrogen solutions (NI-h4NO, NI-! , -LO) Normal superphosphate (dry) 
Ammonium nitrate-urea solutions 

Urea (dry, melt, coated) 

Ammonium nitrate (dry, melt, solution) 

Ammonium sulfate (dry) 

Nitric acid (liquid) 

Diammonium phosphate (dry) 

Monoammonium phosphate (dry) 

Nitrophosphatcs 

Ammonium phosphatc-nitrate 

Ammonium polyphosphate 

Sodium nitrate 

Calcium nitrate
 
Calcium ammonium nitrate
 

Enrichctl or concentrated 
supcrphosphate (TSP + NSP) 

Phosphoric acid 
Sipcrlphosphoric acid 
Dianmmonium phosphate 
Nonoam monium phosphate 
Ammonium1 phosphate-nitrate 
Ammonium polyphosphate 
NIagnesium phosphate 
Calcium metaphosphate 
Nitrophosphates 

Sources of Potash (K20) 

Potassium chloride (standard of coarse) 
Potassium sulfate 
Monopotassium phosphate 
Dipotassium phosphate 
Sul-Po-l4ag (potassium. magnesium sulfate) 

Note: In addition to these listed materials, a variety of waste materials having plant food values are also used. Many
formulations contain fillers, inicronutrients, and soil conditioners. Some formulations contain combinations of base 
reaction materials plus pregranulatcd materials. 

g. 	 Addition of conditioning materials nay also be desired 
or required. 

Ii. 	Homogeneous products will be required where poten-
tial segregation problems exist, especially where the 
distance of transportation and type of transportation 
equipment vary widely. 

i. 	 G(overnmcnt regulations may be restrictive to assure 
the user that the product delivered and distributcd to 
the crops is suitable and meets guaranteed values. 

Storageability, especially in highly humid areas, may 
require additional specialized equipment and use of 
materials. 

k. 	Soil pl-I (acidity oi alkalinity) may vary requirements 
for addition of neutralizers, such as limestone, 

Another important consideration is the availability of 
materials (Item 2 above). Various grade requirements can 
be satisfied by utilizing different materials in formuilation 
to provide proper NPK ratios, 

Overall cconomics (Item 3 above) must be considered 
in determining the raw material requirements, equipment 
requirements, and plant design. Items such as raw 
material cests, system investment costs, production costs 
and rates, and product volume requirements are the prime 
considerations in determining the size of [he facility, varia-
tions and flexibility in equipnlcnt requirements, and the 
raw materials used. 

The Granulation Process 

Table 1 lists the variety of plant food ingredients com­
monly used in fertilizer granulation formulations. Some 
of these ingredients lire preprocessed products; however, 
if prime raw materials are readily available, and/or the 
demand is sufficient, the manufacture of one or more of 
these products may be economical and desirable to be in­
corporated with a typical NPK granulation plant. A dis­
cussion of the impact of raw materials on the granulation 
process follows. 

Ammonia I-feat of Reactions 
Table 2 lists the approximate heat of reactions of 

ammonia with various materials that are commonly used 
in formulating. Ammonia does not react without the 
presence of moisture; this is a very important considera­
tion in designing equipment where reactions occur, cspe­
cially in the ammoniators-granulators. Experience has 
shown that a heat of reaction of about 180,00(0 Btu/short 
ton (st) is most favorable for granulation-the minimum 
and maximum range is aboutl 16(,000-200,000 Btu/st. if 
the heat of reaction is above 21)0),)0( Btu/st, then some 
type of prereaction is recommended. If below 
160,(0 Btu/st some steam or melt is usually required to 
obtain good granulation. 

Granule Formation 
Following is a list of various factors that influence 

granule formation, stability in processing, and equipment 
requirements. 
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Tablc. 2. Heat of Reaction Between Amm{noia and Various Fertilizer Materials at 25°C (77°F) 

Btu/lb NH3 in form of:a
Material Ammonialion Level, lb NH3 20 lb P:Os Gas L1quid Solution" 

Phosphoric acid (75%) 4.8 3,101 2,511 2,687Phosphoric acid (75%) 7.2 2,714 2,124 2,300Phosphoric acid (75%) 9.6 2,520 1,930 2,106MAP to DAP 4.8 1,939 1,349 1,526Single supcrphosphate 5.8 2,018 1,428 1,604Triple superphosphatc 3.8 2,233 1,643 1,819
Sulfuric acid 0.347 lb NH3/lb, 100% H2S0 4Sulfuric acid (98%) 3,430 2,928 3,016Sulfuric acid (93.2' 3,299 2,797 2,885Sulfuric acid (77.6%) 3,016 2,514 2,602 

a. All products in solid phase. 
b. Based on solution:1 containing 25% ammonia, 69% ammonium nitrate, and 6% water. 

1. Ccnditions under which the materials decompose. b. Temperature range.
2. Control and dissipation of helat. c. Plant subterrain conditions.
3. Temperature. d. Potential storm and/or earthquake zone. 
4. Muist re. 
5. Soiuibility of salts. The previous discussion outlined the factors and6. Water of hydration, considerations that are used in formulating NPK grades.7. Thermal shock. Unless these procedures !re followed, one cannot deter-S. Complex inicrrcactions. mine the most suitable process system and equipment9. Sequence of reactions and material additions, sizes. However, once the plant requirements and formula­1t. Combination of materials that retard, buffer, or tions are determined, the number and range of quantitiesaccelerate reactions, of various dry raw materials and fluid raw materials be­1. Physical activity during granule formation, come kr.own. Then equipment can be properly sized. 

12. Size and porosity of raw materials. 

UtilitiesIn general, as the ratio of dry raw materials to fluid The utilities available influence the size, type, andraw materialk decreases in the formulation, the heat of auxiliary equipment requirements. Typical considerations
reaction will increase accordingly. The product will also aie package boiler systems for sleam granulation, substa­become more homogeneous. tions for power requirements, water treatment systems, 

and fuel supply and storage facilities. 

Equipment Sizing and Design Ambient Conditions 
Ambient conditions in the area of the plant will deter-The following is a list of the factors influencing equip- mine the necessity for dehumidification equipment, heat­ment sizing and design requirements. ing or cooling equipment, the extent of enclosures 

required, and requirements for- special supports such1. Number and range of quantities of various asdry raw piling, fill, and spread footings.
 
materials.
 

Critical Relative Ilumidity and Solubility2. Number and range of quantities of various fluid Table 3 shows the critical relative humidity of various 
materials. materials. The critical relative humidity of various salts 

3. Type 
and combination of materials become a very importantof utilities available (for example, fuel, power, consideration in drying systems design and opt.ration,

and water). material storage conditions, requirements for insulation, 
and requirements for coating materials and systenis. It is4. Ambient conditions in area. also very important to consider the incompatibility of raw a. High humidity. materials in determining the e(luipment requirements. 



136 

Materials such as urea and ailnlilliill nitrale or lire;i and 
normal superphosphate il cont ict witi each other, cvcn in 
(he presence of very low hunidify, ,ill result in extreme 
stickilcss, buildup, and pluultiin of equimtent 

Fiiure 2 show-, the il itv of pure lcrtiliicr salts in 
Water and the percent sailt in ,olution at virious Icncra-
Ltlres. In ormul:tilons ctihluing compliarat ively high 

qiiantilies of dry solid iialsCIIAi.l, th ile t soluIle sails 
prolmote ranlatiolln moic th 
general, the higher tie quamth\ 
tie formulation. the in irl 

llmcriatls will be. Tlev will i 
coating lceit . 

the Iless solubllC slts. In 
of hii soluhility salts in 

hOwros'opie" liet loullcit 
uIZilIh requ1ire te ofile Of 

( ramiiliation Pllit L'quiimiilit Systemlls 

Now let us review the b- lnc loops and variations 
that may be utsed iil an N lTK granulltilon plant. Varillous 
types of Cqtilnll ulitv hC IustCo icconmpli.sll d Spciric 

phaset of proccs.ing. Afc fihe raw materials, ]rade 
rcquliremetsl , and folulula ilon. ar k-nown, the equipment 
sizes and typc an nlid platl cill hlca selcted tile be 
(hesigited. As tihe, r'qllir'lmen! , VaIV, tile typC O(fs,stll 
loop and equilmlnt ili also) vary'. The fodlhoing discus-
sion will describe ie (i i lie variatl o. in systeimi loops 
and equipie nt C(mJlnlin lv us"Cd. 

Table 3. Critical Relative lHumidity ol 'Various Materials 

Closed Loop Air llandling 
Figurc. 3 shows a typical Closcd Loop Air-Dust Han­

dling Systcm. This system rcsltIs in considerable savings 
in energy arnd simplifics req uireme nt s for cnisO1 Coll­
trol. I lowcvcr, a cornple.ic review of the existing facilities, 
or propoSCd new plant, should be 1madC to determine the 
ystill feasibility for each Specific plant. The closed loop 

systen operatcs in tle following scqluencc. Anbient air 
combined with air used to )tllgC fugilive dust from various 
locations is drawn through time cooler and then passes 
through a cyclonic separator, or bag-lype collector. The 
air is then drawn through a fIan and is uscd for drying. This 
air is fed to a specially desigiied conbulstion chamber 
whcre the air is uniformly l ended with the coibust ion 

gases and excess air itroduced through the burner sys­
tern. Supplemental ambient air may also be ii rIducCd 
with the air fed to the combuslion chanibcr. Thic b'nded, 

heated air, leaving the coiiiLusIon chlllbr, pasS, s 
ihroughi a rotary dryer and Ihln through an insulatcd bag­
type dust collector. 'This iltered air is then drawn thrutgh 

in cxhaust fan having a di: t",irge control damlpc,. The 
clean air cxits to flit atiuisl iherc through a stack. The 
cornbustion chaniber niiist ie designed to not only tlni­
formly mix tile blcnded air and conibustion gascs, but ilie 
orihices, ducling, and tIranlsiitlons nilUls be designed to 

provide proper air velocities at all locations. It is also m­
portant to have the syst eiii designcd to provide a negativc 

Materials Absorb Nloistlurc When 'he I lumidity of the Air Exceeds These Values: 

Matcrial 

Urca and anunoniun nitralt (iiixtlrC) 

Ammonitim nitrate and straight nionocalci tn 

Llrca and nilrate of soda (niixture) 

Calcium nitrate (alone) 

Urca and sulfate of animonli;i (inixturc) 


Ammoniun nitrate (alone) 

Urca and iuriatc of' polash (nixture) 


tRcaiive h-umidity of Air at 861F (30'C)
(%) 

18.1 
phosphite (lixLur) 38.6 

45.6 
46.7 
56.4 

59.4 
60.3 

Ammioniuni nitrate and .tilt of mlllllOnial (mixture) 62.3 
Urea and straight ulo6uimcilm pio.sphate (mixtur-) 65.1 
Ammoninum nitratu and mrilatc of po!ash (mixture) 66.9 
Nitirat of soda and colm ti L:lt as found in manure sailts (nii!tire) 67.6 
Nitritc o lsoda (alone) 
Urca (alone) 
Sulhit f,ih alluolla: (aloinc) 

Nluriat of potasll (;alone) 

Amnionium phosphallc (ilone) 

Monocalcium phosphatc (the pure compound, cntirely free of acid) 


Dicalciun phosphatc, .ypisuni, limestone, sand, and other iillsolbI 


72.4 
72.5 
79.2 
84.0 
91.6 
)3.7 

materials 100.0 

http:cornple.ic
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Figure 2. Solubility of Pure Fertilizer Salts in Water. 

Exhauster Combusio Chamber and 
pressure (suction)on the com blustion chamber at .aIftimes " o t Co emperin Air Mier 

to prevent any dust from accuutlating in the combustion ( - Damper FeedMaterialIn
 
chamber. This sYsten ,ecovers the majority of the heat ,otaryDrera
 

mroved Iroti thle male rial iltihe coolingsstem. fBy reus- Filter 7 i 
ing the air, a lesser quantity is emitted to the atitnosphere / Y J\//\A 
and less equipinctt is required for cleaning the air emitted Primary . 

1t tihe al Iosplicter . Fines Cry Product Combustion Air -- " 

Dry Raw N1 trialI, Ftetd'r I i ITRotary Cooler .. Exhauster 
ray MtMaterial 

Figure 4 shows a typical dry raw material ;Cd and Cyclone AmhientlAirt -,
weigh svs.cm. This sxsinl inceorporates a lump breaker ! Collectors Produc Purge Air 
(clod breaker) in ai clcvlor fccd hopper break up frProdctto Fom Miscetlaneous 
clusters an dLlit nips ill t 1It r; , matcrials. '[le clevator dis- Finesransei Lcaons 

chare.,cs to it single diec'k Nscalpit g-type screei. 'he oer- I Fan 
size materials can beCfe'd to at.i ovcrie C(rushingI mill such 
,is a chain mill, roller mill, ,I c;tEge 1iillaid tu'tlred t0 the 
elevator for recycle ba;ck I the scr tC. Tle most com - Figurc 3. Closed Loop Air/l)tist Ihandling System. 
ronly used mill for tlii, purpasc would be it chain 
lammer-typc mill. The miaterial going thrugh tie scrcen cluster hop)cr to provide one or two extra compartments. 
i fed trough a simple r'i ole-cotrolled swivcl spolt, so If a high proportion of a given matcrial is used with 
each type of dry raw material can be fed to its respective respect to the olhcr matcri tls, two or more compartments 
bin of a cluster hopper. It is good practice to design tile may be used for that particular material. Thc remote 
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operalion of the swivel can be accomplished through a 
simple mechanical arrangcencn for ma1Mual operation by 
the.. front-end loader opcrator olbcrving an indexed 
positioning pointer. T, uinini,,' liittinI, the at-
mosphcre when hllinig the clil:t r hoppcrs, a sii pie 
enclosure can buihl the C h,,pperbc ov'r cutire ]ltstC 

having the height cxtliding abo, c thc swivel ',pout to i 
stationary scjn:,ent. Biy insiling- grating owcr the top of 
Ih,: bins., the encloscd portn can be iadc vcry acces-
silIc. The cluslcr hopper discharge gacs can be operated 
through mechanical linkages, pne urn atically operatcd, or 
pnculumatic,l ly opcrat,:d it l ai al atic batching-type
syslcm toIproportic n thc prOper alotl.s of"materials into 
a weilh hoppcr lpositioncd under the clutcr hopper. if 
th1e fully aulbon;.ic systCi is used, atlever-type scale and 
sensig svsltm i, rcconeLnded. BI, proViding this t'pc ot 
systcm, the batching can beh done nianallv if any failure 
results in the autom ticki batching systein. In thc United 
States this tVyC of syst emin has beCci used ye'ry successfully 
for a number kryears. 

1 


Single Deck 
Screen 

Cluster 
Hopper 

/ 

Weigh 

Chain 
Mill M i lSurge 

Hopper 

Gravity 

Blend 
Dry and 
Materials Surge 
Cod "r 

Breaker 

ic 4. I)nv Ra' Mate'rial Fet'I ,~smten. 

