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About These Proceedings

Mucl discussion was generated throughout the many
werkshop sessions. The faet that such dialogue occurred

was a goed indication that the technical topics, points of

view, and experienees were relevant to the isterest and
needs of the delegates. The intention of these proceedings
1 Lo present the information given by the speakers and
delegates and provide a valuable reference on the complex
subject of NPK fertilizer production and use.

The technical papers and recorded deliberations were
cdited 1o obtain the uniformity needed o facilitate
reproduction.  In the process of transeribing the tapes,

cditing, and reproduction, cevery effort was made 1o ae_q-
rately capture and preserve the technical content and
meaning, Any crrors, oversights, or ambiguitics that may
exist are accidental. If you need additional information or
clarification, we urge you to contaet the respective authors
or IFDC.,

International Workshop—NPK Fertilizer Production Alternatives

Cosponsored by IFDC/FAI/FADINAP e Madras/Bombay, India
February 8-13, 1988

Workshop Directors

B. K. Jain
Dircector (Technical)

I. 1. Schultz
Fertilizer Production Specialist
FAI IFDC

A. G. Vacs
Team Leader
FADINAP/ESCAP

Workshop Coordinators

P. Hjortlund
Marketing Economust
FADINAP/ESCAP

R.S. Giroti
Training Administrator
N.D. Le FAl

S. Scetharaman
Regional Executive

Cheniical Engineer

IFDC



Acknowledgment and Thanks

The nanagement of IFDC is grateful for the support and efforts of
our cosponsors, FAL and FADIMNAP, in organizing and making it pos-
sible to carry out the workshop.

We are especially grateful to the Targe number of speakers and tech-
nical resource persons who freely gave of their time to participate in
the workshop and share their experiences.

Finallv. the workshop could not have been the success it was without
the contributions of the many delegates who participated enthusiasti-
cally in the discussions on the technical information und data recorded
in these proceedings.

[nternational Fertihzer Development Center
December 1988

A .‘1(4 /‘:. 4 /
T I A I R KRS
Donald L. McCune
Managing Director



Inaugural Session

with us and FADINAP'S assistance cnabled us to ex-
pand the technical program to give broader coverage

The following opening remarks were made by
Mro T 3o Schaltz, IFDC Fertilizer Production Specialist.

After more than a vear of planning, organising, and
seeking financial support, we have finally assembled.
ICis most rewarding to reach this point and face a
roomful of more than 50 eothusivstic delevates and
mvited speakers assembled from 14 countries, all
with a common objective of sharing nd learnmgy
more about the world  of NPK O teridizers--their
production and usc. 1 look forvard 1o mecting cach
ol vou and learing from vou.

Before going Turther, Iet me introduce vou ta the
cosponsors who, topether with cach of vou, made this
workshop possible. First, we have the Fertiliser As-
soctation of India (FAL. The FAT i expert in or-
ganizing technical mectings and translerring fertilizer
technology throughoutr the Indian fertilizer and
agricultural seetor. We are most pleased that FAL so
Kindly agreed 1o arrange the facilities here at Madras
and in Bombay and will continue to help throughout
the week to make the workshop flow smootnly,  FAI
also coordinated the selection of Indian speakers and
delegates. MroS. Sceetharaman and Dr. S, Nand are
representing: FAT on pehalf of Mo B, K. Jain
(Dircctor, Technical) who, hopefully, will join us
later in the week. Secand, Tam pleased 1o introduce
to you Meo AL G Vaes, who s representing our other
cosponsor, the Fertilizer Advisory, Development and
Information Network for Asia and the Pacific

to the subject of NPK production through the use of
compaction/granulation technology.  This granula-
tion technique is currently recciving considerable
altention as an - alternative 1o conventional NPK
technology.

Finally, I would like to introduce my IFDC col-
Icagues: Dr. Do H. Parish, Mr. RS, Giroti,
Mr. NO DL Le, and Mr. VO E Leon, The 1FDC af,
i addition to contributing to the technical program,
will be on constant alert to ensure that the workshop
Hows smoothly and that vour needs arc attended to,

We have a full agenda before us. Please et me
remind vou that this is a "workshop.” Therefore, we
urge cach of you to be informal and fully participaie
by asking questions, making comments, and generahy
sharing your experience. The technical papers that
will be presented have heen seleeted 1o give a broad
coverage 1o Lie topic of NPK production and uosc.
The invited papers arc intended to stimulate thought
and discussion. Ample time has been allowed Tor
such discussion and questions.

Again on behall of our cosponsors,  FAT and
FADINAP, and of 1FDC, let me thank you for your
participation; we look forward to your enthusiastic
participation in this workshop experience.

(FADINAP). FADINAP's participation as a cospon- Dr. D, H. Perish, Dircetor of Outreach Division,
sor has strengthened this workshop in two ways: IEDCT Mro A G Vaes, Team Leader, FADINAP; and
financial assistance was given o 12 delegates from Mr. N. Scetharaman, Regional Dircctor, FAL then wel-
the Far East who otherwise may not have been able comed the participants on behalf ol their respective
organizations.

to attend and share their knowledge and experience
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Keynote Address

Role of NPK Fertilizers in Optimizing Agricultural Production

T.S. Manickam, Dean, Agricultural College and Rescarch Institute, Madurai, India

Abstract

Agricultural production will have to be increased by
6% within the next 20 vears in order to sustain the in-
creased world population. Part of this increased produc-
tion will come from the intensive use of new agro-
technologies, including the more efficient use of fertilizers.
In the past, many crops have removed more nutrients
from the soil than have been replaced by use of applicd
fertilivers. This has inevitably led to nutrient-deficient
soils,

The current use of modern high-yviclding, fertilizer-
responsive crop varietics has greatly increased the need
lor more fertilizer. However, the production of more fer-
tili.cr will soon exhaust the cheap sources of raw materials
and thereby increase costs and limit fertilizer use. These
conditions will necessitate the judicious use of all available
resources, mcluding the allocation of fertilizers among the
VATIous users

Optimum agricultural production depends on many
things including soil characteristics, crops planted, climate
{espectally rainfall), farming methods, availahility of fer-
tilizer materials, and development of new technologics,
The new fertilizer component of these technologics must
be based on information gathered from on-site testing,
Blanket recommendations can be used for estimating the
needs of large arcas, but recommendations based on
specific soil tests will be needed for fertilizer applications
on individual farms,

Introduction

As the world’s population increases, our appreciation
of the limits of our finite resources becomes ever clearer.
Thus, it becomes increasingly important that our rescarch
cflorts provide not just imformation that can lead to maxi-
mum production but also information that can lead to
production optimization in terms of the most cfficient use
of our available resources. Though the high-yiclding crop
varictics of the Green 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 achicving production op-
timization. Increased fertilizer use has played a dominant
role in increasing agriceliural production. This is the
reason for the intensive rescarch that is being carried out
to determine the need for fertilizers and the optimal ap-
plication rates.

The present estimates reveal that agricultural produc-
tion 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 agro-
technologics, with fertilizer input as the key factor along
with water.,

i is considered that more than 409 of the increase in
agricultural production can be attributed 1o the use of in-
organic fertilizers in almost all the countries. When inten-
sificd agriculture is practiced, the soil resources in terms
of nutrient supply arc subjected to rapid depletion, henee,
the need 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 yiclds now sought and obtained with
modern crop varictics require a greater quantity of plant
nutricnts than the conventional and  traditional crop
varictics used carlicr. When conventional or traditional
agricultural methods are used, the nutrients removed by
the crops are normelly replenished through many natural
processes. But in modern agriculture the nutrients needed
by high-yiclding crop varictics cannot 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 varicty grown in Tamil Nadu during the 1950s
and carly 1960s, namcly ricc GEB 24, was found 1o
remove about 75 kg of N/ha, whereas a recently intro-
duced high-yiclding rice variety like IR 50 was found to
remove 180 to 210 kg of N/ha. This simple example itself
illustrates the sitvation clearly. A few summarized results
presented in Fables 1-6 will further indicate the conditions



existing now under different situations. These data clearly
indicate the need for rationalizing our approach to fer-
tilizer use in optimizing agricultural production.

Table 1. Nutrients Removed From Soil by Rice

Nutrients Removed (kg/ha)

Yield Level N P20s K0
4 mt/ha 75 40 95
10 mt/ha 200 75 215

Source: Tamil Nadu Agricultural University (TNAU),
1982, Annual Report, Coimbuatore, India (2).

Table 2. Nitrogen Balance Under Different Cropping

Systems
N Balance (kg/ha/year)
N Removal
Crop Rotation Addition by Crop  Balance

Rice-wheat-pearl millet 310 323 -13
Rice-wheat-greengram 337 401 -04
Rice-rapesced-wheat 320 335 -15
Rice-rapesced-soybean 314 489 -175
Rice-potato-wheat 360 383 -23

Source: AICARP Project. 1981, Annual Report, ICAR,
Delhi, India ().

Table 3. Nutrient Uptake in a Sorghum-Based
Cropping System

Nutricnt Uptake (kg/ha)

Cropping System N P20s K0
Sorghum (alone) 177 18.4 273
Sorghum + soybean 155 19.3 203
Sorghum + greengram 179 17.5 217
Sorghum + cowpea 179 20.2 198
Sorghum + sunflcwer 248 29.5 300

Source: Sclvaraj, S. 1978. Master of Scicnee
(Agriculture) Dissertation. Tamil Nadu
Agrienltural University, Coimbatore, India (8).

Table 4, Nutrient Removal Under Different Cropping

Systeins
Nutricnts Removed
{(kg/ha)

Crop Rotation N P20s K0
Castor-sorghum-blackgram 293 45.7 303
Castor-pearl millet-cowpea 211 378 254
Castor-redgram-greengram 143 222 128
Castor-cowpea-coriander 82 7.5 103

Source: Chinnappan, R, 1978, Master of Science
(Agricuiture) Disscrtation, Tamil Nadu
Agricultural University, Coimbatore, India ().

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

N Balance (kg/ha)

Cropping System Quantity Added
Cotton + sorghum + ragi 540
Cotton 4 sunflower + ragi 560
Cotton + maize + rugi 630
Cotlen + cotton + greengram 320
Setaria + greengram 320

Quantity Removed Balance
938 (-)398
654 (-) %4
743 (-)113
446 (9126
557 (-)237

Source: Venugopal, 8. 1978, Master of Scienee (Agriculture) Dissertation, Tamil Nadu Agricultural University,

Coimbatore, India (10).



Table 6. Total Nutrient Uptake by 30 Crops (10 Each of Ragi, Maize, and Cowpea)

Total Uptake (kg/ha)

Added as Fertilizer (kg/ha)

Treatment N P:0s
509 optimum NPK 2,070 370
10055 optimum NPK 2,340 450
15047 optimum NPK 2,660 510
10657, NP 2,390 430
10007 N 1,080 170
0% NPK + FYmM?® 2,940 570
Control T 130)

KO N P05 K0
2,140 1,250 360 220
2,580 2,500 720 440
2,810 3,750 1,080 660
2,290 2,500 720 440

960 2,500 0 0
3,200 2,750 720 440

620 0 0 0

a. Farm vard manure,

Source: Tamil Nadu Agricultural University. 1985, Annual Repon, LTFE Project, Coimbatore, India (3).

Fertilizer Crisis

The constantly increasing demand for fertilizers result-
ing. from agricultural development in many countrics and
the exhzustion of cheap sources of raw materials for fer-

dlizer manufaciore have caused a worldwide awareness of

the adverse affects of a fertiliver shortape. For example,
India’s fertilizer consuraption in absolute terms has in-
creased from 785,000 mt nutrients (N, P:Os, und  KyO) in
1965/66 10 8721000 mt nutrients in 1985/86. In these two
decades the fertilizer production only increased from
350,600 w0 S.753,000 mt nutrients. Thus the gap between
fertilizer consumption and production his increase . from
429,000 mt nutrient tons in 1965/06 10 2968,000 mt
nutrients in 1985/86. This increasing trend in consumniion
and the widening gap between consumption and produc-
tion have necessitated massive imports ol fertilizers
(3315000 mt nutricnts) which amount 1o an import bill of
about Rs 18 billion (US $1.4 hillion). This situation war-
rants the proportioning of the limited supplics any country
can obtain or afford, Because fertilizer necds vary wide!
with type of crop, sal, and location, these sources i varia.
tion should logically provide the basis for sueh distribution
of fertilizers ar all levels of consideration, for example,
among the ficlds in individual farms, soils within regions,
regions within countrics, and idealistically, the countries of
the world, all for the greatest general goad with ap-
propriate allowances for current ceonomic and supply
situations,

Such an apportioning procedure must be based on the
ANSWCTS 1O some common questions:

What are the cconomic fertilizer requirements indi-
cated by the data from a fertilizer experiment?

Arc these lertilizer requirements related to locality or
type of soil and if so, what should be the general recom-
mendations for these localitics or soils?

What is the basis for cvolving location-specific recom-
mendations 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?
Il so, how can wc extrapolate from these statistical
relationships to obtain the best estimates of cconomic fer-
tilizer rates?

What is the cconomic importance of soil testing apart
from its statistical significance?

These and similar questions all require lengthy com-
putations for proper answers, and in the past they have
gone largely unanswered or have been answered only after
inordinate delays. Thanks to modern developments in
communication and computing facilitics, data can now be
casily processed to provide soil scientists with the informa-
tion needed to answer such questions.

The reeently introduced concept of "Soil Based Agro-
technology Transfer” is used by the Beach Mark Soils
Project of Hawaii Institute of Tropical Agriculture and
Humar Resources. In this concept, the soil taxonomy
(whick is more ncarly a quantitative representation of our
knowledge of soils since most soil propertics can now be
characterized in terms that have quantitative meaning at
some level of precision) is the basis for transferring agro-
technologics developed for one site to another. Develop-
ment of a soil family network will help solve the problems
encountered in defining the boundary conditions for pti-
mizing fertilizer use. Parenthetically it may be noted that
the kind of reasoning on which this concept is based con-
forms to the theories of realism, originally postulated by
Plato and later moderated by Aristotle, according ta which
universal truths exist aad are implicit in particular
instances.



This concept enables rescarchers to develop yield
response cquations for a soil family at all sites where it oc-
curs so that appropriate fertilizer inputs can be made to
give cconomically optimum viclds. 1t is also realized,
however, that the soil and climutic conditions existing at
cach site, cven for the same soil family, can have
measurable cffects on the productivity of the soil. There-
fore, it is imperative that this coneept include the ap-
propriate soil and climatic parameters in the vield cqua-
tions to alow adjustment for local variation.

Cheice of the Yield Response Funetion

The basic difficulty in sclecting the response model,
which is immediateiy apparent, is the form of the respore
cquations used to optimize yickds. Unfortunately there is

no general fundamental model deseribing the effects of

nutricnt application rate on yickl, and any choice of a
model must be based on observation and experience
(must he empirical). There re, of course. many models
like the various polynomial expressions, orthogonal poly-
nomial functions, lincar platean model, two straight line
cquation exponential expression of the tvpe proposed by
Mitscherlich, Cape function, and so forth (o choose from;
cach has its adherents, and it scems possible 1o colleet
data to support any of them. Morcover, there are endless
opportunitics for debate on the merits of the alternative
models since experimental data usually contain cerror
aberrations and the nature of the relationship varies with
crop and growing conditions. In the words of Heady and
Dillon, "A skeleton of theory is lifeless withou cmpirical
flesh: to be more than play-things in an NOry tower,
response models must be specific in terms of real-workd
situations.”

Thus, the development of @ model to predict yield is
essential. However, it should be based upon the logic,
cconomics, or physical and biological cuanditions that
describe the production vrocess being examined. There is
a scientific principle kaown as the "Law of Parsmony” that
seems o oaave some appropriateness for racntion here.
This Taw, which has relevance te the choice of production
functions, cmerged sometime in the [4th contury, I says
that you should not explain a behavioral phenamenon by a
higher, more complex process if a lower or simpler one
will do. Translated to rescarch terms, this means that we
should scleet the simplest, feast complex. and casiest way
to caleulate an cquation that provides a tolerable ap-
proximation of the biological response 1o fertilizers and
that also contains attributes that are meaningful and
desirable for cconomic interpretation.,

General Recommendation
Fertilizer requirements vary with location and year in

most regions beeause of more or less unpredictable effects
of variations in soil features, scasonal weather conditions,
farming mcthods, pest and discase damage, and so on.
Given such variability, the usua! scquence of scientific
rescarch is to seek explanations by carrying out fertilizer
experiments and studying the correlation hetween the
crop response to fertilizers and the identifiable features of
the soils, climate, and other factors and ultimately trying
to devise methods for predicting the varixtions,  The
amount of work required for this type of rescarch is,
however, enormous; the time required is b least several
years, and the final resulis may well prove disappointing,
as has been the case, for example, with so many projeets
aimed at devising fertilizer recommendations for various
crops. In the meantime, decisions have to be made on fer-
tilizer use, and scientists can help by providing an un-
biased gencral estimate for a specific unit of land, bhased
on the available information. Such an estimate for a vari-
able unit of land is termed the "general fertilizer require-
ment or recommendation,” and it is general in the sense
that the estimate applics to the optimum use of fertilizers
on the unit as a whele over a long period of many years in
production. Because the land unit is variable, it is in-
cvitabie that any gencral estimate of requirements will he
accurate for oaly a small proportion of crops being grown
at any particular time. For the remainder, the gencral rate
will be cither too high or too low. The general estimate is
simply the best estimate possible for the present with ex-
isting information. Howeves, this may introduce another
problem, aamely, a general acceptance of the recommen-
dation as being good cnough, or worse, as being aceurate
for the whole of the land unit, which possibly covers many
thousands of farmers’ ficlds. Apart from noticing gross
deviations from expected results, there is always a danger
that the fundamental variability of fertilizer requirements
between ficlds and farms will he forgotien. Henee it is im-
portant that estimates of the general optimum rates al-
ways be accompaniced by information on variability, both
to indicate the proportion of disappointing results that can
b expected and the need for local, more specific studics
on Fortilizer requirements.

Fertilizer Recommendations

On the basis of the results from a few ficld experi-
ments,  blanket or general recommendations were
proposed and used (see Tables 7 and 8). The recommen-
dations in Table 7 did not consider soil tyes, crop
varictics, and scasons. Hence, they were then followed hy
a slightly improved recommendation based on a soil test,
which gave some emphasis to the native soil fertitity, This
was found to be better, at least in most areas. Because of
the shortcomings in the two recommendations in Table 7,
different models have been tried and Mitscherlich Bray’s
concept has been found to be workable,



Tablc 7. Blanket Fertilizer Recommendations for
Imgyrtant Crops in Tamil Nadu

Nutrients (kg/ha)

N P20s K20
Rice o
Short duration varictics
(100-110 days)
Basal 50 50 50
Topdress (day 21) 50 - -
Medium duration varictics
(120-135 days)
Basal 60 60 60
Topdress {day 21) 35 - -
Topdress (day 70) 25 - -

Table 8. Soil Test Fertilizer Recommendations for
Rice (in Heavy Soils)

Recommended Nitrogen Apglication,

Soil Tst kg/ha, to Achicve Indicated Yiclds

Value % of Maximum Yicld)
(kg/ha) 759 Yicld 87.5% Yicld 94% Yield
89 106 173 242
104 101 168 235
121 96 163 230
138 89 158 225
155 84 151 215
172 79 146 212
190 72 141 207
207 67 133 203
225 62 128 195
242 54 124 190
259 49 116 185

Other approaches followed also indicate the possibility
of rationalized recommendations.

Site- and Sitvation-Specific Recommendations

Allention must be drawn to the fact that experi-
mentaticn with plaat natrients is fundamentally different
from cxperimentation with other yicld-controlling factors,
such as distance between plants and time of planting, The
soil is able to provide the crop with o certain amount of
cach of the nutrients, and the response of the crop to the
application of a certain nutrient is due to the change in
level of that particular nutricnt in the soil. The crop
response to the application of a nutrient thus depends on
how well the unfertilized soil may be able, by itsell, to
provide the crop with the given nutrient. There is, there-

fore, the need to measure or cstimate by some procedure
how much of cach nutrient the corresponding soils can
provide to the crop in order to be able to work out fer-
tilizer rates for optimum yiclds.

Soil chemists have dediczted a great deal of effort and
time to evaluating the quantitics of available nutrients in
soils by analyzing soil samples. To date, however, such
analyscs, though not proven entircly accurate, have served
as a basis for arriving at site-specific fertilizer rates. A
family of response models for arriving at fertilizer rates
corresponding to optimum yiclds exists, and these models
embrace the soil fertility variables (sce Tables 9-14),
Again the one that deserves mention is the Mitscherlich-
Bray responsc lunction, which has gained much usc in this
part of India.

The recent expericnee of the soil scientists in the state
of Tamil Nadu, India, should be mentioned at this junc-
ture. A casc study was made for rice using the results of
soil testing and fertilizer experiments in Papanasam Taluk
of Thanjavur delta, the rice bow! of Tamil Nadu,

The soils studicd came from Papanasam Taluk of the
Thenjavur district and belong to the Kalallur and Adanur
soil series. The soil test data relating (o 30 villages were
processed to work out the village fertility indices as well as
master equations for cach nutrient on the basis of (he
Mitscherlich-Bray approach (sce Table 14). By sub-
stituting the village soil fertility indices in the master
nutricnt equation, it was found that the native soil fertility
itself is sufficient 1o produce 50% 19 70% of the maximum
possible yield in ricc. The rostats clearly indicated the
highly varicd naturc of soil fertility, and thus th generai
blanket prescription proved to be either an underestimate
or an overestimate of the actual requirements of fertilizer
nutricnts.  The results also revealed how misicading a
fertilizer recommendation would be that does not take
into account the native soil fertility Ievel. The results
clearly indicated that for nitrogen the presently recom-
mended level of 100 kg/ha for rice is insufficient in almost
alt villages. For obtaining a yicld of 5 mt/ha, the fertilizer
nitrogen requirement was 150 kg/ha, an increase of 50 kg
from the presently recommended level of 100 kp/ha. With
respect 1o phosphorus and potassium, there were indica-
tions of the need for further grouping the soils as low or
high with respeet to their availability because some of
those soils that record high soil fertility indices do not
require phosphorus and potassium dressings for obtaining
cconomic yiclds. When this revised schedule, based on
village soil fertility indices, was compared with yeneral
blanket recommendations, the results indicated that the
revised schedule was superior for obtaining optimum
yiclds. Morcover, in terms of even the quantity requircad
for the study arca, the recosamendations on village fertility
indices indicated a realistic anproach.
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Table 9. Relation Between Fertilizer Levels, Grain Yields, Value/Cost Ratio, and Achievement Level
(Data from 16 Experiments)

Fertilizer Rates

Trecatment N___
Control 0
Blanket 100-120

Target Yield (mt/ha)

4.5 45-05
5.0 €5-88
5.5 88-110

P.0s K0
--(kg/ha)y - --------
0 0
S0-60 SU-60
0-18 0
5-22 0
12-33 0

Grain Yicld

Range Mecan
----- (mt/ha)- - - - -
2.0-4.0 2.6
4.0-5.6 4.7
3.7-5.0 44
3.9-53 4.7
4.0-54 47

Achicvement Value:Cost
Level Ratio
(%)
- 39
98 94
94 8.2
85 6.6

Table 10. Soil Fertility Indices of Five Selected Villages
in Papanasam Taluk, Thanjavur District

Numbecr of

Name of Samples

Village Studiced
Papanasam 41
Koonancherry 105
Saliamangalam 92
Ayyampettai 50
Alangudi 50

Table 11. Percent Sufficiency of Nutrients Due to Soil
Fertility in Five Selected Villages in
Papanasam Taluk for Rice®

Percentage Sufficicney

N

04
41
55
43
63

P20s K:0
14.0 79.0
99.9 96.0
96.0 95.0
87.0 35.0
99.9 99.9

Village Level Name of
Fertility Indices Village
N ROs KO
------ (kg/ha)------ Papanasam
Koonancherry
251 3 145 Saliamangalam
130 93 293 Ayyampettai
193 05 278 Alangudi
135 40 40
242 286 1,149

a. The amounts of nutrients furnished by the soil were
determined from the sail fertility indices.

Table 12. Fertilizer Recommendations for Rice at Different Sufficiency Levels as Measured by Soil Fertility Indices for
Five Selectea Villages in Papanasam Taluk

Fertilizer Requirement (kg/ha)

Name of Village

N for 87.59, Sulficicnev

N lor 949 Sufficiency

P for 9895 Sufficicncey

K for 989 Sufficicncy

Papanasam
Koonancherry
Saliamangalam
Ayyampeliai
Alangudi

135
205
170
200
1)

250
300
263
203
235

105

50

170
55
05

250




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

Village
Parameter Compared Koonancherry Papanasam
.......... (B)----mnn--
1. Combined pereentage sufficieney due to nath ¢ soil fertility 39 7
2. Combined pereentage sufficieney due to application of fertilizers stipulated in the 72 44
general blanket recommendation
3. Increase in pereentage sufficieney due to blanket recommendation minus native 35 37
soil fertility
4 Combincd percentage sufficiency duc to application of Mitscherlich-Bray response
function recomniendations:
8460 45 77
N7, 51 83
5. Increase in percentage sufficicney due to Mitscherlich-Bray response function over
native soil fertility indices:
84% 6 70
A 12 76

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

Requirement of

Estimated Fertilizer Application N P20s K20
......... (m[)---..--_-
1. By general blanket recommendation of 100 kg N, 20 kg P20s, and 40 kg K20 /ha 805 160 320
2. By reccommendations based on soil fertility indices for a combined sufficiency of 1,210 150" 845¢
84% (N for 87.5% and P20s and K20 for 987,
3. By recommenclations based on soil fertiliy indices for a combined sufficiency of 1,430 150° 845¢

90% (N for 9% and P.0s and K20 for O800)

4. Required for all 30 villages.
b. Required for only 3 villages.
¢. Required for only 15 villages.

Future Thrust multinutrient approach must be taken to cnsure
balanced fertilization,
Past expericnce indicates that agronomists and the soil
fertility specialists should coneentrate :heir attention on 2. Integrated nutrient management must be established
the following arcas. for a well-identificd agro-ccosystem involving  soil,
climate, and plants.
1. More concentrated cfforts should be made to attain
balanced fertilization and syncrgistic nutrient 3. The optimization of agricultural production must aim
interactions. Instead of a single-nutricnt approach, a not only at achicving the desired yicld targets of crops



but also at eliminating nutricnt deficiency and increas-
ing the cfficiency of the applicd nutricnts,

4. Usc of organic materials such as grain legumes, green
manures, bio-fertilizers, and organic manurcs must be
properly integrated with other nutrient resources.

5. To optimize agricultural production, the synergistic
interactions hetween lertilizers,  sceds,  waler,
agrochcmicals, and management skill ought to be
properly cxploited, and the cffective role of fertilizers
should be properly defined and allowances made for
these interactions,

6. Fertilizer use rescarch in rainfed agriculture has to be
properly evaluated [r specilic soil-climatic complexes.

7. In the past three decades, fertilizer recommendations
hzve been made only on the basis of individual crops;
it is essential, however, to develop fertilizer recom-
mendations for a cropping system as @ unit.

Achicvement of the agricultural production goals is
closely linked with fertilizer use, and it seems impossible
to think of optimizing agricultural production without use
of festilizers. The current fertilizer consumption pattern
indicates that a major share is used by a few crops: rice
(40%), wheat (24%), sugarcane (997), colton (7%), and
others (20%). Dryland crops occupy around 60% of the
arable land but account for lesi than 1567 of the fertilizers
used.  Furtherrore, assuming a present level of
18 miliion mt of nutrient removal per year in India, the
consunmiption kevel of 8 million mt leaves a wide gap which
will lead to rapid depletion of the soil nutrients. This will
become intensificd with the tatensification of cropping and
farming systems. Further, the new poteatial arcas of fer-
tilizer usc must be in (a) rainfed agriculture, (b) new crop-
ping and farming systems involving pulses and oilsceds,
and (c) reclaimed fands.

Although & tremendous increase has been made in fer-
tilizer consumption, much more remains to be done in
terms of increasing the use cfficiency of the applied
nutricnts. Probably a major nart of the agronomists” atten-
tion should be dirccted toward increasing the use cffi-
cicncy with the currently available quantitics of plant
nutricnts as opposed to increasing the production further
and further. To highlight this, il it is possible to increase
the use cificiency of applicd nutrients in rice farming
alonc 1rom the current average level of 2595 to around
5095, a substantial quantit of fcrtilizer 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 conceatrate their efforts in this major
arca, and they should be given proper support from
industrics in taking up large-scale rescarch to find ways
and mcans of increasing the use efficiency of the applied
nutrients.

The increased agricultural production witnessed the
world over during the past three or four decades was
madc possible by the introduction of high-yiclding,
fertilizer-responsive varicties of plants, especially grains
such as rice, maize, and wheat during the late 1960s. But
this trend did not continue. Nor did it attain the full level
of expectation, and at present agricultural production is
once agatn static at another plateau. I agricultural
production is to incrcase and to move beyond this platcau,
it must be realized that the production of crops cannot be
increased  significrntly by introducing modern  crop
varictics alone. Other factors have to be taken into ac-
count such as climate, soil fertility, and crop production
technigues. The general blanket fertilizer recommenda-
tion technique has to be replaced with a suitable location-
specific icchnology. Appropriate knowledge about soil fer-
tility and fertilizer use for location-specific situations may
be the answer for achicving the expected goals in crop
yields. It may be necessary to reorient the current produc-
tion technology by changing from "seed-based technology”
to a "soil-based technology” in which equal emphasis is
given 10 the nutrients, water, and sceds. Fertilizer use
should be properly integrated with an effective soil fertility
cvaluation program. Soil testing shou!d be the foundation
of the nutricnt management system designed (o optimize
agricultural production. Optimization should involve not
only quantity but also source of nutrients and cfficicney of
use, including proper timing and method of application.
Thus, uic prescription models that are aimed at higher
crop yiclds should also increase use cfficiency and sustain
svil fertility. These prescription models have to be evolved
in a sysicmatic manncr for the major cropping systems
and also the farming systems involving crops, animals,
trees, aqua-culture, bio-fertilizers, and other lactors.
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Foreword —NPKs in Perspective —

Fertilizer Products and Farmer Needs

D. H. Parish, Dircctor, Outreach Division, Internatioral Fertilizer Development Center

Introduction

Chemical manures, or ardficial fertilizers as they were
invariably called, have revolutionized agricultural produc-
tion on i global scale only since the 1960s. They had,
however, already proven to be indispensable to many farm
production systems of the industrialized nations for almost
a century hefore their global vole devetoped. Now, without
their use, mass starvation would follow in many nations.