Th,. mactrial discharged from the balch-type weigh 
hopper can bc passed throtugh any onc of a numbier of 
types of dry iaterial ile nders. I owever, most plants feel 
that the malCrial handling cqtiipmcni through the system 
and tlie granulator provide adcquale mixing without this 

requirement. The matcri.l from the batch weighing sys­
ten is normally collected in a surge hopper that is 
provided with a volumetric-type feeder to provide con­
tinu,.us flow to the granulating system. The material is 
usually fed to an elevator feeding the granulator. The 
recycle materials are commonly fed to the same elevator. 
This provides a comparatively uniforn. mixing af the new 
raw material feed and the recycle material before entering 
the granulator. This raw material fccd system is compara­
tivcly simple and very functional; however, if the raw 
materials are not compatible for premixing in the dry state 
such as ,irea "-inh ammonium nitrate or urea with normai 
superphosphatc, separate material feed systems may be 
used as an alternate. Gravimetnric-type feeders are recom­
mcnded if indcpcndent fcd systems are used for each raw 
material. 

It is desirable to have raw material particle sizes 
smaller than the granular prodtluct size, or at least having 
the maximurn size particles not larger than ti smaller 
half of the product size range so finished product particles 
are comparatively homogeneous. 

To
 
Exhaust
 

Stack 

Granulator 
Scrubber.
 

Preneutralizer 

-- I G-iranu--'o_.. ..­

(rubber finedl 
L .... . .. . .. . _ _ _ _ 

o :, ,Pipe Reacor 
Hope 

Recvr Feed-r 

Figure 5. Fluid Feed System for Anmoniation and 
Granulation. 

Fluids Feed, Amnioniation. and Granulation 
Figure 5 shows fluid fed systems for ammoniation and 

granulation. It has bccn previously pointed out that the 
need for prereact ing materials or the benelits of using a 
pipe reactor will depcrd tpon the formulat ions and tile 
reactions of the raw iatcrials used. The primary reac­
tions that take place are between ammonia and various 
acidic materials. The rcq uirc ments or bcnefils for either 

http:tinu,.us
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of these systems should be dclcrnmincd by a thorough stir-
vey of existing facilities folowcd by material balanccs, 
heat balances, and specific waler balancis for the entirc 
sy.swm proposed. In f'cedirig fluids to tnv of te svslciii 
reactors, either the prCrcact or tanks, pipe reactors, or 
granulator, the use of' autrinitic ,imtro!,, valcs rather than 
manual control vlvcs is rcc u'nmchld. Precisc conlrol is 
required when aIpipe rector system isused. For meier-
ing fluids that have sufficicnt conduclivity, it is rccoi-
mended that :,magictic-tV)t ieicr be used \which has 
renrole controls located on it pancl in t control room. 
The magnetic mclcrs should a wys ber 0ouCd inI a yerli-
cal position regardless of' the nraterial handled. It is also 
very important to follow the supplicr's installation instruc-
lions with respect to pilic si/c>, and straight portions to 
and from Ilic rclcrs aind propcr grounding. to avoid 
electrical interfereices. Alht otuch our cornpmy has Irid 
various type metcrs to rie! er ;trlrdrou - amnmnia, stch as 
turbine, v)rtcx rrreters, ori licc plo cs,. arid positive dis-
placcmcni purmps, we rrLnr rid using licarmorcd-typcrcoi 
rotolCtcr for N'K granulation pl;rnts. An ainionia 
prcc),)lcr 1nut be lsed it' Hie a;rnnlitia isrlucasurc, its a 
liquid. I'r ,Inipliciv (,fopcration and maintlcnmlace, 
-,cparitc re'corlers and onltollcrs for ach fluid natcrial 
are rcconrnrndcd. "l'isi sir plifics operation for the 
opci)er[rs and for rrliitrcrilllcc. 

Additi)n:l auxiliary CqIii)t:II will bc requirCd if' mol-
Ie, iiilcrials such is irct iri ninirintini nitrate arc tse(d 
or if stcani-waler e.rari ul tln is reLqtur red. Pac: :1,c boiler 
systcms arc coni inkimused to provide scitn %here raw 
niatcril reactr ons arc riot adcquatc fori ,,oodgrantiulation 
,and stIam rIo tlracdyv;mlable.sire'e i n 

It irliportaitl to nt) that Iloisuirc is required for 
anhvdrot s ammonia to react witi other raw materials. 
Thcre:fore, pri pcr piositining of cqtilprincnt iniwhich 
rniaterials ;re' fed t the' rzrinilat ors is required to iini-
nine amionrlia loss. 

When prcrcictors arc ucd, ivarict (ifnisccllancous 
atuxililar cqlripmclit ma1 ie rCquircd Io mcasure the mole 
ratio, tl I,variou.s tenllirat ur-s. and prcssures. 

Althiugh tile TVA rot ;an-iypc r; inuilat ir ismsl corn-
mnrilv used for prnthiili 4)l ,;,r types ofNPFK 'radcs. 
erar ulalt (rs such as d uldlc shdlt paddlc iixers, pan 

ariulalrs, arid pin-type grariulatr nr,v bc eq iirc'd for 
,ial va1t11rn', I ,r mulatrialI', CpCcially if 

nniriIht ,,is pr itcornlrinrtin NIPKIlk.rc 
ir;nILCs. 

:Ir" with 

Aftcr reacliris aid j raiiflithiOl arc Conllilctcd. runs! 
NI'K miate icrls imu, lic dried, cooled, aid si/cd. 

l)r'ing 
Inasmuch as most NPK fertilizer materials are heat 

sensitive and contain bound moisture, rotary dryers having 
concurrent hot air and material flow as shown in Figure 8 
are most commonly used. Fucl combustion chambers 
should be designed to adcquatcly mix combustion gases 
and air so the air temperature entering thc dryer does not 
become excessive. The atlcrial feed chute should be 
designed to avoid high heat inipringemcnt, to provide easy 
access for cleaning, and to have enough slope for material 

°
flow i'rto the granulator (preferably 7t from horizontal). 
Because some of the material may be changing from a liq­
suid to a solid phase as it flows down this chute, it normally 
becomes the most critical for funclional design. Mianufac­
turcrs are involved in properly designing the dryer to 
provide sufficient air, good air matcrial contict, and ade­
quate retention time to cffctive'ly and efficiently dry a 
variety of materials. Altlough, the control of heat to the 
s\ystcrn is predominantly cont!rollcd 1by tihe air discharging 
from the dryer, it is good praclicc to also sense the air 
temniperature entering the drvcr and the product material 
discharging from the drcr. If either of these becomes 
CXcssivc, they should override the primary control center 
or al least give an alarm or indication of the abnormal 
condition. 

Cooling 
Rotary coolers having countcrcurrcnt air to matcrial 

flow, as shown in Figure 0, are most commonly used for 
cooling fertilizer materials. Fluid-bed coolers arc also 
used in limited applications or as supplemental equipment 
when only the screened prorduct is cooled. Rotary coolers 
have more flexibility incooling different rates of material 
throughput and materials having a range of particle sizes. 
Fluid-bcd coolers arc normally more efficient if the 
throughput rate is constant and the particle size is 
uniform. Ambient air is normally used for cooling; 
however, if the ambient temperatures are very high it is 
advisable to consider the use of a chiller. Chillers may 
also be advisable, or required, when cooling roa crials 
having comparatively low critical relative humidities. 

Sizing 
Screening of material can either be after drying and 

before cooling or after cooling. Here again, the nature of 
the raw materials used and the grade produced must be 
considered in determining the bt-,t locations for screening. 
If the materials granulate well and arc not very humidity 
sensitive, screening can be done effectively as the material 
discharges from the dryer. Ilot recycle can be returned to 
ile granulator and the cooler size can be smaller. Addi­
lional ':rceiing may be required after cooling to provide a 
clean, refined product. If no screening is done between 
the drying and cooling, all of the material mustlbe cooled. 
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'igurc0. D)rying and ( "fiuin lInuipiient., 

Sonic drying is norinidl,, (tImc in IL Cimlcr thecrefore, if oversize material will pass through the cooler. After the 
oversizc I.c ipailiclcs arc t hics solt wet material is cooler double-deck product screens will then have a 
iiininicti tlin.., il,,, e:cri(.shinI grindingivi:, or of lighter load and do more efficient screening, the cooler 
ovctrsicd in lcrik. n-Crvi poratimn in the cooler size does not have be as largeto as all of the material 
iakc, plac lILefle'lixc o dlin!, it,tIpplric11il, : passes through it, and the ovcrsizc material will have more 

retention time for drying prior to crushing. 
\it oiichilc r\c ttltAril[.and er;Ics prodttccd

should hr It, I iII dr. tnt ini, IeLe screeTning A variety of screens will provide good screening efli­
cqliplicni ;1i1d j o Icdnr ,,in lii applicalions \wC havc ciency provided they are not excessively loaded and are 
fotnd it n0 t' ;it],lctic sii!,lc-dcck scrcens easily maintained.Io 'ring We have found the latest design Tyler
reas(onaihl line cloli ,, hi enld hwccin Ihc drci and Hummer screens to he most effective for screening raw 
co(tlcr so the maim ily I e c 11'material can hc recycled materials and many of the product-type materials. For 
as l t ines ( Le grii jlla i11lir((idtc si/c and screening straight materials such as amnmonium nitrate, or 
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urea, or if grades cotmaIn hi,gh (tanti Ls of either Of IhCsC 
Irratcrals, the Rotex-tvpc oscillatiw ,,rcl>s hv IaI1 "n 
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( altiig 
[R,,ol inwiii r It\l,- ii hon',in 1,- e] ll as, "ii'lrc 7, 
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Fij',' %arv .1qwndil , on tinedwtial jcinne coated. RuTi"horln
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hl,o "C'Vr, Ot ,t',ridI be l,.,unIs.
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Figure 7. System for Coating Graniles, 

NPK llant System. 
Aftcr all of the sic rcqIirmcrnts of the plant are 

detcrrrincd, it is rec,:oi rmcnded that lie llait bc designied 
with c("isiderahl fl,-xibilitY, conridcraltion for ipotenltial ", 
expansioni, a1nld potentialilditioli of auxiliary , mcnt. . 
A\ viou can see, with the vz;i'tv "comlIcx considerations, 
itis strongly recommindcd that a thurouugh stdv he made 
1v qualified ard cxpcricnccd conisultans, or advisors, to 
determine the lost approlpriatC changesc'! aid.IOr plant1 
d'sign selected. 
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Design of Granulators, Dryers, and Coolers 

David Ivell, Senior ,Iicnhical Engineer, Norsk Flydro Licensing 

Abstract 

Two of tit more important factors that affect the 
design of rotary drum granulators arc the rotational speed 
and the product retention time. The speed should be fast 
enough to attain a good cascading action, yet below the 
"critical" speed at which the ccntrifugal force prevents any 
relative movement of the bcd. The diam.:tcr, length, and 
slope affect the t hroughput and the retention time. Place-
ment of the prencutializer prays a!nd the ammonia 
spargcrs are also import;tni. A formula that cxprcsses the 
interrelation among these variabics is given. 

Design parameters for determining the size of the 
dryer required are: (1) residence time of the solids in the 
dryer, (2) perccntage of dryer volume occupied by the 
solids, (3) air velocity, (4) rotational speed of tile dryer, 
and (5) slope of the dryer. An equation that shows the 
relationship among these factors is givcn in this paper. 

Normally, fertilizer products leave the dryer at tel­
peratures of 750-120'C. tf the material is bagged or sent 
to storage at these tcnpcratures caking will occur. This 
tendency to cake varies from grade to grade and with the 
type of raw naterials used in the product. Usually, the 
product is cooled in flightcd rotary drums designed very 
much like dryers, 

Introduction 

The bulk of the world's fertilizer is manufactured in 
the form of solid spherical gra.nules generally having a size 
distribution of 1.5-4 mm. In the manufacturing process, 
powdered intermediates, melts, solutions, and slurries are 
converted into granules with physizial properties which af-
ford easy storage, distribut ion, and application. 

Rotary drum granulation is an important process for 
the formation and ,;haping of these granules. This p:per 
gives first a review of the techniques employed by Norsk 
Hydro Licensing (NI-IL) for the design of new rotary 
drum granulatlos. 

necessary to have a look in detail at these two unit opera­
tions. 

The dryer reduces the moisture content of the granular 
fertilizer to a level which wiil allow storage of the product 
without significant caking. So the mechanism of drying 
will be examined and the important design parameters for 
rotary-drum-type dryers will be identified. 

The requirements for cooling fertilizer will be investi­
galcd and the reasons why ovcrcooling should be avoided 
will be explained. Rotary-drum and fluidized-bed units 
are two options for effecting the cooling. The similarities 
and differences between rotary coolers and rotary dryers 
are elaborated on and surging, a potential problem with 
rotary coolers, is discussed. The two types of fluidized­
bed units are described and the relative performance 
reviewed. 

Granulator Design 

The granulator is a most critical item in the fertilizer 
manufacturing process. The mechanism of granulation is 
complex and the design work or granulators has 
proceeded largely through practical dt velopment work, al­
though considerable rationalization of process design has 
occurred. 

Design Parameters 
Early development work established that operating 

speed and material retention time in a rotary granulator 
were important parameters in determining the granulation 
efficiency. These criteria are not only to obtain a good 
rolling action but, more important still, an ideal cascading 
motion. At very low speeds the bed of material slides 
from side to side and there is no opportunity for mixing 
(particularly of liquid feeds). Neither is there any oppor­
tunity for granule growth. As speed is increased a rolling
bed is formed and conditions are very good for granule 
growth. 

A further incre- speed produces a cascading plus 
rolling action. This produces an extremely turbulent zone 
where granulation takes place and sufficient shearing ac-

The material discharged from the granulator is wet tion is produced to break down oversize particles as they
and soft and both drying and cooling are necessary to fur- are formed. This does not occur until the operating speed
nish a product of acceptable quality. Therefore, it is reaches about 40% of the critical speed. The critical 
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speed is defincd as the rotational speed at which the Where L = Length
 
centrifugal force equals or exceeds the gravitational force X = Angie of repose
 
and the material in the bed no longer rolls or slides. The N = Spced
 
effect of rotational speed is illustrated in Figure 1. D = Diameter
 

S = Slope 
Drim Drin Dlum 
Rotaion Relation Rotation Having specified the rotating speed and required 

residence lime in the granulator, ther. are a number of 
possible, though restricted, length and diameter relation­
ships which can be used to give the required conveying 
capacity. J he approach is largely dictated by practical ex­
perience. The plant throughput determines the diameterand this is used to calculate the drum length and slope.

Low Speed ApproximatelV Approximately 
OW1cil!3hngMoveimenlt 360P ol Crilial 4090 of Critical 

NoRollng Rolling bul no Cascadng - Rlolling For high rcycle plants where most of [he raw 
Cacading opliiles Rolling materials are fed to the grantil~itor in the form of solutions 

Figure 1. Effect of l)rui Rotational Speed on or slurries, an exhaust f inis nccessarv. 
Granulation. 

In such plants large anrrounts of heat t,'e added to the 

When the rotalional spec d is optimum excellent granulato" (for example, hot fines, slurry, and chemical 
distribution (f the liquid phase is also obtained, espccially i.cat of reaction). This heat is utilized in two ways; part of 
if a fairly shallow bed is used. I lowcvcr, ftor grades that it goes to heating the coolcr materials and part to 
require fairly heavy ammonialion, such as urea- evaporating moisture. 
,rmmnium ph(osphat- ,mixtures, a compromisc has to l'c 
reached in order to ininlnni/c aninioii loss and an outlet In order to remove the evaporated moisture and also 
weir is in:,tallcd to crcatc a dccp bed. the unreactcd ammonia, air is drawn through the 

granulator and an ammonia recovery system. Within 
There are three zones in the granula or: limits, increasing the airflow will increase evaporation and 

I. Mixing region, 	 thus reduce the recycle ratio. In practice the velocity of 
2. Wetting and partial grantllatlion region. 	 air through the granulator is generally limited to around 

;inl shaping region. 	 1.5 m/s to limit the amount of dust entrained in the 
airstream. 