The cconomies of fertilizer use are governed by
production, distribution and storage costs, the costs of
application in the field, and the value of the crop response
pei unit of nutrient provided by the fertilizer. Government
mtervention at all Jevels in the fertilizer sector —supply,
distribution, and use  distorts the use of fertilizers in
terms of the products made available to the fanner and
the level of use based on the fertilizer price and the value
of the crops the furmer sells; nevertheless, the objective of
most developing country governments is o inerease erop
production and thercfore also fertilizer use.

The farmer is uninterested in national goals and will
use tertilizer only to make a profi. To maximize this
proftt, the farmer must integrate optimal soil preparation,
sceding, time ol planting, weed, insecel, and discase con-
trol, and nutricnt supply, with known crop needs; it is in
the fatter arca that fertilizer product selection, ircluding
NPKs, hes a role to play.

The Development of the Demand for Fertilizers

The fertilizer industry began essentially in northern
Europe during tlic industrial revolution=a revolution
which saw the beginning of massive movements of a bur-
geoning population from the counirside to the cities and
a conscquent rapid growth in the narket demand for tood.

The history of fertilizor v is therefore closely linked
to the production of coreal crops and o this date, wheat,
rice, and maize account for most of the fertilizer con-
sumed annually,

Developments in the production technologies of these
three crops have impacted not only on the quantitics of
fertilizer used but also on the products used.

Before the advent of the high-yielding wheat and rice
arictics and of hybrid maize, the major sources of plant
nutricnts were legume crops and farm and domestic
manurcs. With these farming systems, the major con-
straint on cereal production was the low levels of soil
phosphate which, in turn, led to the carly development of
the commercial phosphatic fertilizer industry (1842) based
on cheap phosphate rock.

The exploitation of potash deposits in Germany (1860)
followed, and potassium chloride became an important
fertilizer. Nitrogen thereafter became the key constraint to
cereal production, particularly in northern Enrope where
the legume crops. although essential, represented a lost
opportunity to grow a cereal crop. The advent of synthetic
nitrogen fertilizers in the carly twentieth century led to
only a slow replacement of the traditional sources of
nitrogen with nitrogenous fertitizers. This slow growth in
demand was due to economic factors (high cost of
nitrogenous fertilizers and low cercal prices) and to the
genctically unimiproved nature of the cereal varieties used.
AL this stage of agricultural development, crop varicties
available to farmers were not high-yiclding; and the bane
ol farmers around the world trying to grow higher yields
of cereals was crop lodging, an affliction particularly asso-
ciated with high fertility soils. For this rcason, the empha-
sis in fertilizer use was on phosphate and potash with
nitrogen being used only sparingly compared with today’s
practices. Under these conditions, as shown in Figures 1
and 2, the use of a 1:1:1 (N:P20s:K20) mixture at cereal
planting time was, and still is, a widely accepted practice.

As the key crops (wheat and rice) were self-pollinating,
a wide range of distinet varictics existed. The challenge,
therefore, was 1o use the various characteristics of the dif-
ferent varicties to produce crops which did not lodge and
which tirerefore could respond in terms of higher yields to
higher levels of soil fertility. Breakthroughs occurred over
a very short period and rice yiclds in Japan and wheat
yiclds in the United Kingdom soarcd.

In the United States, the major crop with the potential
for rapid intensification was maize, an open pollinated
crop; it was not until the introduction of hybrid maize that
yiclds, and conscquently the demand for fernilizer,
exploded.
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The plant breeder in the developing world aiso radi-
cally changed the agranomic efficicney of fertilizers by

doubling and tripling (he grain production per unit
nitrogen applied to wheat and rice.
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With the advent of cheap synthetic nitrogenous fer-
tilizers and cereal varieties which could convert high levels
of nitrogenous fertilizer into greatly increased vields, the
requirements of the farmer changed rapidly. In many
arcas, legumes were abandoned as were animal and
domestic manures. The rapidity of this change is shown in
Figure 3 which shows clearly the relationship between the
decreasing use of legumes as a source of nitrogen and the
increased reliance on synthetic nitrogen.,

The Agronomics of Fertilizer Use

Without an adequate supply of 13 mincral clements,
plani grovth is stunted. Fortunately, the major agricul-
tw-al soils have adequate supplics of most nutricnts, the
exeeptions being nitrogen,  phosphorus, and potassium,
which arc the major mineral constituents of the plant and
the basic nutrients of commercial fertilizers.

Alter the initial lag phase of scedling development,
cercals grow essentially in a logarithmic fashion in terms
of both dry matter production and in terms of nutrient up-
take as illustrated in Figure 4. The inercasing demand for
nutricnts as the plant grows is mei by a root system which
has also grown vigorously.
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Average of the 2 Varieties Inia and Ciano at
400 kg/ha N (Mexico).
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Review of the Fertilizer Situation in Asia and the Pacific
With Reference to Multinutrient (NP and NPK) Fertilizers

Adain G Vaes, Team Leader. ESCAP/EAO/UNIDO Fertilizer Advisory,
Development, and Information Network for Asia and the Pacilic (FADINAP)

Abstract

In the Tate 19005 the use of modern high-vielding
varicties of rice and wheat that are responsive o nitrogen
fertilizers: became widespread throughout Asia and the
Pacific arca. At the same time there was an ample supply
of nitrogen resulting from new and improved technology
in the production of ammonia and urea, Together, these
Lacts spurred the use of fertilizers in all the region. For
the first time i history, ereain production outstripped the
popalation growth in most of Asia. This paper gives the
production and consumption: feure,y for most of the
vountries in Asia and the Pacific region,

Introduction

With the exce sion of Japan, the Republic of Korea,
and Taiwan, Targe-scale fertilizer use in Asia and the
Pacific started only alter 1965, Ep 1o that vear, the use of
fertilizer was Lareely restiicted o industrial plantation
crops such s tobacen, eotlee, tea, suarcane, and oil padm,
Sinee the total acrcage under <ech crops was relatively
smalle the total amenat of tenilizer used i the Asian

repton wis also richer small,

Nitrogen, phosphate, wnd potish were used almost in
the somie ratio os that used by the rest of the world or
about 1:1:10.
late 1900,
high-viclding varictios of tice and wheat that are respon-
sive to nitrogen fertilizere. This development cotncided
with the ample availabiling of vheap nitrogen: resulting

Fhe turnaround for most of Asia came in the
Iowae tripeered by the spread of modern,

from the new, Targe weale compressar ammonia (ech-

nology,

Nitrogen consumption <Larted o meteoric rise about
1970 (Figure 1), baer sinee, erain output has outstripped
popufation crowih i most of Asie. Both fertilizer con-
sumption and food production in Asia increased at a4 much

faster rate than in the rest of the world.

Since the seed and the fertiliver-based "Green Revolu-

tion" started to have an impact (after 1965), the develop-
ment of fertilizer consumption in Asia has Tollowed a pat-
tern distinetly ditferent from that of the rest of the world,
The dominance of rice in Asian agriculture and its food
ceonomy is the major factor that differeniiates Asia from
the rest of the world (1).
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Figure 1. Trends in Nitrogen Consumption in Asia ard
North Ameriza, 1938-2000.

Regional Overview of Fertidizer Production
in Asia and the Pacific

In Asta in 1985/86 there was a marginal increase in the
production of N while 1205 production declined by 4.67%,
and K:O production increased by more than 259 com-
parcd with the preceding year (1984/%5).  The overall
production of all the three nutrients increased by (L6457,
Ameng China and India, the two major lertilizer-
producing countries of Asia, China recorded a decline in
the production of all the nutrients in TOSS/80. Apainst
1242 million mt of N, 2.42 million mt P2Os, and 32,000 mt
of K20 produced in 1984/85, the production in 985/86
totaled 11,15 million mt of N, 1.83 million mt of P:0s, and
24000 mt of K. Thus the annual growth rate of N,
P20s, and KaO registered a decline of 6,207 2449 and
2509, respectively.  India, however, recorded a positive
prowth in 1985/86 fertilizer production. N and P:Os
production in 1985/80 increased to 432 million mt and
146 million mt from 3.92 and 1.34 million mi, respectively,
i 1984/85 registering an annual growth rate for N of
0.2 and P:0s of 899, India docs not produce potash
fertilizers (Figure 2).
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Where has been a major shift o the nitrogen fertilizer
indu try during the 19865 Prior 1o that time about 5077 of
the rotal nitrogen requitement was produced in the
deve oped countries, bui Trom 1950 onwards almost 707,
of the requircient was beine produced in centrally-
planned and developing market ceonomy countrics. The
average plant capacity aloo imcreased from 700 1o 1,500 mt
of ammonia ner day.

Nitrogen Fertilizer

The nitrogen fertilizer requirements are estimated at
71 million mtpy for 1936,/57 nd S22 million mpy for
191792 A plobad surplus situation in nitrocen supply is
likely to persist until the end of the present decade. In
1990 the nitrogen supply and demand batance is estimared
to he 0.08 million mt. A siali deficit is anticipated at the
bepinning of the next decade, and by 199590 an exira
1 million mt of niirogen would be needed s compared
with that required in 199091 This would result in i new
Table |
shows the nitrogen feitihizer supphy, demand, and balance
in the Asian region for 1987 throuch 1991,

erowth of the nitrogen industey in the future.

Tablc 1. Nitrogen Fertilizer Supply, Demand, and
Balance in the Asian Region

LON7  Boss 9SO (900 191

------------ (millon mt)- - - - <o oo oo

Supply 2420 2347 2432 2 2508

Demand 2701 212 20420 306 31.20

Balance -4.50 445 4800 25582 -6.12
World total

balance 243 240 140 (108 -0.97

The Phosphate Industry
At present this sector of the Tertilizer industry is faced
with an over-capacity situation, owing to the stagnation in

demand in the carly 1980s. At the same time there was a
capacily increase in many countries as a result of an antici-
pated 4% annual growth in consumption.  Since demand
did not increase to the same level as the capacity, the
operating rate was greatly reduced.

Alter 3 years of stagnation, there was a marked in-
crease in the world phosphate demand in 1984/85 and this
pace was maintained in 1985/86. It is hoped that demand
in the coming 3 years will cqual 9005 of the production
capacily, considered to he ontimum provided ro new
capacily comes on strean,
surplus phosphate supply situation ot the global level, es-
timated at about 2.5 million mt in 1986/87, will increase
further to 3.7 million mt in 1988/89, after which it will
decline to about 2.5 million mt i 1991792 (Table 2).

It is anteipated  that the

Table 2. Phosphate Fertilizer Supply, Demand, and
Balance in the Asian Region

1987 19838 1989 1990 1991

----------- (million mt)- - - - - - - - -~

Supply 440 402 482 500 5.25

Demand 7.98 836 &.75 9.15 9.55

Balance 358 34 393 415 -4.30
World total

halance 2.53 3.74 3.57 3.13 2.35

The Potash Industry

Worldwide, the supply and demand balance for potash
is likely to show a surplus of some 3.2 million mt of K20 in
1986/87. Tt is anticipated that this surplus will increase to
37 million mt in 1989%/9% and then decline o about
34 million mt by 1991 (Table 3).

Table 3. Potash Fertilizer Supply, Demand, and
Balance in the Asian Regien

10K7 19588 1989 1990 1991

----------- (million mt)- - - - - - -

Supply (.03 (105 0.67 07 U7

Demand 2092 3.18 3.36 3.51 3.03

Balancee -2.89 3013 -3.29 0 3.4 -3.57
World total

balance 3.19 311 3.74 372 3.38
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Fertilizer Market Study in Developing
Countries in Asia and the Pacific
With Particular Reference to Multinutrient
(NP and NPK) Fertilizers

Alter 3 years of stagnating prowth rates trom 1982/83
throug™ T9R4/S5 the fertizer use ne developing countries
of Asiaand the Pacific actually declined in 1985 /86 for the
frst time sinee 19747750 The reduction in volume in
FUSS/86 amoanted (o 22 million mt (minus 6,007 com-
paied with the apparent demand in 1984/85) 10 reach o
total volume of 3.2 million mit of nutrients.

The denred 1 193520 convasted of 240 million mt of

nitrogen, 0.9 milhon mr ol phosphates, and 2.0 million nit

ol votassiun,

The influence of developments in the fertilizer sector
within the People’s Repulblic of China has a siguificant of-
feet on the trends mdicatad Tor the region, This was
underbinsd by dectine in derilizer use in China by
29 mulhon mt in 198RS /=6,

teeoneral areais the preferred product in Asia and
the Pacitic region. In Bangladesh, India, and Indonesia,
urca alone accounts for more than 3097 of the fertilizer
consmmplion. Ammonicm sulfute is relatively important
i Thailand and B Both in ran and Pakistan, DAP is
the most popular fertilizer product, whereas in the
Kepublic of Korea maltinutrient (NP and NPK) fertilizers
cccupy the Targest market <hare with 6790 in 1985 /86.
Pedia is & while Indonesia and
Baneladesiv prefer TSP as o source of phosphate (Tables 4
and Sy Straght fertilizers are predominantly used in
Bungladesh, Burma, Indonesia, Tran, Fiji, Vietnam, and to

mapes LAANE uer,

alosser extent alsoin Sri Lanka.

Table 4. Fertilizer Consumption in Asia, 1985/86

Bangladesh India Indonesia  Iran - Nepal

------------- ('(m_ml)---------”——
Urca 795 10,015 2,607 552 45
AS - S0 475 18 2
DAP - 2078 - 027 -
TSP 297 3 LIS - 1
MOP 0 1412 290 - 1
NP/NPK - 2,629 - - 54
Others 4 2508 - 19 -
Total 1,156 19331 4420 1,516 103

Source: FADINAP Database.

Tablc 5. Fertilizer Consumption in Asia, 1985/86

Sri

Pakistan Philippines Korca  Lanka Thailand

------------- CoOMImML) - ---ee e
Urca 173 413 468 184 210
AS 93 140 24 76 257
DAP 495 9 - - -
TSP 15 1 - 49 -
MOP - 39 53 86 30
NP/NPK 426 229 1,126 24 495
Others 214 14 07 2 9
Total 1,416 845 1,738 421 1,001

Source: FADINAP Databasc.

Single superphosphate (SSP) is still used in large quan-
tities in India, although it is facing morc and more strong
competition from DAP. As a source of phosphate, DAP
hus overtaken SSP. DAP use increased rapidly after
1980/31 from around 800,000 mtpy up to 2.7 million mtpy
in 1986/87, according to latest FAI information.

With regard to the multinutricnt (NP and NPK) fer-
tilizers, these are popular in India, the Republic of Korca,
Thailand, Pukistan, the Philippincs, and Nepal.

Table 6 shows the consumption trends of multinutrient

(NP and NFK) fertilizers in those sclected countries in
Asia over the last S years from 1982/83 through 1986/87.

Table 6. Consumption of (NP/NPK) Fertilizers in Asia,

1982-87

1982/83 1983/84 1984/85 1985/86 1986/87

------------- CO0Omty-----neeaa o
India - 2314 4,673 2,629 2,848
Nepal 36 33 50 54 45
Pakistan 428 403 379 426 400
Philippines 305 247 236 229 315
Korea 780 1,046 1118 1,160 1,160
Sti Lanka 33 25 28 24 29
Thailand - - 616 584 524

Source: FADINAP Database.

Table 7 shows the consumption of multinutricnt lertil-
izer in Asia as compared with the total fertilizer consump-
tion in 1985/86. In the Republic of Korza, Thailand, and



Nepal, more than 507 of all fertilizers consumed arc
multinutricnt (NP and NPK) fertilizers.  In the case of
Pakistan and the Philinpines the share of multinutrient
fertilizer as compared with the total fertilizer consumption
amounts to 309 and 277, respectively.

Table 7. Consumption of (NP/NPK) Fertilizers in Asia
as Compared With Total, 1985/%6

NP/NPK Total NP/NPK

----- o0 mty)- - - - - (Ve)
India 2,029 19,340 14
Nepal 54 103 53
Pakistan 426 1,416 30
Philippines 229 847 27
Korea 1,161 1,738 67
Sri Lanka 24 468 5
Thailand S84 1,090 5

Source: FADINAP Datubasc.

Imports by Selected Countries

To supply the required volume of fertilizers in
L985/86, the developing countrics of Asia and the Pacific
contributed 25.5 million mt of nutrients in local produc-
tion. In addition, 10.8 million mt of fertilizer nutricnts was
imported of which 17.87% ariginated from intrarcgional
sources.  Hall of the imports consisted of nitrogen,
whereas phosphate accounted for 2779 and potash 23%,.
Estimates indicate that the imports were valued at
US $3.4 billion (c.i.f) and represent over 20 million mt of
products.

Tables 8, 9, and 10 show the magnitude of the fertilizer
imports in the region.
Table 8. Fertilizer Imports in Asia, 1985/86

Bangladesh China  India  Indoncsia  Iran
------------- COMI M- - - e oo

Urca 196 3,58 2,828 . 508
AS ; . . - 9
DAP - 1,220 1,750 - 927
TSP 346 - - - .
MOP 89 630 1,490 300 -
NP/NPK, - 930 - . .
Total 631 6416 6,068 300 1,444

Source: FADINAP Databasc.

Table 9. Fertilizer Imports in Asia, 1985/86

Korca  Malaysia Nepal Pakistan

------------- COO0Om)- - ---oaaaoo
Urca - 270 02 -
AS - 170 5 -
DAP - 20 - 336
TSP - 10 - -
MQOP 406 505 - 57
NP/NPK - 115 63 58
Total 406 1,090 130 451

Source: FADINAP Database.

Table 10. Fertilizer Imports in Asia, 1985/86

Philippines  Sri Lanka Thailand Victnam

------------- CO00mt)y------o-.-.
Urca 684 182 210 504
AS 175 111 42y 151
DAP - - 21 5
TSP - 38 - -
MOP n 111 29 55
NP/NPK 56 21 80 72
Total 989 463 1,169 787

Source: FADINAP Database.

Most of the countrics in the region prefer to import
urca, DAP, and MOP. The latter is not available in the
region. A large part of the urca and to a much lesser ex-
tent DAP can be imported from other countrics in the
region,

Ammonium sulfate is imported by a few countrics,
namely Fiji, Malaysia, Thailand, the Philippincs, and Sri
Lanka. Substantial volumes of TSP arc procured as phos-
phate material by Bangladesh. Burma and Sri Lanka are
also importers of TSP, Pakistan imports small tonnages
of SOP. China imports sizable volumes of compound fer-
tlizers.

China and India imported, respectively, 3.4 and
3.3 million mt of nutrients in 1985/86. Together they rep-
resented 62% of the region’s fertilizer imports.  Com-
parcd with a year ago their purchases were greatly
reduced,

Other major importers were the Istamie Republic of
Iran (852,100 mt) and Malaysia (633,800 mt). More than
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haly of Malaysia’s imports consisted of potash, which is in
high demand for use on the tree and plantation crops.
With the exception of the faree importers such as China
and India, all the other smait-to-medium farge importers
imported at least one-third o their requirements from
mtrarcgional sourcis.,

With =pecific reference to imports of multinutrient fer-
tlizers, an cyerview ol the situation by selected countries
ts given below,

Mabaysia -Imports of multinutricnt (NP and NPK)
fertitizers 1n TOSS/86 amounted to H15,000 mt: 60,000 mt

of 10-20-0, 35000 mt of 12-12-17, and 20,000 mt{ of

15-15-0,

Nepal--Imports of MNP multinutrient fertilizers in
FOS5/86 amounted to 63000 mt, which was exclusively
vrade 20-20-0),

Pakistan - tmports of NPK multinutrient fertilizers in
TOSS/86 amounted (o 38000 mt: 30,000 mt of 12-13-21

and 28000 mt of 10-20-20),

The Philippines - Tmports ol multinutrient (NP and

NPK) fertibizer in 1933/86 amounted o 39000 mt, of

which 30,000 mt was 14-14- 14 and 29,000 mt was 16-20-0.

Sri Lanka - Imports of multinutrient (NPK) ferritizers
in 1985/86 amounted to 21,000 mt of 151515 only.

Thailand - tmports of multinutrient (NP and NPK)
fertilizers in 1983/%0 amounted 1o 930,000 mt, which in-
cluded 231000 mi o 16 20.0, 1085000 mt ol 15-15-15,
0,600 mt of 20220, 30,000 mt of 13-15-21, and 63,000 mt

of 10-16-8,

Vietnam - Imports of multinutricnt (NI and NPK) fer-
tlizers in 1955/36 amounted to 72,000 mt: 42,000 mt was
16-16-8 and 30,000 mt was a binary (NP) product of prade
20-20-0.

Exports by Selected Countries

The developing countries of Asia and the Pacific have
not fully emerged as lirge-scaic exporiers of chemical fer-
tiizers,  dn 1935/80 their share in the world trade

amounted to 3,37 1 should, however, be mentioned that

the regional export has been cxpanding at annual com-
peunded growth rate of 3197 since 1981/82.

As shown in Table 11, the major exporters are Indo-
nesia, the Republic of Korea. and the Philippines. Smaller
tornages were exported in 1985/86 by Malaysia
(122,000 mt), Burma (91,000 mt), and Bangladesh
(5,000 mt). Bangladesh entered the export market fully in
OS7 aad 1988 with a possible export volume of up to
S00,000 mt scheduled for 1988/89. Malaysia is well estab-
lished as a main granular urca exporter while the Philip-
pincs 18 coneentrating its exports on DAP and NP and
NPK grades s ich as 16-20-0 and 15 15-15. The quantitios
exported by the Philippines were 12,000 and 70,000 mt,
respectively.,

Table 11, Export of Fertilizers in Asia, 1985/86

Urca  DAP  NP/NPK  AS  Toud

------------ COO0mt)---- -
Indonesia 735 - - - 735
Philippincs - 5060 32 . 588
Korca 65 433 022 108 1,228
Malaysia 122 - - - 122
Japan 15 20 76 565 782
Burma 91 - - - 91
Pakistan 3N - - - 371
Bangladesh 5 - - - 5

Source: FADINAP Databasc.

The Republic of Korea - Korea had the Targest export
of multinutrient (NP and NPK) fertilizers in Asia in
1935/86 amounting to a total of 622,000 mt of different
prades which included 314,000 mt of 16-20-0, 83,000 mt of
L5-15-15, and 225,000 mt of other grades.
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Abstract

Worldwide production of fertilizer amounted to about
A0 million tonnes i 1986 (including about 40 million
tonnes - the United: States). Although - significant
amaonnt of this fertilizer was produced in nongranular and
fluid forms, muoch (at feast 200-250 million tonnes) was
produced in some Torm of granuole.

The term “eranular,” devived from the Latin "granus,”
suggesti aparticle sive comparable (o cereal grains, Thus,
for the purpose of this paper, geanvlar fertlizers will refer
o solid fernlizers produced by o variety of process
mechanisme including apglomeration, aceretion, prilling,
or . combination of these, The particle size of granular
fertdizers in the Amcericas is usually in the range of about
-t mm, whereas o size range of about 2-5 mm is more
commor in much of Europe and many other locatioas.

Agglomeration is the principal mechanism used to
produce multinutrient pranular fertilizers - those fertilizers
that usually contain all three of the primary nutricnts
{(nitrogen, phosphorus, and potassium) and, il needed, &
number of sceondiry and micronutrients.  In most fer-
tilizer agglomeration processes other mechanisms are also
mvolved: therelore, most processes are deseribed in terms
of the principal mechanism, recogniving that supporting or
competing intluences are usually present.

Fhis paper deseribes the technology of agglomeration
as it pertains to the fertilizer industry and includes a dis-
cussion of the most important granulation teehnologies,
The comparative production cconomics of various fer-
tilizer agglomeration schemes and the expected future
trends in the role of fertilizer agglomeration are also
described.

Intredriction

Granulation of fertilizers is one of the most important
applications of agglomeration in the agricubture industry.,
Annual world production of granular fertilizers probubly
amounts to at feast 200-2350 million tonnes (1), In this
context the term “granulation” refers o all methods for
producing solid fertilizers of the desired size range il

with the desired physical propertics whether starting with
solids, solutions, melts, chemical reactants, or combina-
tions of these forms.,

There is no generally agreed-upon definition of the
particle size of "granular” fertilizer,  FHowever, the U.S.
Ageney for International Pevelopment has published
specifications for fertilizers that may be exported uader its
programs; if claimed to be granular, they must be at least
207 within the size range ol 6-16 mesh (33-1.0 mm),
1009 minus 4 mesh (47 mm), 987 plus 28 mesh
(0.6 mm), and "free flowing” (2).  In practice most
products are more closely sized, at least when initially
produced and loaded for shipment from the factory. In
many countrics, a somewhat larger particle size is
preferred, about 2-5 mm. For special purposes, such as
acrial application, still larger granules are preferred.

,Pressure Roll Compaction, 5%

Slurry and
Solids Agglomeration

50% 45% Drop Formation

{Prilling)
/
_./

Estimated World Annual Production of Granular Fertitizers—
230 Million Tonnes

Figure 1. Principal Methods Used to Produce Granular
Fertilizers.

Sherrington divides granulation processes and technol-
ogy into four subdivisions= (1) compaction (pressure),
(2) drop formation (prilling), (3) agglomeration, and
(4) heat bonding (sintering/nodulization) (3). Except for
heat bonding, all technigues are used quite widely to
produce granular fertilizers (Figure 1), Drop formation
(prilling) is among the most widely used granulation
processes in the fertilizer industry.  About 907 of the
world’s urea (about 40 million annual tonnes of product)
is produced by prilling,  Likewise, most ammonium
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nitrate/calcium ammonium nitrate products, the other
major source of nitrogen fertilizer (about 30 million
annual tonaces of producy). are pooduced by prilling,
About the same amount of granalar fertilizer
(approximately  80-100 million tonnes) is produced
annually by @ number of agglomeration processes that will
be discussed.

A Look at the Fertilizer Industry

To appreciate the application of agglomeration in the
fertilizer industry, a bricl ook at the industry may be help-
ful.  The fertitizer industey is extrenicly dvnamic, con-
stantly responding to changes in demand, product types,
technical innovations, government policy initiatives, and
the farmer’s reaction to adverse cconomic, weather, and
tarket conditions,

Production and Consumption

Werldwide production of chemical fertilizers
(commaonly called commercial fenilizers) has grown from
about 14 million tonnes of the « vimary nutrients, iden-
P:Gs (phosphate),  and KO
(potash), in 1930 to 136 million tonnes today (Figure 2)
(4). About 3477 of the current production is nitrogen, fol-

lowed by phosphate at abeut 2377 and potash at abowt
R

tilied as N (nitrogen?,

When expressed in terms ol fertilizer product,
136 milhon tonnes of nutricnts amounts to about
400 million tonnes of product containing an average
nutricnt concentration of about 347, Annual production
and consumption usually remain fairly well balanced.

// \
‘/'
P20s
2%/ N | o 5N
” 40% 4%
3o 0
1950
World Total (Nutrients)
14 Million Tonnes \
\—/

1986
World Total {Nutrients)
136 Million Tons

Saurce® FAOQ.
Figure 2. Worid Fertilizer Production (Nitrogen,
Phosphate, and Potash).

In 1963,
(expressed in terms of nutrients) were produced in North
America (excluding Mexico) and Western Europe. Today
North America and Western Europe account for only

about o270 of all chemical ferulizers

about 36% of the total world production.  Fertilizer con-
sumption has followed a similar pattern; North Amecrica
and Western Europe have declined from about 36% of
world consumption in 1965 to about 327 today (Figuic 3).

PRODUCT{ON

~
North
North An]firlca
Hest of 380 America Rest ol Western
World [ ¥ ‘”/' 620% ' World Europe
Weste:n 54% 36%
Europe
1965
World Total (Nulrients) -
44 Million Tonnes 1986
World Tolal (Nutrients)
136 Million Tonnes
CONSUMPTION
North
/ America
North +
Rest of America Rest of Western
World [ 4404 56% + World Europ:.
Vlestern 68%% 32%
Europe \

1965 \ /
Viorid Total (Nutrients) \_/
A1 Million Tonnes
1986
World Total (Nutrients)

128 Million Tonnes
Source: FAO.

Figure 3. Fertilizer Production and Consumption
Patterns.

Who Owns the Industry?

Today, as shown in Figurc 4, morc than 60% ol the
fertilizer industry is owned by governments (state-owned
enterprises).  Twenty-live years ago government owner-
ship amounted to only about 40% of the total industry (3).

Sulfur, an important ingredient for processing phos-
phate rock into the soluble form requircd for most fer-
tilizers, is also produced largely in government-owned
facilitics, Approximately 1 tonne of sulfur in the form of
sulfuric acid is required to produce 1 tonne of water-
soluble P20s. Today, the greatest growth in saifur produc-
tion is occurring in the sour natural gas and oil industrics;
these facilities, too, are largely government owned.