The mixing zone is short, typically ahout t,2t inm, with 
the length being dictated primarily , , tihe length of the in- For low recycle solids-based plants, such as the NIIL 
tcrnal picw rk. 	 UAP process, ammonia loss and moisture evaporation are 

very low, so the granulator can simply be vented by 
The wetting zone is that arca in which the liquid phase natural convection eliminating the need for an exhaust 

is formed and a small amount of granulation occurs. 1The fall. 
length of this zone is determined by the amount of liquid 
phase added that can be evenly distributed on the solids. 
In the NHL process for urea-anmmoniurn phosphate Granulator Internals 
(UAP), small quantities of sulfuric acid, ammonia, and The relative positioning of sparger pipes is extremely 
steam are added as granulation aids. [or this type of important; the optimum positions have been determined 
process the wetting region is typically 3 i long for a by practice and are indicated on Figure 2. 
1,250-mtpd plant. 

Particle rolling distance is the most important variable 	 SPARGERPOSITIONING 

that can be identified~in determining the length of the
 
granulation zone. At a fixed drum loading and speed, roll- Steam
 

ing distance is proportional to residence time. Residence NH, ,0,
 
time in the drum is principally fixcd by kiln action which, H2SO"'
 HNSO,4 

with suitable adjustnient for tile effect (f ltic outlet weir, m 
can hiz represented by tlie Cqtluation: NH, 

J OO'RttionL (X + 23) 
= NDS 	 Figure 2. Location of Granulat,,;Internals. 



For ammiona addition NI It. us,'s a drilled pipe sparger 
placed beneath the bed (if solids within the iranulator. 
'he spargcr is p,sitioncd m) thLit tht hol) fitce the on-
cornling sirean of' olids for nimnhum ;iniiinlnia loss. 

The lnlllllia pargct i nrm .lil,hlv hoilgcr than 
the sulfuric acid addition ,one (,mil lhc slurry lone, where 
applit'ablc) to ,llm :idcqitlc ,l uliatinl time. It has 
bccn found in practice thi the pipe diameter and thick­
ness (schcduic) arc dctcrnlicd liv mcclicimcal strlnglh 
rcquircments rather hman ;nmv other fact or, 

Sulfuii, acil iS ilo thlCd throu.lgzh at drilled pipe 
slpat cr Althoulhpl il th> cxc the spargtr is suspended
ihiove thle t'uiili me', L'cd. 

i,S11 tliuhrilt 
colLi. 's of inl irmnorcd rullbbcr lhose with .1C Iltencd cnd 
cstndig iust bcjictlt lie bed of, solids. 

St 1 adtcdle a stean "sinOc" which normally 

An inlportlantl c (ldcr:t lion ill the design of the 
granullator i titc, :iidamicc of and/or rcmoval of buildup. 

,In this respect feli mi is \,ery i por-' cimurt Mictur, 
lint blciascl i ill a ptlitliil buildup point. Ilence, the 
number ,ntd sie ,f s-uppVrts, is i conlrlilisc bt\vecn the 
meciaMIical st reng ithrCqii rCd anId thie imicntial for 
material biiildiip, 

Thcc ;er thiree mcthn, ds by which buildup in the 
granulator can bc cotroilcd: 

1. Scrapers. 
2. External hammers. 

3. Rubbcr paneling. 

Scralprs can be of lie fixed, i'ecipricating, or rolary 
type. NIII. experience with Ihesec devices has bccn poor 
and their use hasIiceni discotlin uc d. The major problcm 
is one of vmcchanical rcliabilitv alliongli thv can cause 
prccss pro blc is beca use thlir position wkithin tile drui 
cicniiragcs bnildup. 

Pncumatic and mcchamiical hammer s offer a praclical 
allcrnative but suffer from tlie disadvant'age of noise and it 
relatively high maintenaimce rcquirm icilt. 

Nil[, current practice is to instlall rnbl icr tancling for 
cleaning purposes. lhm priniciple iii opcratiii is that each 
panel flexes durim ritltm thll. releasing any alliched 
bhuildup. The quality o llic rulber, iii terms holh of flcx-
ing pro,",.'rtics and cliciiial imd hiermal r'sistaice, is of 
greal implrr ncc. (vcr thci lt ) \car lic use of tlhis 
method has pri'ved to bc vCrv clfcclivc. 

Summnary 
The diameter of the granulator is fixed empi-Ically and 

depends on throughput. A speed of 41,% of the critical 
speed is used to give a good cascading/rolling action. 
Material nmvcment is by kiln action and the leagth and 
slope are determined by the required rolling distance. 
'The size of the exhaui;t fan for high recycle gradcs is 
dete'mincd by the required ratc of moisture evaporation. 

P'ositioning of' sprays and spargers is important. From 
a practical point of view, buildul inside the granulator is a 
problcm and so the sparger support mid the cleaning 
mechanism arc also important. 

Design or Rotary r)yers 

The dryer is the largest single cost item in it granula­
lio,, p, it and it is therefore the designer's intention to 
minimize the cost witiout prejudicing its performance. 
The present NtIHL method for design is based upon known 
performance of existing equipment together with certain 
cnpirical/lheorctical relationships. 

The main object in the drying operation is obviously to 
obtain a product having a final moisture content that does 
not exceed a specified maximum. The basic design is 
therefore it problem in the simultancotis transfer of heat 
and mass. 

Mechanisni of Drying
 
Tl. 1 c ie two types of drying:
 

1. Constant-rate drying. 
2. Fallin,-rate drying. 

Constant-ratc drying occurs when there is a film of 
water present. Here tile rate of evaporation from the 
surface depends on tle temperature and the moisture 
content of the air in contact with it. For constant air con­
ditions therefore, the drying rate is constant. 

Falling-rate drying occurs when there is no water film 
present and moisture has to diffuse from inside the solid, 
through the pores, to the surface. As the solids get drier 
the moisture has to comc from deeper within the granule 
hence the drying rate falls. 

With soluble fertilizer salts an additional barrier is 
present; the pores through which the moisture diffuses be­
comc blocked with crystill deposits, thus sOw,,ng down the 
dfrying rate even further. 
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[he drying of UAP fertilizer produced by the low Dryers are designed for a relatively high holdup of
recycle solids route occurs mainly in the falling-rate 18% to minimize the size of tile dryer. The flights are
period. While some surface moisture does exist on the designed for 15% to give a small rolling bed. At this level,
waterial dischari,,cd fron t lie granulator, it is rcflo,'ct so the flight carrying capacity is considered a niaximum. A
rafpidly that it ne.'d net he considcrcd in this discussion. higher holdup would ncccssilatc over-large flights that 

woukl occupy too much of the drunim cross sectional area 
Thus, the drying rate can be expressCd by an eq(uation and leave insufficient area available for cascading. 

of the form' 

'File single nost important factor affecting the rate of
d (- ) lK i drying is (he granule tenpcrature. It is therefore highlydl LO) (Tly 	 desirabie o hiat the grantiles up quickly to their drying 

temperature and kccp Ilheni there. In order to do this
Where t = Time each granule should Ia ,,is much of its total surface area 

T = Solids tcnipcirat ure exposed as 	possilc, for ,as log as possible, to tile hot air.
K,x,v = Const ants This is achieved by having a nigh cascading rate. The cas­

cade rate is naxinized by circll Ilight design and theNaturally, in order i reduce the ri.,idence tinie correct choice oflhe drun diameter, speed, ind slope.

rcquired it is dcsirablc o Operate with as high a solids
 
tc.npcratrirc as is practical. Fcrtiliizer containing high For optinil1 cascading tlie 
 speed of ritation should 
quantities of urca, particularly where potash is lresnt, be in tile range ',,-25 '", of' tile critical speed, thoughhas a xcvr, low ingiri point and the drying Icmpcrature is creful flight design allovs spcds as low as 10% of the 

iterefore restricted to aoid huildllp of solids il tile dryer, critical to give a nearly pcifect Ctlilin. 
U'hsc ctnlrol of drYer air teniciariturc is lhcrefore niciC.e­
,lv so that ihe Itnperaturc cas- bie mIaintained as high as Tle slope of the dryer is determined by the "cquircd
l)0Ysil!C while at the ile tin avoiding ternlpf.raturcs in conveying capacity. There arc two icchanisms wherebythe nlling rcion. li lractice, solids cn,pcratiores in tlu niaterial nioves along thc drycr- fliglht act;on and kiln 
range 7()'-S( ( ' are c ncrally w.ed in I [P dryers. action. 

The Irviing crves rlcprCCsitcld lV tile cqualtio above With flight action the material is lifted in the flight and 
arc dcte rri ihned experinicnt ally in 	 the NIIL research in so doing is moved forward, the extent depending upon
laboralori s. The derived cxprcssion can le u.sed to deter- the slope of tile dryer. When it is discharged the airflow 
min tile required residence tile for each grade. Typically dclccts it further forward again. The magnitude of this 
residence tines required for a low-rccyclc UA P grade deflection dc pends on air velocity. 
would be in the range of' 10-210 Ininutcs. 

'[le equation put forw,!rd by Seaman and Mitchell 
holds sufficiently well for design purposes:

I)esign Paramelers 
The design pararmeters used to oblain the major dryer T L 

dincnsioin. are: f(lI-) ND (S + MV) 

I. 	 Residence tine ol'solids in tie dryer. Where T = Residence time, rin 
2. 	 Holdup; that is tlie perccntage ,f Ihe dryer volume L = Length, in 

occupied by solids. N = Speed, rpm
3. 	 Air velocity. D 	 = Diameter, ni 
4. 	 Speed of rotation. S = Slope, ni/n5. 	Slope of the dryer. V 	 = Air velocity, mn/see 

f(H) = Factor based on druni holdupThe paraimncter which dcIcrnliics tlie dryer dianicter is M = Constant sec/ni
the air flowratc, wliic; can be obtained from a1heat and 
material balance. Too grcat in airflow would restil in t(ii The equation shows that transport due to tile slope of 
great a carryover of solil malcrial. h'lie miaxirnllni lcrinis- Ire druni and the air velocity are independent variables. 
sible air velocity is fixed at -4ni/s and usually falls in the 
range 2-4 rn/s. As tile drier tenperatire controls work by altering 

airflow, it is good practice to enstire that tile term due toHaving fixed the diameter of tile dryer the detcrinira- air velocity is not too much greater than the term (file to 
tiori of the length depends on ile residence time required. the slope. This is to pevent surging. 



146 

Because the flights are sized for a slightly smaller 
holdup of material than the (fryer is actually sized for, 
inic is also a ccrtain amount of movement by kiln action 
as a small rolling bed is formed. The kiln equation men-
tioned in the design paranicters for granulators adequately 
predicts thai movemnt. 

l)reyr Internals 
The ideal shape for a flight. one that will give a corn-

pletely uniform (list ributiou of naterial across the drum, is 
semicircular. H owever, this flight profile is difficult to 
manufacture and in practice is difficult to keep clean. The 
best conpromise is that having a straight radial section 
and lip lengh set at an angle, as illustrated in Figure 3. 

Ideal FlightSProtile ~ Practical Fligh!Profile
 

x° ] 

Dryer 

Shell 


Figure 3. Profiles of Drier Flights. 

The number of flights, the siziig of tle radial and lip 
sections, as well as the angle betwecn them must be care-
fully determined it good cascating is 't, :jellioved. NIL 
uses small-scale laboratory experiments to ensure twl the 
optimum- flight design is achieved for the required drum 

holdup and speed.
 

To minimize material buildup on the flights while the 

granules are in the "plastic" region, NHIL practice is to 

specify only half as many flights ir; the first half of the 

(fryer as in thle second half.
 

It is also important that all feed inaterial get well into 
the dryer to prevent backspill. The inlet chute is a poten-
tial source of blockage so boti tlie slope and cleaning 
facilities should be properly designed. The scrolls at the 
inlet of the dryer are considered an cxc nsion of the chtite 
and inalerial slides down lie scrolls as they rotate throw-
ing material N','ll into the drul. 

Summary 
The dryer is the most expensivc item in a granulation 

plant and it is therefore very important Ih;at design be'he 
optimized. Drying curves can he dclcrrincd cxperilnicn­
tally and residence linies predicted. The dianieter is 
determined by the airflow required. The speed of rotation 
fixes the cascade pattern. NIaterial movceient ismainly by 

flight action. The slopc and length of the drum are there­
fore determined from the required residence time. It is 
very important to get good cascading action in order to 
obtain good contact between the hot air and the solids. 

Design and Selection of Cooling Equipment 

Before detailing the design of coolers, it seems appro­
priate to ask the question, "Why is it necessary to cool?" 

After the drying stage, granule temperatures typically 
range from 75' to 120°-' (75'-8 0'C for UAP grades). If 
the product was sent to storage at these temperatures, 
Ihere would almost cc,ainly be caking problems due to 
"heat set." The causes of "heat set" can be attributed to 
the following: 

I. 	 At the high temperatures in question, the granules are 
quite plastic. When sbicted to the pressures encoun­
tered in fertilizer heaps, the grantles tend to fiatten 
slightly allowing a greater area of surlface contact. 
Caking results. 

2. 	 As ferlilizer is cooled, its solubility decreases. Crystal-
Nization occurs in some of the residual moisture. Ifthis 
takes pjie in the heap. crystal bridges between 
gianulei are lrmed and agair caking r sults. 

3. 	 If fertilizer isput in storage hot, drying will continue; 
the granules will "sweat." As the granules cool, the 
humidity of the air trapped inthe heap will increase 
until condensation takes place at tie granule surface, 
and again caking results. 

The degree to which these tendencies are exhibited 
varies from grade to grade. For instance, granular MAP 
and grantilar TSP stiffer less from these problems than 
urca-bascd grades. 

With ainmonium nitrate/superphosphate based 
grades, safety is also a major consideration. Self heating is 
possible in hcaps of fertilizer. The main cause is the 
oxidizing action of the nitrate on the organic matter 
present in the superphosphate. In acidic conditions this 
reaction will prceed. T1 e tendency for this reaction to 
proceed is affected quite appreciably by temperature. 

Care must lie taken, however, not to over-cool the fer­
tilizer. Althot,gh problems of heat set (and safety in am­
monium nitrate grades) decrease as the temperature 
decreases, the moisture pickup tendency increases. 

At a given temperature and moisture content the fer­
tilizer will have a particular water vapor pressure. 
Similarly, at itgiven temperature and relative humidity, 
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*,he atmosphere will have a particular water vapor pros- cascade rate which in turn determines the overall heat­
sure. If the vapor pressure of the fertilizer is less than that transfer coefficient. This therefore affects the cooling effi­of the atmosphcre, the fertilizer wilt pick ip moisture in ciency, and the length of cooler required decreases 
an attempt to reach cquilibrium. A fertilizer put in according to the equation:
 
storage at temperatures very close to ambient tcmpera­
lure will soon reach ecquilibrium. A fertilizer stored at 
 0 = U. ATim L
 
relatively high temperatures may, in practice, never reach
 
equilibrium beforc being bhagcd. 
 Where 0 = Heat removed from the solids 

U. = Overall heat-transfer coefficientIt is recommended that the heap temperature should ATim = L)g mean temperature difference 
be kept at least 10'-15'(; above ambient temperature. L = Length of the cooler
 
Therefore, the temperature of the product sent to storage

is a compromise. Dcviation too far either way from the 
 However, high speeds lead Lo shallow slopes in order to
optimum for any particular grade can result in caking maintain the required holdup. As explained previously
problems. shallow slopes lead to low air velocities which means large

diamlecr coolers. In practice, slopes of less thanIf it is planned to store the product in bulk for a long 2 degrees and more than 4 degrees are avoided.
 
period of lime, the normal practice would be to minimize
 
the air changes within the storage building and coNer the 
 Another consideration is the ratio of granule cooling
hcap with plastic sheeting to pruvent contact with the sur- time to "soaking" time. During each cascade the surfacerotiniing air. The alternative is air conditioning which is of the granules cools to a temperature below that of the 
'XI)CIsive. bulk material. During the time the granule resides in the 

flights between each cascade, heat flows outwards fromTraditionally, cooling has been carricd out in flighted the center to redistribute the temperature throughout therotary drums with a countcrcurrent flow of air. The granule. It is clearly important therefore to allow the
design of these drums follows the dryer design very granules the optimum time to complete this redistribution
closely. Fluidized bed coolers have begun to gain in of heat. Because the temperature difference between 
popularity as an alternative means of cooling and these solids and air changes along the drum length, the op­will also be discussed. timum retention time will also vary. However, on average 

it has been found that a rotational speed of about 18% of 
the critical speed is the best compromise.


Design of Rotary Coolers
 
Design Parameters-Again the parameter which 
 Cooler Internals-The same principle in flight designdetermines the drum diameter is the airflow rate, wh,. ) used for dryers is applied to coolers. The aim is still to 

can be obtained from a heat and material balance. The maximize the number of curtains across the drum crossmaximum airflow acceptable is dependent upon the slope section; this is achieved by maximizing the number of
of the drum. Since the cooler is countcrcurrcnt the flights. There is though a practical limit placed on the gap
material moves along the drum as a net result of the for- between adjacent flights; this should be a minimum of

ward action of the slope and the retarding action of the 
 80-100 mm to allow lumps to leave the flights. The actual
airflow. The same equation for material movement in flight profile employed is shown in Figure 4.
 
dryers applies to coolers except that the airflow retards
 
the movement of particles as represented by the modified
 
Sacien and Mitchell equation described earlier:
 

L Ideal Flight Practical Flight 

T = f(II) ND (S-MV) Profile Profile 

Too great an air velocity therefore will result in the 
excessive carryover of fine particles and necessitate very Cooler 
large slopes in order to keep the material holdup down to Shell 80-100 MM 
reasonable values. As with dryers, the cooler is designed 
for an 18% holdup with the flights designed for 15%. 

Several factors affect the choice of rotational speed.
Within limits, as the speed increases, so also does the Figure 4. Profiles of Cooler Flights. 
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The solids h:dlinrig duty is inmuch less severe in the 
cooler than in the drier; bildhu ) is also inuch less of a 
problemi since the material is dry and free flowing. The 
Ilight profile can therefore approach the ideal semicircular 
shape, 1lowever, this is expensive to fabricaic and a prac­
tical Compromise is made. 

lceausc the cooler must be designed [or a range of 
ambient Icmp'eratures Mid a range of different products, 
lower-than-dcsign arlfvowso,,'ercoolintg. arc somnetimes used to prevent 

vL 

Low ,airflows lead to low holdups and if Ihe flights are 
not full, surgin, may occur. The Id)lowing techniques are 

ised by Nt IL tu reduce Itis prldemii: 

I. 	 The cioling load I', nevCr o, t .Velocity 

2. 	 The flights arc dci',ned hr I'Y7 holdup while tile 
druimn is desi'L'Lmcd fr 1"; fill u er design conditions. 

3. 	 Intermediate weir rin-s Arc prvielcd. 

Srnmarx'-- The coolcr desig-n is (fIilte silmilar to that of 
the dryer except that the airflow is countercurrent. The 
diame c," is determined by the airflow. There is an op-
timum rotational speed at which the granule tCml perat tire 
gradients have time to cvcn out and good cascading can be 
obtained. The heat-transfeLr coclfficicnit is proportional to 
speed and this determines Il,: length of tihe cooler. 
Material timovement is mainly hv llighl action and tie 
slope (letC rmines the imerccit age hil1of the drim. 

Flight design is as important for coolers as for dryers 
but can approach the ideal more closely because the 
material in the coolcr is frcc flowing. Surging can be a 
problem because of the range of operat ing conditions but 
intermediate weirs, correct flight design, and close 
adherence to the design dutly can mininiie this problem. 

Fluidized-Bed Coolers 
Fluidized-bed coolers, as an alternative to rotary 

coolers, have bLcn growing in popularity. This is mainly 
due to their small physical size and lower capital cost. 

Principle of* Operation --Blowing air Up through a 
granular product causes it to lift. \Vhen a certain velocity 
has been reached, the product begins it) behave as a 
liquid. This velcil is known as the fluidization velocity 
and the relationhip isshown in Figure 5. 

As the velocity isgradualylV increased [lieproduct will 
eventually start to "bubble" or 'boil." 

i 

i 
I Normal 

P I 
I 

1 Operating PointI 
Bed Starts 

"U 
I 

to Bubble 

S Fluidizing 

Air 	Velocity Through Bed 

F'igure 5. 	Relationship Between Air Velocity, Pressmre 
Drop, and Suspension of Particles in a 
l'luidized-leed Cooler. 

When the fluidized state is reached, particularly in this 
boiling region, there is an excellent air-to-product contact, 
each particle being supported individually in the air 
stream. The fluid bed thus provide!, an almost ideal heat 
exchange between air and product. 

Equipment Types-Fluidized bed coolers can be 
divided into two categories: 

1. 	Static deck machines. 
2. 	Vibrating deck machines. 

The static deck cooler relies purely on the fluidizing air 
to transport the material along the cooler. Vibrating deck 
coolers can, however, transport the material with negli­
gible airflow. The latter arrangement obviously has a 
much greater flexibility and lurn down, and is niore easily 
able to avoid overcooling. 

With grades containing high proportions of urea over­
cooling can present difficulties because of moisture 
pickup. Several other techniques are available to prevent 
overcooling: 

I. 	 Installing a heater intle air inlet stream. 
2. 	 Recycling either the heat from the exhaust stream or 

the exhaust stream itself. 

A small heater is generally provided to keep the 
material warm in case of plant shutdown. 
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The main disadvantage that fluidizcd beds have, corn- fluidized state, heat transl'cr is 'crv efficient. Slatic deck 
pared with rotary coolers, is the restricted size range of and vibrating deck machines are available; the latter is 
material that can be handled. Fluidizaition vclocitv is, of more flexible. Care has to be taken to prevent overcool­
course, related to particle sizt. For example, the air ing especially with high urea grades. Use of fluidized beds 
velocity r Lquired to flidizc i 3-111in paI iclc would enlrain is generally restricted to a fairly narrow size range o11 
a 0.5-am particle in the air strcam, material. 

In general, thcreforc, the use of fluidized beds is 
restricted to handling product-sized material only. By 
careful design, however, it is possible to extcnd their use References 
to combined oversize and product strcams provided the 
larger lumps are removed. 

Saeman, W. C. and T. R. Mitchell, Jr. 1954. "Analysis of
Sumrnmiary - Fluidized-bcd coolers can offer an attrac- Rotary Dryer and Cooler Performance," Cheinical 

tive alternative to rotary coolers fIor certain duties. In the Engineering Process Technology', 6:54-57. 
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Design Considerations for Nigeria's New Urea-Based NPK Plant 

D. W. Leyshon, Technical Director, Jacobs Engineering Group, Inc. 

Abstract 	 are given as Figures I through 4. The plant can make 
DAP or NPK gradc in the conventional preneutralizer-

The Jacobs Engineering Group of Lakeland, Florida, TVA drum granulation mode or by using a pipe reactor. 
designed an "ultra high-analysis" granular NPK fertilizer Operating conditions are modified to produce urea NPK 
plant based on the use of urea and DAP. A 1,000-tpd grades, which have a very low m;.lting point and are highly 
plant using this technology began operation in February hygroscopic, having critical relative humidities in the 45% 
1988 at Port Harcourt, Nigeria. The process uses DAP, to 50% range. 
urea, and potash to produce the highest nutrient grades cf 
NPK possible without involving polyphosphates. Thk 
equipment used is essentially a combination of the con- Process Description 
vntional preneutralizer and a TVA drum granulator. 
DAP and 15-15-15 have been successfully produced, but The raw materials handling system is shown in 
the plant is also designed for 19-19-19, 35-17-0, and Figure 1. The raw materials bulk storage area should be 
28-28-0 as well as several other grades including MAP- located so that it is c ivenient to the granulation plant. 
based products. This minimizes the size oif hoppers required in the 

granulation building itself where space is limited and 
where extraction problems should be avoided. 

Introduction 
In the NAFCON project, imported 52%-54% P205 

The Jacobs Engineering process, as installed in merchant-grade acid is used. The K20 is obtained from 
Nigeria, is a modified DAP process of relatively conven- standard grade potash. Because a market in Nigeria had 
tional configuration. Typical flowshects for the process already been established for 15-15-15, the need for this 

Polishing Screen Rejects 
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Raw Materials 

2--	 Coating Agen! 

To Coating Mixer 

KCI, K2 S0 4, Urea, & Filler 

,_ I Filler ___ 	 " 
Storage Seed Storage (5Grades) 

Figure 1. Typical Jacobs Raw Materials landling-Ultra-Iligli Urea/NPK Grades. 
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Figure 3. Typical Jacobs Granulation Loop ­ Ultra-lligh Urea/NPK Grades. 
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Cooler Dust to Stack 

Product to Cooler 
NH3 Vapor to Granulator 

NH3 Vapor to Preneutralizer E fU
 
Coating OilCI 

Steam 
Condensate " i ' 

j-
Condensa .t 
C°riden sate 

Steam 
Sie-ra'i I_, I Rejects to Recycle 

_---_ 

I 

Liquid NH31 ______IJ Product 

Urea Ambient A i ;,ar L'"-.. 

Coating Agent-_ 

F:igure 4. Typical Jacohs lrod uct Ilandling- I llra-!flg, I.grea/N PK Grades. 

product diclatcd the initial Nj)K erade to he made. This The slurry at about 120C to 122°C is pumped to therequircd tlie use ot a l yavailahlc, relatively coarse granulator. Use of tkc pipe reactor is optional for either 

sand which coiprised aboutll 25'; "oftie fornitila. While a DAP or MAP form ulations. 
finer filler would havc imrl)ovd !ranulation, the major
problem caused by the coarse sand was the presence of The slurry is distributed in the granulator by means of 
river gravel whichijainimcd the fcedCr, a few large nozzles. The granulator dispcrses this slurry 

over the rccycle as a thin film which facilitates drying.
The plant is set up to process urea ts a incl or in solid Sparged gascous amnionia provides a lemperature boost 

forn, but initially the feed was hardened granular urea, in the granulator. Recycle rates for the NPK products are 
slightlv smaller ii size than the NI'K Lroducl. This was from 2 5:1.0 to 4.0:1.0. 
fed, unground, to the recycle loop. 

The slurry coated solids are fed to a cocurrent dryer,
Liquid am monia is fed to the plant and vaporiied in a where relatively low-tenpcrat tire hot gas from the coii­

chillcr provided for cot lin: the air used in the product hustion chamber is drawn through by a combination of a 
cooler. Steam is availahlc as a t ri:n, but since amhient push froni the quench air tan and a pull by the dryer 
temperatures in Nigeria are high, steam consuiiption is exhaust fan. Inlet gas tempcratures are controlled accord­
low. The air chiller s,:tcm is shown in Figure 4. The ing to tile niching point of the particular grade. 
ammonia vapor is lien u.isd in the l)rncutraliier 
(Figure 2) and in the granulalor sparger and pipe reactor 
(Figure 3). Gas leaving the dryer is drawn to the dryer first stage 

scrubher, a venturi cyclonic scrulber, through a large rc -
Fresh water make-up is inlroduccd in the tailgas scruh- langular duct shown in Figure 5, which is a view (if tlie en­

her (Figure 2) and advanccd to the primi,try vcnttiri scrub- tire NAFCON granulation plant. The gases arc finally
bcrs where part or all of the feed acid is added. The scrubbcd in tie tailgas scrubber with recycled process 
scrubcr solution is then sent to [lie prcncuLtraliz'r where water niake up. This is a rcctangular shaped packed
tie remaining fecd acid can he addCd. scrubcr iocatcd under the stick. 
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 Table 1. ligh Urea-28-28-0 Formulations 

.,, N P.N Cpomposit ion 

18.7-50.1 (I.9 mole ratio, 
p1. 7.ti5)a;: 10.56 28.28 56.45 

Urca 17.72 38.53 
I L), clay/oil conditioner 2.30L,,
. . Filler 
 2.72 

.,- 28.28 28.28 1(.0X' ' li'< 14.6-53.3 (1.4 mole ratio, 

pl I6.6)a 7.75 28.28 53.06 
" - Urea 20.53 44.64 

Figure 5. Overall V%w or NAI'CON ]lant. 
1l120, clay/oil conditioner 2.30 

28.28 28.28 100.00 

The solids leaving the dryer pass througo a him., . 64.817 P20s in anhydrous acid.
 
grizzly which lifts and ircaks any Ilrgc litips hcfOlc they
 
reach the screeus. The scrcciii is1.,doe, firsl on two
 
single-deck vc rsi,'c screens, whcrc all 
 the recycle is Table 2. Dligh Urea Formulations (1.9 Mole Ratio)screcncd. The mixtinc o!" incs and l)rodtltc siued maerial 
is then mete red with varialdhc-specd bch I fccders to the 19-19-1')
 
product screens at ralc latchcd to theldesired product

liitkcotl. N I'2(l)s K2() Composition 

)
 

The product siue (--Ut) rm 11.(Iam) muatcrial is 18.7-50.1 (1.9 mole ratio) 7.16 19.19Urea 38.4)12.03I'oolcd in a fluid-bcd cooler. The coolcr Operates 26.15with KCI(60 19.19 31.98
chilled air thati has bCt n rehcitCd by i stcam coil so hilat Moisture, clay/oil conditioner 2.30

the rclalivc hnmidity is low Cn()lgh to prcvcnt moisturc 
 Filler 
 1.27
absorpti on(l tho product gianulc surtif ce. 19.1t 19.19 19.19 t00.00 

0)ff gascs I'l ihC coolert 1,o to a bag collcctor which is 35-17-0

equippcd wilhin an clctric h aciting syStml Motl it will 18.7-50.1 6.41(1.9 mole ratio) 17.17 .34.27
 
stay dry at all limes. The gases from tlie bag collcclor go !rea 28.9.1 62.92
 
to a separate stack. 
 \oisture, clay/oil conditioner 2.30 

Filler 
 0.51 
\fter the, arc cooled 1I solids are sprayCd wilh coat- 35.35 17.17 IX)


ing oil and then coalted with i coaling Clay. The cooled
 
aind coaled product is Ilcn given a final polishing screen-

Mg bef'orc the milcrial is seii! to bulk storae. 
 18.7-50.1 (1.9 mole ratio) 173t 46.16 92.73 

Urea .8-1 1.83 
Moisture, clay/oil conditioner 2..30

F i l l e r3 .1 4 
Process Features lter 

18.1i ,46.46 100.00 
Some of the feat urcs of the .Jacobs' process are listed 

below. 