Commercial Value of Fertilizer

The international selling price of various fertilizers
compared with other commoditics is shown in Table 1 (6).
The commercial value of fertilizer in the domestic and
international marketplace varies quite widely with product
type, location, government policy initiatives, and the over-
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all world cconomics. For example, as shown in Figure 5,
the nitrogen supply/demand balance remained quite
stable during the period 1974-86, but the price of nitrogen,
in the form of ammoniy and urca, declined dramatically,

Private
36%

Government
410

Private
59079

Government
64%%

1965
World Iatal Production (Nulrients)
44 Million Tonnes
1986
World Total Production (Nutrients)
136 Million" Tonnes

Source: International Festiizer Industry Assoctation {Industry Ownership Data).
FAO (Production Data)

Figurc 4. Approximate Distribution of Fertilizer
Industry Ownersiip (Nitrogen, Phosphate,
and Potash).
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Figure 5. Trends in World Nitrogen Supply and Price.,

The high prices for fertilizer (especially nitrogen
products) brought about by the cnergy hysteria of the
mid-1970s quickly declined with increased supplics of
energy and abundant supplics of fortilizer contributed in
part by a new gencration of government-owned  en-
terpriscs. For the most part, these government-owned ¢n-
terprises have deeply penctrated the internatjonal
marketplace with the assistance of a number of subsidy
schemes.  Today, therefore we see a generally depressed
intcrnational price structure, not only for nitrogen, but for
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phosphate and potash fertilizers as well. The future pric-
ing structure, however, is quite uncertain,

Table 1. Approximate Prices of Selected Fertilizers
Compared With Other Internationally Traded

Commodities
Commodity US $/tonnc?
Bauxitc {Jamaica) 32
Bituminous coal (U.S. port) 56
Colfee (U.S. Gulf port) 3,200
Cotton {U.S. product, Liverpool port) 1,400

Fertilizer
Diammonium phosphate, DAP
(U.S. Gulf port)
Potash, KCI (Vancouver port)
Triple superphosphate, TSP
(U.S. Gulf port)

169 (185)°
85 (65)°

119 (150)°

Urca (West Europe port) 142 (95)b
Iron orc (North Sea port) 23
Maize (U.S. Gulf port) 113
Natural rubber (New York spot) 930
Rice (Bangkok port) 217
Tea (London auction) 2,200
Whcat (U.S. Atlantic port) 128

a. Approximate mid-1985 price (current dollars) at
indicated location.

b. Approximate mid-1987 price at U.S. Gulf port (current
dollars).

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

Fertilizer Agglomeration Technology

Why Granular Fertilizers?

The original purposc oi granulation of fertilizers was
to prevent caking in bags during storage and shipment so
that the product reached the farmer in suitable condition
for usc in ficld application cquipment. Today, over 80%
of the dry fertilizers are shipped in bulk, and thercefore
granulation is needed to cnsure that the product is free
flowing for case in loading and unloading; that it docs not
cake severely during bulk shipment or storage; and that
the individual granules arc strong cnough to withstand
mechanical handling without significant breakage. There
s also a growing nced (o ensure that the loading and un-
loading operations produce a minimum of dust, especially
at ports and in warchouscs and workplaces. As a result of
this cnvironmental requirement, powdcred clemental
sulfur, an essential “ertilizer raw malterial, also is often
granulated to decrcase dustiness.



From the farmers’ point of view, granular fertilizers
also serve an important ageonomic purpose.  Easily
handled and applicd granular fertilizers decrease labor
requirements and facilitate uniform placement on the field
or crop.  Morcover, the availability of a combination of
various cssential nutricnts in homogencous particles per-
mits application in one operation. Although not proven,
lertilizers containing oll wutrients in horageacous
granules are perecived by some farmers 1o be agronomi-
cally more desirable than physical mixtures (bulk blends)
of granular materials such as urea, diammonium phos-
phate (DAP), and potash.

A Brief History of Granulation

The beginning of fertilizer granulation technology s
casily traced to about the mid-1920s. In 1926 a German
firm (1.G. Farbenindustric) introduced a line of compound
NPK fertilizers called "Nitrophoska,” a trade name siill
used today by BASE. These products were reported to he
produced by a “graining process,” in a pug mill. Beginning
in 1929 the Oberphos Company of Baltimore (United
States) produced a form of semigranular superphosphate
in a batch-type process by using a rotary drum-type vessel
that scrved as a reactor (for digestion of phosphate rock
with sulfuric acid) and a granulator.  In about 1935 the
Davison Chemical Campany of Baltimore began produce-
ing granular superphosphate and some NPK products in a
continuous rotary drum process. At about the same time
(19308), Imperial Chemical Industries of Great Britain
began producing @ number of granular compound fer-
tilizers based on the continucns agglomeration of sohid
ammonium sulfate and potash with an amaionium phos-
phate slurry.

Development of fertilizer pranulation icchnology
moved quite slowly until the end of World War 11 The
post-war civilian population swelled and, along with the
reconstruction effort, the need for food and fiber produe-
tion grew rapidly, increasing the need for fertilizers with
reasonably good chemical and physical qualitics, These
events resulted in rapid growth in the fertilizer industry,
especiahy in North America and Western Europe. The
number of NP and NPK fertiliver granulation plants in the
United States reached a peak of over 200 in the carly
1960s and therealter slowly dechined to about 40 today, Of
these remaining plants, only about 25 produce granular
fertilizers containing all three of the primary nutrients = N,
P20s, and K:O. The corrent plants ure quite large com-
pared with their 1960 counterparts. Today,  however,
primarily for cconomic reasons, homogencous granular
compound fertilizers i the United States have been
largely repliaced by granular straight materials (urca, am-
monium nitrate, diammonium phosphate, and potash) and
fluid mixtures.  The straight materials are often bulk
blended prior to application to obtain the desired nutrient
nix.

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

ypes of Agglomeration Used in the Fertilizer Industry

Solids Agglomeration~-In the fertilizer industry, the
term “agglomeration”,  and more specifically "solids
agglomeration,” usually refers to a specilic mechanism for
bringing about particle size enlargement (granule
formation). Tt refers to those granulation methods in
which a relatively large amount of solid raw materials, for
example, superphosphate, ammonium sulfate, and potas-
sium  chloride, are cemented together into a granule
{usually 1-5 mm in diamcter) with the aid of a binding
agent and mechanical forees. In practice, the binding,
agent is a solution of partially dissolved fertilizer salts (raw
materials);  the most common are ammonium
nitrate /sullate/phosphate, urea, and potassium chloride.
The ratio of salt solution (liquid phase) io "dry" solids is
controlled by the addition of water and/or heat 1o the
process and by regulating, the amount of dry solids fed to
the apglomerating device (granulator), This type of solids
agglomeration of compound fertilizers, including single-
nutrient products such as saperphosphate, oceur: with a
relatively low liquid phase—about 2%-57% of the total
granulating mass when measured in terms of free water
and about 5%-15% when mcasured in terms of the total
dissolved salt solution.  Thus, we sce that solids ag-
glomeration in the fertilizer industry usually cefers to the
cementing together of mostly solid raw materials (o
produce a refatively homogenceous granule containing the
desired nutrients.

Melt or Slurry Agglomeration - Another common
method for granuiating fertilizer included in the category
of agglomeration by Sherrington and some others is based
on accretion or layering (3.7).  In the fertilizer industry,
the application of accretion-type granulation
(aggiomeration) processes, often referred to as "melt or
slurry granulution™ is quite different from the previously
deseribed solids agglomeration processes. Accretion-type
granulation is used widely to produce granular urca, am-
monium phosphate, some forms of triple superphosphate,
and some compound NPK fertilizers. With the aceretion-
type processes, the raw materials are almost always fed to
the granulator as a shurry, melt, or solution.  Exce t for
reeveled solids, solid raw materials are rarely fed to the
pranulator,

One of the most common processes used in the United
States for accretion-type granulation of urca is the
Spherodizer® process (8). A Spherodizer@ is a harizontal
rotary drum unit in which molten urea is sprayed onto a
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continuous curfain of falling solids (granules). A stream
ol air passes through the unit to facilitate cooling and
solidification of the molten urea on the surfuce of the
reeyeled solids. On the average, a particle of nrea passes
‘reeyeles) through the unit about two times before it
ceachios the desired product sive. This would be deseribed
as a reeyele-to-product ratio of 2. Many of the newer urea
plants arc using Muidized beds o achicve the same
result (93 About 677877 of the world's supply of urea is
produced by using cither the Spherodizer® or o fluidized-
bed process. Variations of the Spherodizer® process arce
also used quite widely to produce granulur ammonium
nitrate and a aumber of NPK products.

Aceretion {slurvy agglomeration) is also the primary
nechanism used to produce granular DAP (18-36.0). In a
typical DAP pranulation process,  a partially reacted
(ammoniated) ammonium phosphate slurry s sprayed
onto 4 rolling bed of solids (reevele maerial) in a rotary
drum-type granulator. The slurry is cawsed to solidify,
laver upon layer, on the surface of the reeyeled solids by
the addition of ammonia, which decreases the solubility of
the siurry, and by cvaporation of some of the free water.
The remaining moisture is removed in a separate drving
step. - Worldwide, about 20 million tonnes of grantlar
ammonium phosphate is produced annually by variations

el 1his process.

In all aceretion-type granulation processes, asing cither
a melt or a slurrys some agplomeration of solids alo oc-
curs simultancously with aceretion. Granular fertilizers
produced prirsaily by acerction have a very smooth and
spherical appearance, wherzas granules formed primarily
by solids agglomeration arc usually less spherical in shape
and more rongh in texture,

Pressure Roll Compaction/Granulation - Pressure
roll compaction /granulation of solid fertilizer materials
represents stil another method often included in a discus-
sion of fertilizer agglomeration, Pressure roli
compaztion/granulation is widely used 1o produce
granular potash -about 10 mi'lion tonnes annually, or ap-
proximately 20% of the world’s potash production,
However, only limited use has been made of this method
for granulating NPK fertilizers. Some NPK granulation
plats based on pressure roll compaction arc operating in
France, Guatemals, Portugal, Switzerland, the United
States, and West Gerrany, The United States plants are
used primarily Tor producing specialty (horticultural) fer-
tlizers, whereas the other plants produce a number of
agricultural-type fertilizers. An evaluation by IFDC indi-
cates that in some instances compaction/granulation nmay
be @ practical alternative 1o other methods of solids
granulation (10). Compaction techniques are also usclul
for preparing large particles (supcrgranules weighing 1-3 ¢
cach) of fertilizers for precise placement in plont root/soil
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zones (for example, in floaded rice cropping) to optimize
the agronomic cfficiency of the fertilizer (11).

Characteristics of Fertilizer Produced
hy Selids Apglomeration

Alihough the smoath and spherical produets prepared
by acerction-type granulation processes are often
preferred by most farmers,  the family of products
produced by solids agglomeration also serve an important
purpose in the fertilizer industry,  Solids agglomeration
methods are most often used to produece compound fer-
tilizers containing the three primary nutrients- N, P20s,
and K:O-and sometimes & number of sccondary and
microrutrients. Foday, such agglomerated compound fer-
tilizers account for only about 5¢7 of the feitilizers
produced in the United States and about 10% on a world
basis.  Fertilizer granulation processes based prim arily
npon solids agglomeration are characterized as follow s:

High flexiblity with regard to raw material inputs,
Maximum utilization of solid raw materials,

Relativasy lew dependence upon chemical reactions
(process chemistry) and external encrgy for raw
material preparation/processing,

4. Relatively simple process and modest investment

R

requirements,

5. Relatively small annual -apacity,
S0,000-200,000 tonnes per year.

6. High dependence upon operator’s skill,

typically

A bricf discussion of the importance of these charac-
teristics follows,

Raw Materials - Fertilizer granulation processes based
on solias agplomeration arce especially useful because they
can-accommodate a wide range of raw materials (solids
and liquids) that are quite variable in composition, particle
sive. texture, and related chemical /physical propertics.
Olten, fertilizer grarulation plants based on solids ag-
elomeration are referred 1o as “garbage dumps."  They
have the unique characteristic of being able 10 convert
low-grade, off-specification, or byproduct raw materials
info premium fertilizers. Most suceessful NPK granul.-
tion plants based on solids zgglomeration routinely usc
low-value hypraducts for raw materials; some examples
are (1) crystalline or caked ammonium  sulfate.
(=) water-damaged or off-specification ammonium phos-
piate, (3) potash fines, and (4) waste nitrogen liquors or
dilute/spent acids,  This flexibility in raw material use
together with skilled procurement, management, and plant
operating. practices, usually makes solids agglomeration
quile ceonomic,

Morcover, because of this flexibility the plant can
rapidly respend to changes in product demand, especially
with respeet to nutrient: content and sovree. This feature
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makes such plants especially appropriate in regions under-
gomng rapid development and change in agricultural
practices - for example, many developing countrics,

Process Chemistry/Energy/and Capacity-lu most
NPK granulation processes based on solids agglomeration
morc than 70% of the raw materials are fed as "dry"
solids.  The fluid feeds (usually ammonia, salt solutions,
acids, and stecam) required to achicve the appropriate level
of liguid phase and heat to optimize agglomeration arc
small.  As a resull, facilities for storing and handling
raw malerials are conventional, and the low level of
process rcactions (chemistry) simplifies the plant
cquipment/technical requircments. The input of energy
for raw material processing and pollution control is also
minimized.  The simplicity of process and the relatively
low capital investment requirements make it possible to
construct modes! size units designed o serve specific
market regions without adverscely affecting the overall
pro-duction cconomics.

Process Simplicity and Operator Skill - Although &
typical NPK granuledon plant using solids agglomeration
appears to be relatively simple compared with the more
complex DAP or nitrophosphate-based NPK plants using
slurry agglomeration (accretion) techniques, the design
and operation of such units requires a unique element of
skill.  From the enginecring/design point of view, the
cquipment systems must be gencrous in capacity and
"forgiving.” This is necessary to enable the plant to aceept
a wide range of vaw materials and process conditions and
thus fully benefit trom the previously described advantages
of such technology.

Current Solids Agglomeration Technology
A diagram of a typical fertilizer granulation process,
using solids agglomeration as the principal particle growth

Water Fume Scrubber

-

To Granulator

Dry Raw Material

mechanism, is shown in Figure 6. The process, operated
on a continuous basis, is usually based on the vse of a
horizontal rotary drum-type granulator in which all raw
matcrials are brought icgether for final reaction and ini-
tial agglomerate formation.  In some cases, a mixer of
some type (usually a dorble-shaft pug mill) may be used
to premix the dry raw inaterials, reeyeled solids, and liquid
phasc materials before they are fed to the drum
granulator. In other cascs, only a pug mill is used and the
drum granulator is ¢liminated. In all cases, the dry and
fluid raw materials are carcfully metered to the process to
cnsure that the correct grade specification (nutrient con-
tent) is achieved.

Optimum temperature and solids-to-liquid conditions
arc maintained in the granulator to obtain a relatively
stecady state of agglomeration and controlled particle
growth,  This is donc by adjusting the flow of water,
stcam, and recycled solids to the granulator. These ad-
justments are the key to efficient operation, Because the
operator’s skill and intuition arc needed to maintain op-
timum granulation conditions, it has been observed that
fertilizer granulation, especially by solids agglomeration, is
often niore 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 particles of cach granele. In practice, the fer-
tilizer plant operator usually views the granulator and the
dryer as a single enit operation since the process duty per-
formed in the dryer, in most cases, is an extension of what
is initiated in the granulator.

Dust Cullector

t To Granulator

Clay
Binder (
Steam
® 1
Dry Raw Material
Salt Screening
Solution }———w| Granulator f———= Dryer o Cooler - & —| Conditioner — Product
Water System Crushing

(Optional) se/hber Liquor T

Recycle

@ Typically Urea. Ammonium Sulfate, or Potash.

Figure 6. Typical NPK Granulation Process Based on Solids Agglomeration.



In most NPK plants it is preferred 1o partially cool
the material discharged from the dryer o improve the
performance of the sizing (screening and crushing) cquip-
ment. I many cases, i the material is not partially
cooled, it may be quite plastic and tend to plug the sereens
and crushers. A significant smount of drving (up to about
307 ol total in some cases) also occazs during the cooling

process.

Alter sereening, the material that s Jess than product
size (fines) is returned to the granalator, The oversize
nuaterial is crushed and usually rescreened before it s
returned to the granulator. Rescreening s preferred
beeause it viclds some additionad product and ensures that
only fines are actually returned to the granulator. 1 more
dry material is needed 1o maintain proper conditions in
the granulator than can be <upplicd by the fine material
fraction, then some product-size material is also returned
to the granulator. Most solids apglomeration Processes
operate b u recyeie-to-produoct ratioin the range of 1 or 2,
whercas some meh and most slurry agglomeraiion
processes usually require w higher ratio foften as much as
5ormore). The high ritio, of course, translates (o larger
process cquipment and usually o higher overall energy
cost per tonae of product,

The product-size fraction is usually further cooled in
cither a rotary drum-tvpe cooler or in some tvpe of
Ruidized bed or cascade-type unit. After final cooling, the
product is often treated with o conditioning agent, usually
kaolin clay, to improve its storage propertics,

Recent Technical lnnovations

The hasic solids apglomeradion-type  granulation
process deseribed above has changed little sinee the 19505,
However, certain improvements in process know-how,
energy optimization, materials of construction, and equip-
ment systems have resalted inimproved capacity utiliza-
tion, lower production costs, and improved producl
quality. Some of the most notable innovations are:

L. Pipe reactor technology has heen developed; in some
cases this technolopy decrcases the consumption of
luel revired for drving beeause the heat of chemical
reactions is more offectively utilized.

2. Fabric bap-type dust collcetors are sometimes used in
place of wet serubbing sysiems to clean process gases,
This deercases the overall energy requirements and
problems wssociaied with utilization/disposal of un-
wanted scrubber liquaor,

3. Process air required for product cooling is scometimes
reused for drying,
quired capacity for the dust collection and process air

This technique deercases the re-

|3V
N

cleaning systems. The consumption of fuel for drying
is also deercased beeause of the reeyeled heat that is
recovered from the cooling step.

4. Improvements in materials of construction and cquip-
ment design have greatly improved plant operation
reliability, thereby improving capacity utilization and
decreasing operating costs. Some of the most notable
advances have been in the development of
(a) corrosion/erosion-resistant metal alloys and non-
mctal construction materials, (b) heat-and acid-
resistant conveyor belting and dust collector fabrie fil-
ter bags, (¢) improved strength of bucket elevator
chains, (d) durable pump packing and shaft scal Sys$-
tems, (¢) reliable process instrumentation, especially
the: modular replacement/repair concept,  and
(D) industrial-quality  cquipment /instrumentation for
monitoring the environment.

d. Process know-how and technieal competence have also
evolved at a relatively rapid pace in recent years largely
because of inereased ceonomic, environmental, and
product quality (competitive) pressures in the industry,

“conomic Considerations

Granulation by solids agglomeration as described in
this paper is based on the use of a relatively large propor-
tion of solid raw matcrials and a minimum amount of
chemical reaction, In many instances, this results in more
favorable (lower) capital investment and production costs
than can be achieved with fertilizer granulation processes
involving a higher level of chemical reactions and technol-
ogy characterized by many wceretion-type (slurry-
agglomeration) granulation methods.  Compared with
most sturry-type granulation units, the fixed capital invest-
ment requirements for solids agglomeration-type granula-
tion units arc lower because (1) storage facilitics for solid
raw malterials are less costly than similar facilitics for am-
monia and acids, (2) the process cquipment systeras are
less complex and therefore less costly, and (3) for a given
production rate the plant is smaller and therefore less
costly because the reeveie-to-product ratio is smaller with
the solids-based units.

Likewise, it usually costs less to produce a comparible
granular fertibizer by solids agglomeration than by slurry
agglomeration because (1) raw and intermediate materials
arc less costly,  particularly it byproduct and ol
specification materials are used, (2) encrgy input is usiily
lower, and (3) process simplicity results in lower overall
costs for technical skills (Iabor), maintenance, and capital
recovery.,
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Table 2. Capital Investment Estimate for Two Methods of Fertilizer Granulation

Granulation Method®

Solids Slurry

Agglomeration Agglomeration
-------- (USSx 1 million) - - ------

Granulation (agglomeration) unit, 700 tonne /day battery limits units 15 12.0

Bulk storage (~olid raw materiads and product)©
Amnionia storage (3,000 tonnes)
Sulfurie acid storage (3000 tonnes)
Phosphoric acid storage (3,000 tonnes)
Aunifiary and support facilitios

Totad mnstalled cout
Project manapenient and \Lulup"
Interest during construction’

Total fixed capitad investment
Working L'il[\iil&lr
Total capital ive~tment

2.4 1.
" 1.2

, 0.4

; 0.6
1.5 25
11.4 18.4
0.6 0.9
09 1.5
129 208
16.6 24.6

b. Typical tor NPK granular fertilizer such as 15-15-15,

¢. Based on 34000 tonnes for solids agplemeraiion and 24,000 tonnes for slurry agglomeration,

do Equivalent to 397 of tatal installed coat,
¢ BEquivalent to 877 of total installed cost,

£, cquivalent to  month inventory of taw materials and 1 month mventory of finished product.

A comparion ol the estimated capital investment and
production cost for a typicad pranuba compound NPK fer-
tilizer (15-15-13) made by two methods of granulaion
(sokids apglomeration and slerry apgplomeration) is shown
in Tables 2 and 3 These estimates are based on g new
(eriss rools) fuctory ot wn assumed water port location,
The annual capacity s 200,000 tonnes of NPK fertilizer,
Al riw materials coe aosumed tobe delivered o the plant

site by water transport in 2,000 ionne minimum lofs,

These data show that the capital investmient (Tuable 2)
required for asolids agelomeration-tvpe unit is alon: 6777
of that needed for the Tarper wnd more complex slurny-
type unit. The major difference hetween the two plants s
the cost of the buttery Himits process umit. The sturey unit
is significantdy Larper in size and therelore more costly.
The Jarger sive s due 1o the higher reevele-to-product
ratio, and therefore material throughput rate, required tor
slurrv-type processing. The need for relatively larpee and
costly Tiquid storape Lacilities required for the slurey unit
alsomereases the cost quite <enificantiv (05 $3.9 million
comparcd with US $2.5 million,

The production cost coimate CTable 3y idicatos that
the cost of wolid wtomcraion s abou 93 of that re-
quired for slurey aeelomeration. The vreatest SavVings in
solids agelomeration i~ anibuted o the fixed capil
recovery charge (U 3007 tonne for solids process com-
parcd with US S15.60/ tonne for slarey process). The raw

matcrial cost component is about cqual for the wo
processes described in this example. However, as previ-
ously indicated, the solids agglomeration process is more
fexible with respeet to using off-specification materials
that can often be obtained at a cost substantially lower
than indicated in this example.

Future of Fertilizer Granulation Based
on Solids Agglomeration

Today, as previously indicated, the use of solids
agelomeration to prepare granular compeund NPK fer-
tilizers is quite low.  This is caused by a combination of
factors that are primarily cconomic in naturc.

Current fertilizer needs (on a worldwide basis) are met
mostly through the application of straight materials such
s ured, ammonium nitrate, superphosphate, ammonium
phosphate, and potash,  Except for superphosphate and
potash, these granular products are granulated primarily
by using prilling and slurry-agglomeration methods,  In
some cases, especially in Canada, Ireland, Japan, Korea,
and the United States, these granular materials are bulk
blended 1o produce a large number of NP and NPK
erades. In the United States in particular, fuid fertilizers
such as anhydrous ammonia, nitrogen solutions, and NPK
suspensions also supply a major portion of the manket,



Table 3. Production Cost Estimate for Granular

Raw Material Cost

Prilled urea - 40-0-0 (US $100/tonne)

Standard ammonium sulfare - 21-0-0 (US £55/tonne)
Nongranular monoammoniom phosphate - 10-50-0 (VS $175/tonne) 53.2
standard muriate of potush - 0-0-60 (US $70/{onne)
Ammonta 8200 (US ST S Ztonne)

Sulfuric aeid =007 HESOL (US S5 tonne)
Phasphoric acid 5277 PO (08§45 Jtonne)
Conditioner (VIS S0 Tonne)

Subtotyl

Variable Conversion Cost

Electricity (1S $0.04 'KWh)

Steam (VS $10/tonnge)

Woater (U8 30,50 /1onne)

Fucl (US S8.0/million keal)
Miseellancous chemicals and supplies

Subtotal

Fixed Conversion Cast

Operating Tabor

Overhead and peneral cxpenses

Manutenanee tlabor and materials)

Insirance and taves

[ntesost onworking capital

Fived capital recoven

Subioral

Total Produchion Cow
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NPK (15-15-15) Fertilizer Preduced by Two Methods of Graaulation®

Granulation Method”
Selids Sturry

Agplomeration Agplomeration
------- (US $/tonne 15-15-15) - - -«

13.3 10.5
15.8 -
17.9 17.9
; 14.6
. 11.7
. 439
0.6 0.6
100.8 09.2
1.0 2.0
0.6 0.3
0.5 1.0
1.0 0.6
0.3 0.5
3.4 4.4
2.0 2.5
2.0 2.5
23 3.7
1.1 1.8
28 2.9
9.7 15.6
199 200)
124.1 132.6

a Refer o Table 2 for capital imvestment estimate.
he Assaumed annuad production of 200,000 tonnes of NPK 15-15-15.

In the Tonger term, however, interest in solids ag-

elomeration is expectcd 1o inerease and lead (o renewed

prowthe This expectation i hased on several trends, in-

cauding the folfowing:

-

The need t decrs e the amount of fertilizer used in
order to decrease the cost of erop production and min-
imize nutrient fosses 1o the environment and par-
hediarhy 1o decrease contamination of surface and
vround water,

The need to e fortilizen closely tailored 1o tie re-
quirements ol the crop elative e nutrients and
nutrient uptale timing characteriaies. Much of this

can be accompiished by (he preparation of

preseription-type fertilizes compounds that can be
carclully applicd (pheedr, taking into consideration
the plant root and ~oil moisture profile.,

3. Continued improvements in fertilizer application
cquipment are underway to facilitate precision place-
ment of fertilizer to achieve optimum plant uptake and
ALTONOMIC response, )ptimum operation of such
muachinery is expected to be heavily dependent upon
the physical properties of the fertilizer prodits,

To meet the above objectives of inereased agronomic
cliieney and decreased environmental Impact, 1 s ex-
pecied that o new generation, or femily, of homogeneous
granuiar fertilizer products will be required.  These fer-
tilizers, in addition to being very uniform in particle size to
facilitate precision application and containing the neces-
sary nutrients,  may also contain biological additives
designed to regulate nutrient release patterns and plant
growth. Because of the organic biological additives, it is
quite likely that low-temperature, chemically  neutral
agglomeration techniques will  be required for the
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A feature of the nitrophosphate process is that the
overall N-10-P:Os nutrient ratic in the product s about
21 This means that the product may cither be one grade
like 27-13.5-0 or two products fike 222220 plos am-
monium nitrate or calcium ammoniu nitrate,
these Tastalternatives will be dealt with in this paper.

The main reasons for adapting this technology instead
of the ammonium phosphate rout are:

L. The nitrophosphate process is completely independent
ol sulfur,

2. It has high energy cfficiencey which means low produc-
tion cosls.

3. The process is without byproduct disposal problems.

4. The process is well suited to meet today's strict en-
vironmental restrictions,

Nitrophosphate Versus Urea Ammonium
Phosphate (UAP) Production Economy

General

The purpose of this discussion is to assess the
cconomics of nitrophosphate-based production and com-
parc this with the alternative cost of producing cquivalent

quantities of N and P20s as UAP through the addition of

urea.

Such a comparison will be influenced by the conditions
of production, plant capacities, and other Factors, but «
general and relative guideline is presented for a selected
set of conditions,

The comparison will be based on 111 ratio of N:P2Os
in a nitrophosphate product with pan-granulated calcium
ammaonium nitrate as a coproduct, Since a feature of the
nitrophosphate process is an overali product in which the
N:P2Os ratio is 2:1, that ratio will also be assumed and
then there is no calcium ammonium nitrate byproduct,

The alternative route produces the same amount of N
and P20s as 1:1 UAP plus urca or only as UAP with an
N:P:Os ratio of 2:1.

A 300-mtpd ammonia plant has been assumed as basis
for both alternatives. This amount of ammonia can come
from a separate unit which, in spitc of its size, could prove
cconomic or it could be an “over-the-fenee” supply.

Urca is foreseen as being produced in a new unit at
the site. Thus, carbon dioxide would be required for this
unit as well as the alternative nitrophosphate plant.

Both of
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Figure 3. Production of Nitrophosphate and Ammonium
Nitrate or Caleium Ammonium Nitrate,
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Figure 4. Produetion of Nitrophosphate With a 2:1 Ratio
of N:P.Q: With No Byproduet Ammonium
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-
entional design. A simple, very cconomical alternative
would b to utilize an already existing nitric acid unit (and,
of course, also an existing ammonium  nitrate/calcium
ammonium nitrate plant),

The nitrophosphate plant produces an NP product
with a water solubility in excess of 80%, and this will ¢n-
surce equivalence in agronomic feasibility and response for
the phosphorous comparcd with phosphorous in products
based on phosphoric acid.

Case 2-Sulfur Route to NPK (Sce Figures 5, 6, and 7)
The ammonia supply situation is the same in this case
as in case 1. A urca granulation plant will deliver a minor
portion ol its product to the UAP plant (sce Figures 5 and
6). The main amonnt of urea, 266 mipd, will be delivered
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as such. Thus the total output of N will be the same as in

casc 1.

o NH, o e
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Figure 5. Production of UAP ang Frea (Based on
Imported Phosphoric Acid.
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Figr «¢ 6. Production of UAP-Urea (Based on Sulfur).
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Figure 7. Production of UAP With N:P:0s - Ratio 2:1
Based on Imyorted Phosphoric Acid.

An alternative with only once product, 1 UAP with an
N:P20s ratio of 201, is alsn illustrated (Figure 7).

For the production of sulfuric acid, clemental sulfur
has been chosen as feedstock. A standard  double-
absorption system will be used. The latest develepments
have been incorporated for recovering low-grade heat,
including the so-called HRS (Heat Recovery System).

The phosphoric acid process chosen is a standard
dihydrate version that typically produces 54% P20s acid.
Of course, other processes in the form of hemi- or hemi-
dihydrate can be scen as alternatives, depending upon
technical/cconomic evaluations.  Grinding of phosphate
rock is included in the investinent figure. Disposal of the
calcium sulfate will entail @ sizable amount of investment.
However, this is not included in the total investment
presented here.

Production of the homogencous complex NP fertilizer
is based on feeding solid urea to minimize the reeycle
ratio. A pressure neutralizer process is used for
neutrelization of phosphoric acid followed by the prilling
of MAP which is subscquently fed to the rotary drun:
granulation process.

The other alternative would be to base the P20s
product on imported phosphoric acid.  Iovestment in
storage facilitics would be neeessary for the acid, but the
overall investment cost would be greatly reduced.

Table 1. Investment Costs for Ammonium Phosphate
and Nitrophosphate Plants

Ammonium Phosphate
Plant Based on

Imported
Phosphoric Acid_Sulfur _ Nitrophosphate
1:1:0 2.0 L:I:0 110 250

Imported

Ammonia 46.3 46.3 46.3 46.3 46.3
Sulfuric acid 16.5

Phosphoric acid 6.8

Nitric acid 10.0 10.0
Nitrophosphate 3L0 30
Calcium ammonium nitrate 7.7
UAP-granulation 7.2 9.8 72

Urea 26.7 26.7 20.7 o
Process plants 80.2 828 1033 950 903
Product storage 0.7 0.7 0.7 1.0 0.9
Raw material storage 54 54 59 4.6 4.6
Utilities 68 7.0 8.7 8.0 7.6
Interconnections 28 29 3.6 33 3.2

Project management,
startup, and
commissioning 7.8 8.0 10.0 9.2 8.8

‘Total capital investment 104.0 1070 1320 121.0 1150

NOTE: Totals may vary due 1o rounding.



Cost Estimates

Comments on Cost Assumptions

For the batiery limit process units, European condi-
tions have heen assumed for developing the cost
{(Table 1).

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

For utilitics, interconnections, start-up, and commis-
sioning, including project management, the actual invest-
ment figaics woubd depend heavily on the conditions at
cach site and could favor any onc of the routes over the
others. Thus the figures given are the best available at
this stage for comparing these auxthary investment costs
relative te the battery limit cost for a process plant,

In addition to the investment costs for a battery limit
process plant, cevaluations have also been made of the
buag-t figures cstimated for storage facilitics to accom-
modate the raw materials, intermediate products, and
final products (Table 2). The basic cost data used most
certainly need some adjustments to be valid for Indian
conditions,

Tuble 2. Investment Cost for Storage Facilities

Costs, US $

) Total
Plamt _ Storage Unit Storage
‘Type of Stotage Capacity Days  Capacity Investment Investment
(mtpd) (mt)  (USS$/mt) (USS«x
1 million)
Ammonia 300 20 6,000 600 3.600
Sulfur 102 20 2,(:0 20 0.04
Sulfuric acid 310 3 930 300 0.28
Phosphoric acid 220 20 4,400 400 176
Nitric acid
(as 609%) 830 3 2,490 300 0.75
Phosphate 1ock 360 20 7,200 30 0.22
MAP 218 1 2s 50 0.0
NP (22.22-0) 542 20 10,840 50 0.54
NP (27-13.5-0) 885 20) 17,700 50 0.89
NP (28-28-m 420 20 8,400 50 0.42
NP (35-17.5-1) 675 20 13.500) S0 0.08
CAN (22.7-0-0) 436 20 8.720 50 0.44
Urca 260 20 5.320 50 0.27

Sulfur stock has been assumed for 20 days and the
sume is assumed for phosphoric acid and phosphate rock.

Working Capital

The working capital is determined from the value of a
specific inventory of raw materials and final products
(Table 3). For final products the accounts reccivable after
30 days of gross sale have been used. The cash portion
refers to 30 days of fixed cost.

Table 3. Working Capital

Ammoaium Phosphate Plant

Based on

Imported Imported
Sulfur Phosphoric Acid Nitrophosphate
om B0 B0 200 ko 200
-------------- (million LS$)-vvneenenan L.
1. Inventory

Ammonia 6,000 2,100 2.100 2.100 2.100 2.100
Sulfur 2,040 0.298
Sulfuric acid 930 0.048
Phosphoric adid 4,100 1364 134
Nitric acidd (607) 2,490 0.259 0.2
Phosphate rock 7,200 0468 0.7 0.447
MAP 2S 0.0e4 0.0(9

Urca 26

~

Finished product
(Value at variable cost) 0.427 0427 0386 0510 0.401

. Accounts receivable

(30 days of gross cates)

NP (1:1:0) 3.843 L8493 4439
NP (2:1:0) 746} 6.638
Calctum ammonium nit .te 2936
Urea 3120 3.120
4. Cash
(30 days of fixed cost) 0.190 0148 0151 0075 018
‘Total working capita) 10.543 11.070 11462 10.867 10.073

Note: Totals may vary due to rounding.

Capital Ex) uses

Capital expenses are shown in Table 4. General annual
interest rate is 17.5% for wll loans. Loan repayment is an
annuity over 15 years in I'ne with the evaluated lifetime of
the project. The project is assumed to be 100% owned by
an Indian company.

Cost of Raw Materials, Utilities, and Other Hems

Table 5 lists the assumed unit costs for raw materials,
utilities, salarics, freight, and miscellancous items, As far
as possible, data from "Fertilizer Statistics 1985-1986" have
been used. In addition, other information from India has
been incorporated.

In order to caleulate working capital, we have assumed
certain retention prices for NP, urea, and CAN in India.
Thesc prices do not represent the actual price levels,

Phosphate Rock - The quality of phosphate varics sig-
nificantly from source to source and these differences can
have a major impact on production cost and investment
requirements particularly in the sulfur-based route.,



Table 4. Capital Investment

Ammonium Phosphate Plant

Hased on

Imported Imported

_ Sulfur _ Phosphoric acd Nitrophosphate
B A N N T
-------------- {mithon US8) - - oo eeneai et
Fixed capntal investment 132 1] 107 121 15
Waorking captal 10.6 14 1S [AY 10.1
Interest during construction,
17.5% annuat rate 52,0:l .?.‘*.H“ .‘).'/h -17_‘\a -HJ“
Totl Capatal Reguirencent [EA] 43 J4R 180 n

a. dyear construction perexd.
b 2vear construction period.

NOTE: Total may vary due to rounding.

Table 5. Assumed Prices tor Raw Materials, Utilities,
Freight, and Products

29.00 million Btu/mt NHy

450 US $/million Btu
230 US $/mt NHa

Natural gas consumption
Natural gas price
Catalyst for ammonia

Phosphate rock, domestie, caf 65.00 US $/mt BIZ Rs
Sulfur, f.o.b. L1000 US $/mit
Phosphoric acid, S48 PoOs o bl 20500 US $/mu (P20)s)
Carbon dinide 220 USS/mt
Ammonia (over the fence) 350.00 US $/mit
Nitric weid (over the fence) .00 S S/mt
MAP (over the fenee) 2000 LS S/mit
Sullvric acid (over the fence) S2.00 US $/mt
Steam 590 1S §/mt 75 Rs
Eleetr city 56.25 US $/L000 kWh 720 Ry
Coating ol 39L00US S/mi S.000 Rs
Cooling water 0.022US §/m’
Formaldehyde S60.00 US §/m1
Flatinum 2000 US S, ram
S:tanes ncluding social welfiure 23000 US $/work month - 3,000 Rs
Freight:
Sea freight:
Sulfur (including jetty costs) — 36.09 U'S §/nut
Phosphoric acid (mcluding
Jetty casts) AS00 US S/ mt (P20s)
Inland freight:
Liquid suitur (860 km),
assemed I USS/mt
Phosphort. acid (800 km),
assumed S8o0US $/mt
Froduct transportation cost:
Bagging 1200 LS $/mt 180 Rs
Freight, S00 km 110D US $/mt 141 Rs
Commercial expenses 230 US 8/ 30 Rs

Assumed product prices (used as bissis
for caleulation of working capital)

NP 22-22-0

20280 LS §/mt

2,600 Rs

NP 28-28-0 28L50 US §/mt 3,600 Rs
NP 27-13-0 ISTHROUS S/mu 3,300 Rs
NP 35-17-0 26530 US §/mt 3400 Rs
Urea 183.00 US §/mt 2,350 Rs
CAN IS0 US $/mi 1.860 Rs

These variations caa be due to the chemical composi-

tion in which case the sulfuric acid consumption is dircctly
influcneed cr, to the physical condition such as hardness
and porosity of the rock.

The nitrophosphate process has @ much lower sen-
sitivity to rock quality variations both in operating costs
and in the investment Jevel. The acceptability of rocks of
significantly lower quality will be a very important
parameter for utilizing new rock sources with a minimum
of beneficiation.

A beneficiated Jbamarkotra rock from Udaipur has
been chosen as a basis for these estimates.  This phos-
phate has been successfully tested at Norsk Hydro's
nitrophosphate pilot plant unit,  According to the domes-
tic rock analysis in "Fertilizer Statistics,” scveral other
domestic rocks also seem suitable for use in the nitrophos-
phate process.  Examples are Maton and Jhambua
(Tablc 6).

Imported rock can be the alternative, and Norsk
Flydro has commercial experience with Florida, different
grades of Jordan, Morocco, Sencgal, and many others.,

The cif. prices of domestic rock and imported rock
(from Jordan) arc nearly identical.

The P20s efficiency of the nitrophosphate plant is 99%
vohile 959 has heen used for the sulfur-based route.  If
phosphoric acid is imported, 9% P20s cfficicney is used.

Sulfur and Phosphoric Acid -The quality of sulfur is
constant and it is fed as dry sulfur (o the sulfuric acid
plant. The price indicated in Green Markets in February
1988 was around US $110/mt f.0.b, and this has been used
as an example.

The phosphoric acid has been assumed to be a 549,
P20s acid of stondard grade.  The indicated price is
US $265/mt P20s with another US $45/mt P20s added to
obtain the price on the jetty in India,

The sulfur price and the phosphoric acid price will be
specifically deali with during the discussion where the
influence of diffcrent price levels will be illustrated.

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

For the nitrephosphate process, several recent devel-
opments have significantly reduced the energy consump-
tion of the process Lo today's rather low level.

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

The sulfur-based scheme of UAP plus urca has an
overall natural gas consumption similar to the nitrophos-
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Tablc 6. Analysis of Indian Phosphate Rocks®

Bencficiated RSMM-Rock
(Norsk Hydro Analysis)

Jhamarkotra
(RSMM, Ud:iipur)h

Maton

(HZL, Udaipur)®
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Jhambua (MPSMC)"

120s 350 355 317 - 355 31.55 - 3761
COa: 2.60 071 - 23 0.5 - 09 039 - 091
SiOs - 8.02 - 10.05 75 - 165 888 - 17.71
Insoluble in HNGs 6.82
Ca0 511 4783 - 4884 43.0 - 490 40.68 - 4854
SOz 0.1 0.06 0.15- 0.20 008 - 020
FeaOn 0.95 08 - 13 1.7 - 25 057 - 142
ALO: 1.02 048 - 0.64 0.8 - 1.5 047 - 163
MgO 0.74 050 - 076 0.16 -  0.40 Nil
F 3.24 329 - 4.06 1.6 - 38 193 - 3728
Cl 0.008 0.008 0.1 0005 - 0.01
Loss on ignition 2.7 0.87 1.5 - 18 -
Org + combined water 0.1 0.27 06 - 13 040 - 254
a. Dry basts, weight pereent.
b. Analysis from Fertilizer Statistics.
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Figurc 8. Overall Energy Baiance for Nitrophosphate
Process. (Values are per mt P:0)s).,

phate case.  The complex can, however, have a regular
clectric power export (Figure 9).  For the phaosphoric
acid-based alternative, there is a need for regular clectric
power import (Figure 10).

The illustration of possible integration of the units with
respect to available cnergy was done to emphasize this

Figurc 9. Overall Energy Balance for Sulfur-Based
Complex Producing UAP and Urea.
(Values are per mt P:0s),

similarity between the different routes as to energy con-
sumption. The impact of encrgy is thus small in the over-

all production cost.

Plant Location and Freight~The infrastructure could
play an an important role in the sclection of the process.
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Figurz 10.  Overall Energy Balance for Phosphoric
Acid-Based Complex Producing UAP and
Urea. (Values are per mt P205).

A complete logistic analysis has to be undertaken to mini-
mizc the total freight cost for raw materials entering the
plant and products leaving for cach process and for cach
site, and these findings must be incorporated in the final
cost analysis,

In this papcer which deals with the comparison of
farm-gatc costs of the products made by the principal
routes, specilic microcriteria can be scelected and the dif-
ferences between the two cases can then be evaluated.
Thus, in the following situations it has been assumed that
sulfur, or alternatively phosphoric acid.  needs to be
imported. Phosphate rock, on the other hand, is domesti-
cally supplicd and so is the hydrocarbon for ammonia
production. For phosphate rock the price also includes an
assumcd cost for transportation,

For scenario A a plant location has been chosen where
the hydrocarbon is available at the same location as the
port uscd to import sulfur (or phosphoric acid). The
available hydrocarbon could be natural gas or coal.

It has further been assumied that the fertilizer products
would be completely consumed within a transport distance
of 500 km from the production site. The products would
be sent in the bagged form. A cost of US $12/mt has been

assumed for bagging and US $11/mt for the 500-km irain
transport.

Scenan B assumes that all raw materials, except the
hydrocarbon will bave to be transported to the production
site. This is only fcreseen when phosphoric acid is used as
the P20s source. We have litide information on the freight
rate for phosphoric acid in India, but a rate of US $40/mt
has heer assumed.

Tables 7 and 8 present the production costs and the
farm-gate costs for these two scenarios. The cost figures
arc for NP plus calcium ammonium nitrate or a 2:1 grade
in the nitrophosphate case and for UAP plus urca or a 2:1
UAP product in the cases of production based on phos-
phoric acid.

Table 7. Operational and Production Cost, Scenario A
(Plant Site, Including Ammonia Production, at
Port Location)

Ammonium Phosphate
Plant Based on

Imponed
Imported Phosphoric
Sulfur Aad Nitrophosphate

Lo e 20 _mw o 2m0

------------ (mitlion US $/year)- -« ---veennnn
NH 1292 1292 1202 1292 1292
Catalyst for NH 0.25 0.25 0.25 0.25 0.25
Phosphate rock, c.if. 772 0.00 0.00 734 734
Phosphoric acid, fob, 0.00 10.39 100 0.00 0.00
Steam net 0.00 0.00 0.00 0.00 0.00
Carbon dioxude 0.24 0.24 0.24 0.10 0.10
Sulfur, Lob, 370 0.00 0.00 0.00 6.00
Catalyst for HNO 0.00 0.00 0.00 039 0.9
Formaldehyde 0.28 0.28 0.28 0.00 0.00
Coating ot 0.27 0.27 0.4 0.3s 057
Electric power (-)0.16 040 640  (-)0.04 (-)0.04
Coaling water 050 042 042 093 0.83
Raw materal transpont for

sulfur and phosphoric acid 121 3.27 3.7 0.00
Bagging 212 272 26T 387 ERY
Subtotal vanable operating rost 29.65 3115 L8 2641 2586
Salaries including social welfare 039 030 030 037 037
Maintenance, 3% of equipment cost 1.04 0.80 0.83 0.05 0.90
Insurance and taxes, 0.50% of
capital investment _0.66 052 053 _061 058

Subtotal fived production cost 200 1.62 1.67 163 1.85
‘Total operational cost 317 2mn 3204 28.03 21N
Transfer cost N 2n 3294 28.03 217
Interest on working eaprtat, 175% 1.85 194 201 19] |2l
Caputal costs, 1757, 15 years _:ﬁi éd_‘!_ 262t _12_1_()_ '_i_(_]_&l
Plant gate cost (bapged prixduct) 60.04 0.15 6l.16 6234 6032
Commercial rxpenses 052 052 051 0.74 0.67
Cresght 20 20 245 3% 3
Total Farm-Gate Cost 72.05 .16 6113 66.64 64.21

NOTE: Totals may vary due to rounding.



Results of Economic Comparison

Table 7 illustrates the yearly plant-gate production cost
for scenario A at a sulfur cost of US $110/mt fo.b. or
phosphoric acid at a price of US $265/mt Lo.b. A cor-
respondingly cvaiuation for scenario B is given in Table 8.
Again it must be emphasized that this analvsis is basically
an illustration of the relative costs incurred in production
by the two routes.

Discussion

When examining the different factors of the total
farm-gate cost, some have relatively small influence, for
example, utilitics, bagging, and fixed production costs.

The main contributing factors to the variations in total
costs are the raw materials and capital costs including in-
terest on working capital,

To improve the accuracy of the capital cost estimates
would necessitate a thorough investigation of local condi-
tions which is impractical at this time. Thus a sensitivity
analysis of capital cost variations seems irrelevant,

The cost of producing nitrophosphate was comparcd
with different phosphoric acid prices. The results shown in
Figures 11 through 15 indicate the sensitivity in the UAP
alternative,
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Figure 11. Impact of Phosphoric Acid Price on Farm-
Gate Cost (Scenario A).

Because the two routes do give different amounts of
product, a sensitivity analysis was done with variable
freight distances and rates. Tigures 15 and 16 show the
result of this analysis for scenario A in absolute figurcs
and in rclative ratios. The final farm-gate cost is on more
or less the same level for the nitrophosphate alfernative
and the phosphoric acid-based process.

Table 8. Operational and Production Cost, Scenario B

(Plant Site at Ammonia Production Facility
Remote From Port Facility)

Ammonium Phosphate
Plant Based on

Imported
imported Phosphoric
_Sulfur_ . fcd Nitrophosphate
B0 _LEO 2L0 110 210
------------ (muion US $/year)- - vevevnnnn ot
NH 1292 1292 1202 1292 1262
Catalyst for NH 0.25 0.25 0.25 0.25 0.25
Phosphate rock, c.if. 172 0.00 0.00 FARY 7.
Phosphoric acid, Lob. 0.00 10.29 10.29 0.00 0.00
Steam net 0.00 0.00 0.00 0.00 0.00
Carbon dioxide 0.24 0.24 0.24 0.10 0.10
Sulfur, f.ob. 170 0.00 0.00 0.00 0.00
Catalyst for HNO 0.00 0.00 C.00 039 030
Formaldehyde 0.28 0.28 0.28 0.00 0.00
Coating oil 0.27 0.27 0.44 035 0.57
Electric power {-)0.16 040 040 (-)0.04 (-)0.04
Cooling water 0.50 042 042 0.03 0.83
Raw material transport for
sulfur and phosphoric acid 249 741 741 0.00 0.00
Bagying _272 272 207 _IRT 50
Subtotal variable operating cost 3093 35.20 3532 2611 25.860
Salanes including social welfare 039 030 0.30 037 037
Maintenance, 3% of equipment cost 1.04 0.80 0.83 095 0
Insurance and taxes, 0.50% of
capital investment 066 052 053 061 AL
Subtotil fived production cost 2,09 1.62 1.67 193 1.8S
Total operational cost 33.02 36.82 3699 28.03 210
‘Transfer cost 33.02 36.82 RER 28.03 2171
Interest on working capital, 17.5% 1.85 194 2.02 1.91 177
Capital costs, 175, 1S years il_-l_ @_ ﬁr_?ﬂ 3_2&_ .\O.il
Plant gate cost (bagged product) 70.31 61.19 65.22 6234 $0.32
Commercial expenses 52 0.52 051 0.74 0.67
Freight 20 2 245 as6 An
Total Farm-Gate Cost 7333 67.21 68.18 66,64 6.21
NOTE: Totals may vary due to rounding,
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Figure 17. Historical Export Price Trends.

Phosphate Rock - One of the main contributions to the
farm-gate cost in the nitrophosphate route comes from
phosphate rock.  As mentioned above, the price for
domesltic rock, if available, is about the same as that for
imported rock of equal quality. The historical trend curve
lor phosphate rock (Figure 18) also shows a relatively
stable price level at a period when there were big fuctua-
tions in sulfur and phosphoric acid prices.  Thus, it is
natural to compare the nitrophosphate route against dif-
ferent phosphoric acid prices.

Sulfur Price Trend - A discussion of the future price of
phosphoric acid is best started by examining the future
availability and price of sulfur.

Over the last 15 years the sulfur price has actually in-
creased more than sevenfold, from around US $15/mt in
1970 10 today’s level of US $110/mt (British Sulphur Cor-
poration, Ltd.). The historical data up to 1987 show



periods of dramatic increase with fallbacks in between,
However. the overall price level has increased significantly
(Sce Figure 17).
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Figure 13. World Sulfur Production - Actual and
Projected (Figures Refer to Elemental Snltur
Equivalent),

In 1985 the prediction was for an cven steeper price
increase (British Sulphur Corporation, Ltd.) in the years
ahcad. The figures for 1985 and 1986 did instead show a
significant drop from the peak value of more than
US X150/mt.

The dramatic increase in the price since 1970 has been
caused by the following:

Even though the sulfur production rose from about 43
million mt in 1970 t¢ more than 57 million mt in 1084/85
(Figure 18), this was more than outwighed by the in-
creased demand for fertilizer production. The result was a
quite dramatic reduction in stocks as illustrated in
Figure 19

The future situation is very difficult to prediet. The
significant drop in P:Os production Jduring 1985 and 1986
will undoubtedly continue to have its strong impact on the
sulfur prices. On the other hand, the Frasch sullur produc-
tion is being reduced at the moment, and there is no sig-
nilicant increase in pyrites or other native sulfur sources.

Thus at the moment, recovered sulfur seems to be the
only possibility for coping with the fertilizer demand on
the one hand and the seemingly further reductions in
stocks on the other hand,

There are strong individual  supplics entering  the
market in the coming vears, like the huge  Astrakhan

(Russia) sour gas ficlds with their expected production of

3 million ratpy of sulfur by 1990,
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New Frasch mines could be cconomically viable and
add another 1.5-2 millicn mtpy.  Other miror supplics by
current technology could come from pyrites and smelters.
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Figurc 19. Year-End Stocks of Sulfur by Major
Producers ~ Actual and Projected (Figures
Kefer to Elemental Sulfur Equivalent).

Future technologies will likely focus on the cconomic
viability of processes 1o utilize gypsum cither by the
crcular-grate process or by a fluid-bed process.  Other
technology may include recovery of sulfur from ultra-high
hydrogen sulfide gas or from hydrogen sulfide gas of lower
sulfur content.  The present sulfur price level seems,
however, to be too low to support these new develop-
ments,

Phosphoric Acid as a P:0s Source-Scveral factors
scem to favor the present Indian policy of importing phos-
phoric acid such as its possible positive impact on coun-
tertrade and the low required investment cost for
downstream P2Os units.

It also scems cvident that India wishes to enjoy a
strong bargaining leverage with their overscas suppliers.
This is signaled by Indiw’s participation in joint ventures.

In the long run the price of phosphoric acid will be dic-
tated by the price of sulfur even though a time delay,
influenced by many factors, may make the historical price
scem to have different trends over short time intervals as
Hlustrated in Figure 19,

Savings in Foreign Exchange - With India’s present
supply of domestic phosphate rock, the rock used in a
nitrophosphate plant would probably have to be imported.
Thus, a gain of about US $3 million/year would be the
resulting Aifference for raw materials in favor of the
nitrophosphate process.  If the phosphate rock can be
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supplied, the savings would be more than three times
(US 310 mallion per year).

The division of the icial cavital requirement botween
domestic and foreign sources is more difficult to predic.,
However, it scemis reasonable 1o asveume about 7567
domestic and 2340 tereign for both processes. This would
mean o total extra foren capital burden of  about
US $10 million fer the nitrophosphate process compared
with the phosphoric acid roate. This could amount to
about US ST million in extra forcign costs cach year.

Conclusions
Three different rout:e for producing fertilizers with

cquivalent amounts of N and P:0s were compared:

1. Sullur-based P:O- production plus urea.

14

tmported phosphoric acid plus locally produce ! urea.

3. Nitrophosphate-based production,

The first route was clearly the most expensive. The dif-
ference between the two last routes for a scaside-located
plant showed only marginal diffcrences in total farm-gate
COSstS,

For an inland location the economics favor the
nitrophosphate alternative,

The cost for the second route, using imported phos-
phoric acid, showed a great dependence on the phosphoric
acid price.  The break-cven point compared with ihe
nitrophosphate alternative for the farm-gate cost oceurs at
today’s phosphoric acid price of about US $260/mt f.0.b,

With the delivery of an N:P20s product of 2:1 ratio (for
example, 27.0-13.5-0 grade), the nitrophosphate process
avoids the byproduct calcium ammonium nitrate and
reduces the production cost to compete with the phos-
phoric acid-based alternative.

The 2:1 product will ¢nable the nitrophosphate process
to handle the more difficult domestic phosphate rocks and
greatly improve the foreign exchange savings as compared
with the phosphoric acid-based production.
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Kemira’s Mixed-Acid NPK Process

S Swanstrom, Assistant Dircctor, Kemira Enginecring

Abstract

Kemira, a state-owned Finnish fertilizer and chemical
company with activitics i 19 countrics, produc.s about

o million mt of fertilizers per year. About two-thirds of

this production is in the form of NPKs, The company also
produces some MAP, DAP, SSP and KCL o Kemira's
process for making NPKs is aomised-acid nitrophosphate
slurey processs Details of the process are deseribed in this
paper. Amom the advanto,es of this technology are com-
puter control of the vanous sastems o improve the
operating efficieney and decrease the effluents, thereby
maintaining yood control of polution.

Introduction

Kemira is o state-owned Finnish company established
m 19200 Originallv. Kemiva's only task was sceuring the
domestic fertilizer suppiv. Later on the company diver-
sificd into many ficlds of the chemical industry such as
pigments, pants, herbicides, and teatile fibers. In addi-
tion. Kemira has sirengthencd s position as a leading
manufucturer of NPK fertilizers in Western Europe, now
ranking No, o aresult of aequisitions in Holland,
United Kingdom, Belpium, and Denmark (Table 1),

Table 1. Kemira's Acquisitions of Fertilizer Businesses

Year  Operations Acquired Current Name

Kemira Lid
Kemira BV

19082 LK Fertilisers Tad, UK

1O85 Esso Chemie BV, Nethertands
[RATH NS, Fertlisers Ld

J9s6 Gechenn, Belgium

1987 Superfos, Denmark (63775

Kemira SA
Superlos
Geedning

The Kemira proup has activities i 19 countries.
About 4077 of its 14000 cniployees are working abroad
The annual turnover in 1987 was over US $2 billion at the
current exchange rate.

The NPK fertilizer production in Finland alone has
rcached 1.5 million mitpy. The total capacity for fertilizers
in the Kemira Group is around 6 million tpy, and two-
thirds .. this is NPK. A thorough article covering Kemira
appeared recently in Ferilizer Internationa! (1),

Different Routes to NPK Fertilizers

There are numerous routes to NPK fertilizers or com-
pound fertilizers. But the primary raw materials are the
same for the main nutrients.

Nitregen: Amr .onia

Phosphorous: Phosphate rock (igneous or sedimentary)

Potassium: Potassium chloride (KC1), mined as such or
recovered from brine

A good overview of different possibilitics as well as
other valuable information can be found in the IFDC pub-
lication Fertilizer Manual (2).  There are two kinds of
NPK’s - compounds and bulk blends. Bulk blends consist
ol mechanically mixed intermediates with one or two
nutricnts per intermediate, for example, DAP, SSP, and
KCL - Chemical compounds have a uniform composition
of nutrient salts, usually manufactured through a slurry
stage.

The Kemira NPK Process

To respond 1o market demands and to have pos-
sibilities of using a wide varicty of .aw materials, the
patented Kemira NPK-process was first utilized in 1972 at
the Siilinjirvi NPK plant in Finland.

The process is a mixed acid nitrophosphate slurry-
based process, producing chemically uniform product as
granules. The granulation method and the raw materials
can be changed and combined in many ways, as will be
deseribed later.

The process is divided into the following steps:

E. Reaction of raw materials to produce a slurry.
2. Granulation and drying.



3. Screening, crushing and reevele handling.

4. Cooling of product.

5. Coating (anticaking),

0. Recovery of nutrients and heat from the gas streams,

A typical process Now diagram with - spherodizer
granulation is shown in Figure 1.
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Figure 1. Kemira's Process Flow Diagram for
Production of NPK Fertilizers,

The Reaction Scetion

A mixedsicid (or phosphonittic) NPK process involy-
g three reactors s used, The raw manerials are: am-
moniaand nitnic acid Tor nitropen, rock phosphate and
phosphoric acid for phosphoros, and potassium  chloride
or potassium sullate for potassiom,  Sulfuric acid and
micronutrients are also used insoe formulations,

In-addition 1o this, the process can also aceept without
moditication MAP, DAP, and ion exchange colution
(H:PO: o KNOW from the Superfos ion exchange
prUCL‘\.\

fn the Arst reactor nitric acid attacks the rock phos-
phate. In the sccond reactor the overflow from the first
reacter s ammoniated and serubbing liquid (underflow
from settler) is added. The third vcactor provides for finai
ammoniation of overflow from the second reactor. Here
phosphoric and sulfuric acids are added and the KCT s
dissolved. Any micronutricnts 1o he incorporated in the
formulation are added at this point. A bufler tank is used
as a hiquor feed tank for the spherodizer and as a reeep-
tacle for recovering fertilizer dost from the bag filters and
(T_\'\‘]Ullc.\.