Formuiations Ctontaining Miihnilni Plant Food Use o1 Gaseous Ammnoni a

Typical formulaions which can le produced are sl,wn 
 The plant utilizes gaseotrs aniiolia for all aninonia­

ill Tablcs I and 2. These iniileriiils need carc'ul handling lion and this restlls inisevrtl advantages. The amionia
under controlled huiniitl y conditions prior to Ihaging. viporization is used to chill [lie cooling air muaking the 

cooler more efficient while using less air. (;aseous ainio-The 1llait ises urca for mnakintg NPIK grades and also iia has a higher heal of rcaction which causes more
for grade adjustmnit of )AP. Thcw plan doCs not have evaporation in the granilalor and counlers the chilling
1-12SO4 available, effect of the trea as it dissolvcs. UJsing gaseous amlinotira 
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in tihe preneutralizer as well, instead of liquid ammonia, 
allows more water to be used in the scrubbing system. 

Efticient Screening System 
Single deck screens permil easicr screen cleaning and 

maintenance. The product screens are not required to 
screen all the recycle and therefore are more efficient. In 
addition, a secmid stage polishing screen is provide 
Since the grades produced are soft and hygroscopic, 
screening ol single decks is particularly helpful. 

Special Fines Conveyor 
A spoially designed, slow-speed, wide bell conveyor is 

used to convey fines. Many plants have used drag flight 
convevors in this service. Drag flights have frequently in-
volved very high maintenance and, in the operation on 
these grad:s, are difficult to e inpty thoroughly when the 
plant is down or shifts gradcs. The specially designed con-
veyor used here has a special enclosure and sealing 
arrangiiement that works very wcll in processing DAP or 
the urea-NlK gradcs. 

TWo-Specd )ryr 
The plant utilizes a two-speed dryer to provide ade­

quate detcnion for the NPIK products :,nd convcrsely to 
provitl tlie throughput required for high rates on DAP. 
Tahlc 3 shows the rates possible for plants convertible be-
twecn urea-Nl)Ks, DAP, and TSP. 

iOm 

-4 

Table 3. Jacobs' Two-Specd 1)ryer Conditions 

19-19-19 18-46-0 TSP 

Rate, mtph 50 80 50 
Dryer throughput, mtph 2(X) 400 4() 
Rccntion, minutes 12-16 6-8 6-8 
_ 

Summary 

The production of urea-NK grades is generally con­
sidered to be more difficult than conventional DAP. Even 
NP with urea or NPK without urea can 1,e considered sub­
stantially less of a problem to produce. Any downtime 
results in rapid moisture absorption on all surfaces where 
the solids are present. Concrete and steel surfaces be­
conic slippery. The plant stairs are best in grating ratl 
than concrete. Even so, these can be slippery. Traction is 
maintained by using sand (filler) on concrete surfaces. 
Steam pipes provide hcat to key places to dry out the 
equipment after shutdown. 

Nevertheless, satisfactory NPKs can be made with 
urea, potash, and DAP or MAP, as demonstrated by the 
more than 5 million tons of 17-17-17 male by Madras 
Fertilizers and by this new NAFCON facility. 
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Impact of Fertilizer Formulation and Ambient Conditions 
on the Capacity of Direct-Fired Rotary Dryers 

Vincent E. Leon and James J. Schultz, Fertilizer Production Specialists, International Fcrtilizer I)evelopntl (.'enter 

Abstract 

The drying capacity of a direct-fired rotary dryer ir. a 
fertilizer plant depends upon many variabhs, chief among 
which are: the critical relativ c humidity of the material 
being dried, the ami'unt of' moisture entering the drver, 
the retention time, the relative iiumidity of the gasses leav­
ing the dryer, the absolute huinidity of the anibient air, tile 
teminperatutre and velocity of the air passinrg through lie 
dryer, and the temnperaturc scnsitivity of the fertilizer 
being dried. This paper describes most of these variables 
and their effects on the drying capacity. 

Int rod uction 

Most fertilizer malcrials arc quite hygroscopic- tinder 
certain conditions they can absorb a significant amount of 
moisture from the surrounding air. The moisture absorp­
tion characteristic of these materials is usually classified in 
terms of critical relative humidity (CRI1). This CRH is 
defined as the relative humidity of the air at which 'he fer­
tilizer material begins to absorb moisture. A knowledge 
of the CR-I of the particular fertilizer product is essential 
when designing, evaluating, or predicting the performance 
of fertilizer dryers. 

Determining the CRH of a Fertilizer Material 

The CRH of a fertilizer is that point at which tihe par­
tial pressure of water in the surrounding air equals the 
vapor pressure of the fertilizer material (1). Thus the 
CRH value of pure fertilizer salts can he determined by
calculations based on the vapor pressure data. However, 
because of the complex nalure of most fertilizer materials 
as a result of impurities, variations in composition,
changes in water of crystallizalion, and culectic-likc 
properties, the CRI-I vaItIes are usually (letermined ex-
Periue ntall ' The experiicii tal proccdurc used to deter-
mine a fertilizer's CRII involves placing a sample of tlie 
material in a controlled tCIperatnre/rclalive humidity 
chamber (Figure I). The CR II is detcrmined by holding 
the chamber at a conislant temp tnire while changing the 
relative humidlity (RI1) of tie surrounding air (usually in 5 
percentage point increments) and observing the Ri at 

which the sample starts to gain weight by absorbing waler 
vapor from the lest chamber atmosphere. Details of this 
procedure arc described in Afanial foi Dehnnining Phsi­
cal Prolnrfies of Fertilizers(2). 

Figure 1. IF)C Critical Relative ll, ,midity Chamber. 

Since international trade of bulk fertilizers brought
about tlie original interest in feriilizer CR1] data, most 
CRI values are reported at a temperature of about 30C. 
This temperature is typical of normal warm1 weather con­
ditions under which bulk fertilizer is transported and 
stored. Hlowcv, in most cases these am bient tempera­
ture CRIl v decline significant lv when the tempera­
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tire of the fertilizcr is increased to levels tllht arc nor-
m1lv encountered in fertilizer processing and drying 
operations. There fore, the relationship betwecn tempera-
IlrC lrid ('RII in ust he well understood when using such 
da(ta for drycr (dcsign purposes. 

Appl ication of' CRH I)ata and Other 
Plarameters to Fertilizer Plant [)ryer Design 

ldgc of tle 
pro dut i'1 cs.c t,i whwiricesigning, evaluating, or predict­
ing the 1l),,t i'm 'cr of feirtilizcr dryers. tIsc of amblicnt 
alir temnple:raktiJC 

A knoMd ('lII of' the particular fertilizer 

we (') ('R0i daLtI ii dsighing the dryer 
canIle very mi'lcadinr alnd res.u1t in a unit thatM fails to 
rnoct.' thre spucifie'd produt: m t tiq re rt t . T is is il-
lust rated Iy ()l,-crvifflg the largc varialions ill tie ( 'ki 1 of-'-
Coirri1lnuI fertili/r irraterials (FigurC 2 arid 3) ats I fIInc-
liori of triplt-Mrire. At 3If{' the ('RI I valtcs of"most fcr-
tili Cr iNlr tIe raiC of' about 45; to 75"; with 
nrl(ono0;irItlrl10r.murl lhl0mIteC (MAP) beeing the highest 
(75"; ) tlId tirC r;e amlioriitim phrosphatc-based NPKs 
( LA P-NIK ) ai id ni ropliosplhatc-t lase:d prodticts being tie 

lowst,, ;t ;about 4-51'( to 5(t';. I lowcvur, when tliesc 
,lI1!tc ri;fr,l! ub Iect to( ClCvaitC l tUni eratures, the 

(?RII values decrcase rapidly mrid ;pproach levels of' 251,"(,
for teIL I.,A'-NI)K) soic of nitropliospliatc andandur.i lire 
aninilti nitratc-based fertilizers. 
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Figure 2. 	 Eflect or iemperaireion (ritical Relative 
i uniidi'i o,f Se teId l"ertilizers.-

It is Ihis CRlI t-1 ipcirattire relationship ltoglher with
other important variahle fatil imately delcrliinc tie 

opr cess (desieri l)arililitrs re(luired for a parlicular dryin
system. In adition to ('RI-1, tihc,.c dcsign parameters in-
cude the 	 (1) tenperiturc diidrclalivc humiidity of tIhe 

ambicnt air, (2) solid material fced rate (throughlput) and 
the evaporative load placed on the drycr, (3) retention 
time of material in the dryer required to achieve the 
desired product nioistUrc level, (4) ternpcraturc sensitivity 
(f tie fertilizer, and (5) p:trticle site and density of the 
fertilizer material and their relationship to the allowabllc 
gas velocity (airflow) that can he maintained in the dryer.

hlie general effects of sonic of lheics varii)lcs on the 
drying capacity of a rotary dryer of a given size arc dis­

cussed below. 
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Figure 3. 	Effect of' Teunperatuire on Critical Relative 
Humidity of Selected Nitrophosphate-Type 

;Fertilizers. 

General Impact of' Major Variables 
The general effect of some of these major variables is 

illustrated in Figure 4. As tie temperature and velocity

(quantity) of (ryiring air is increased, tlie capacity of a given
 
dryer also increases. Conversely, as the irsture level
 

humidity) in the anbient air used for drying
 
increases or the moisture of the fcrtilizer material fed to
th drycr 	increascs, the capacity of the dryer decreases 

provided othcr conditions remain constant. 
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Capacity. 



ReenoiWhile 

For, a dryer to achieve a given product~moisture, the 

product must remnain in the dryer for a certain amount of 
time (retention time) at the required drying conditions; 

?" loner the requiredretntioni timie. A review' of comnmer-

cialinstallations indicates that an: average retention time 
of.approximately 6 minutes, based on the Friedman-
Marshall equation (.),.is sufficient to achieve a product
moisture level of about 1.2% in a diammioniurn phosphate 
(DAP) unit. On the other hand, the UAP-NPKs are nor-
mally dried to lower product moisture levcVis / ( abou t 0.7%) 
to minmmze ?caking, and commeral installations 
achieve this degree of drying. with anaverage retention 

e of approximately.. 10 minutes. There is not much in-
formation published regarding the retention time required 
to achieve various moisture levels for different fertilizer 
grades (especially for the urea-based NPKs) and there-
fore, this appears to be an area where more work is 
needed. However, an average retention time of 
10 minutes for NPKs and 6 minutes for DAP is assumed 
to be sufficient to achieve the moisture levels usually re-
quired. Table 1 shows equations used in estimating the 
average-cetention time of the solid material in a direct-
fired rotary dryer. . .,.-- .. . 

Table 1. Equations'for Estimating the Residence Time '. 

in Rotary Dryers . 

0'ra By Eqato . . . . . N... . . . . . 

riemnan,' ;nd as . . " ' N ,l 11t idence time mnutes 
" D.s r er lnth, l1 

. - '- ..N otatrillspeed,,m. ,d ,
iFr[i:;edmaandMarsal 7) 1 . 8 9,, An..s ,rd .3. 06 BLG"1.. ,=0 51' Op.OpDa,3,Cm .
., . . i l,.ons iaee 

Saeman ) llOI mia~And lmitel Ill 1 V Gasvelocity,linec 
IIIde1 u dryerslotflly loaded at 

nrdmpeat snostVld. to beR Assumed 
.t 00033otrlertiliermateriat-

A Haltlsat It t L Angle degr__________ ofInclinionm 
521 W~ish. 000Z

1 
l1 1 Solidsldry) flowrate. Ito h, lta 

Notes . 

Uenegativesignltcocurren fliswand 
Upositive coicurrnl lpandsign 

ILUpositivesigno csutecuren flispan 
*negativesignlor csuntecurent flisw 
forHalistrom LAnd 0 areinequation
mielersand V in melerslseond 

- , -

Relatioiishi~ Betweer..CRH of the Product ' -" 

and RIof the Dryei Exit Gas - , 

Adeuaeetetin imealcilewilno guarantee'that
.the desired moisture level willibe achieved-it is equally 
'importanit that-the relative humidity of the 'gas leaving Lhe 
dryer bemaintained at, a value lower. than the CRH ofthe 

Sfertilizerleaving thle dryer. A guideline used by some in 
th industry suggests that to ensure sufficient drying the 
g, s eaving' the dryer should have, a 'kt,bulb temperature

"that islI-220C lower th'an, the dri'~'? 

this guideline is satisfactory for some relativelyhigh 
CR1- fertilizers, su~ch as DAP and MAP, it is not an exacts 
criterion nd ratlie inappropriate for grades having alow 
(25%) CRHivalde . Exerimentalwork ,performedi by 

' 

gas should be at ea(,,'5 to,10pre:1.0 percen 1t epit oe thanigepi~ts'Iowiiir 
the CRH valuieof the;fertilizer material (4).Y' LThis 
'criterion was ued for the design of a commercial-scale 
urea-based NPK dryer with good results and will :also be­
used as the basis for the examples that are discussed in 
this paper (5.0). 

Abis tHuldit of the Ambient Air 
The effect of the. absolute humidity of the ambient air, 

on the capacity of a dryer is shown inFigure 5. Theon 
ditions assumed inthe preparaion of Figure 5 ashelias 

'the other.fig.resce ainredin this aierare lswed w. 
Unless otherwise stated the same assumptions were used ,: 
for all illustrations. 

"
 
UAP- Nitrophosphatc-

DAT' NPK NPK 
.
 

DryciDiameterm 3.66 3.66 366
 
,\Dryer Length, m - . 27.43 27.43 27.43
 

Maximum Loading, (nominal %) 20 20 20
 
Nominal RetentionTime, min ' 6 10 10
 
CR1 Iof Fertilizer@82.2*C, % 56 27 . 35
 
Recycle-to-Prod uct Ratio 4:1 3:1'3:1 

.Solids Inlet Moisture, % 1 5 251 2-5 

Solids Outlet Moisture,.% 1.2 7 . 7 
Soli mperature, 88792)' i.GdsInlet 'C 

S, s Exit TCmperature, 'C 79 79 79 ' 
.. ...tl( R
 
' ExitExtGGas R,e' sT , %m ea . 1746 252 8Ferilze CRI miu xi. 21Pe tll min i t 

Superficial Gas Velocity,
nsa xtC ndto s26 262 

xt o d to s . . . 