Naturally, the ratio of ditferent raw material feeds
virics according to the grade (¢ be voduced. An mipor-
tant [eature is that the water solubitity of the :0s in the
product can be adjusted by adjusting the phosphoric

acid/phosphate rock ratio.  In practice this means also
aliering the AN/AS ratio by simultancously adjusting the
H:804 and HNOs amounts (o balance the formulation.
Less rock phosphate means more sulluric acid and less
nitric acid. In general, the lowest raw material cost for a
given grade is for the formulation with lowest attainable
water-soluble P20s. That in turn occurs when the HaSOs
is zero and the filler properties of rock phosphate are
maximized. Of course, the higher the nuuicnt sum (N +
P.Os + K20), the fess rock phosphate can be used in place
of phosphoric acid.

A wide range of grades with wide variations in the
waler-soluble P20s have been produced with the Kemira
process. It should be noted that almost all of the total
P20s s citrate-soluble, even if the water-solubility is low.
Citrate-soluble P20s is often also called "available P:0s."
Examples of grades produced with the Kemira process are
cnown in Table 2.

Table 2. Examples of Grades Produced With the Kemira

Process
8-24-14 15-15-15 17-17-17 23-23-0)
10-20-20 15-20-15 20-10-10 20-20-0)
12-24-12 16-16-16 30-10-0 18-22-1)

Granulation and Drying

*. . slurry in the buffer tank typically contains about
106 water. The temperature is around 135°C. Granula-
tion and drying take place simultancously in a combined
granufator-dryer called a spherodizer. Slurry is pumped
through nozzles with air dispersion, and sprayed on the
reeyele material in the spherodizer. The reeyele material
forms & curtain in the spherodizer as a result of the lifter
Rights in the rotating drum. The granulation is a layering
process, or an "onion skin mechanism,” resulting when the
shuirry drops hit the reeyele particlss repetitively,  The
drving: mechanism is predominantly flash drying at the
slurry nozzle outlet, but normal diffusion also occurs fur-
ther onin the spherodizer.

The maximum  utput for one granulator-dryer
depends on several small details in design and operation.
The obvious variables are slurry water content and physi-
cal dimensions of the spherodizer. A standard 4.25 m
diameter granulator-dryer can now be operated  at
1200 mipd. whereas 600 mipd was used as a design figure
around the world 15 years ago.

To improve fucl cconomy, the hot cooling pas is
returned to the dryer infet via a bag filter.
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Screening, Crushing and Reeyele Handling

Produci-size material, 24 mm, iy separated from the
total throughput by sereening the material leaving the
spheradizer. Part of the product-size material is diverted
tothe recvele comvesar to heep the reevele amonnt con-
stant. - Fhe diverter s automatically controfled by a
Constant reevele s
Movement o the

beliwenther on the recvele comvenaor
essential for stable aranulation,
preduct-size diverter is an carly indicator of changes in
granulation,

Oversize material is crashed, undersize is reeveled.
That part of the product-size material which s not

recveled poes to the cooler

Cooling

Cooling air can be ambicnt air or precosled and
dehumidificd air. Precooling is achieved by ammonia
evaporation g honed-tube heat exchanper, After the air
has been precooled, water droplets we useally separated
by shightly clevating the temperature with a small steam
tube heat exchanger wrangement. Inoa hot humid
climate, the reevele of cooling air to the diver in combina-
ton with precooling of the cooling wir improves the

product quality and inercases the capacity of the drver,

Nowadays the product cooler is often o fluidized-bed
cooler mstead of w4 rotary-type cooling drum. The
Nuidized-bed cooler has hicher aperating costs than the
drum., but lower investment costs and fav-out advantages
for the fluidized bed cooler sometimes oflset the operat-

mng eosls,

Coating
Anticaking treatment or coating is carricd out in a
small rotating drum.

Nutrient and Heat Recovery From Gas Streams
In-an NPK process with a typical water balance, the
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Fip 7. Typical Water Balance for an NPK Plant,

water enters with the raw materials and leaves the plang
through the stack. With no liquid effluent, there are only
two ways for water to leave the system: through the stack
and with the product as moisture content.

A water balance reveals that the efficiency depends on
reducing the water feed to the reactors and minimizing
the slurry water content. The water balance for the whole
plant is almost the same as for the reactors (Figures 2 and
3).

The serubbing svstem i designed (o obtain o mai-
mum cllicicney in emission control with a modest con-
sum tion of fresh water. The fresh water is introduced in
the Last stage of the reactor gas sarubbers, The pH of the
scrubbing liquid is automatically controlled by addition of
acid.

The nutrient content of the serubber liquor increases
as 1t moves countereurrently 5 ugh the reactor s
serubbing system to the dever was scrubbers. In the dryer
as scrubbers additional water is evaporated, which fur-
ther concentrates the fiquid.  In this phase the nutrient
sadts are separated in, for example, o Lamella separator or
a centrifuge from where the “thick phase” is returned to
the reactor and the clearer fiquid is recirealated o the
scrubber sysicm. The excellent results of Kemira's
developments in the pas cleaning field were presenied at
the Nurogen 86 conference (3).

Improvement of Control Systems

Computer-control svstems (DDC) have been devel-
oped and utilized in Kemira’s NPK plants. Cne of the
most benclicial features is the stepless simultaneous
regulation of all raw material feeds, which means stepless
regulation of the production rate without disturbances.
Other features are computer-controlled change of grade
and correction of raw material feed rates to achieve
proper product analvsis,  based on resubts from  the
automatic NPK analyver,
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Figure 3. Typical Water Balance for the Reactors.
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Feonomical Analysis

Investnient profiabiling i not woleh dependent on the
product selling price and ivostment cost, The annual
cosin i @ vpreal case may be broben dovn as shown in

Table 3

Table 30 Typical Breahdown of Fertilizer Costs
Cileulated on the Basis of Price of the End
Product

o hem ot Total Cost

Fived cost 2.0

Operating cosl 0.

Return on imvestment 0.4

Depreciatton and inferest 88

Iaaw materad costs 76.8
100.0

The importance of the raw materid eosts can hardly

World market prices for raw
materials do not always Tollow the end product prices, or

beoveremphasized,
vice versas There are teo important wavs o sateguard

COMpPetiinenes.

Lo Maximizing the ~hare of domeanic o materials,
20 Retwning the fesibdite (o produce erades with vari-
abledevels o water-woluble PLO-

Ananalvas of this sabject was presented at the
UNIDO Rouad Fable i cussion i Tunisia 1985 (4). An
example that shovws how water-soluble TO< affects the
raw material costs o shown i Fieure L The eitrate-
soluble PLO remains over 930 o the total PLO-L while the
watersotuble F.O- s dowered by using less phosphoric
acid and correspondingdy more phosphate rock,

Raw material prices used in the example wre shown

helow,

US $/mt

N 110
FINOS 40
Rock phosphate (3297 P20)s) 30
FPOW (as PO)s) 300
NG 75
IRENIOR 50
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Figure 4. Water Soluhility Versus Raw Material Costs.

Rehabilitation of RCE’s Plant in Bombay

Iniroduction

Rashtriya Chemicals and Fertilizers Ltd. (RCF) is a
major producer of lertitizers and chemicals in India. The
company has two production sites in the Bombay
region - the older Trombay site in Chembur, a suburb of
Bombay and a newer ammonia/urca site in Thal, also
close to Bombay. The Vrombay unit is within a heavily
populated region. Amc g other units at the Trombay site
is the NPK plant called Suphala. The Suphala plant was
started up in 1905 and enlarged in 1975, Alter enlarge-
ment the plant has a capacity of 1,100 mtpd of 15-15-15
NPK, using (wo reactor lines of the PEC type and six
spherodizer granulation lines.

Objectives of Modernization

In the Bombay region great attention has been paid to
air pollution control. - A modification of existing efMucnt
control systems at the Suphala plant was called for. RCF
contacted Kemira for the first time in 1978,

The following targets for the madilication were set;

L. Improvement of pollution control.

2. Decrcase of raw material consumption by improve-
ment ol nutrient efficicney.

3. Increase of produciion capacity to 1,500 mipd.

4. Pednction of enerpy consumption,

In late 1983 RCF signed an agreement with Kemira for
consulting scrvices on the rehabilitation of the Suphala
NPK plant based on Kemira process technology.
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Compaction/Granulation of Fertilizers

R. Zisselmar Head of Departent - Briguetting, Compaction, and
Size Reduction, Maschinenlabrik KOPPERN GMBH & CO. KG

Abstract

In compaction granulation a fertilizer is subjected to
cnough pressure to remove most of the voids in the bulk
material and thereby bring the individual particles close
enough together 1o permit molecular attraction to oceur.
This is wccomplished by passing the material through a
roller press where the material is foreed between twao
counter-roteting rollers that are pressed together by a
hydraulic pressure systone The result is typically a flat
sheet of material that i 5-20 mm thick and has an ap-
parent density that s one and a hall (o three times as
ereat as that of the feed material. The compacted sheet
(Take) is broken into fairly Jarge picees by a "flake

breaker” and subsequently crushed (o obtain particles of

the desired size. 1 the sheet s britte it is usually crushed
o hammer mill, 1£00 s soft and plastic the sheet should
be cured until it hardens and then crushed in a special
roll-type mill (dise crusher). Fhe produet sized particles
are usually tumbled in 4 deum o remove any sharp cor-
ners and thus reduce further abrasion and dust.

Fertilizer compaction is influcnced by many fetore
which affeet the selection of the various picees of equip-
ment and the operating conditions. However, by carceful
sclection of cquipment and operating procedures, most
fertilizers can successfully be granulated by the compac-
tion method.

Advantages ol the compaction process are: (1) s
power consumption is low, (2) it requires no liquid
binders, (3) it can handle feeds of various compositions,
(4) it can process feeds with a wide range of particle sizes,
(5) it can be used in plants of almost any size, and (6) it
can be operated continuously or intermittently, thereby al-
lowing considerable flexibility in operation.

Introduction

In agricultu e the nutricats nitrogen (N), phosphate
(P20s), and potash (K.0) are removed from the soil by
harvesting and these must be replaced by adding fertil-
izers. Formerly, the only fertilizers used were organic
materials that contained mincral substances, nitrogen,
available humus, bacteria, and carbon dioxide. Today's

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

Besides sinzic component fertilizers which contain
only onc nutrient, N, P (P20s), or K (K:0), mixed fer-
tilizers are offered which contain two or more nutricnts,
for example, NP, NK, PK, or NPK. Some of these may
also include CaO, MgO, or trace clements 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
nceds of the particular soil and crop. In the face of a fast
growing world population and decreasing acreage of high
quality land dedicated to farming, multicomponent fer-
titizers which provide the best possible crop yields in
modern mechanized farms are growing in importance.

Critical factors that affect the usage of fertilizers ars
their storage, transportation, and handling characteristics.
Until the 19205 fertilizers were exclusively applied as pow-
ders. Except for advantages during mixing of the com-
ponents, the use of powders did present a number of dis-
advantages such as scgregation, uncontrolled agglomera-
tion, unsatisfactory flow characteristics, and losses during
application because of dusting and runoff.  These disad-
vantages were largely reduced by the development of
processes for grain-size enlarging, the so-called granula-
tion processes.

Scveral fertilizer granulation techniques were
developed which are based on cither wet agglomeration or
binderless pressure agglomeration with subsequent crush-
trg 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 the wet agglomeration of finely divided particulate
matter, liquid binders cause green strength by capillary
forces. During subscquent drying, chemical reactons be-
tween the components or erystallization of dissolved sub-
stances form solid bridges between the particles that make
up the agglomerate. Typical cquipment for this technol-
ogy includes drums, dises, and mixers Tollowed by dryers
and coolers as well as luidized beds (3,4).

Binderless, pressure agglomeration is a competing
technology which, in most cases, does not rely on the
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malcerial bridges between the particles forming the ag-
glomerate.  Rather, granule strength is caused by
molecular forces.  Because of the short range of these
attraction forces the particles must be close together and
this requires the application of external pressure by cither
extrusion (material is pressed through fixed  diameter
orifices) or compression (material is pressed between two
surfaces). 1f compression takes place in the nip between
two counter-rotating, smooth or slightly profiled ¢olls, this
proczss is called (roller) compaction (3).

In the following pages, this technique which includes
crushing and sizing of the compacted sheet inte the
granular product will be discussed in more detail.

First, the principle of compaction/granulation systems
will be introduced.  The heart of such systems, the com-
paction process with roll presses, will then be deseribed
bricfly. Afterward, the parameters that infiuence fertilizer
compaction will be investigated. And finally, some typical
examples ol application will be given o illustrate the
compiction/granulation system,

Principle o Compaction/Granulation Plants
General Description of Flant
The general flowsheet of a fertilizer compaction/gran-
ulation plant is shown in Figure 1.

The system is made up of four groups of machines and
apparatus for the following process steps:

I Storage, proportioning, and mixing,
2. Compaction.

3. Size reduction and classification.

4. Finishing,

By mcans of various transportation devices, such as
bucket clevators, belt convevors, and drag chain con-
veyors, the material is moved from one part of the system
to the other.

Storage, Proportioning, and Mixing

The number of bins as well as the sophistication of

proportioning and mixing operations depends on the num-
her of fertilizer components to be incorporated into the
final product.

[n systems designed for the production of different
mixed fertilizers, bateh mixing is preferred. Components
arc metered into a weigh bin, After formulation, the con-
tents are discharged into a batch mixer. A surge bin be-
tween the discontinuous formulation cquipment and the
rest of the system allows for continuous operation of all
other cquipment.
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Figure 1. General Flowsheet for a Fertilizer
Compaction/Granulation Plant.

Systems that granulate only one multicomponent fer-
tilizer product arc normally cquipped with continuous
metering and mixing deviees such as belt-type scales feed-
ing into the mixer.

No matter which operation is uscd, sclection of the
type of mixer depends on the composition of the fertilizer.
For example, to guarantee the uniform distribution of
trace elements, a high intensity mixer must be used.

In addition to the fresh feed, recirculating undersized
material from the crushing and sizing circuit is fed into a
douvble-shaft paddle mixer (Figure 1). Typically the ratios
of reeyele to fresh feed is between i1 and 2:1.



Compaction Unit
The honogencous fertilizer mixture is fed 1o the com-
paction process deseribed below,

For this process, roll nresses are available that utilize
the principle of pressure agglomeration, In such machines
particulate material i iatroduced into the nip of two
counter-rotating. rofls by means of a vertical feed serew,
As the material s compacted, pressure in the mass in-
creases, reaches a peak just above the line of closest ap-
proiach between the rolls, and then drops quickly to zero
(Figure 2). During this process the apparent density of
the mixture is inercased by a fuctor 1.3 1o 3 because of
decreasing the volume ol voids in the buik material,

Feed
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Figure 2. Principie of Roll Comgaction,

The product is typically a (Tae sheet 520 mm thick.
Sclection of the size and design of the roll press depends
on numcerous parameters which i turn are dependent on
the materizl and normadly must be determined experimen-
tudly.

Size Reduction ard Classification

The sheet (fluke) produced in the roll press must be
crushed and classified into the desired particle-size frac-
tions,

Often, the first crushing step takes place in a specially
designed flake breaker which is installed direetly below
the roller press. The sheet is broken into smaller picees
which can be casily handled and are o perfeet feed for
subsequent crushers,

The material s separated into oversive, product size,
and undersize on a naltideck sereen. The undensize
(passing through the lower sereen decky is recirculated to
the mixer and thenee to the compactor. The oversize
material which fails to pass through the upper sereen of
the double-deck sereen must he further reduced in size.

Sclection of the scecondary crusher depends on the
characteristies of the compacted fertilizer. 1 the com-
pacted material is brittle, @s is the case with potash, it
should be ecushed by impaction.  In these high intensity
crushers all softer parts of the sheet are pulverized result-
ing in granular particles of high strength and excellent
resistance to abrasion. Products from such plants will not
abrade during handling and ficld application.

Many mixed fertilizers, particularly those containing
phosphates and/or urca, initially produce relatively soft
and plastic sheets. They harden during aging. Therefore,
in such plants, curing bins should be installed Between the
sereen and secondary crushers. Even then, the use of spe-
ciai roller mills, catled dise crushers, is beneficial.  Such
cquipment handles the softer products more delicately
than tmpact or hammer mills. The granular product may
still gain strength during further aging.

Another criterion for the sclection of sccondary
crushers is the minimum particle size of the product. For
particles with diameters less than 1 mm impact crushers
must be used while for particles with diameters greater
than 1 mm disc crushers can be usced.

The sclection of the sereen also depends on the
characteristies of the fertilizer maierial. - Not only the
separation characteristics must be considered but also
such parameters as the abrasiveness of the particles, their
tendency for blinding, and their flow characteristics.  In
cascs where sereening difficultics are anticipated,  tests
must be carried out to determine the optimum operation.

Correct selection of crushing and siziag cquipment is
ol utmost importance for the ceconomics of a fertilizer
compaction/granuiadon system. Regides determining the
particle shape, which normally soould be cubie, and the
size range, for example, 1-5 mm or 2-4 mm, the crushing
and sizing cquipment  deiermines  the yield and the
capacity of a given plant.

Finishing

Often the product is subjected to one or two finishing
steps. The irregularly shaped particles are sometimes
tumbled in an abrasion drum to slightly round the sharp
cdges and corners.  Fines produced in this step are
removed by scereening (single-deck sereen) and rectreu-
lated. A Turther finishing step may be the conventional
conditioning with anticaking agents,

The final product of the system is a granular fertilizer
with a certain particle size distribution in a defined range
(for example, 2-5 mm) and a speafic granule strength, In
case of mixed fertilizers, individual particles have practi-
cally the same composition as the bulk mixtore,



Whether the strength reached will be adequate can be
determined by test methods which have been developed
especially for fertilizers (6).

Compacting Equipment

In the operation of & compaction/granulation plant the
compacting process which is of central importance takes
place in roller presses.

Rolfer presses consist essentially of:

The frame.

The twao rollers,

The hydraulic pressure system,
The drive,

The material feed equipment.
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The rollers are carried in self-aligning roller bearings
whose housings are supported in the frame of the press.
Each roll consists of a roller body on which the tools - for
example, rings or scgments —are mounted. For compact-
ing fertilizers usually rings with smooth or profiled sur-
faces are used; these are shrunk onto the roller body. One
of the rolls is immovably mounted in the frame (fixed
roll), whereas the other roller is movably mounted, allow-
ing lateral displacement by hydraulic rams,

The hydraulic system serves primarily 1o check the
pressing force between the rolls. If a foreign body enters
the gap between the rolls, a relief valve allows the rams to
get rid of the excess pressure and thus enables the mov-
able roll to "give.” In addition, the hy. aulic system is
cquipped with nitrogen-filled compensating, accumulators
which bring about changes in the gaps between the rolls in
response o slight variations in the amount of material
being fed to the unit. In this way the pressure exerted by
the rolls is kept constant and thus the quality of the
product (sheet) remains suitably uniform,

A reduction gear unit with two output shafts provides
the relatively low rotating speeds for the rolls in the range
of 5 to 40 revolutions per minute. Torque is transmitted
from the gearbox output to the rollers through special
toothed couplings the dimensioning of which is so flexible
that the floating roll has sufficient clearance of motion, In
addition, a torque safety coupling is interposed between
the drive motor and the gearbox. Infinitely variable speed
control can be obtained by mechanical means, but may al-
ternatively be obtained very advantageously by means of a
thyristor-controlled D.C. motor or a frequency controlled
three-phase A.C. motor.

The type of material feed cquipment employed-
gravity feeder or screw feeder - will depend on the
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propertics of the material such as bulk density and flow
characteristics.  In principle, a uniform and continuous
matcerial feed should be aimed at in order to attain a satis-
factory filling of the press.

If the material is of good fluid quality, a cheek plate
with adjusting tongue will suffice for changing the free-
space sectional arca. When sufficient filling by gravity
feed cannot be achieved because the bulk density is too
low or the filling capacity is insufficient, screw feeders
must be used. These serews foree the feed into the filling
scction, thus cffecting a sort of precompaction of the feed
matcrial. The screws arc always cquipped with a variable
speed drive in order to be able to adapt the feed capacity
to the throughput capacity of the press. In general, screw
feeders are used for fertilizers,

Parameters of Fertilizer Compaction

Fertilizer compaction is influcnced by many factors
which determine the size of a roller press and its operating
conditions.

These parameters can be divided into thrce groups:

1. Raw material characteristics such as brittleness, hard-
ncss, abrasion index, and density.

2. Propertics associated with the condition of the com-
pacted fertilizer such as bulk density, moisture content,
temperature, particle shape, particle size distribution,
and materia! flow conditions.

3. Characteristics of the cquipment srch as specific press-
ing force and roller speed.

Material Characteristics
The materials used for compacted fertilizer essentially
belong to the formerly mentioned four groups:

Nitrogen fertilizers.
Phosphate fertilizers.
Potash fertilizers,
Mixed fertilizers.

R

Ammonia is thc most important raw material for
nitrogen fertilizers. Typical nitrogen fertilizers are:

1. Ammonium sulfate. 5. Calcium nitrate.

2. Ammonium nitratc. 6. Calcium cyanamide,
3. Sodium nitrate. 7. Urca.

4, Potassium nitrate.

Raw matcrials for the production of phosphate fer-
tilizers arc phosphate rock and phosphorus-containing
iron orcs. The phosphorus nutrient is always water-



50

insoluble apatite {calcium phosphate). Therefore, it is
necessary to decompose the apatite. This is normally
accomplished with acids, by heat treatment, or sometimes
electro-thermally,

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

During the reduction of iron ore, phosphorus con-
tained in the ore is oxidized and concentrated in the slag.
This so-called Thomas slag together with the added silicic
acid s called Thomas phosphate and after grinding
(Thomas mcal) is available as a phosphate lertilizer.

Other important phosphorus-hearing fertilizers are
monoammonium  phosphate (MAP) and  diammonium
phosphate (DAP).

Potash fertilizers are manufactured from raw potash
rock mostly by dissolution and subscquent crystallization
or by flotation. The most important potash fertilizers are:

Polassium 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 threec of the primary
nutrients together with CaO and MgQ. Somctimes other
nutricnts and possibly trace clements are added. Each is
characterized by its formulation. Examples arc:

Amsup Ammonium sulfate +
supcrphosphate

Potassium nitrate +
ammonium chloride

Kaliammonsaltpetre

Amsupka Ammoaium sufate +
superphosphate +
potassium chloride

Nitrophoska Ammonium sulfate +

diammonium phosphate +
potassium nitrate

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

Table 1. Some Important Fertilizers and Their Nutrient Contents

Fertilizer

Name

Nitrogen Fertilizers
Ammonium sulfate
Ammonium nitrate
Ammonium chloride
Sodium nitrate
Potassium nitrate
Calcium nitrate
Calcium cyanamide

Urca

Phosphate Fertilizers

Phosphate rock

Single superphosphate (SSP)
Double superphosphate (DSP)
Triple superphosphate (TSP)
Thomas meal

Monoammonium phosphate (MAP)
Diammonium phosphate (DAP)

Potash Fertilizers
Fotassium chloride (muriate of potash, MOP)
Potassium sulfate (sulfate of potash, SOP)

Formula Nutrient Content
(%)
N
(NH+)280s 21
NHiNOQOa 34
NH.Cl 25
NaNQ; 15-18
KNOQO3 13 (+44% K:0)
Ca(NOa): 15-18
CaNCN 20-21
CO(NH2): 46
P:()s
Upto 36
Ca(H:PO4): + CaSOs 16-18
Concentrated SSP 18-45
Ca(HzPQ4)2 46
5Ca0Q -« P20s+Si02 16-25
NHsH:POs 48 (+11% N)

(NHi)2 HPOs

KCi
Ka2804

46 (+18% N)

K20
40-60
50




The many different fertiliver components used result
in a broad spectrum of material characteristics.  Their
influence on compaction must be determined experimen-
tally.

In the case of mixed fertilizers the material charac-
teristies of one component can positively or negatively
change the compactibility of the mixture.  For example,
because of the low melting temperature of urea or the sof-
tening under pressure (thixotropic behavior) of super-
phosphate, both materials can become binders if added in
small amounts. The same characteristics cause soft and
plastic sheets il too Targe amounts are used in a mixed fer-
tlizer formulation.  Only after long and uncconomical
aging periods do they become brittle cnough for granula-
tion.  For optimum and continuous operation of a
compaction/granulation system, the sheets must harden
within less than 30 minutes on 4 belt or in an aging bin,
Edeally the consisteney ol the sheet should be suitable for
granulation dircetly after leaving the roller press. The
optimum, minimum, and maximum amounts of individual
components i a fertilizer mixture must be determined
experimentally,

The mincralogical hardness of the fertilizer com-
ponents determines the pressure required and, therefore,
the energy consumption.  In the case of mixed fertilizers
an average hardness is obtained which depends on the
formulation. 1t is possible, for example, that a small per-
centage of o hard component is embedded in the lurge
amount of i softer matrix and orly insignificantly influ-
ences energy consumption. On the other hand, mixtures
containing larpe amounts of relatively hard components,
such as Kieserite, ammonium phosphate, or potassium sul-
fate, need high pressure for the production of a strong
sheet.

In principle, an increasing hardness and brittleness of a
material will result in the breaking of single particles in-
stead of plastic deformation. This causes new porc spaces
(cavitics) which cannot be closed again, At the same time,
clastic deformations will accur by which shear stresses are
produced in the newly formed agglomerate.

If the stresses exceed the tensile strength of (he ag-
glomerate, a pressure relief will cause breeking.  There
arc obviously two opposite procedures overlapping -
comminution and compaction.

With hard and brittle feed materials, the high pressure
exerted by the rolls will shatter most of the feed. In such
cases the feed will not have cnough plastic deformation to
bring the individual grains or fragments close enough
together to permit the van der Waals attraction to form
strong agglomerates. This difficulty can be partially over-
come hy the application of binders (solutions that dissolve
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part of the material and recrystallize (0 form “bridges" be-
tween different particles of matcrial).

An important material property of a fertilizer com-
ponent is its abrasion index which, together with the
specific pressing foree, causes wear of the roller surfaces.
To obtain an acceptable life of the wear parts, cven in the
case of very abrasive fertilizer materials such as Thomas
slag, the roller sleeves can be manufactured from highly

&

wear-resistant spectal steels.

The true density of fertilizer components determines
the apparent density of the sheet and the throughput of a
roller press. In the case of mixed fertilizers the apparent
density of the sheet depends on the true densitics of ihe
components and on their pereentage in the mix. There-
fore, the capacity of a given roller press varies when the
fertilizer formulation is changed.

Material

Yarticle Shape and Particle Size Distribution - The
shape of particles, for example, spherical, cubic, flake, or
ncedle-like and their size  distribution are important
characteristies for any agglomeration process since they
influcnce the binding mechanisms.  In case of multicom-
ponent fertilizers, particle shap~s and particle size dis-
tributions may vary significantly. Again, the question as to
how these characteristics influence compactibility must be
answered experimentally.

For compaction it is a gencral rule that, together with
coarser particles, enough fines should be available to fill in
the larger pores or open spaces.  In such a structure
molecular attraction forces become more active and this
results in greater strength, I the particles are shaped so
that they can interlock during compaction, an additional
bencficial binding mechanism is obtained.

The van der Waals attraction alone is often not suffi-
cient to produce adequate strength.  In the case of fer-
tilizers other binding mechanisms are also possible which
somchow mabilize natural binders within (he material
itself; among these are: formation of a crystal bridge be-
tween the particles, chemical reactions among the com-
ponents of the mixture, and pressure welding,

For many single component fertilizers such as potas-
sium sulfate (with particle sizes less than 0.5 mm) crystal
bridges play an impertant role (7). They are obtained by
adding a small amount of water to the feed which dis-
solves minute quantitics of the material, Subsequently the
dissolved solid recrystallizes during the drying opcration
to form a strong agglomerate with low porosity.

Other raw materials, such as phosphate rock and
Thomas slag, do not dissolve in water and, therefore, do
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Tablc 2. Pressing Force, Moisture Content, and Feed Particle Size of Various Compacted Fertilizers

Specilic Feed
Pressing Forcee, Moisture Particle

Fertilizer kN/em Content Size
(based on roll (%) (mm)

Ammonium sullate

Potassium chloride (60% K:0) (120°-140°C)
Potassium chleride (607% K:0) (20°C)
Potassium chloride (409%, K20) (90°C)
Potassium sulfate (70°-100°C)

Potassium nitrate

Calcium nitrate

Urca

Calcium cyanamide

NPK [ertilizers (not containing phosphate rock and Thomas meal)
NPK fertilizers (containing phosphate rock and Thomas meal)

Urca-based NPK fertilizers

diameter 1,000 mm)

100-120 0.5-1 <1

50 Dry <1 (3% < 0.06)
70 Dry <1 (3% < 0.06)
60 Dry <1

70 1 <05

100 0.5-1 <1

60 Dry <1

30-40 Dry 2-3

60 Dry <0.4

30-80 <1 <1

80 or more <1 <1

30-40 <1 <1

not produce compacts of sufficient strength.  In such

cases, a binder component should be added.

It is also possible to make use of the plasticity of some
fertifizer materials;  this property may be increased by
using clevated 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-
tween components can promote binding,  Also, as men-
tioned before, components which alone do not produce
compacts of sufficicnt strength or cannot be compacted
because of their stickiness may be incorporated in multi-
component formulations, for instance, phosphate rock in-
corporated in urca.  In this formulation less phosphate
rock than urca should be used in the mixture.