Dryer Efficiency, % x 65 65 65 
Fuel Used -- - - - Natural Gas- - - - ­

'On the bases of the above criteria, it can be sc'ini from 
Figure 5 that depending on thie absolute humidity of'the 

ambient air a given size :dryer 1producing, ac 
12-12-17-2 MgO nitrophosphiate based grade (or anyfer-' 
[lzrwta'similar CRH) will have only aboutL 55% to~
65% of, the drying capacity, that could. beah'e t 
DAP. For a low CR1- fertilizer grades ssuch as the urea-1' 
based 17-17-17, the 6'pacity of thle dryer, will be only about 
25%.to 43% ofk thY4 dchieved with DAP. 'At. the assumed '~ 
reye to produc ratios'and range of absolute humidities$2? 
tileproduction~ie Woul rag rom1 about 86 rntph. o, ,~ 

0'mp for DPa3oii 60 mtph to 84; i'tphi for the' 

yU 1{ulijrp, ure. 1-00 mth I'PP " 

mailto:Fertilizer@82.2*C
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nit rophosphit e-t :ed grade anld only adOmt 27 mnph to The effect of the maximum allowable fertilizer tern­
54 mtph for the low ('RI I urca-hased p ade. It should be perature on the capacity of a particular dryer is illustrated 
noted tha ei noadc to the dryer slope in Ithese in Figure 6. This illustration is hascd on the previously as­chaces were 
ca! lenlation , to satitsfv lie niaxi inurn loading and tile inIIi- sumcd nitrophosphatc process conditions using different 
num recentiou tiun rulrciicnns. In all cases the relative temperatures of the dryer exit gas with a fixed absolute 
tlirIindity oftv(Ile as leavin the d ryer was set at moisture content of the inlet air of 0.025 kg 1-120/kg dry

I pcrccntqc poin(t be low (he cxpcctcd CRII of the fer- air. For illustration purposes the same CR-1 temperature 
Hle r at the dryer exit ICIl Wrat ure. relationship as that of the 17-6-18-2MgO nitrophosphate 

grade (Fig1're 2) was assumed. The data (Figures 2 and 6) 
illustrate that even though the CR-I of a given fertilizer 
significantly decreases with increasing temperature, the 
evaporative capacity of the dryer continues to increase 

-. with an increase in dryer exit temperatures (gas and 
solids). However, this exit temperature is limited by the 
temperature sensitivity of the particular fertilizer material. 

4oM.14 l 	 220­0 

2[ 

, 2'0s :,U 	 1001 _ 

170 
32 35 Ifs0 

Figure 	 Effect of Anihint Air Conditions oni Dryer ,i:10 

(apiacify. -


The variations in the expected prodction capacitie s g ,-. " I 

are significant, particularly for lie lo\;4i CRII materials. 70 -5 80 85 90 95 
The im portance of knowing the local cliiialic conditions Alloabri ,,,er,,,, lrp r,,rn, C (olhl',,09era,,, 	 on 

and CRII data for the specific fertilizer products prior to Figure 6. Effect or Fertilizer Material Temperature

hmali'ing t[le (csit.n of a dryer , committing an existing Resistance (Sensitivity) on lryer Capacity.
 
lnt tol the roducliou of io',A' fertilizer grade is clearly
 
11lustr;aied. It e';tn 1owinferred from tlis comparison that a
 

i'w I L' lnt should he designed for thle production of Effect of Fertilizer Inlet Moisture 
the lowest ('11 gra sl, which could he required Figure 7 illustrates the decrease in drying capacity that 
thrgoticioit t lifeI Ihc lait. Figure 5 also helps to cx- can he expected with increasing fertilizer inlet moistures. 
plain why prohlcms with high product moisture are nor- This figure assumes that all other parameters, including
inally repo rt ed dlu ring hot hun id periodi, particularly in the moisture content of the outlet material, remain fixed 
plants whucc lde desigi (f1'tlie drying systcms did not fully with a constant amrbient air (combustion chamber air in­
incorporate thuc. abovc criteria, 	 let) absolute humidity of 0.025 kg 1-120/kg dry air. As ex­

pected, an increase in the moisture content of the inlet
Temperature Sensitivily of the Fertilizer fertilizer significantly increases the evaporative load on the 

Not all fertilfzers call he sub*jecled to the same drying dryer and, therefore, affects tile capacity that can be 
teinperat tires. Some turca-i ised NPK fertilizers start sof- achieved with a :,pecific fertilizer grade, depending upon
tening and beco me quite plastic at about 70C. If the dryer its CR-I and ter perature sensitivity. The degree to which 
exit 1cmpcralur is iricacd ahovc this point, tlie tile moisture content of the material fed to the dryer can 
c'ranICs liIay b cooc xcessivcly flast ic, leading to tncoon- be decreased (' oends on many factors including (1) the 
trolled ,y.hnieratiol (Jnhoduct io of oversize), h::ildup oin type of process, (2) the mode of' operation of the plant in­
the dryer inrirnals, and difficulty in luaildliflg, s:rccning, eluding the level of operator skill, (3) the particular raw 
and crushing. ()ther urca -bascd NI[Ks bc have quite dif- materials used, (4) the hvel of liquid phase required to 
fcrently and simply diSiutLcgratC at ClCvatCd tC Ill lOCr tires. ohtain optimum granulation, (5) tle level oi slurry mois­
()n tile other Iiand many nonirca NI'Ks, as well as DAI', ture required to obtain a ipable slurry, and (6) the 
and MAP 	can often he dried at IO1 composition and concentration of tile raw materials suchlcm peral tires iear 0 C 
without showing any significait softening or decrior:,lion, as nitric, sulfuric, or phosphoric acids. 
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Figurc 7. Effect o1Fertilizr Inlet Mloistuire Content on 

lDryer Capacity. 

For example, a mixcd-acid nitrophosphate proccss may 
use solid MAP to Sulpply a portion of the product's phos-
phatc. The use of MAP, which has a relatively low 
solubility, may require that the slurry contain about 20% 
frce water to maintain a pumpable slurry that can be 
properly distributed (sprayed) in the granulator. By com-
parison a plant making the same NPK grade but using an 
aninmonium phosphate process could probably opcrate the 
reactor (prcneutralizer) at a point of maximum solubility 
and thus significantly decrease the slurry moisture content 
(to about 1015"1 free water) while si!!l maintaining ac-
cept. ble slurry fluidity. If it is assumed that there is no 
limitation on the concentration of the phosphoric acid 
available, the amnonium phosphlate-based process could 
be operated at a much lower evaporative (drying) load, 
thereby achieving a higher production rate in the same 
size drying cquipmcn,. 

Elfect of Superficial Gas Velocity 
Figure 8 illustrates the drying capacities that could be 

achieved 	for three different types of fertilizer at different 
superficial gas velocities (exit conditions). In commercial 
fertilizer installations these (em pty shell basis) velocities 
range from about 1.5 to 3.6 meters oer second (m/s). 
Some designers of rotary drying equipment recommend 
maximum velocities of about 2.5 m/s while others recom-
mend velocities up to 3.6 in/s for granular fertilizers. On 
the basis of the performance of commercial installations, a 
design ".'-locityof about 3.0 rn/s appcars to be adeqnatcly 
conservativL for most anmonium phosphate fertilizers 
and many NPKs ,',hen the granule size is in the range of 
about 1-4 m m. Inpractice, the allowable superficial gas 
velocity will depend on the particle size distribution of the 
fertilizer material, the design of the dryer discharge 
brccching, and the design of the downstrcam dust collect-
ing and gas scrubbing systems. 
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Figure 8. 	 Effect of GasVelocity on IDryer Catpacity. 

As a matter of interest some data obtained in an IFDC 
pilot plant-scale rotary dryer (0.92 m d~aimeter, 7.31 m 
long) are shown in Figure 9. The shaded area represents 
the exit 	 gas velocity at which particles of different 
diameters 	started to be entrained in the gas stream. The 
material used for this test was a fertilizer granular mixture 
with a specific gravity of about 1.7. Included in this figure 
are two curves calculated from a general equation found 
in the literature that estimates the minimum horizontal 
carrying velocity, and a curve based on the terminal 
(vertical) velocity of spherical pa:ticles in air (2). It can 
be seen from these data that the experimental values oh­
tained with the IFDC pilot-plant dryer fall between the 
literature correlations and, in this case, closer to the pre­
dicted terminal velocities. These resu!ts seem to verify 
tIhat the 3.0-m/s gas velocity criterion is adequate for 1- to 
4-min granular fertilizer material. 
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Figure 9. 	 Effect of Particle Size on Allowable Gas 
Velocity. 
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Questions and Answers 
Compaction Granulation and Bulk-Blending Process Technology 

Question Question
You mentioned the cap,,city of the Swiss compaction plant What is the minimum economic capacity of a compaction
but could you give us some idea of tihe maximum capacity unit? 
of' a compaction machine for urca-Iased NPK inix-
Lires? Answer (R. Zisselmar)
 

For technical and economic reasons, the throughput of a

Answer (R. Zisselmar) compactor should not be less than 5 mtph. This would be 
The c mpactor ofl the Swiss plant is a small machine of equivalent to about 2-3 mtph product. The economics of
5( mii width with i throughput of aboutl 20 mtph, so tile such a small plant would depend heavily upon the local 
prodttclion ralc of finished irolut is about 10 ralph. conditions. 

Our big'.:st co lpactor has a tIhroughput of 30-35 ntph.
 
Depending on the feed malcrial characteristics and Question

finished product particle si/c (list ribution, tile final How long can ite compacted NPK product be stored?
 
product rate could be as much as 401';,-01% of throughput
 
ct)acily or up to about 21) rllph. Answer (C. Rodriguez) 

Because of market conditions, we never store our product 
very long-5 days to 3 months. So far, we have not had 

0iutstion any storage problem with our product, even when stored
Youindicated sonic limitations on urea content in your for 3 months.
 
conmpaclion plant. Is it possible to produce 19-1)-19 or
 

-2,-0 fr example?
 

Question
A-lnswer (U. R drigi'z) Are you experiencing clogging problems in your dedusting
liLiscld on our experience of S months operating our com- ducts? If yes, how do you clean these ducts? 
pacliu plant in (ualcnala, we should definitely maintain 
the urea content in our products below 30'/7() to keep Answer (C. Rodriguez)
 
product quality under control. For this matter, we We have experienced some buildup of dust in our ducts.
malnaged perfectly well with 15-15-15 grade using about The original design of the 
 dedusting system has been 
2V; urea. With the 19-19-19gradc, the urca content goes modified better toto have access the ducts for easier 
up to 32% and it won't work. Vc solvcd the high urea cleaning. 
problem by replacing some urca with standard aminonium 
sulfate which also gave Ls tile sulfur nccded for tile crops. 
)fcourse, these reduced the NI'K grade. Question 

What is the frequency of downtime for mechanical break­
down and cleanup?

Question 
Is it possible to prodace TSP with micronutrients such as Answer (C. Rodriguez) 
copper or zinc from t).1% to 0.5% with the compaction We foresee from 1 to 1.5 months for turnaround every 
process? 
 year. At this time I would say that our downtime is mini­

mum because we have two production lines. If something
Answer (C. Rodriguez) is wrong with one line, we stilloperate the plant with the
With very small a1iounts of inicronutrients it is ot her line. On the other hand, we just began to penetrate 
problematic. In tile Gumatemala plant, we add 2.5% borax into the market and the production capacity is far beyondto lie NPK and wu are planning to add 1% zinc to NPK. the current market demand, therefore we have not been 



162 

under pressure to increase the production rate and dis-
cover the true impact of maintenance-related downtime 

Question
 
Is it possible to compact urea fines of less than 1.0 mm? 


Answer (R. Zisselmar) 

To compact urea of this size is a problem; because the soft 

urea fines will stick in the compactor feed system. 


Question 
Will compacted fertilizers slow down the release of 

nutrients to the crop compared with normal spherical 

granules of the same size? 


Answer (R. Zisselmar) 

We have not made any 1ests for comparison, but we ex-

poct no difference between compacted and granulated 

products.
 

Question 

What is the capital investment for a typical compaction 

plant and what are the power and labor requirements? 


Answer (C. Rodriguez)
 
Specifically for our plant of 30-mtph finished product, the 

investment for the land, buildings, equipment, and ercc-

tion was about US $3 million (1986 cost basis). The 

power consumption averages about 12 kWh/mt of 

product. As far as manpower, we operate an 8-hour shift 

with 1 foreman and 5 operators. For the ba.gging and
 
product loading onto trucks, we use an additional crew of
 
eight workers. 


Question
 
1. What 	is the temperature rise of the material across the 

roll press and how much cooling (temperature drop) is 
there on the flake conveyor? 

2. What is the temperature of the material being bagged? 
3. 	What is the effect of the product (or raw material) 

moisture on the performance of the compaction 
process? 

Answer (C. Rodriguez) 
1. The temperature of the flakes is about 50'-60'C or 

about 20'-25°C rise from the temperature of inlet 
material; the material is allowed to cool on the con­
veyor so that it will harden. 

2. 	The temperature of the material being bagged is more 
than 30C. 

3. 	A high moisture content on the raw materials has a 
deteriorating effect on the performance of the compac­
tion process. 

Question 
Earlier this morning Dr. Zisselmar said that for a plastic
 
sheet product, a residence time is required before crush­
ing. I note from Mr. Rodriguez's presentation that the
 
residence time between compacting and crushing is less
 
than 2 minutes. Is this sufficient for most efficient opera­
tion of the crushers?
 

Answer (C. Rodriquez)
 
I think that I have to agree with Dr. Zisselmar that a
 
longer curing time would improve the product quality.
 
One or two minutes of curing makes a lot of difference in
 
how easily you can break the sheet, but we have not
 
looked into the curing time effect at this time because I
 
feel the plant ha- operated successfully.
 

Question 
Can you use fine-size raw materials such as prilled urea,
 
Minifos-type MAP and coarse MOP to make bulk­
blended NPK fertilizers with size ranging from 0.5 to
 
I mm? If not, why?
 

Answer (C. Rodriguez)
 
No, the use of different particle sizes of raw materials will
 
result in segregation. This is one reason why we chose the
 
compaction process so we could make a good product
 
from nongranular or mismatched raw materials.
 

Question
 
Is it possible to blend granular urea with granular MOP
 
and TSP?
 

Answer (C. Rodriguez)
 
No, urea is not compatible with TSP; the mixed product
 
will have a lower CRH and a tendency to cake. Therefore
 
urea/TSP blends are not advised.
 

Question
 
Why is the capital investment of US $8.7 million for the
 
compaction plant presented in your paper so different
 
from the investment of US $3.0 million reported by
 
Mr. Rodriguez for the Guatemala plant of similar size?
 

Answer (J. Schultz)
 
The investment presented in the paper is used for
 
comparison of different processes at the same location.
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Although the absolute value for each process can vary 
considerably depending on location, existing infrastruc- r (., 
ture, exchange rate, method of project nmanagement, and , , 

other site.spccific factors, it is quite likely that thc relative 
Cconomics between the indicatcd processes will not 
change. Some of the rcascns for the low investment at the Gutatemala plant may he attributed to a number of
favorable factors, including relatively low local construc­

". ,v 

tion, engineering, and project management costs. The 
battery limits process plant costUS $4.6 million-not so much 

indicated in
higher than 

ny paper is
Guatemala. 

I lowever, with everything else added, the total fixed in­
vestment conies to US $8.7 million. Also, the plants 
described in my paper had a relatively large raw material 
storage facility bccausc of the assumed remote location, 
C is adding considerably to the total cost. - : 

It J.,t fair to compare the economics of ,t chemical 
granulation plant to a compaction plant without referring 
to the production of intermediales onsite. If inter­
mediates such as arnnonia, nitric acid, and phosphoric 
acid are produced onsitc, a chemical granulation plant 
would be more econ(onical. 