The most advantageous mixing ratio of phosphate rock
and urea is 15:35; the remainder is diammonium phos-
phate and potash. It appears that when high percentages
of urca—about 20% or more-are used in the mixture,
another component which ncutralizes the very plastic
properlics of urca is needed.

Il the proportion of urca is less than the proportion of
rock phosphate, a significant drop of quality is recorded.
A very disadvantageous mixing ratio of phosphate roci:
and urca is 46:38, the remainder being potash.

A third binding mechanism of importance with many
dry and onc-component fertilizers, potash, for example, is
the close proximity of particles that are subject to plastic

deformation. This closeness leads to a homogencous con-
nection similar to press welding,

Table 7 presents data on the feed particle size of
various [crtilizers.

Temperature - The teniperature of the fertilizer feed
often determines its plasticity. In comparison with colder
malerial, 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 a product
with greater strength and density.  Examples are potash
which requires a pressing foree of 70 kN/em at room tem-
perature but only 50 kN/cm at 120°-140°C and potassium
sulfatc which can only be compacted at temperatures of
70°-100°C using a pressing foree of 70 kN/em (Table 2).

Elevated temperatures are also benelicial for the for-
mation of crystal bridges because more salt is available for
reeryst llization,

Maoisture Content ~ Generally, the compaction of fer-
tiizers can be classificd as a dry agglomeration process.
As mentioned before it may be bencelicial to dissolve some
matcrial in small amounts of a liquid to facilitate the for-
mation of crystal bridges which increase the compact
strength, However, the moisture content seldom exceeds
2% by weight (Table 2). While potassium sulfate feed
often contains more than 17 water, the compaction of
potassium chloride takes place in an essentially dry state.
Some fertilizers, such as urca, arc highly hygroscopic and
tend to absorb moisture from the air. For salt mixtures
with urca the critical relative humidity is lower than for
the individual components. Since this results in con-
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urca in a dry environment which may involve drying of

plant air in humid climates.

Characteristics of the Equipment

Specific Pressing Foree = One of the most important
parameters of compaction s the specific pressing foree
which is defined st total pressing foree per active rolicr
width. To obtain a compact that is dense and strong
cnough, o specific pressing foree is required which must
generally be determined during tests in large-diameter
cquipment. The sealeup to production size cquipment
with wider rollers is casy and can be done arithmetically,

For compacting fertilizers with rollers of 1 m in
diamcter, the specific pressing forees are generally he-
tween 30 and 140 KN/em. 1 hard, nonwater-soluble com-
ponents such as phosphate rock or Thomas slag are
present in the mixture, the specific pressing forees will be
S0 KN/em or more while for other feed materials pres-
sures less than SO KN/em are often sufficient.  Table 2
summarizes typical specific pressing forees for various
materials,

Roller Speed - The circumferential speed of the rollers
is limited by the deacration behavior of the feed material,

Fincly divided particulate matter like a fertilizer con-
tains air in the bulk volume which must be expelled during
compaction.  For example, i potassium chloride with a
bulk density of 1000 kg/m™ is compacted into a sheet with

an apparent density of 2,000 kg/m'} al a capacity of

S0 -mt/h, approsimately 7 liters of air must be removed
cach sccond. In order to maintain steady-state press

operation, the air must be able o escape upwards from

the roller gap. in a dircction opposite that of the flow of

material introduced from above.  Depending on the air
eseape rate, the bed of solids dircctly above the rolls will
assume different phases, for example, solid when the cir-
cumferential speed of the rollers is low; fluidized when the
speed is increased above the loosening point;  and
pulsating/[luidized when the speed s further increased.

The bed of feed material contains a large number of

very narrow passages that function like an cffective
labyrinth scal and offer a certain resistance to the flow of
the rising air. This resistance is greater when the passages
are narrower or the particles are finer. 1 the air expulsion
rate is just cqual to the rate at which air can flow awiy
without difficulty through the passapes. the solids bed will
be comparable to a bed of particulate matter it which the
individual particles are in contact and derive support from
onc another. Further increase in roller speed causes more
material to be drawn into the gap, so that more air s dis-
placed front the voids between the particles than can cs-
cape through the passages. The solids bed will then be
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loosened up by acration, thus becoming comparable (o a
fluidized bed. In this phase the air outflow velocity is so
high that the particulate matter is Quidized.

Il the speed of the rollers s still further raised and the
rate of air expulsion inereases even more, the deacration
ol the feed material becomes noticeably disturbed. tn this
phase, which can be described as critical, air bubbles are
formed direetly above the rollers, so that the material then
behaves like a pulsating fluidized bed. The feed material
making its way down into the gap between the rollers will,
however, prevent the fluidized bed from developing fully,
S0 that the air bubbles cannot rise further. Instead, they
collapse and pass, together with the fluidized feed
material, through the gap.
odically repeated, so that pulsations occur which have an
unfavorable effeet en the operation of the roller press. As
a result there eceurs irreguar filling, which causes marked
variations in the quality of the sheet, resulting in
deficiencies in the strength, density, and composition of
the Ggglomerated product.  Another indication of inade-
quate deacration consists in the amount of linc
(nonagglomerated) material that emerges from the press
olong with the sheet.

This phenomenon is peri-

‘The deacration problem and the resulting fluctuations
i press operation can be monitored by observing the
power consumption and the pressure applied. If these two
quantitics are plotted on a graph, they will both display a
synchronous undulating pattern of increases and
decreasces,

Il the circumferential speed of the rollers and thus the
amount of air to be removed from the feed material s still
further increased, the pulsation results in an audible sharp
knocking which causes severe impact loads in the
machine, especially in the bearings and gears, so that their
service life is reduced.

In view of the deacration problem outlined here it is
meaningful to define the working width of a roller press in
terms of the possible specific throughput that can be cal-
culated from the sheet volume and the rotational speed of
the rollers. For a certain sheet volume the throughput
depends only on the maximum permissible roller specd.
Taking into account the roller diameter, there can thus be
determined a maximum  permissible circumferential
speed. In compacting fertilizer typical values of the criti-
cal circumferential speed ere 0.6-0.7 m/s (8).

The deacration problem is particularly acute with
smooth roller surfaces so attempts were made to remedy
the condition by using roller surfaces having different
profiles.  Suggestions for different corrugations included
both those in axial and those in circumferential
direction (9).
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In the last analysis waflled surfaces for the rollers
turned out to be most effective, A waffled surface means
that it contains pockets similir to thuse used in briquetting
machires.  The difference, however, is that they are not
matching but axially and circumferentially shifted against
cach other and they adso have a redueed pocket depth.
Figure 3 depicts the cross section of o sheet made with o
waflled roll surface.

~ 5 mm

N

gap 9 mm

|

I

|

|
L
b

|

|

Resulting Mean
Sheet Thickness: Approx. 13 mm

Figure 3. Cross Sectivn of @ Compacted Sheet Made
With a Waflled Roller Surfaee.

The land (raised portion of the surface) fucilitates the
formation of canals through which the air can escape. At
the same time the nipping conditions are improved which
results in a thicker sheet and consequently a significant in-
crease (at least 1597) in the capacity, Morcover, beciuse
ol this roller surface design for the first time it was pos-
sible to produce a sheet which covers the whole working
width and thercefore fully utilizes the eatire roller width,

For exceptionally difficult cases containing a very fine-
grained material, the compaction of which is rather dil-
ficult, a division of the roll width into two waffled sections
is reccommended. This enables air 1o escape laterally at
two additional arcas. thus providing for a better deaera-
tion,

Power Consumption - As 1s well known, calculation of

the specific power requirements for compacting has to he
vased on the power input and the product throughput,
Whercas the throughput is, in general, o preset value, the
power input has to be ascertained, depending on the
torque (proportional to the specific pressing foree) and on
the roller speed {revolutions per mmute),  using data
which have to be determined by experiments,

Corpariive *osts between dry (pressure) granulation
and wet vranulation indicate that even a most unfavorable
dry granulating systcm will he much better than the best
wet granulating system with regards to the energy con-
sumed.  This is mainly duc to the addinonal encrgy re-
quired for heat treatment (dryiog) needed Lor the wet
granulation processes (10).  Typical encrgy consumpiion
data are given in Table 3.

Tuble 3. Specific Power Requirement for Potash and
Mixed Fertilizer Compaction

Specific Power

Consumption

Total

Material Compactor  Plant

-~ - (kWh/mt) - - -

Potassium chloride Sheet 7 24
Granulate 14

Mixed fertilizers Sheet 13 55
(100-120 kN/cm) Granulate 36

Mized Fertilizers® Sheet 9-11 36-45
(less than 80 kN/em)  Granulate 18-25

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/Granulation of Potash

The typical compaction/granulation system that in-
stantly nproduces a strong and brittle sheet includes impact
mills working in a closed loop with double-deck screens.
The impact mills crush the prebroken sheet into an abra-
sion resistant granulate having a density of about
2,000 kg/m3. For a gross (throughput) capacity of
80-100 mtph of potash a large compactor with rollers
having a 1-m diameter and 1.25-m width is available, The
roller press feeder is equipped with five screws. The vield
of granular prodiict depends on the desired particle-size
distribution aud the type of feed. For a particle size range
of 1-4 mm thie production capacity of the system is he-
tween 35 and 55 mtph, depending on whether the feed
being compacted has been derived from flotation or crys-
tallization.

Compaction/Granulation of Mixed Fertilizers

Figure 4 represents a typical flowskect for the compac-
ticn of mixed fertilizers in a process which is characterized
by the production of a soft and plastic sheet.
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Figure 4. Flowsheet for a Compoztion/Granulation
Plant for Mixed Fertilizers.

Because the still soft shect must be handled and
crushed delicately, special roller mills (dise crushers) are
used to cut, shear, or bend the sheet, Additionally, it is of-
ten beneficial to age the material in & curing bin before it
is crushed.

A plant such as this is in operation at Chemische
Fabrik Uctikon in Switzerland. The press leatures a roller
diameter of 650 mm and a width of 360 mm. It is
cquipped with a twin screw feeder. Fertilizer raw
materials such as superphosphate, triple superphosphate,
ammonium sulfate, urca, potash, kicserite, and trace cle-
ments are combined in different formulations to produce
fertilizers for specific applications.  Therefore, aperation
of the plant is characterized by frequent changes of the
product mix.  The gross capacity of the compactor varics
with the formulation from 20 (0 20 mtph.  Granular
products with a size range of 2-5 mm are produced at a
rate of 8-12 miph.

These capacity values were only reached after the
smooth roller surfaces were changed to waffled surfaces.
With smooth rollers the unit had a throughput capacity of
approximately 16 mitph,

Conclusions

Today’s intensive farming requires mineral fertilizers
which can be applied as single- or multicomponent typcs.
Besides the chemical and physical propertics of the fer-
tilizers, their mechanical characteristics play un importint
role in the fertilizer technology.

Therefore, granulation techuniques have been
developed to transform the pulverized material into a
shape suitable for handling and final use by means of ¢n-
larging the grain size.  Gne of these techniques s the
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binderless (dry) compaction process with subscquent
crushing and sizing,

Within a compaction/granulation system the compac-
tion process is of much importance.  The compaction
process is influenced by a number of parameters including
(1) material characteristics, (2) propertics associated with
the condition of the material (for example, moisture and
temperature), and (3) characteristics of the equipment.

The micthod of (dry) granulation of fertilizers by com-
paction has proved to have the following advantages:

Low power consumption,

Elimination of the need for liquid binders.
Flexibility in composition of feed.

Applicability for a wide range of feed particle sizes.
Applicability for all capacitics.

6. Possibility for shift (intermittent) operation.

S =

Although sometimes the irregular shape of the par-
ticles of compacted granular fertilizers is considered to be
a disadvantage, it has been shown that the shape of the
particle has no influence on the following requirements
tor a fertilizer:

Sufficient strength,

Proper particle size with practically no dust.
No caking,

Narrow particle size distribution.

Free flowing,

I S R O

Summarizing all the mentioned aspects, it is not
surprising that the interest in compaction/granulation
technology has increased considerably, as has been docu-
mented in a number of new plants in various countrics.
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Establishing an NPK Compaction/

Granulation Plant in Guatemala

Larry Tavlor, President, The AL T Sackett & Sons Co,

Introduction

Compaction/granulation is a relatively new and excit-
g low-cost alternative for produci ., NPK lertilizers.
This paper will discuss three important factors: (1) why
use compaction, (2) how (o use compaction, and (3) what
kinds of fertilizers can be made with compaction.

[n order to discuss the desipn of i compaction plant in
Guatemala, I eelitis necessary o diseuss the background
of the most recent NPK compaction plant and the events
[cading up to its development.

Background - Compaction/Granulation
in Guatemala

Guatemala is a fairly small country in Central America
with a population of approximately 8 million. The country
is about 400 km wide by 600 km long and it is located in
the tropics. Guatemala's climate varies from tropical
coastal regions to fairly arid mountain regions.  The
country produces a wide range of crops. Guatemala docs
not have any sizable quantitics of fertilizer raw materials
and imports all ol its fertilizer requirements.

Unal the carly 1970s Guatemala has purchased vir-
tually all of its fertilizer requirements from the United
States or Furope. These products were imported in bags
and only two or three formulas were available 1o the
farmers,

In the carly 1970s, the owners of what is now The
FEROUIGUA Group began importing these fertilizers in
bulk and bagged the products locally, Shortly alter, the
same group established their first bulk-blending plant.
Sinee that time bulk blending has been widely aceepted
throughout the country and is presently the major NPK
production method used in Guatemala with approximately
607 of the market share —the remainder being split about
evenly hetween straight materials and imported NPKs
from Europe.

By 1985 market penctration for bulk blends had
reached its peak, and there was strong opposition from
the remaining users of chemically granulated NPK
products to use blends.  Changing these farmers (o bulk
blends was perecived as a difficult and highly improbable
task i the short term. Unwilling o continue losing this
market, the owners of FEROQUIGUA decided to look for
an alternative method of producing NPKs that would mect
the requirements of the farmers and would be cconomical.
Their objective was to be able to produce an NPK that
was homogencous in color and was cost compet’tive with
the products being imported from Europe.  Afier inves-
tigating available methods of producing NPKs at the re-
quired production rate of approximately 100,000 mipy,
they concluded that compaction was the only alternative
that offered the advantages they required at an aceeptable
investment cost.

The advantages that they saw in compaction were:

1. Production of once color NPK products that would be
acceptable to the farmer,

2. Relatively .. investment cost. Since this project
was funded by private moncey, this meant a cost that
would allow a reasonable return on investment and
could produce the required products at a competitive
price.

3. Flexibility in terms of raw materials used and final
products produced.

4. Simplicity in the maintenance and operation of a plant
that was going to be located in a somewhat remote
area.

5. Relatively low operating and maintenance costs.

0. Relatively low-energy consumption,

7. Minimization or climination of significant plant
clfluents.

8. Plant would complement the existing bulk-blending
operations,



Basic Design Criteria

The following criteria were used in determining the
plant design:

1. The plant was 1o be built in the tropics and planned to
USC Ure as o raw malterial,

-

2. Plant design necded 1o incorporate the maximum
fexibility in operation and production. From i produc-
ton viewpoint it was known that supply and cost would
dictate the kinde of products made and that these Tae-
tors would be constantly chaneing. 1t was felt that both
multinuiient and sinele nuirient products, as well as
micronutricnis, would be needed.

Ao Sereenmg and crshine was particularly important
because farmer aceeptance ol a “compacted” fertilizer
WS i NLAJOr coneern,

d|
Raw Material

Dust Collection

4. The plant design needed to be such that bulk blending
and/or compaction was a possibility,

‘N

The heat generated at the compactor needed to be dis-
sipated quickly because this affeets the product hard-
ness and potential for caking problems,

After a thorough evaluation of these considerations,
the following process How was linalized (Figure 1.

The AT Sackett & Sons Company was sclected to
design the plant and supply most of the equipment except
for the compactors.  The compactors were purchased
from Koppein of West Germany. Some equipment, such
as hoppers and structural steel. was fabricated locally
according to Sacketts design and drawings. A more
detailed discussion of the project is given in the following
paper.

} ) Z? Grinding

At o

_LQﬂé 'T‘J o _Lﬂ ¢

Raw Material Feeding,
Waighing, and Mixing e~

Crushing and
Screening
(2 trains)

o= Compaction (2 trains)

Figure 1. Flowsheet of the “ERQUIGUA Fertilizer Compaction/Granulation Plant.



Comipaction of NPKs in Guatemala

Crstian Rodrigaes, General Manager, FEROUTGUA

introduction

Ouwr fertilizer group v now 1 vears old. The oldest

bulk-blending plant wies built m 1977 on the south coast of

Guatemaby in Escointla, Guraenho bulk materials were
mported through B saividor oo oar first plant which has
a bulk raw muterial storace capadity of 6,000 m and o
bagged product storaee capacity of 200600 mt This plant
tapidly became too small for supphving the markat when
FERTICA ohandoned the Guatemala market and when
Plended products woeee immediately aceepted by our cus-

tomers. Therclore, o second Lacility was constructed on

the name site and was ondream by 199911 has o bulk raw

ey storape capaatts of oo mi and o bagged

product stotame capaeny of D00

Duc o polinead prodicins in £ savador, waich con-

tnue o this day, using the Acajutia port of B Salvador

bocame danccrous: consequently, i 1950 & port facility

wits constracted 5 km fron the Guatemalan Atlantic port
of Santo Tonus, Not only did - this facility supply the
et plants with raw maderials, but this piam opened
new marketscmcluding the Del Monte Banana Company,
whoseinstalkations are 45 km from oer plant. This plant
also made possii-le the constiuction of a4 new blending
plant i Teeniuts, which by aperagions in 1987, The
Adantc Laciliny holds 10000 mt of ba!t materials and
A0t o baeed product 1 can recen e up to 3,000 mi
Ciuipment

datly frome the port using onr own discharnivg

and coan ok 5000 me of bulk or baveed product. Aller an

eapansion o197 the eculutan prant holde 16,000 mit of

bulk product and 0,000 mt of bageed producr. Our present
modus eperandi calls for the Feealutan prant o supply all

)

blends for tntensive vepctable ctops nsing 13 ditferent raw

materialy while Escuinthe coners the south const and high-
ands phis bagging wica aod ammenivm sulfate imported
through the Pacific port. The Atlantic acility bags urea,
muriate of potash (MOP), and ammonium sulfate, Pre-

sent production for all faclities is about 0,000 mt of

NPES produced i Teculuion 0000 mt of NPKs and
SO mt of baggeed product in Bxenintla, and 60,000 mi
bagged in Santo Tomas,

Compaction/Granulation Plant

Even though bulk blends have a wide aceeptance in
Guatemala, especially with the progressive fanner, a smail

segment of the market never has aceeptad blends, prefer-
ring the uniform colored homopencous NPKs from
Europe. Until 1984 our company imported small quan-
titics of these NPKs to satisty this demand. One reason for
the rapid aceeptanee of our blends was that even in our
fowamalvais NPRS, we never used an ineri filler; instead,
weoused grannby ammoniom sulfate as a0 source of
nitrogen and filler, combined with ceanular nrea, MOP,
and diammonium phosplate (DAY, Noncibeless, our
cainpetition has had sueeess inexploiting this Lk of con-

hdence in bulk blends.

Therefore, in 1930 studies were started on the
feasibility of producing a homogencous NPK fertilizer in a
plant cconomically compatible with the Guatemalan NPK
market while also tryving to capture e 209 of the NPK
marhet that nover bought from us. Other considerations
were (1) obtaming Tower raw material costs by huying
standard nstead of granular materials, (2) lower final
product costs by using a filler comtaining, local raw
material, (3) complementing our existing, bulk-blend
plants by producing fillers, and of course (1) being able o
make money operating such o plint. After much discus-
ston, compaction was decided (o be the best alternative
and after visiting: existing, facilities in Canada, Ohio, and
Eutopes Koppern of West Germany was contracted 1o
supply the compaciors. The AL Sackett and Sons Com-
pany of the United States has been widh our company
from the bepinning 11 vears apo; all our blending and dis-
charging cquipment was booght from Nuckett and as-
sembled in Guatemala by our personnel. We wanted (o
take advantage of this special relationship with Sackett:
therelore, the final contract caled Tor Kappein to supply
two I50-mm diameter by 420-mm wide roller presses with
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accompanying cquipment (for example, serow-type foree
feeders, hydrautic pumps, and grease pumps), while Sack-
ctt supplicd the engiiccering and critical raw material feed
and in-process neaterial handling/processing. cquipment,
Our group ascemabled the plant and fabricated hoppers,
ducts, bucket clevaror seements, and such equipment on
focation i Teculutan, Construction of o prestressed con-
crete structure for the Provess cquipnu‘nl, raw m:llcriuls,
and bagged produet storage was begun in 1983 ar |

production of NPRS beyan in Mareh 1087,

Tuble
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FEROQUIGUA - Guatemala®

Primury Feed Hopper
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Tyler series.

The cost of the final compaction/granulation /storage

installation can be broken down as follows:

L4700 m™ prestressed coneret: building covered with
mineral /cement shecting to house machiner and

25,000 me bulk product, 5,000 mt bagged product;
ground  work,  civil  work, and  miscellancous -
LIS $600,000),

2. Koppern: compaction equipment  consisting of two
compactors, accessories, and spare parts=US $950,000
(based on 2,70 DM /US $1.0).

3. Sackett: related process equipment and engineering ~
LIS $800,000).

4. Electrical installation =nd miscellancous - US $200,000.
Taotal: US $2,550,004).

After many fits and false starts, the plant started
production in March of 1987 and compacted 23,000 mt of
NPKs until October 1987, After 2 montbs of maintenance
and some corrective engineering, we began our 1988
season and have produced 50,000 mt to date (October
1985). Acceptance of the product has been so good that
our monthly capacity of 8,000 mt has been exceeded by
sales three times, therefore in peak scason we cannot
produce enough to cover the demand. In 1990 we are con-
sidering expanding to three production lines by adding
another train of cquipment,

Now I would like to describe the compaction plant to
give you a better idea of the concept and workings of the
FERQUIGUA plant,

The flowsheet of the plant (refer to Figure 1) starts
with front end loaders (1) that feed a bulk conditioner,
vhich in turn feeds six material bins (2). A Toledo batch
computer prepares the individual 3-ton batches, [eeding
tae product into a weigh hopper (3) first, then te a d-ton
rotary blender (4). A second clevator raises the product to
a double-row cage mill (5) which grinds the produet to
minus 60- plus 100-mesh and discharges it into a primary
hopper. Reeyele product and primary product are mixed
m i double-shaft pug mill (6) before passing over mag-
netic humps and splitting into two production lines, where
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two chain-tvpe drag conveyors feed the serew-tvpe foree
feeders of the compaction units (7). An overflow is needed
to ensure sulficient how of product to the compactors;
overllow product fiom the chain convevors is conneeted 1o
the flake conveyor beneath the compactors, After COmpi-
tion the flakes are fed through two clevators 1o the
double-deck sereens (8, currently minos 3 plus Somesh,
The sereens divide the material into aversize that is ronted
to the chain mills (93, nndersize that is returned to the pug
mill by i reevele conveyor, and onsize product that passes
direetly to the bapging or bulk hopper. Reler 1o Table |
for typical material size data al various points in the

process,

Fans with dry-tvpe evelones (10) are Tocated in the
middle of the plant arca to colleet Al dust from the dust -
producing arcas, This dust iy ceturned (o the process by
the reeyele conveyor. Fmissions to the outside environ-
mentare practicallv niloas s produet Toss from the system.

AN process conditions are closely monitored  and
recorded meluding the Lrpe munber of variables control-

led by the operator including (1) velociy (quantity) of

fresh feed to the cage mill, £2) production ol fresh versus
reeyele feed to the pug mill, (3) velocity or RPA of the
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serew-type foree feeders, (1) hydraulic pressure on the
floating roller of the compactor, (5) speed of the chain
miills, and (6) size of the final prodact (by changing sereen
stze i neede '), Upon changeover from one product 1o
another, many of these variables change due 1o the dif-
ferent raw material composition of the formulas,

When I spoke carlier of fits and false starts in 1987
during startup operations, [ was referring basically to all
these adjustments and the learning process involved in
(eaching our employees o correetly operate the plant.
After almost 2 years of operating the plant, we have
learned a dot about compaction and the plant has
responded bevond our dreams to most of our objectives.

A summation of the major advantages we have found
- compaction/granulation compared with other granufa-
tion methods follows.

Flexibility - We thought that we would have produc-
tion runs of 2-3 days per formula and consequently would
hive to maintain Jarge stocks of bagged product. How-
ever,we have run as low as 10 tons of product through the
plant and can caleulate closcely a certain formula down to
as litde as 200 bags, cach containing 46 kg, Changing

@ Indicates major process equipment items.
@ Indicates sample points (refer to Table 1).

Figure 1. Flowsheet of the FERQUIGUA Fertilizer Compaction/Granulation Plant,






hoppers is a sure headache; therefore, we can shut down
the flow to one fine and keep the product in the hoppers
moving,

Difticulties/Disappointments - There are some things
that arc difficult in the plant, such as compacting any
matcrial that is wet. Some raw matcerials compact better
when they have 197 or 267 water added to enhance the
compactibility of the product. But gencrally speaking any
product with 47 or more water is very difficult to work.

After passing the product through the double row cage
mill, basically where we grind the urea sinee all other raw
materials arc fine, the product is very hygroscopic, and any
time we stop the production process it is very difficult to
start again. Also any dust that escapes the dust collection
system rapidly turns (o water duc to the urea content in
the NPKs. Therefore, its difficult to maintain this plant as
clean as the bulk-blending plant, for example. However,
after seeing quite o few fertilizer plants, ¢ consider our
complex cleaner than most.

Wetve also had problems with the dust collection sys-
tem due to the hygroscopic nature of the products. Dust
sticks to the ducts and upen turning off the fans for any
reason, any product deposited inside the ducts rapidly be-
comes very moist and very difficult to reeyele.

However, we consider these problems minor, and even
though difficult to solve, we can casily live with them. In
svathesis we are so happy with the system that we would
like to offer our plant to anyone for tests of the compac-
tibility of different produets. We would also he willing (o
help anyone with the design of a similar compaction plant
and/or the transfer of our knowledge and experiences to
other plants. Feel free to contaet us directly or through
Sackett for any consultations or trials that interest you.
Our plant is not a pilot operation, therefore we need time
to sct up any trials that yvou might have, and from October
until February is our slack scason, when we have time for
any such trials.
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Raw Material Requirements for Quality Bulk Blends

Mabry M. Handlcy, Dircctor of Technical Serviees, IMC Fertilizer, Inc.

Abstract

A high-quality bulk-blend fertilizer should have the
correct analysis, be free-flowing, thoroughly mixed, essen-
tially nonscgregating, and nonhygroscopic.  To obtain a
bulk-blend fertilizer of such high quaiiiy it is necessary to
choose raw materials of known chemical composition, mix
enly materials that are compatible, and closely match the
particle size of the various components.  Whenever the
particle size of once or more of the components diverges
10% or more from the average particle size of the other
constituents, excessive segregation will most likely orcur.

Introduction

The sclection of raw materials for the production of
quality bulk-blended fertilizer is a subject ihat has been
cxplored in great detail in the past, but is also onc that
deserves review periodically because of the rapid changes
taking place in the use and distribution of bulk-blended
fertilizers,

A high-quality bulk blend has certain important
propertics.

It should be [ree-flowing,

[t should have the correct analysis.

It should be thoroughly mixed.

It should be essentially nonscgregating,
It should be essentially nonhygroscopic.

Thercfore, the first steps in sclecting materials are to
chose those with a known chemical analysis, mix only
those known to be compatible and scleet materials which
are closcly matched in particle size.  Even when the
operating procedures and cquipment are perfeet, if the
nutricnt contents of the raw materials arc not cor.cct or if
the matcerials arc not size-macched within certain limits,
the final product will not meet guarantecs.

Properties oi Raw Materials
That Influence Bulk Blends

Each of the N, P and K raw materials used in bulk-
blended fertilizers has unique chemical and physical

propertics 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
Urca,

5. Ammonium phosphates.
4. Ammonium sulfate.

5. Potassium nitrate.

o

All of these products zre relatively casy to transport,
store, and handle. They can be shipped in barge, ship,
boxcar, hopper cars, and trucks, in cither bulk or bags.
Storage can be provided in any type of building that has a
substantial floor such as treated concerete or asphalt and
has weatherproof roofl and walls.  They can be handled
with short augers, draglines, belt conveyors, or front-end
loaders,

All solid nitrogen products will absorb moisture from
the atmospkere when the atmospheric relative humidity
exceeds the eritical relative humidity (CRH) of the
product.  Table 1 shows the CRH of some nitrogen
maltcrials at 30°C.

Table 1. Critical Relative Humidity of Some Nitrogen

Fertilizers

Critical Relative

Material Humidity at 30°C
(%)
Ammaaium nitrate 59.4
Urca 72.5
Ammonium sulfate 79.2
Potassium nitrate 90.5
Monoammonium phosphate 91.6

Whenever two or more sources of solid nitrogen arc
combined the critical refative humidity for the combina-
tion is usually lower than that of the individual salts.



Table 2 shows the critical relative humidity of some
nitrogen mixtures at 30°C.

Table 2. Critical Relative Humidity of Mixtures of
Nitrogen Matesials

Critical Relative

Material Humidity at 30°C
(%)
Urca and potassium nitrate 65.2
Ammonium sulfate and ammonium nitrate 02.3
Ammonium nitrate and potassium nitrate 59.0
Urca and ammonium sullate 56.4
Ammonium nitrate and urea 18.1

Some nitrogen muterials will react with other plant
food sources to create severe caking problems in bulk or
hagged storage.  An example of a reaction of this type is
onc that may occur when triple superphosphate and am-
monium sulfate are combined.
Ca(H2PO4): + (NH):S040-  2NHLH:POs  + CaSOs
Ammonium

sulfate

Monocaleiimn
phosphate

Monoammonium  Gypsum
phosphate

When this reaction oceurs in a pile or bag, scvere
caking may result,

Several other combinations can also have reactions, A
chart developed by the Tennessee Valley Authority
(TYA) shows chemical compatibility of some common
blend materials,

Phosphate Raw Materizls
The major sources of phosphate used in bulk-blended
fertilizers are:

Ammonium phosphatcs,
Triple superphosphate.
Normal superphosphate.