Answer (.1.Schultz) 
I agree, however, many cbemical granulation plants in 
developing countries do not have on-site production of in­
termediates and the cost estimates presented in the paper 
apply to these cases that require 100% imported raw and 
intermediate materials. If you have production of inter­
mediales onsite, you can certainly charge less to the[ IVA, 
granulation coniponent and chemical granulation would 
he preferred. The plants used in my paper were quite [ w 
smull (120,0(Y) mtpy) to fit the needs of many developing 
countries. Such small plants generally could not support 
the investment for on-site production of intermediates 
such as anmonia arid acid. 

A,
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Questions and Answers 
Nitrophosphate Process Technology 

Question 
What is the electric power co1Sunmption per metric ton of 
15-15-15 in Kcmira nitrophosphate process? You men­
tione(d in your prescnt altion that removal and replacement 
of equipment could bring down power consumption. 
Could you please give sonic examples? 

Answer (S. Swanst rom) 
Power consuij)tion for Kcrnira nitrophosphatle NPK 
process is about 45-5(0 kWh/nit of product. An example
of how Kcnira can reducL power constmptiont by revamp-
ing an existing nitrophosphlate plant is that of the RCF 
plant of Bombay, India. The RCF plant had originally two 
reaction lines with 34 reactors in total. Each reactor has 2 
agitators, for a total of 68 agitators. This reaction system 
was replaced by 3 reactor tanks, each having one agitator. 
We also modified 4 of' 6 splierodizers and increased the 
plant capacity from 1,100 mtpd to 1,50(0 mi pd with only 4 
sphcrodizcrs. Therefore the plant power consumption, is 
reduced significantly, but I do not know the exact power 
consumption at the RCF plant. 

Question 
In the Kernira nitrophosphate process, how do you use 
chemical reaction to reduce moisture content in the NPK 
slurry and how do you optimize the fuel consumption for 
drying the product? 

Answer (S. Swanstrom) 
In our process, the heat of reaction is utilized at maximum 
and no cooling or additional water is usually necessary in 
any process steps. The only water entering the process is 
through the raw materials and scrubber feed water. In 
order to reduce fuel consumption, the hot exhaust air 
fron the cooler is recycled to the gas burner as dilution 
air. 

Q oestion 
Do you experience any problen with slurry moisture when 
MAP is used as a P205 source? 

Answer (S. Swanstrom) 
The slurry moisture when using MAP as a raw material is 
many times a problem. However, this depends on the 
P205 nutrient content in the product grade. If you have a 
low P205 grade where the MAP requirement is low, you 
can use sonic sulfuric acid to digest the rock. In this case 

you are better off than if you have a high P205 grade with 
a high MAP requirement. 

Question 
in your scrubbing system, if you have a choice between 
nitric acid and phosphoric acid, which one would you use 
as scrubbing liquor? 

Answer (S. Swanstrom)
Nitric acid is preferred because it is much cleaner than 
phosphoric acid. Fluoride emissions from the scrubber 
are also somewhat higher with phosphoric acid scrubbing 
than with nitric acid. 

Question 
Do you use any chemical to reduce NOx emissions and 
foaming in the acidulators? 

Answer (S. Swanstrom) 
Yes, we do. In the RCF plant, we use a defoamer to 
reduce foaming and urea addition to reduce NOx emis­
sions. We also have cooling in the first reactor to keep 
down the temperature. In the RCF plant, reduction of 
NOx emissions was a key target. 

Question 
Ammonium nitrate-based fertilizers have low critical rela­
tive humidity (CRH). How is your plant maintained
 
(luring shutdown?
 

Answer (S. Swanstrom)
 
We circulate hot air through the bag filters during plant
 
shutdowns in order to keep the relative humidity in these
 
units lower than the CRH of the fertilizer.
 

Question
 
I-tow do you protect ammonium nitrate fertilizers from
 
high humidity in areas such as Bombay?
 

Answer (S. Swanstrom)
 
The product should be coated and bagged quickly after
 
production. Sometimes dehumidification of bulk storage
 
is required. We have delivered our products to many
 
tropica! areas and as soon as they are packed, there is no
 
problem. But if you store bulk materials for a long period
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of time in very humid climate, any product wil! have impossible to make them completely free of cigar burning.
problems. Therefore, soeic of our products are moderately cigar 

burning.
 
Question
 
What is the maximum inlet temperature of hot air for
 
drying ammonium nitratc-bascd fertilizer? Question 

In your mixed-acid process, are you experiencing any cor-
Answer (S. Swanstrom) rosion problem? If not, what type of material do you use 
Usually the dryer inlet gas tcmlperatlre is not a critical for your equipment? 
problmcn because it will reduce rapidly when it comes in
 
contact with wet amnioniun nitrate and therefore there is
 
no decomposilion of 
am monitm nitrate at the dryer inlet. Answer (S. Swanstrom) 
However, the maximum gas inlet tenperaturc for high No, we are not experiencing any corrosion. Usually,
amnionium nitrate NPKs should be restricted to 280°C. Type-316L Stainless Steel is a good material for all equip­

ment, but for the first reactor in which nitric acid is added,
Uranus B6 is better. This, of course, also depends on the 

Question quality of the phosphate rock.
 
What is the N:P tool,: ratio in your scrubbing system? and
 
what is the density of scrubbing liquor?
 

Question
Answer (S. Swanstrom) In the nitrophosphate proccs;, when there is a need for 
In our scrubbers, we prefer to talk about p1-I which is additional nitrogen for high N:P20.5 ratios, what is your 
more or less the same as N:t' mole ratio. We adjust pit to recommendation for a supplemental nitrogen source 
about 3.5. The density of the scrubbing liquid increases "bove that (nitric acid) used to react with phosphate rock? 
from the reactor gas scrubbers to the spherodizer gas 
scrubbers, but I dont remember the exact number at this 
time. Answer (S. Swanstrom)
 

Usually we add ammonium nitrate as solution if'we have
 
ammonium nitrate production already onsite. Otherwise,


Question we just increase the aniount of nitric acid and ammonia to 
Have you experienced caking problems in your NPK produce the ammonium nitrate in the reactors. Do not 
product? What specific anticaking agent do you use? forget, of course, the possibility of adding solid raw 

materials in the granulation unit. 
Answer (S. Swanstrom) 
Yes, as do many other NPK producers, we sometimes 
have caking problems, especially if the product grade is Question 
strange and has not been produced before. Regarding Is there any plant which adds potassium chloride to the 
coating materials, we use different types. These include oil spherodizer instead of the slurry tank? 
combined with talc, oil-amine based types, and other sur­
face chemicals. The coating of fertilizer is more an art 
than a science. There are so many suggestions in this field Answer (S. Swanstrom) 
and the selection of the appropriate coating agent still It is quite common to add potash to the recycle stream 
depends on your preference. If you see an agent working with a drum granulator or a pugmill but not with a 
well in your plant, you use it. Then you go to your neigh- spherodizer; I have not heard of anyone. We have tried 
boring plant, they use another agent which also works veil potash addition to the spherodizer, but there were soic 
too. There are many answers to what is the best coating problems with product quality. These trials were so short, 
agent. so we are not ready to make any conclusions if it is really 

bad or not. I think that if some more. trials were made, it
Question might be a procedure that could le used. 
Regarding the product safety, how many of your products 
exhibit cigar burning? 

Question
Answer (S. Swanstrom) In the Kemira process you use nitric acid to recover 
We try to avoid cigar burning in our product as much as ammonia in the scrubbing system. Do you experience the 
possible. However, in theory and in practice, it is entirely formation of ammonium nitrate aerosols in the system? 
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Answer (S. Swanstrom) 
We have not experienced the formation of ammonium 
nitrate aerosols. The formation of ammonium nitrate 
aerosols is a mystery, but we have done a lot of research 
on this and it seems that if the gas entering the scrubber is 
saturated, there should be no formation of ammonium 
nitrate. 

Question 
In the nitrophosphaie process, is it typical to add potas-
sium chloride in the second neutralizer? Is it important to 
minimize the residence time to avoid explosion or cigar 
burning? 

Answer (M. Jennckcns) 
The reason for minimizing the potassium chloride 
residence time is to avoid the reactions that lead to double 
salt formation. These donblc salts of potassium and Lm-
monium nitrate show very high viscosities when con-
centrated to melts (for example, 99.3% solids) needed in 
prilling operations. In granulation processes where the 
slurry temperature and conccrtration is significantly 
lower, the reaction rate is also much lower and residence 
time is not important. 

When you are talking about cigar burning or explosions, 
these have nothing to do with the potash residence time. 
Potassium chloride will rcact with ammonium nitrate 
downstream of the reaction seclion in any case. So the 
residence time of potash in the reaction system is not im-
portant. What is important with respect to the self­
sustaining decomposition and possible detonation is the 
composition and water solubility. At certain composi-
lions, fertilizers may be subject to self-sustaining decom-
position and this is enhanced at lower water solubilitics. 
In principle, one can say that for pure water-soluble fer-
tilizer, the rate of self-sustaining decomposition is negli­
gible; for 50%-60% or lower water solubility of P20.s, this 
is going to be. or can be, a problem depending on the 
composition you have. 

Question 
What is the recycle ratio with pan granulators for 

nitrophosphates, the grades produced. and the production 

rate? 


Answer (E. Aasum) 

The recycle ratio varies with the grade usually from 0.8 to
 
1.0. We have a pilot plant of l00-mtpd capacity. This unit 
has provided the technical data and background to design 
commercial-scale NPK units. Our existing commercial-
scale ammonium nitrate and calcium nitrate units of 

1,200 mtpd for a single train were developed in a similar 
manner from a 36-mtpd pilot-scale unit. 

Question 
We understand that Norsk Hydro has developed a suitable 
coating agent for hygroscopic material to reduce moisture 
pickup. What is the material and how much do you use? 

Answer (E. Aasum) 
The coating material is an amine/oil mixture used 
together with a solid coating agent. The amine/oil mix­
ture contains about 17% amine and 83% oil. High AN 
fertilizers and fertilizer-grade AN are coated with about 
0.1% of this amine/oil mixture and about 0.4% solid coat­
ing agent. We frequently use an amorphous silica coating 
agent of fine grain size. Of course, other inorganic corn­
pounds could be used such as kaolin or limestone. It is 
very important that the solid material be very finely 
grained, of course. 

Question 
What is the approximate atmospheric humidity in the 
nitrophosphate plant where you make 22-22-0 or 27-13-0? 
Is it very high and do you require dehumidification? 

Answer (E. Aasum) 
The atmospheiic relative humidity in our plant is about 
56% and we do not need dehumidification, even in coastal 
areas of Norway where the relative humidity is high. The 
CR-I of our product is about 65% at 30'C. 

Question
 
What types of problems are faced during crystallization of
 
calcium nitrate when using rock phosphate containing
 
high silica and high magr:sium?
 

Answer (E. Aasum)
 
There are no problems with high magnesium and high
 
silica (up to 12% silica) during crystallization.
 

Question
 
What is the highest 1:1 NP grade which can be made with
 
high-quality phosphate rock and nitric acid without addi­
tion of external P205 nutrient, and what is the maximum
 
quantity of calcium nitrate that can be separated?
 

Answer (E. Aasum)
 
Approximately 23-23-0 containing 80% water-soluble
 
P205. Mor,- than 85% of the calcium nitrate can be
 
separated.
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Questions and Answers 
Liquid-Phase NPK Granulation Technology 
and Plant Design Criteria 

Question Question
What is the maximum amount of urea which can be added What the tonnage ofis now total granulated NPK 
to the granulator without meltdown in downstream equip- produced in the United States per year and the number of 
ment? NPK granulation plants in operation? 

Answer (G. Wcscnbcrg) Answer (J. Schultz)
For 27-27-0 grade, we use 740 lbs of urea per 2,0(X) lbs of There is no official count today, but an IFDC survey in
NPK or about 37%. mid-July 1987 indicated 21 NPK granulation plants (not 

including the basic DAP units) still in existence in the
Ansier (D. Ivell) United States with about 11 plants determined to be
\VC have used up to 50% urea in ammonium phosphate operating. There were about 200 such plants in the 1960s.
and urea grades. These remaining NPK plants produce an estimated 

1.5-2 million tons of product annually. 

Question 
What is the number of NPK granulation plants built in the Question
United States during the 1970s and 1980s compared with What is the crushing strength of your product and what is
the number of bulk-blending plants built during the same the filler material?
 
period?
 

Answer (D. Ivell)

Answer (D. Leyshon) The crushing strength is a subject that depends on how
I am not sure about the total number of NPK granulation you actually measure it. Based on our mel'od, the crush­
plants which were built in the 1970s. I know not many. ing strength of NPK is about 2.5-3.0 kg/granule as com-Jaco )s Engineering designed and built two plants in the pared with 1.0-1.5 kg for ammonium nitrate prills. The 
early 1970s and one plant was completed last year for filler material we use is sand.
 
Chevron Chemical in Wyoming by Badger En,,,ineers, Inc.
 
These are NP, no! NPKplants.
 

Question
Answer (J. Schultz) What type of crusher did you use when you decided to 
In the United States bulk-blending plants are usually crush urea to less than 1 mm? Do you crush urea before
operated by farm service-type centers. There are ap- you meter the process or after it has been weighed?

proximately 5,000 farm service centers 
 in the United 
States tat engage in some type of [)lending. These are 
generally rather small operations that provide a variety of Answer (D. Ivell)
services including selling fluid fertilizers, solid fertilizers, The type of crusher we actually used in the Turkey plant
pesticides, sceds, and other agricultural i:npuls. The total was the same type we used for oversize crushing-a high­
annual tonnage of fertilizers consumed in the United speed (1,450 rpm) chain rotor/slow-speed (50 rpm) drum
States is about 40 million tons of product, of which about rotor. However, this type of crusher is not particularly ef­
15 million tons is in the form of fluids (ammonia, urea- ficient for crushing urea, therefore we intend now to use a 
ammonium nitrate solution, and N-K fluids) and about swing hammer-type mill for urea crushing. The swing
25 million tons in the form of solids. This amounts to an hammer-type mill should contain a grid in the discharge to 
average tonnage of about 5,000 tons per blender. There ensure adequate crushing. In the original mill (chain and 
are some blenders with 2P,000 tpy or more capacity and drum type) much of the urea passed through practically
the biggest is probably in the order of 100,000 1py. untouched. In the process I just described we crushed 
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urea before metering it, but it Iecame it problen. Tile 
crushed urea tended to stick in the nic'ering hopper. 
Therefore to solve this problem, we recommend that the 
crusher be installed after (downst ream) metering tile 
UtCa. 

Question 
What lining is used in your granulator and is it affected by 
tile su!luric acid? Does the sull'uric acid hydroly/c or 
decompose urea to amnmonia? 

Answer (D. lcl) 
We use a rubcr lining which is specially made by a 
Swedish company f'or lining granulators. It is similar to 
the product made by (oodycar in the United St;tes. It 
can wilhstland tcrnperaturcs u) to I10'C'. The addition of 
sulfuric acid does not ca use any damage to the rubber. 
No hydrolysis of urea ilue to the effect of sulfuric acid has 
been detected. 

Qutstion 
Referring to the Turkey plant, what is the approximate 

dimension of the dryer, design air vclocity in the (fryer, 

and recycle ratio for 15-15-15? 