Sl

These products are casy to handle and store in a
granular form. They are not so hygroscopic as nitrogen
products such as ammonium nitrate and urca and unless
they are stored under very severe conditions of humidity,
they will usually remain free-flowing,

The most common grades of ammonium phaosphates
uscd in blending are:
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1. 18-46-0.
2. 16-48-0.
3. 12-48-0.
4. 12-36-0.
5. 1-52-0,
6. 10-50-0.

Diammonium phosphate (18-46-0) can relcase small
amounts of frec ammonium under conditions of high at-
mospheric temperature and high humidity. I this am-
monia is released in the presence of trinle superphos-
phate, a rcaction can take place which caus.s he mixture
to "cake." Usually, however, this reaction is of little conse-
yuence in bulk blends,

Potash Raw Materials
The most common forms of potash used in blending
are:

Muriate of potash, usually sold to bulk blenders as a
coarse or granular matcrial in the form of natural crystals,
compacted product, or crystals formed from dissolving
and recrystallizing muriate salts,  The coarse matcrial
usually falls in the size range of minus 8- plus 28-mesh,
ard the granular muriate is usually in the size range of
minus 6- plus 20-mesh. Roth of these products arc casy to
handle and store.

The critical relative humidity for granular and coarse
muriate of potash is 83.0% at 30°C.

Sullate of potash is sold to bulk blendcrs as a granular
matcrial in the size range of minus 6- plus 20-mesh. This
product has a critical relative humidity of 96.3% at 30°C.

Potassium nitrate is sold as a prilled product in the size
range of minus 6- plus 20-mesh. This product has a criti-
cal relative humidity of 90.5% at 30°C.

Sulfate of potash-magnesium is sold to blenders as a
coarse product in the size range of minus 6- plus 28-mesh.
This product has a critical rclative humidity of 92.0% at
30°C.

Physical Properties of Raw Materials
That Influence Bulk Biends

Particle Size

Segregation of bulk blends is a continuing problem in
the fertilizer industry. 1t is usually considered to be the
result of incomplete mixing or subscquent unmixing of the
plant food materials.  When such segregation occurs 2
sample taken will ot have the guaranteed chemical coin-
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position.  This, of course, presupnoses that ali of the
proper amounts of plant food were introduced into the
formula and none were lost during the mixing process.

It is important to recognize that many cecorded
deficiencies are a divect result of improper formulations,
for example, failure to add the correct quantitics of con-
stituents or the loss of some of the plant food values
during the mixing siep. It is cqually important to recognize
that sampling techniques can lead to apparent segregation
or deficiencies in analvsis. How and where a sample is
taken and the way the sample is prepared have a definite
bearing on the analysis. Mapy deficiencies are believed to
reflect problems with uniformity rather than actual dehi-
ciencies in average composition.

Now that segregation has more or less been defined,
one mor: basic fact should be considered. Some segrega-
tion is virtually impossible to avoid in manufacturing
mixed fertilizer.  To completely avoid it, the current
mcihod of manufacturing mixed fertilizers would require
homogencous materials rather than the heterogencous
ones we anust use. Any mixture of heterogencous
products will show tendencies toward scgregation. All
that can be done is to work to reduec this tendeney to ac-
ceptanle tolerances,

It is generally known, from studics at TVA and by
others, that differences in particle sizes between blending
materials have a much greater cffeet on scgregation than
any other paramecter, including density and particle shape.
Closcly size-matched materials produce a blend having a
low tendency to scgregate,

The real problem in scgregating malterials is how
closely the material must be size matched to prevent
problems.  TVA ficld experiences indicate that if cach

particle size fraction of materials used in blends is within
107 of the average particle size of all the materials used
in the blend, significant segregation is unlikely to occur, If
the size fractions are within 209 of cach other, scgrega-
tion may not occur to any great extent provided the blends
arc carclully handled and anti-segregation devices such as

baffles arc used.  Ary difference greater than this is very
likely to cause proviems.  Fer really reliable control of
size, a blender needs to obtain complete and reliable
screen analyses on all of his blend materials from the sup-
plicrs, or run his own screen analyses. The compatibility
of a typical diammonium phosphate with a coarse grade
of muriate of potash as well as that of DAP with a
granular muriate of potash can be determined graphically.
An casy way to compare the different materials is to plot
their sereen analyses on a graph. The closer the materials
arc in size the closer the curves will be and the less the
teadency for segregation.,

In conclusion, onc can predict the scgregation ten-
dencices of fertilizer blends. The smaller the divergence in
particle size the less is the chance of segregation,  Again,
blends with no more than 109% divergence show good ficld
stability, thosc of between 10% and 20% differences will
be aceeptable if handled gently.  Any greater variation in
particle size may cause the mixture to segregate after it
has been blended.  Size matching of matcerials 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

James J. Schultz, Fertilizer Production Specialist, International Fertilizer Development Center

Abstract

NPK fertilizer plants based on bulk blending cost less
to build and arc casier to operate than comparable sized
granulaion plants. Bulk-blend nlants have more Nexibitity
than granulation units, bhoth in ch; inging formulations and
in the number of formulations that can be made.
However, because of the tendeney of mixtures of dry
materials to sewrepate during handling unless all the com-
ponents are well matched with respeet to particle size,
bulk-blended fertilizers are ofien less homouencous than
granulated products. This paper discusses the technical
and cconomic advantages and constraints of hulk blending
and granulation,

Introduction

Bulk-blended fertilizers offer certain cconomic, techni-
cal, and agronomic advantages over homogencous
granular fertilizers (compounds). However, blends arc
also beset with some disadvintages. The advantages and
disadvantages are sometimes exaggerated or distorted
depending upon one’s point of view or ubjective, This
paper will attempt (o objectively appraise the relative
merits of these two basic forms of multinutrient (NPK)
fertilizer (blends and compounds).

Economic Factors

In discussing the cconomic merits relative 1o the
production of blends and compounds, it is important to
look at the major economic components of cach produc-
tion method - these include (1) fixed capital investment,
(2) working capital required for raw matcrials, (3) fixed
and varitable conversion costs, and finally (4) raw material
costs. A discussion of cach component follows.

Capital Investment

Fixed Capital - As illustrated in Table 1, the fixed capi-
tal portion of the total investment nqum.d for a grass
roots bulk-blending facility is only about 20% of that re-
quired for an equivalent ammonium  phosphate-basced
NPK granulation unit. In this example, both nlant invest-
ment estimates arce based on a grass roots facility (cost of
tand not included) at an assumed water port location. An

annual production of 200,000 mt at 80% capacity utiliza-
tion is assumed.  In both cases, storage facilitics for raw
materials and finished products represent a considerable
percentage of the total fixed investment - about 56% for
the blending plant and about 204, for the granulation
plant. Since these investment cstimates assume importa-
tion of all raw materials to the plant site, the storage
facilitics are quite large to accommodate large shipments
and provide a reasonable degree of supply sceurity.

Table 1. Capital Investment Estimate~ Bulk Blending
and Chemical Granulation

Cost basis: Mid-1987 US $
Plant location: Caribbean Region
Plant capacity: 200,000 mtpy at 80% capacity utilization

Estimated Cost,
US $ millions

Bulk Chemical
Item Blending  Granulation
Bulk blending unit, battery
limits 0.5 -
Granulation unit, battery
limits - 12.0

Bulk storage and handling

facilities (raw matcerials and

products) 23 1.9
Liquid storage and handling

facilitics (ammonia, sulfuric

acid, and phosphoric acid) - 2.2
Auxtliary and support

facilitics 08 23
Total installed cost 3.6 18.4
Project management and

plant startup 0.2 0.9
Interest during construction 03 1.5
Total fixed investment 4.1 208
Working capital 3.0 38
Total Capital Investment 9.1 24.6
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Working Capital

The relatively large inventory of raw materials and
products, of course, has a significant influence on the re-
quircd working capital which amounts to about
US $5 million for the blending plant (about 557 of total
capital investment of US $9.1 milkon) and US $3.8 million
for the granulation plant (about 159 of total capital
investment of US $24.6 million).

Production Cost

The estimated total preduction cost for a 15-15-15-
IMg-4S-1B product produced by blending and by granula-
tion is showo in Table 2. Raw material consumption data
(production formulas) for this product produced by blend-
ingand granulation are shown in Tables 3 and 4. In cach
case the production cost consists of two major com-
ponents: (1) raw maderial cost and (2) conversion cost.
The conversion cost is further broken down into fixed and
variable items, For the purpose of this discussion, the cost
of raw matcrials is estimated on the basis of the average
fo.b ULS. Gulf Coast prices plus delivery to the plant site.
The prices have also been adjusted upward to correet for
the current depressed price structure which is assumed to
be temporary.  The individual components of these
production cost estimates may vary quite widely from one
location to another. However, the purpose of this com-
parison is to illustrate the approximate differential one
could expecet with the two production methods,

Technical Factors

Process Simplicity

Most people are already well aware of the relative
simplicity of bulk blending compared with the more com-
plex technical requirements of ammonium  phosphate-
bascd or other chemical granulation methods.  Bulk
blending, as can be observed from the above investment
data, requires relatively simple cquipment and operating
procedures. As a result the skills and cost required for
operation and maintenance of bulk-blending units arce
quitc niodest compared with those needed for the more
complex chemical granulation route (about US $2.1/mt
for biending, not including interest on working capital or
fixed capital recovery, and about US $14.1/mt for
granulation).

Product and Raw Material Flexibility

Sinee bulk blending involves only the weighing and
nixing of dry matcerials (except perhaps the use of some
spectal liquid binders), it is a relatively simple niatter to
quickly change from onc product (nutricat ratio and com-
position) to another, This capability is perhaps the major
advantage of blending over granulation.  The ability to
quickly and cconomically change products is further
facilitated by the batch-type method of mixing used by

most bulk blenders. 1n most cases the batch size is in the
range of 1 1o 5 mt,

Table 2. Production Cost Estimate ~ Bulk Blending and
Chemical Granulation

Estimated Cost

Bulk Chemical
Matcrial® Blending  Granulation
(US $/mt 15-15-15-2Mg-4S-113)
Prilled urea 46-0-0 (US $130/mt) - 269
Granular urea 46-0-0 (US $140/m1) 283 -
Granular diammonium phosphate
18-16-0 (US $180/m¢t) 594 -
Standard sulfate of potash magnesium
0-0-22-11Mg-228 (US §75/m1t) - 13.7
Granular sulfate of potash magnesium
0-0-22-11Mg-228 (US $85/mt1) 155 -
Standard muriate of potash 0-0-60
(US $75/nmut) - 14.0
Granular muriate of potash 0-0-60
(LS $85/mt) 159 -
Ammonia 82-0-0 (US $125/mt) - 8.8
PPhosphoric acid 52% P20s (US $150/mt) - 438
Borux 1196 B (US $260/mt) - 23.7
Solubor® 20% B (US $560/mt) 28.0 -
Conditioning powder (US $40/mt) 0.6 0.6
Liguid binder wax/oil (US $300/mt) 1.5 -
Granular filler (US 330/mt) _09 -
Subtotal 150.1 131.5
Variable Conversion Costs
Electricity (US $0.04/kWh) 0.2 2.0
Steam (US 310/ru) - 0.3
Water (US $0.50/mt) - 1.0
Process fuel (US $8.0/million kcal) - 0.6
Miscellaneous chemicals and supplics
including mebile cquipment fuci _03 _05
Subtaotal 0.5 44
Fixed Conversion Cost
Operating labor 0.5 25
Overhead and general expenscs 0.5 25
Maintenance (labor and maicrials) 0.4 3.7
Insurance and taxes (1% of fixed
investment) 0.2 1.0
Interest on working capital (15% of
working capital 38 29
Fixed capital recovery (17.19% of fixed
investment) 35 _178
Subtotal 8.9 304
Total Production Cost 159.5 166.3

4. Refer 10 Tables 3 and 4 for material consumpiion per metric ton of

product (production formula).



Table 3. Bulk Blend Formula for 15-15-15-2Mg-4S-1B
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Material® kg/mt N P:0s K:0 Mg S B
----------------- (kg/mt) - - cmvo
Urca 46-0-0 202 9293
Diammonium phosphate 18-36-0 330 59 152
Sulfate of potash magnesium 0-0-22-11Mg-228 C182 40 20 40
Muriate of potash 0-0-60 ;187 112
Solubor® powder 20% B 50 10
Filler 29
Conditioning powder 15
Liquid binder (oil or wax) 5
1000 152 152 152 20 a0 10
a. All materials are granular except as noted.
b. Typical overformulation to account for process variations.
Table 4. Chemical Granulation Formula for 15-15-15-2Mg-4S-1B
Matcrial® ) kg /mit N P20s K:0 Mg S B
----------------- (kg/mt) - --vcemmmmaaas
Prilled urca 46-0-0 207 95
Phosphoric acid 0-52.0 292 152
Ammonia 82-0-0 70 57
Standard sulfate of potash magnesium
0-0-22-1TMg-228 182 40 20 40
Standard muriate of potash 0-0-60 187 112
Borax 119, B 9 10
Conditioning powder 15
Product moisture 3
1,049
Watcer evaporation =49 . . . _ _ .
1,000 152¢ 152* 152° 20 40 10

a. Typical overformulation to account for potash variations.

Bulk blending is also very flexible with respeet to the
number of grades and nutrient ratios that can be prepared
from a few basic raw materials.  This is illustrated in
Tablz S, In this example seven nutrient ratios can be
prepared from three basic raw materials —urea,  diam-
monium phosphate (DAP), and muriate of potash (KCl).
Likewise, since no chemical processing is involved, a rela-
tively large number of raw materials can be used to
produce a given product provided the materials are chemi-
cally and physically compatible,

A chemical granulation plant is operated on a con-
tinuous basis and is much more restricted with regard to
the number of grades that can be produced and the raw
materials that can be cconomically processed.

In a typical NPK granualation plant about 4-12 hours
arc required for the plant to come to cquilibrium when
changing from onc grade to another. This "grade change
period” varies quite widely depending upon the magnitude
of the change and the specific process and operating
parameters. The change is usually made without totally
interrupting the operation.  However, during the grade
change period the production rate is usually decreased
and the raw material feed rates are adjusted 1o bring
about the desired change in analysis (grade) as quickly as
possible. During the grade change period, the product is
continually discharged to storage and is usually routed to
onc of three locations— (1) the former (old) product bin,
(2) the new product bin, or (3) an off-specification or
"rework” bin. However, in most cases the accumulation of
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ofl-specification (rework) produet is avoided for obvious
reasons,

Table 5. Example of Bulk Blends That Can Be Prepared
“rom Three Raw Materials

Nominal OQuantity of Raw
Nutrient Maximum Grade ~ Muterial Ruluirg_-gl;'m
Ratio N PO KO Uren DAP MOP
—————— (C0)----- oo (kn/mt) - -
101 {9 19 1o 201 RERS A2
113 11 i1 35 159 255 ANO
1:2:1 15 3 15 75 6HOHY R
2401 26 13 13 432 203 225
2:2:1 R 22 11 310 409 191
R R 3 10 10 ol ] 226 173
SHR M S S 070 184 140)

a. Raw materiad analvsiss urea 4070 N DAP 1877 N and
077 P2O<, and MOP 6077 KO,

Flexibility in Capacity

Blending plants are also very flexible with respeet 1o
capacity. Since the process is usually operated on o batch
basis and no process chemistry s involved, it is a relatively
simple matter 1o change the daily or annual capacity
simply by changing the Jength of the workday,  For ex-
ample, a S-mt bateh blending plant could produce from
about 250 mipd 1o about 750 mipd depending upon the
number of hours the umit is operated. Such flexibility in
capacity would be very uncconomical o achieve inoa
granulation plant,

Incorporation of Micronutrients

The uniform incorporation of micronutricnts into
granular bulk bends is quite difiicult because of the small
quantity usually required (often about 1-10 kg/mt) and
the lack of certain micronutric ' sources that are of the
proper particle size=be it a line powder or a granula
matertal.

On the other hand, granulation offers a very effective
nicthod for incorporating & wide viricty of sccondary and
micronutricnts into & homogencous and stable product,
However, even with granulation certain precautions must
be tuken to avoid unwanted reactions that may adversely
cffeet the solubility of the micronutrient and its possibie
agronomic cflectivencess.

Product Quaiity

The quality of bulk blends is almost complcetely deter-
mined by the quality and compatibility of the raw
materials.  For this reason, it is essential that the raw

materials used for blending be chemically compatible,
properly matched with respect to size, and sufficiently
durable to resist degradation during handling.  Although
the required high-quality raw materials for bulk blending
are available in the international marketplace, olten, for
ceonomic reasons they wre nat alwavs used. Substitution
of fess costly raw materiads that do not meet the relatively
rigid specifications required for the production of high
quality butk blends almost alwavs leads to segrepation and
other problems related 1o product quality and agronomic
performance.

Most granudation plmts, on the other hund, are noi <o
restrictive refative to raw material quality. Such plants, in
fact,  require nongranular raw materials for optimum
results. The ability of most NPK granulation plants to use
a wide variety of fess costly nongramular and sometimes
off-specification raw materials s a major advantage of
such plants. However, o indicated in Table 2, the cost of
processing the lower cost raw materials into high-quality
homogencous graclar products may partially or com-
pleteiv offset the savings in the cost of raw materials,

Agronomic and Marketing Factors

Agronomic Performance

It is important to emphasize Liat the agronomic per-
formance of fertilizers can be siondicantly affected by the
methaod of production. In the case of blends, free flowing
homogencous mixtures are essentiad for optimum perfor-
mance on most crops. Caking and segregation caused hy
incompatible sizes and/or inadequate particle size dis-
tribution or other technical faults will often result in an er-
ratic crop response to the applicd nutrients, The erratic
response 1s more apt to occur on the shorter growing
scason food crops than on the 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 by unwanted
chemical reactions and other unfavorable process condi-
tions. The solubilities of phosphate and  certain
micronutricnt compounds arc most likely to be altered if
care is not taken in the sclection and control of the
granulation process.  Even with granulation, segregation
of the nutrient sources {especially potash) can oceur if
care s not taken in selecting and controlling the particle
size of the raw materials fed to the process.

Appearance and Farmer Acceptance

The raw materials (nutrient sources) used to make
bulk blends are often quite contrasting in color - ranging
from white to shades of brown and red. The difference in
color of the individual nutrients, and therefore the multi-
color appearance ol blends, often causes some initial
resistance from dealers and farmers who are accustomed



to a homogencous granula- product that is uniform in
color. On the other hand, the visibility of the individual
nutrients in a blend may offer some assurance to the
fareacr that he is reeciving the product deseribed on the
Label This visual assurance is especially of value i the
farmer suspects that the fertilizer may have been adul-
terated. Coloring agents are sometimes added o blends
to achieve a more uniform color or to relate a particular
blend to a certain crop - for example, hlue for sovheans or
green for maize. In any case, the suceesstul introduction
of bulk blends into the marketplace must tike into
consideration the appearance of the product as well as its
performance. The dssue of appearance becomes less
important once the farmer becomes convineed that the
product’s performance cquals or exceeds bis expectations.

Field Application

Uniform application of applicd nutricnts is o prerequi-
site 1o optimizing agronomic performance and therefore
Farmer acceptance. Well-manufactured (nonscgregating)

blends and homogencous compounds would be expected
band-placement
il spinner-type broadeast

to perform the same whether point- or
methods are used.  However,

7

application techniques arc used, inferior results may result
from some blends. This is because of the difference in the
ballistic characteristics of the individual raw material par-
ticles due to variations in density, shape, and surface tex-
ture. The individual particles (granules) of homogencous
compounds are more uniform with respeet (o density,
shape, and surface texture: therefore, o more uniform dis-
ribution of the nutricnis would
compounds,

expected with most

Conclusion

From this discussion it becomes clear that blends and
compounds exhibit important advantages and disad-
vantages with regard to cconomics of production, produc-
tion technology, and farm-level use. The relative impor-
tance of cach advantage and disadvantage is often highly
dependent upon local conditions, Nevertheless,  a
thorough understanding of the possibie problems that may
be encountered when introducing bulk blended products
to the farmer is needed 1o ensure the greatest level of
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Econemic Comparisons of Selected
NPK Fertilizer Production Alternatives

James I, Schultz, Feruilizer Production Specialist, and

Nam D. Le, Chemical Engineer (Project Analyst), International Fertilizer Development Center

Abstract

World production of all fertilizer products currently
amounts to about 400 million tonnes annually containing
about 136 million tonnes of nutrients (N + P20s + K:0).
Of this amount, about 50¢¢ is produced in some form of
granule.  The granule size of individual products varies
quite widely depending npon the production process and
location (market preference). However, in most cases the
particle size range of “granular” fertilizers is usually be-
tween 1 and S mm.

This paper will examine, in a comparative way, the
cconomics of four basic mcthods (production tech-
nologics) commonly used to produce a major portion of
the world’s multinutricat (NPK) products which amount
to about 157 {about 60 million tonnes annually cxciuding
binary products such as ammonium phosphate) of total
world fertiliver production.

Brief Description of Selected
NPK Production Technologies

A very brief deseription of the forr basic WNPK produc-
tion technologics examined in this pap.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 technology refers to the physical mixing
(blending) of granular fertilizer materials (raw materials)
without the intentional introduction of chemical reaction
or modification (¢nfargement) of the particle size.  The
raw materials used for bulk blends arc usuallv granular in
form and arce also often sold as finished products, for ex-
ample, urca, diammonium phosphate (DAP), and muriate
of potash (MOP). In somce instances, nongranular or
semigranular materials are used to prepare blends;
however, this practice usually leads to a lower quality
product. In the context of this discussion, a distinction is
also made between “prilled” and "granular” urca. While

technically both products are granular, the particle size of

most prilled urea is too small (often less than 1 mm) to
remain homogencously mixed with other common
granular materials such as DAP and MOP which arc sig-
nificantly larger in particle size (often about 2.5 mm
average).

Compaction Granulation

In this process mechanical foree is used to form densc
particles (granules) from finely divided (nongranular)
solid raw materials. With compaction granulation the dry
materials are first proportioned and thoroughly mixed to
achieve the desired nutrient ratio (fertilizer grade). The
mixture is then continuously fed to a pressure-roll com-
paction machine which forms the powdered mixture into a
dense, hard sheet of material usually about 2-3 em thick.
The sheet is subsequently crushed in a controlled manner
to form smaller particles. The crushed material is
sereened to obtan the 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 chemical
rcaction is involved in the process although the raw
material  properties (especially  chemical - compatibility,
thermal characieristics, and plasticity) have a major in-
flucnce on the performance of the process.

Steam Granulation

The raw material feed requirements, especially particle
size, and method of proportioning and mixing for stcam
granulation arc very similar to those of compaction
granulation. However, with stcam granulation heat and
moisture  (stcam and/or water) are introduced to the
granulation cquipment (usually a rotary drum-type or
pugmill-type granulator) to provide sulficient liquid phase
and plasticity to cause the dry raw materials o ag-
glomerate 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 in
granulation and improve product quality. The moist and
plastic granules are dried in a rotary drum-type, fucl-fired
dryer, and screened to remove the product-size fraction,
The rejeet material is recyeled to the granutator, In some
cases it 18 also necessary to cool the material cither before
screening or after screening depending upon the fertilizer
grade and local conditions.  H cooling is required, it is



usually performed in a rotary drum-type unit that is very
similar to the rotary dryer,

Chemical Granulation

Chemical granulation 1s the most complex of the four
methods evaluated in this paper. The chemical granulation
process is very similar to the previously deseribed steam
granulation process except that most of the liquid phase
required to achieve granulation is obtained by reacting,
ammonia with phosphoric acid and/or sulfuric acid. Some
processes also involve o significant reaction between
ammonia and superphosphate. Much of the ammonia-acid
reaction is often performed outside the pranulator cither
i Trype vessel (prencutralizer) or inoa pipe-type
reacton, oo many cases steam,  water,  and  additional
ammonia and acid are also fed o the granulator o opti-
mize the granulation chatacteristics for cach particular
formukation. In most NPK chemical granulation plants, a

moa tar

significant amount of solid raw materials is also used. The
relationship between the consumption of solid and liquid
raw materiads is determined by a number of variables, in-
cluding (1) required notrient ratio and solubility (fertilizer
grade), (2} liquid phase requirements, (3) heat of reaction
and temperature fimitations, and (1) process plant equip-
ment capacity and operating criteria.

Feonomic Comparisons
The four basie NPR produciion technalogics: (1) bulk

blending, (2) compaction granulation, £3) steam granula-
tion, and (4) chemical granulation are compared in terms
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of (1) fixed capital investment, (2) conversion cost (not in-
cluding raw materials), and (3) production cost
(conversion cost plus raw material cost).  The premises
and assumptions used in this evaluation together with a
discussion of the main cconomic characteristics follow.

Premises and Assumptions

All estimates (mid-1987 US $) are based on a grass-
roots production facility in a developing country location
with an existing industrial infrastructure where the invest-
ment cost is assumed to be about the same as that of a
ULS. Gull Coast location. Convenient aceess 1o an ocean
port is assumed and the cost of Tand is not inclnded. All
raw materials are assumed to be purchased from interna-
ttonal sources at the indicated Lo.b. prices which,  of
course, can vary quite widely. The fob. prices were
increased by US $30/tonne fTor solid materials and
US $40/tonne for liquid materials to arrive at an assumed
delivered cost to the plant site. Storage facilitics (capacity)
for dry and liquid raw materials are based on importation
of raw materials in 3,000- to 5,000-tonne lots and an
approximate 2-month inventory at the plant site.

The base case capacity of cach NPK production unit is
F20,000 tonnes/vear at 75 capacity utilization.  This
translates to 160,000 tonnes /year at 10092 capacity utiliza-
tion assuming 330 days per year,

Fixed Capital Investment Estimates
As indicated in Table 1 and Figure 1 the estimoted
fixed capital investment for the four production schemes

Table 1. Estimated Fixed Capital Investment for Various NPK Production Processes — 120,000 Tonnes Per Year at 75%

Capacity Utilization

Battery-limits process unit
Bulk storage (dry raw materials and products)®
Bagged product storage”

Liquid storage (ammonia, phos}phnric acid, and sulfuric acid)*
[8

Auxiliary and support facilitics
Total Installed Cost

Project management and startup®
Inierest during construction'
Total Fixed Capital Investment

NPK Praduction Pracess
Bulk Compaction Steam

Chemical

Blending  Granulation  Granulation Granulation
R R LT (US$x1million) -----cnoueoooo
0.4 4.6 59 94
1.6 1.6 1.6 1.1
0.5 0.5 0.5 0.5
- - - 1.6
(.4 1. 1.2 1.9
0.1 0.4 0.5 0.7
02 06 0.7 12
3.2 8.7 10.4 16.4

a. 22,00 tonnes total, except 13,000 tonnes for chemical pranulation,

b, 5,000 tonnes total,

¢ 3000 tonnes cach for ammonia, phosphoric acid, and sulfuric acid.

d 159 of cost of process unit and total storage facilitics.
e 5% of total mstalled cost,
I 8% of total installed cost
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Table 2. Estimated Conversion Cost for Various D
Utilization

Fixed Cost"

Operating labor

Overhead and general c.\'pcnscsh
Maintenance (labor and matcerials)
Insurance and taxes'

Fived capital recon cr_x"I

Subtotal

Yariable Cost

Flectricity (US $0.04/kWh)

Steam (US $1H0.0/tonne)

Water (US $0.5/tonne)

Fuel (US $8.0/million keal)

Bags

Contract Libor (hagping)
Miscellancous chemicals and supplies
Subtotal

Total Conversion Cost (not including raw materials)

<PK Production Processes - 120,000 Tonnes Per Year at 75% Capacity

NPK Production Process

Bulk Compaction Stcam Chemical
Blending  Granulation  Granulation Granulation
------------- (US $/tonne product)- - - - -~ - - - - - -

14 2.9 29 35

1.4 29 29 35

0.5 2.6 3.1 4.8

0.2 0.6 0.8 1.2

46 124 148 23

81 214 245 363

0.2 2.0 1.2 20

0.0 0.0 0.6 0.3

0.0 0.0 0.5 1.0

0.0 0.0 14 0.8

10.0 10.6 10.0 10.0
1.0 1.0 1.0 1.0
03 05 07 10

115 135 154 16.1

19.6 349 399 524

a. Relerto Table 1 for total fixed capital investment estimates,

b 1005 of operating labor,
¢. LO%0 of total installed cost,

d. 17170 of total fixed capital investment (15 years at 15% annual interest rate).

20 Basis: 120000 tonnes per year at 7500 capacity utilization.
| Develeping-country ltocation.
g 1987 US §
| US $ 164 Million
15+
]
o
E] i US $10.4 Millian
g 10- R
= U3 587 Mllllon ]
5- I J '
US $3 2 Miltion [ 1
r 1 ! i
! ! i '
! 1\ ' 1 !
17 R SRS R U SR O I
Bulk CUHIDdC(IUH Steam Chermr:nl
Blending Granulation Granulation Granulation

Figurc 1. Approximate Fixed Capital Investment for
Various NPK Production Processes.

varies from a low of US $3.2 million for the bulk-blending
plant to a high of US $16.4 million for the chemical

granulation facility. In the case of the bulk-blending plant
the storage facilitics represent about 65% of the total
fixcd capital investment, whereas storage facilitics account
for only about 209%-24% of the total fixed investment in
the morc costly compaction, stcam, and chemical granula-
tion units.