Answer (D. Ivcll) 

The dimension of tlie dryer is 3.5 I diameter and 31 i 

long. Generally, the design air vclocity is in the range of' 

2-4 il/sec. The recycle ratio for 15-15-15 is about 1.9. 

15-15-15 was not produced in the Turkish plant during the 

commissioning period. It has, however, been produced in 

other plants al under 2:1 recycle ratio. 


Question 

What is the ammonia slip inl the granulatot in the Toros 

plant and how do you recover it?
 

Answer (D. Ivcll) 

The ammonia loss is about I% from the granulator and 

we do not recover it. 


Question 

What is the formulation proposed for 18-18-18? 


Answer (D. Ivell) 

This grade can be produced using MAP route and adding 

urea and KCI. 


Question 

You said that the RlCwum-type electromagnetic driven 

screen is superior and more reliable than other types. 

Will you please give a detailed comparison between 


electromagnetic driven screens versus rotary vibratory
 
screens, particularly with respccl to efficiency and area re­
,iuirc,l') Who supplies Clectronagnetic driven screens
 
odier r,an Rhewun?
 

Answer (I). Ivcll)
 
The Rhewumi screens have some advantagcs for good con­
trol of tile screen efficicncy because, apart from the niesh
 
size, you also have the angle and the sensitive vibration.
 
Also in the iaitomatic cleaning cycle, there is an increase
 
in vibration to increase the passing of scale (buildup). In
 
the United Kingdom, wc operaled nine granulation plants

and at one time none conlainecd the Rhewun screens and
 
ill the fullness of time thc all contained the Rhewum
 
screens.
 

Comment (S.Swanstrorn)
 
There are two types of Rhcwun screi ns, and in practice,
 
there are some l)roblens withIihe.,e ';creens.
 

Answer (D. Ivcll)
 
We have experience with both IItypes of Rhewum screens.
 
One is the "U" type and the oiLer is the 'WA" lype. The
 
principal difference between tile two types is that in one 
(the "U" type) the vibration arm is clam pedl through the 
mesh of the screen and the olhcr (the "WA' type) trans­
mits vibration by knocking on tlie screen. TIe U series 
screen is more effcctively vibratcd than the WA series. 
The U series is less prone t) ,iogging tlicref'ore and also 
perf(irms more cfficiently. Since in solids granulation, 
recycle ratio and tlicrcforc production rate is directly rc­
lalcd to screen perflorilance, wc prefer tile U series screen 
when producing urea based NIPK with our process. It is 
true however that it is much easier to change cloths on a 
WA series screen. If we were to produce a sticky grade
 
via the slurry route where product has to be recycled (and
 
therefore screening efficiency is not so critical) we may
 
decide to select the WA type.
 

Comment (G. Wescnl)erg)
 
I have seen the Rhewuni screens in a plant in Greece. I
 
did not necessarily think Ihat the performance of the
 
Rlicwtm screen is much bcttcr than perhaps the Tyler
 
Hummer. As you may know, the Tyler company has
 
changed their type of vibrator unit. The origical type was 
an electromagnetic unit. They also make other types and 
tile latest type, called the V-85, is a simple variablc-spccd 
motor unit that imparts a veiy high frequency vibration to 
the screen cloth. You stand hy it and you do not even real­
ize that it is running (very quiet). The screen covers are 
very accessible bccause tihey are large rubber flap-type 
units with very good access. Regarding screen efficiency, 
this depends on the stroke and he type of material you 
are screening. You would have less efficiniiCy with pow­
dcred material than with iaorc granular materials. 'File 
screen cloth slot design is also ilportant. The Tyler 
company has scre':ns with slots running horizontally or 
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vertically. The horizontal Ones, of course, have heter cffi- length for apl)roxinately 30 tph product rate, plus or 
ciency, but the particles (o not go through them quite as minus from Ihat depending on raw materials. 
good as with the vcrtica, ones. 

Question
Question What type of crushers are used in the MFL plant and what 
\Vould the use of a different crusher for the ovcrsi'c is the frcquency of cleaning these crushers? 
material allow you to use (oo'/', lt screening? 

Answer (K. Krish naswamy)
Answer (I). Ivell) WeIuse chain-type hamminer mitis. We clean the crusher
It the mate rial to be processed does lol have sticky every shift 1eca use the fertilizer material sticks to 
characterislics, ll0";, hol screening can be used. For internals.
 
urca-based NPK grades, however, we could not iecom­
mend it. We do lotknow of a crusher which could avoid
 
buildUp problems if used 
 to crush such grades hot. We Question

have used double chain inills, flail and drumin 
 mills, and The recycle ratio is quoted as 4:1. Is any product-size
double cage inills for ovcrsi/C crishing. malrial returned to tie recycle stream to maintain this 

recycle ratio? 

Question Answer (K. Krislinaswamy)

When you crush turca arc you experiencing any foaim ing or Product-sized matcrial is not returned to recycle.

slurry pumping problems due to carrvcr of urea (lust to
 
scrubbirg system?
 

Question

Answer (D. Ivcll) You said coating clay is ineffective. What type of clay is
No, because wc have a (ry collection system; no wet used andlwhat is its size analysis? Is any oil or binder
scrubbers. Certainly, if you are operating a slurry scrub- material used to cause adhesion of the clay to the 
bing system, excessive carryov ,, of urea dust will undoub- fertilizer'? 
tCdly cause foaming in the scrubber. 

Answer (K. Krishnaswainy)
 
The coating clay is a fine miatcrial of 20)-mesh size.
Question There ire many problems with coating clay. First, it is not

Do you have any experience in granulation of urea and an effective protection against moisture absorption, and 
phosphate rock? Are there any )roblems in granulation? second, it causes (lust problenis. We are looking into 

some specially manufactured anticaking agents. AlthoughAnswer (.1.Schultz) these anticaking agents are terribly expensive, they do the
We (1o have experience in that. In a plant in Malaysia, joh. We (o not use oil or any binder for the clay.
 
urea and phosphate rock, NIOP, and kieserite 
 are
 
routinely granulated and the plant works quite well. The Comment (.. Schultz)

plant must, of course, 
 include certain special features to The use of clay for coating has been irvestigated by many

accommodate urea with its difficult characeristics. These in the industry for years. I think it is clear that the clay

include an oversize dryer, a process cooler before screen-
 does not serve as an imperious shield against moist tire. It

ing, and dehumidification of the process plant 
 and bulk does, however, give a little added protection against severe 
storage area. caking in that it weakens the salt bridges that form 

between granules so that when you reclaim a bag of fer­
tilizer, the gra nules will not be welded together quite soQuestion hard and you are able to break tile lum ps apart easier. 

What is the recycle ratio in your granulatior plant using 
the pipe reactor, especially when urea-coitaining grades 
are produced? What is the size of your (fryer? 	 Question 

Does the automatic analyzer system inchide autonatic 
sampling and sample preparatioo as well os analysis, orAnswer (G. Wcseuberg} does it just do tlie analysis? 

The recycle ratio var'es from 0.5:1 to 3:1 deeiding on the 
formulation, but ti-e basic one would be close to 1:1. The Answer (K. Krishnaswarny)
nomiinal size of our (fryer is 8 ft diameter and 50 ft in No, it just does tile analysis. 
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Question 

Have you tried to replace sonic of your poiassium chloride 

with potassium sulfate to avoid cigar burning?
 

Answer (Chong Kok San) 

Basically if you use polassiuni sulfate yot will not have 

cigar burning. The only problem is that the cost of the 

product (potassium sulfate) is very high.
 

Question 

What is the highest humidity in Malaysia and tie duration 

for which this humidity will prevail? What is the ambient
 
temperature at this time? Arc you referring to the 
humidity in the general plant area or inside the 
warehouse? 

Answer (Chong Kok San) 

Basically the average relative humidity ol Malaysia is 

about 80%, but We have dc tmidiltcid air in tie process
 
plant and its relative humidily varies from 47% to 55%. 

The outside temperature is about 28"°-30(" and inside 

plant tenpcrature varies from about 33' to 38(C The raw 

matcrial warchousc area is not dchumidified. The
 
finished product is bagged directly from the pruduction 

unit, no bulk storage is used. 


Question 

Does the use of coating oil on an cxplosive-like material 

such as ammonium nitrate or high ammmionium nitrate fer-

tilizcr cause any safety problem? 


Answer (Chong Kok San) 

No. We have had no explosion incidents due to the use of
 
coating oil in our plant. We do not have many con-

tam inants and our coating oil level is very low, at fut 

0.3%. The maximum concentration of iinmonium nitrate 

in our product is 55%. by weight. 


Comment (E. Aasum)
 
In the nitrophosplhate production, quitc often our NPK 

products contain a large amount of am nioniurn nitrale and 

we use an amine/oil mixture. We also do this with regular 

fertilizer-grade amnniu nitrate. Of course, the most
 
important thing is not to return tlie coated mat erial to the 

wet (reaction) portion of the process. 


Question 

You mentioned about cleaning of tlie dryer manually with 

pneumatic chiseling instcad of washing. Hlow much time 

is required for good cleaning?
 

Answer (S. Chander) 

The time required is 4-6 days to clean both dryers. The 

frequcncy of every 4-6 months. 


Question 
How durable is the lining material in your dryer? 

Answer (S. Chander)
 
Our dryer has been operating for the last 12 years and we
 
do not think that we have any' problem with the lining.
 
We do have problcms with tile dryer shell itself.
 

Question 
Please expiain the reason for the eccentricity of the dryer 
shell that you described? 

Answer (S. Chandcr) 
Well, it is very difficult. In facl, nobody knows for sure. 
With the dryer length being 43 in and supported only by 
rollers, the weight of the deposits that accum ulate in tle 
middle may be one of the reasons for the cracking of tile 
shell. 

Question 
What is overall material recovery efficiency in your plant 
for ammonia, phosphoric acid, and other materials? 

Answer (S. Chander) 
About 95%-96%. 

Question 
In our experience it is necessary to reduce the product 
moisture of a 1-1-1 urca-amnmoniurn phosphate-potassium 
giade to at least 1% and prcferably 0.7%-0.8%. Have you 
not suffered from caking with product moisture as high as 
1.5%? 

Answer (S. Chiander) 
It is difficult to achieve a product moisture content of 1%. 
Therefore, we control our product moisture content in the 
range of 1.0%-1.5%. 

Question 
What is the approximate fuel consumnpticn per metric ton 
of 19-19-19 and what product moisture does this refer to? 

Answer (D. Ivcll) 
I have not precisely calculated, but for our solids-type 
granulation process we need about 2-2.5 liters of furnace 
oil for drying one metric toi of product like 18-18-18, the 
maximum grade we can make. We also need about 15 kg 
of steam per metric ton for injection directly into ihe 
granulator. 

Question 
In India we have many solid fertilizer granulation plants 
and SSP granulation plants. Almost all the plants have 
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drum granulators, only two have pan granulators. Our cx- Question
perience with the pan granulators is that although the In your presentation you have indicated a residence timegranulomctry is much better, the strcngth of the granules of 10 minutes for 17-17-17 and 12-12-17 giades. However,is very poor. I fence, overall we are lot happy. The ques- in Indian conditions we feel that this may not be adequatelion to you is this-What is your experience in granulating and a residence time of 14-15 minutes will be required.
.solid kiiixed fcrtilizers with pan granulalors and can you I-low do you explain this higher residence time? Is it duesu,,gcst ways and means for improving the strength of the to the lower atmospfheric temperature assumed in your
granules? study? 

Answer (E. Aasum) Answer (V. Leon)
This is an area in which we have not been working. Our The actual retention time required to achieve a givenexperience has been only limited to melt granulaliou' of moisture level isan area where more work is needed. Theurea and ammonium nitrate, assumed retention time of I0 minutes used in my paper is 

based on the calculated retention time of several commer­('oninient (.1.Schultz) cial NPK plant dryers that exhibit a moisture content oifYour point is very well taken aMd, from the work we have less than 1%. The calculated retention time for these par­bee ii involvCd in with pan tranuhlthors, it seems that youl t iiular NPK dryers varied from 8.2 to 10.6 minutes basedneed a dcnsificalion sICp alter the initial granule lorina- on the Friednian Marshall equation. It should be notedlion in the pan. 'he granule is firmcd nicely in the pal that the calculated retention time can vary significantlyanid then it is a good idca to go to a rotary drum of some depending on the parameters used and on the particularkind to consolidate it, especially wheni slipcrphosphatc is equation used to calculate tlie retention time. My per­
lrcscmi. There arc many diffrcilt cchniqtics for iiprov- sonal opinion is that some dryers are ovcr(esigned (anding the pcrf riance of any type of'granulator, but each some undcrdesigned) and that further work could()lic has to be Cxamifned separately. strengthen present dryer design criteria. 

Question Question
For good coitrol of product nutrient content, from which Do you experience any buildup problems with your am­
poirt in the process flow do you collect your rcprcscnta- nionia spargers?

tive saIples?
 

Answer (K. Govindarajan)Answer (S. Chander) There are more problems with horizontal ammoniaWe take two samples at a time; one is at the granulator sparger pipes. In retrofitting a plant, liquid ammoniaoutlet and the other is the product itself, should be fed using a vertical sparger (injector) arrange­
mcnt similar to what was described by Mr. Ivell. 

Question 
Ilow many minutes alter correction in tihe granulator Question

feeds does it take for the change to occur in the product Can urea 
melt or solution be used in the granulator for
analysis? making 19-19-19 grade? 

Answer (S. Chandcr) Answer (D. Leyshon)
Rcsidcnce time from granulator discharge to finished We are planning to use urea melt in the future. Use of
product is about 30 minutes. urea solution will disturb the heat balance due to the 

water content of tile solution. 
Conmment (.1.Schultz)
 
In agglomeration-type NPK plants it 
 may take from 6 to 
8 hours for a change in tihe granulator feeds to be fully Question
manifested in the product, but about 81,()% of' tie change I-low does the particle size of uhe potassiu'n chlorideusually manifests itself in the first 2-4 hours in most plaits, (KCI) affect the granulaion arnd thus the plant perfor­
depending upon the recycle ratio and material load in the mance? 
plant. This can be calculated quite accurately. Unless thetime lag is well known in your plan, it can be very disrup- Answer (D. Lcyshon)
tive to change feed rates to correct short-term Jeviations Fine KCI is desirable; standard grade potash is what's nor­in analyses. mally used. Granular potash isnot used. 
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Question Answer (K. Govindarajan)
 
Does the hcight of weir or dam al thw granulator dis- Addition of sulfuric acid to the sc-2,!bing system will help
 
charge affect the quality (granuloniciry) of the )roLuct? to absorb ammonia hence reduce ammonia losses.
 

Answer (D. lvcll) 
Yes, because the weir hcighl will affccl the bed depth. 	 Question 

The recycle ratio for DA P is given as 4:1. Is this for a pipe 
reactor or prencutralizcr process? 

Question 
Do you slope your granulator ard, if so, how much? Answer (D. Leyshon) 

Prencutralizer process. 
Answer (D. Ivcll) 

.Yes, from 10 to 30
Question 

Question Could you give specifications of the coating oil that you 
The double tpipc process requires higher ratcs of spargcd said is used. 
ammonia per ton of prodticl than the conventional 
process. What special design tt tc;rcs are incorporated to Answer (D. Lcyshon)
reduce am monia losses? 	 Th:" Al is more or less similar to 30 weight motor oil. 

. I 

f~*1 

od 
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