Conversion Cost Estimates

The cstimated conversion costs (not including raw
materials) for the four NPK production processes are
summarized in Table 2 and Figurc 2. The conversion cost,
bascd on 120,000 tonnes/ycar and including bagging but
not rav' matcerials, varics from about US $20/tonnce for
bulk blending to about US $52/tonne for chemical
granulation. In all cases fixed capital recovery (based on a
I5-year plant life and a 15% annual interest rate) repre-
sents the largest fixed conversion cost item and ranges
from about 23% of the total conversion cost for Hulk
blending to about 44% for chemical granulation. The cost
ol bags represents the largest variable cost item (excluding
raw matcerials).
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60~  Basis: 120,000 tonnes per year at 75% capacity ulilization.
?;gf'ﬁ‘g"é"m"""y focation. Estimated Raw Maierial Cost
S $52.4/Tonne It Is difficult to preciscly cvleuznl({ the cost of raw
6. materials for the four NPK production processes cx-
%0 - aminced in this paper because of relatively large variations

in prices caused by international market conditions, quan-
tity of purchase, occan freight rates, and a variety of time-
US $398Tonne and site-specific conditions. However, for the purpose of
407 154 this evaluation average mid-1987 international prices
US $349/Tanne — ~]363 (f.o.b. Western Europe and United States) were used as a
13 . basc. As j.ceviously indicated, these prices were increased
hy US $30/tonne fos solid matcrials and US $40/tonne for
liquid matcrials to arrive at an assumed dcelivered cost 1o
the plant site.  These data are summarized in Table 3
: using 15-15-15 as an cxample product.  The 15-15-15
US $19 6/Tonne a4 ’ o nroduct was used because it is one of the most common
__,,.]c;:m : o L NPK products manufactured and sold on the world
, E market.  Typical production formulas (raw material con-
I sumption) for the NPK 15-15-15 produced by the four
10 " processes arc shown in Table 4. According to these
Fued criteria the cost of raw malterials is the highest for bulk
blending (about US $139/tonne of 15-15-15).  The raw
material cost for compaction, stecam, and chemical
granulation is about US $10-512 lcss (about
US $127-$129/tonne of 15-15-15).

30

US S per Tonne Product

20 -

0 S

lil;“i A .Comu.m!m}r”” 7 Sleam
Blending Granutatien Granul,

Chemical
Geannl

Figurc 2. Approximate Conversion Cost (not including It is important to emphasize that the compaction,
raw materials) for 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 Developing
Country Location
NPK Production Prociss o
Bulk Compaction Steam Chemiceal
Raw Material™? Blending  Granulation  Granulation CGranulation
------------- (US $/tonne 15-15-15) = - -« o - - - .-

Prilled urca -46-0-0 (US $125/tonne) - 16.6 16.6 133
Granular urca-46-0-0 (US $130/tonne) 5.2 - - -
Nongranular monoammonium phosphate - 10-50-0

(US $200/tonnce) - 60.8 60.8 -

Granular diammonium phosphate - 18-46-0 (US $215/tonnc) 712 -
23.0 23.0 -

Standard ammonium sulfate - 21-0-0 (US $80/tonne) -

Granular ammonium sulfate - 21-0-0 (US $95/tonnc) 33.7 - - -
Standard muriate of potash--0-0-60 (US $95/t ane) - 24.3 243 243
Granular muriate of potash - 0-0-60 (US $105/tonnc) 26.7 - - -
Ammonia-82-0-0 (US $135/tonne) - - - 17.1
Sulfuric acid = 96%. 1504 (US $30/tonne) - - - 20.8
Phosphoric acid - 52%. P:0s (US $170/tonnc) . - - 51.5
Conditioning clay (US $40/tonnc) 0.6 0.6 0.6 0.6
Conditioning binder (US $300/tonne) 1.5 1.5 _ 15 _15
Total 1389 126.8 120.8 1289

a. Indicated raw material prices hased on 3,000-5,000 tonne lots delivered (o plant sit¢ (mid-1987 international f.o.b. prices
plus US $30/tonnc for solid materials and US $40/tonne for liquid materials).
b. Refer to Table 4 for raw material consumption data.
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Table 4. Typical Production Formulus (Raw Material Consumption) for 15-15-15-Various NPK Production Processes®

NPK Production Process

Bulk Compaction Steam Chemical Granulation

Raw Material Blending  Granulation  Granulation Feed Basis  Product Basis

--------------------- (kg/tonne)- - =« - - - oo
Prilled urca—46-0-0 - 133 133 105 105
Granular urca - 40-0-0 40 - - - -
Nongranular monoammonium phosphate - 10-30-0 - 304 304 - -
Granular diammonium phosphate - 18-46-0 33t - - - -
Standard ammonium sullate - 21-0-0 - 288 288 - -
Giranular ammoniun sulfate - 21-0-0 354 - - - -
Standard muriate of potash - 0-0-60 - 255 255 255 255
Granular muriate of potash -0-0-6() 255 - - - -
Ammonia  82-0-0 - - - 127 127
Sulfuric acid - 9677 TLSO., 407 HR0 - - - 261 251
Phosphoric acid- 8277 PO, 200 H:0 - - 303 242
Conditioning clay 15 15 15 15 15
Conditioning binder 5 5 5 5 5
Total 1,000 1L,OOO 1,000 1,000

a. Nutrient content of product (as formulated) is about 2% higher than theoretical to compensate for process and raw

material vartations.

opportunity for buying distressed,  off-specification,  or
byproduct raw materials exists  Such materials can often
be purchased at a significant discount and,  then by
processing,  can be upgraded 1o high-quality NPK
products.  Bulk blending does not usually offer this ad-
vantage occause the production of high-quality blended
NPKs i« highly dependent upon the use of high-quality
granuar aw materials that are priced accordingly.
However, the combination of compaction granulation and
bulk blending at the same facility may be helpful in trans-
ferring some raw material cconomies to 21k blending.

This strategy is a topic that will be examined during the
course of this workshop.

Estimated Total Production Cost

A summary of the cstimated 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
US $181/tonne for chemical grarulation to a low of about
US $159/tonace for bulk blending,

Table 5. Estimated Total Production Cost for Various NPK Production Processes — 15-15-15 Product in Developing

Country Location”

NPK Production Process

Bulk
Blending,
Fixed conversion eost 8.1
Variable conversion cost (less raw materials) 115
Raw material cost 138.9
Total (Bagged Producy)® 158.5

Steam Chemical
Compaction Granulation Granulation
---------- (US $/tonne 15-15-15)- - - - o m e e e e - - -
214 24.5 36.3
13.5 15.4 16.1
161.7 166.7 181.3

a. Refer to Tables 2 and 3 for estimated conversion and raw material cost details.
b. Mid-1987 f.o.b. (West Furope) price of bagged 15-15-15: US $145/tonne plus US $40,/tonne freight and handling equal
US $185/tonne (for comparative purpose only).
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Impact of Capacity £iiliz.:tion

The above production cost data are based on an an-
nual production of 120,000 tonnes while operating at 75
capacity utilization. The effect on the conversion cost and
the iotal production cost (including bagging) caused by in-
creasing or decreasing the annual plant capacity is shown
i Figares -+ and 5, respectively.  In the most capital-
mtensive plant (chemical  granulation) a decrease in
capacity utilization to 5047 (80,000 tonnes /vear) increases
the total production cost to almost US $200/tonne com-
parcd with about US $181/tonne st the base case condi-
tion (Figure 5). The bulk-blending plant, because of its
low fixed capital investment, is least affected by changes in
capacity utilization while the compaction and  steam
granulwtion units are moderately affected compared with
the other process.

Conclusion
This paper clearly illustrates that the fixed capital

investment and conversion costs (ot including raw
materials) varies widely depending upon the NPK produc-
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tion process. It also indicates that the cost of raw
maltcrials from imported sources is quite high and docs
not vary much from one process to the other. Howcever, it
is important to recognize that the feasibility of bulk blend-
ing, while indicated as the most cost-cffective in this
examination, is highly dependent upon the availability of
high-quality granular raw materials and acceptance of the
blended products in the marketplace which traditionally
has been dominated by homaogencous (complex) granular
products.  The granulation processes offer the greatest
flexibility in raw material choicees, o feature that can, in
some cases, lead to significant savings in raw material cost
when compared with the bulk-blending alternative.  The
relative cconomics of the four NPK processes may favor
chemical granulation if the 1PK granulation plant is lo-
cated adjacent to the production facilitics of the required
liquid raw materials (ammonia, phosphoric acid, and sul-
furic acid).
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Practical Experiences in the Granulation

of Urea/Ammonium Phosphates

David Ivell, Senior Chemical Engincer, Norsk Hydro Licensing

Abstract

This paper discusses the practical experiences thi
Norsk Hydro Licensing (NHL) gained during the startup
and subscquent operation of a urca-based granulation
plant in Turkey.  Powdered monoammonium phosphate,
produced on the site, is converted into NP and NPK com-
pounds in a granulation plant.  Merchant grade phos-
phoric acid, ammonia, and potash arc purchased on the
Prilled urea is obtained from a Turkish
filler—is available

world markets.
manufacturer and sand-used as 2
locally,

The monoammoniun: phosphate (MAP) plant consists
essentially of an ammonia vaporizer, a pipe reactor, a
spray tower, and an off-gas scrubber.

The granulation plant is made up of a rotary-drumn
granulator, a dryer, screening cquipment, a cooler, and a
coating drum, along with the usual conveying and dust
removal cquipment. It was designed to produce
L00O mitpd of 15-15-15, 18-18-18, 27-27-0, or 20-20-0 at a
reeyele ratio of 2:1.

Prcliminary operation of the complex was excellent,
Overall cfficiencies were high: 99% for nitrogen and
99.5% for P:0s during the performance test.  Some
problems were encountered with buildup in the grannlator
and in the bag filters in the dust recovery system but these
were solved.

It was concluded that for plants that must import raw
materials the powdered MAP process together with low-
reeyele granulation offers a simple, cfficient, and cconomi-
cal means of producing high-quality granular fertilizer.

Introduction

Norsk Hydro Fertilizers (formerly Fisons) has always
been at the forefront of developments in rotary drum
granulation techniques.

In the United Kingdom most of the work has been
coneentrated on the granulation of compounds based on
ammonium nitratc as the major source of nitrogen,
However in many parts of the world, particularly outside
Europe, arca is a cheap, agronomically aceeptable form of
nitrogen. The process licensing depariment of Fisons (now
Norsk Hydro Licensing, Levington) realized the potential
for processing routes to complex fertilizers that incor-
porate urca as the major nitrogen source. In the 1960s,
therefore, they embarked upon a program of work to
develop suitable processes. This work subscquently
resulted in a large number of “censes heing granted
throughout the world. Of particular current interest is the
granulation of urca/ammonium phosphate mixtures to
produce high nutricnt content complex fertilizers.

In this paper we discuss some of the practical exper-
ience gained during the startup and subscquent operation
of a urca-based granulation plant owned by Toros Fer-
tilizer and Chemical Industries in Turkey.

Background Inlormation on Toros Fertilizer
and Chemical Industrics - Turkey

In 1978, although there were several existing fertilizer
manufacturers in Turkey, demand outstripped production
capacity.  Tckfen Construction and Installation Company
ef Istanbul formed a new company, Toros Fertilizer and
Chemical Industries, in which they were to have a 50%
holding. The new company was formed to produce fer-
tilizer mainly for the cotton producing arca around Adana
in Southern Turkey.

The process operations at the complex involve the
incorporation of pewdered monoammonium  phosphate
produced on site into NP and NPK compounds in the
granulation plant,

The process units were commissioned during the first
4 months of 1981 and the complex was officially opened in
May 1981.  As well as the two process units, it includes
port facilitics, a liquids terminal for refrigerated ammonia,
sulfuric acid and phosphoric acid, storage buildings for
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solid raw materials and finished product, bagging facilitics,
offsites, and utilitics.  Constructors of the complex were
the Tekfen Construction and Installation Company. NHL
of the United Kingdom supplicd the process and "front-
end” engincering for the two process plants and also acted
as a consultant to Tekfen for the wilities and offsites.
Foster Wheeler, Iberia, assisted with the detailed en-
gineering and procured the equipment.

Operations at the factery are based on the importation
ol merchant-grade phosphoric acid, ammania, and potash
purchased on the world market, prilled urea from a
Turkish manufacturer, plus locally available filler.  The
intake and bagging facilitics were also designed to handle
imported, granular fertilizers such as DAP and TSP for
local distribution.

The granulation plant was designed to produce
LOK) mtpd of nominal 15-15-15, 18-18-18, 27-27-0, or
20-20-0 at a reeyele ratio of 2:1.

The NHL Jow reeyele process was chosen because:

L. The low recyele results in significant savings both in
capital and operating costs,

)

Production of a powdcred MAP intermediate results
in a more tlexible operation and  greater plant
availability.

3. No complicated ammonia recovery systems are re-
quired which greatly simplifies the operation.,
Feriures of the Process Units
Powdercd MAP Plant

The flowsheet of the Toros powdered MAP plant is
shown in Figure 1.
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Figure 1. Flowsheet of the Toros Powdered MAP Plant.

Gascous 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 cevaporation of a controlled
amount of water.

The pipe reactor discharges into the top of a short,
natural dranght tower. A specially designed nozzle is fitted
to give a good spray pattern while at the samne time avaid-
ing the formation of encrustations.

The tower is a simple structure which can normally be
installed within an existing process unit building. The
tower walls are fabricated from a plastic covered canvas
which is loosely attachcd 1o a supporting structure at the
various intermediate floor levels. The walls of the tower
arc thus able to fiex naturally to prevent the buildup of
solid material.

The MAP solution from the pipe reactor quickly
solidifics after leaving the nozzle.  As the powder falls
down the tower it is cooled by the flow of air so that it can
be casily handled at the base of the tewer. The base of
the tower is fitted with removable doors, o control the in-
take of ambicnt air for cooling, and a simple rotary
scraper is provided for produet recovery.

The top of the tower is vented s atmosphere through
a simple recirctlating 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 scen there are very few items of equipment,
all of which arc very simple.  As expected therefore the
plant is extremely casy to operate and causes very few
problems.,

NPK Grangiation Plant
The flowsheet for the granulation plant is shown in
Figurc 2. The main features are discussed.
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Figurce 2. Flowsheet of the Toros NPK Granulation
Plant.



Raw  Materials - Pulverized urea prills,  powdered
MAP, and sand for 20:20:0 manufacture are taken from
the individual hoppers at a steady and controlled rate by
fixed speed weighbelts specially designed for the duty
Tight contr Vs required to ensure that the analysis s
maintained  within the narrow,  statutory Jimits  of
tolerance.

Granulation - Raw materials are fed together with
recyeled fines to the ratary-drum granulator.

The process operates with a low reeyele rate and s
therefore granulation-cfficiency controlled;  this means
that the rate of production is determined by the capability
to convert the powdered raw materials to granular
product of aceeptable size during cach pass through the
srranulator.

Granulation cfficicncy is a fupction botk of the physi-
cal properties of the raw materials and of the conditions of
temperature, moisture content, and pH cf the rolling bed
in the granulator. Thu physical propertics of the feed cun-
not e controlled oace the raw maierials have been
sclected for a particular NPK formelation. Achievement
of high granulation cfficicney therefore depends on the
emplovment of optimum  conditions in the granulator,
which involves the use of small quantitics of steum, sul-
furic acid, and ammicnia.  These granulation aids are
added to the rolling bed of material in the drum.

Drying -~ Urca/ammonium phosphate grades arc very
temperature sensitive and therclore low air temperatures
arc used for drying. Accurate control of these tempera-
tures s particularly important if blockages are to be
avoided. A conventional oil-lired air heater is used with
individual automatic controls for the oil and dilution
airflow rates.

To control buildup inside the dryer specially designed,
pncumatically opcerated hammers are installed.  These
have been fourt to be more reliable and more cifective
than mechanical hammers that arc often used.

Matcrial leaving the dryer is sereened and the under-
size stream is returned o the granalator at about the
same temperature as the exgranulator waterial. The use
of hot fines cnables higher granulation temperatures to be
reached.  As a general rule, the higher the granulation
temperature the lower the exgranulator moisture required
for maximum granulation cfficicney, and the higher the
absolute value of that cfficicncy. This in turn reduces the
drying load which cnables the dryer size to be minimized.

Sercening and Crushing - All screens are of the in-
clined screen cloth, clectromagnetically vibrated type.
The angle of the screen and the magnitude of the cloth
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vibration are variable so that screen performance can be
optimized. 1t has been found that this iype of screen gives
the greatest degree of control over particle scparation cf-
ficicncy.  Screening cfficicney is of course crucial in low
reeyele plants siei as this.

Oversize material is cooled before being crushed be-
cause problems can be encountered with buildup in the
pulverizers,  particularly when NPK grades are being
produced, if the material is crushed immediately after it
leaves the dryer.

High-speed hammer /low-speed drum typz pulverizers
arc uscd.  This type of pulverizer produces pari-les of
approximately 1-2 mm rather than dusi.  The pulverizers
are located dircetly on top of the fincs hopper to prevent
dust emission,

Environmental Controls —No liquid cfflluents are al-
lowed to leave the plant and therefore it was necessary to
remove dust from the process airstrcams by dry methods.

Within the granulation plant, dust extraction points are
fitted where material is beiag transferred from one item of
cquipment to another. This ensurcs a clean working en-
vironment in the process building. The dust entrained in
this airstrcam is recovered in a bag filter and returned to
the fines hopper.

Another bag filter is used 1o recover dust from the
cooler airstream.  This air is now recycled to the dryer
which reduces fuel consumption up to about 50%.

In the case of the dryer, high cfficiency cyclones were
originally used to avoid any possible problems with mois-
ture pickup in bag filters. Since the startup of the Toros
plani, however, the Norsk Hydro Group has gained con-
siderable experience in the use of bag filters. Bag filters
arc now in usc in its own plants to recover dust from dryer
airstrcams and we are now confident that with the correct
design features bag filters arc practical,

Plant Perivrmance

The powdered MAP section of the plant is a very
simple and efficient operation. The process commission-
ing was completed in only 11 days operation, which in-
clrded the 72-h guarantee test. Both nitrogen and P:Os
cfliciencies were in excess of 99.5% during the test run
and the plant was free of liquid ¢ffluents.

A varicty of merchant-grade phosphoric acids have
been processed in the plant and naturally analysis of the
final product varics according to the acid source.
Howcever, a typical dry basis analysis is 11.5% N and
56.0% P20s. The product gencrally contains about 6%
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water. A production rate of 1109 of design capacity has
been maintained for all acids used.

Originally the reactor on the plant was a pressurized
vessel. Perfermance of the reactor was excellent in all
respects and caused no problems.  However, Toros was
interested in the concept of a pipe reactor and wished to
investigate the performance of such a device.  In 1984,
thercfore, a pipe reactor facility was provided. The use of
the pipe reactor helped to further simplify the operation,
particularly during startup and shutdown. In addition it
was found that the P:Os water solubility dramatically in-
creased.  Around 997 water solubility is now achicved
with both Moroccan and South African acids.

All'the powdered MAP manufactured has been used in
the associated granulation plant. Since startup, produc-
tion, in response to the demands of both the local and
export markets, has been largely 20-20-0 and 15-15-15
with some 15-45-0, 23-23-0, 24-24-0, and 26-13-0.

The commissioning and plant optimization phase of
the granulation plant was completed within the first
3 months of process operation. A successful 72-h
guarantee test was carvied out at the end of this period;
during the test, the average production rate was 105% of
design capacity.  The plant now achicves a daily output
rate of up to 14077 of design capacity and monthly produc-
tion figures in excess of 20,000 mt are regularly recorded.

The factory has quickly become one of, if not, the most
successful in Turkey with over 300,000 mtpy being,
produced on several occasions,

Some en-stream time data are presented in Table 1,
showing that annual plant wtilization is typically around
85%, which comparcs very favorably with most other NPK
plants in Turkcy.

During the commissioning period 20-20-0 was
produced exclusively. Table 2 shows the averaged produc-
tion data 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 & difficult grade to granulate. It was
necessary, therefore, to investigate fully the effeet of the
available operating parameters on granulation cfficiency,
in order to produce material at the design rate.

The following parameters were found to be important
in the granulation of 20-20-0.

Granulation Temperature
In general, it was found that the hotter the granulation
temperature, the more cfficient the granulation.  Sulfuric

Table 1. Utilization Data for Toroes Fertilizer and

Chemical Industries, (983-8>

1983 1985

Annual production, mt 300,006 332,495
Opcrating time, h 6,945 6,681
Average production rate, mtph 43.2 49.8
Downtime Analysis (hours)
Mecchanical 327 250
Electrical/instrumentation % 115
Process 128 102
Other 101 55
Plannced maintenance 786 839
Power failures 160 36
Lack of raw materials 121 511
Offsites 101 172
Total 1,815 2,079
Gverall utilization, % 79 (289 dpy) 76 (278 dpy)
Plant utilization

(granulation plant), % 83 (303 dpy) 83 (303 dpy)

Table 2. Production of 26-20-0 Granulated Fertilizer at

Toros Plant

Granulator
Urca prills, kg/mt
Powdered MAP, kg/mt
Filler, kg/mt
Ammonia, kg/mt
Sulfuric acid, kg/mt
Steam, kg/mi
Receycle ratio, int/mt of product
Recycle temperature, °C
Outlet temperature, °C
Outlet moisture, %
Outlet pH
Dryer
Inlet air temperature, °C
Outlet air temperature, °C
Product size, +4 mm, %
Product sizc, -4 mm +1.5 mm, %
Product size, -1.5 mm, %
Product
Production rate, mtph
H:0, %
N, %
P20s, %

296
349
262

29

14
1.9

70

82
1.8
6.1

132

86
9.1
41.0
49.3

43.1
0.41

19.86

19.44




acid was added, at around 577 of the formulation, together
with ammonia to supply heat from the reaction. The tem-
perature of the reeyele fines was maximized at 70°C by
using higher dryer temperatures than were strictly neces-
sary for drying, and minimum cocling,

Granulator pH

The pH of the material in the granulator also plays an
important role in increasing the solubility of the product
and thereby inducing granulation. The addition of excess
ammonia to obtain a pH of just over 6 was found (o be
very important in obtaining cfficient granulation.

Urea Crushing

Urci crushing wus found to be beneficiai to granula-
tion. Material under 1 mm in size gove the best results.
At those times when uncrushed urea prilis were used it
was difficult to incorporate them to produce uniform
granules, However, because of size of the urca prills, the
production rate could be maintained while uncrushed urea
was being used but urea was visible in the produet, which
wis of poor quality.

A hot reeyele together with the use of culfuric acid and
ammonia gives a temperature,  at the ovtlet of the
granuiator, in excess of 80°C. At this temperature the op-
timum moisture for granulation is less than 247, This
situation has several advantages:

[. The hot reeyele feads to a reduced cooling load.

2. The high temperature and low moisture of the
material leaving the granulator results in a low fucl
usage.

3. The high temperature in conjunction with ammonia-
tion in the granulator results in highly efficient
granufation; 429 of the product is in the size range of
L5 to 4 mm at the dryer outlet causing the reeyele

ratio to be under 2:1.

All utility consumptions have in fact been low, leading
to low opcrating costs per metric ton of product.
Averaged values are given below:

Ultility Amount Uscd

Watcer nil

Steam 14 kg /mt of product
Elcctricity 19 kWh/mt of product
Fuel oil 3 kg/mt of product

Product quality is high. The granules have an excellent
uniform appcarance, shape, and size. Storage propertics,
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cven in the humid conditions prevalent in Southern
Turkey, arc excellent,

The climination of wet scrubbing and the use of bag
filters means that the plant is completely free of liquid
cffluents. Overall plant cfficicncics are high; 99% and
99.5% were mcasured for nitrogen and P:0s, respectively,
during the perforiaance test.

Operational Problems

Granulator Internals

The major problem faced during the commissioning
period was associated with the granulator internals.
Originally stcam, sulfuric acid, and liquid ammonia were
all added in the granulator through Arilled pipe spargers
supparted beneath the rolling bed.  This arrangement
resulted in several problems,

Very heavy buildup quickly accumulated on the pipes
themselves and on the main support beam and support
legs.  The buildup was particularly heavy on the support
leg closest to the inlet end of the granulator. This buildup
causcd a physical restriction to the flow of material, result-
ing in back-spillage. All three sparger pipes became bent.
In addition the spaiger. were rapidly corroded which, in
combination with the bending caused the pipes to fracture
after only a few weeks of operation. This was particularly
truc of the sulfuric acid sparger even though it was made
of Hastelloy C.

The problems were eventually overcome by making a
aumber of stepwise modifications.  First the sulfuric acid
sparger was removed from bencath the ed and
suspended bencath the main support beaza so that the
acid "strcamed” onto the base of the hud.  Sccond the
steam sparger was changed from a long drilled pipe to an
open-cnded picee of armourced rubber hose, the end of
which was flattened and extendzd beneath the rolling bed.
After these modifications the support legs, which were
relatively bulky, could be cut down because only the am-
monia sparger required support beneath the bed. These
modifications completely solved the corrosion problem
and markedly reduced buildup since the amount of metal
under the bed was substantially reduced.  The last
raodification involved installing an inflatable rubber
shroud over the top of the main support beam. An
automatic timer was fitted to a compressed air line feed-
ing the shroud so that it periodically inflated and deflated
thus dislodging buildup.

Granulation Efficiency
Although the formulation for 20-20-0 includes 25%
sand thus making granulation difficult, design rates were
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achicved fairly swiftly within the commissioning period by
optimizing the operating conditions within the granulator.
As indicated in Tabiz 2 the reeyele ratio dvering the
guarantee test averaged L9:1 and the production rate
averaged 1,035 mtpd (43.1 muph).

The Turkish size specification called for 909 of the
product to be between | and 4 mm.  When the fines
sereens were fitted with cloths having 1.5-mm mesh open-
ings the following approximate product size resulted:

+4mm 1.5,
-4 mm +2mm 56
22mm + 15 mm 30%
-lL.Smm +1 mm 167
-1 mm 6.5%
99%

Although this size analysis was considered aceeptable
for the local market, - reduction in the quantity of 1-2 mm
material was nccessary for the export market.  Screen
cloths with a larger mesh size were therefore fitted to the
fincs sereens in 1983 with the expectation that in order to
achieve the tighter size specification production rate might
well fall. In fact the 2 mm-mesh production rate actually
rosc by almost 2094 while the reeycle ratio dropped (o
around i.5:1. The following product size resulted:

+4 mm 3.5%
-4 mm +2 mm 807%
-22mm + 1.5 mm 139,
-1.5mm +1 mm 3%
-1 mm 0.5%
100%

The increase in production rate was attributed to im-
proved fines quality (size) which significantly increased
granulation cfficicncy. With a still “arger fincs mesh size,
the reeycle ratio began to risc once more although of
coursec a further improvement in product size was
achicved.

Bag Filters

Originally the plant was supplicd with bag fi'ters
operating on the low-pressure reverse air system.  Each
filter contained a number ot cclls cach of which comprised
five cnvelope-shaped filier bags. The bags were cleancd,
onc ccll at a time, with air supplicd by a small fan. All the
bags were madc in Dralon felt.

Efficicncy-wise. the performance of the filters was ex-
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 clecan the bags
without damaging them,

As mentioned previously the Toros plant was designed
in 1978. Since that time NHL’s expericnce with operating
different types of bag filters has grown considerably. Bag
filters arc now used to recover dust from the airstrecams of
various granulation plants throughout the Norsk Hydro
Group. As a conscquence NHL 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 reccommendation Toros placed an order
with AAF Limited of the United Kingdom for one " their
high-pressure, reverse air pulscjet units (o replac. the
original filter used in the Toros plant to remove dust.

This dedusting duty was potentially quite difficult since
the process airstrecam temperature is gencrally only 40°-
30°C and therefore quite high relative humiditics are pos-
sible. NPKs with high urca contents have very low critical
relative humiditics, of course.

The AAF filter contains 216 cylindrical bags orranged
in 18 rows. Two rows at a time arc pulse cleaned 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 arca is 322 suare meters. The
bags themsclves arc polypropylene with a special glazed
finish (o enhance the dust release propertics.

Among the detailed design features incorporated are
stcam hcated pancls 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 wi's commissioned in July 1987 it has
not been necessary to cither manually clean or replace any
of the filter bags.  Pressure drop across the unit has
remained steady at 80-100 nun water gauge,

Conclusions

The cxpericnce 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, cconomical route to high quality granular fertilizer.
The fexibility of the: process enables the manufacturer to
adapt casily to changes in his market requirements and
raw matcrial 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 Cheraical Company of Malaysia produces com-
pound NPK fertilizers mostly for cash crops such as rub-
ber, oil palm, and cocoa. Grawular compound fertilizers
arc made from ammonium nitrate, Christmas Island phos-
phate rock, muriate of potash, kicserite or calcined
magnesite, and occasionally diammonium phosphate. Im-
ported ammonia is oxidized to produce nitric acid which is
then neutralized with mo. ¢ ammonia to make ammonium
nitrate.  All raw materials except the nitric acid and
ammonium nirate are imported.  Thirteen different
grades are made. The plant complex has a capacity of
240,000 tpy and an availability of morc than 8047,

The manufacture of ammonium nitrate entails certain
hazards that derive from its acidity and its sensitivity to
excessive temperatures, high pressures, and contamina-
tion.  Mcasures are taken to obviate these hazards.
Fertilizers: containing ammonium nitrate are subject to
three types of decomposition - spontancous heating in the
pile; “fume off,” a vigorous reaction that oceurs when the
product contuaas chloride; and a sclf sustained decomposi-
tion called “cigar burning," which is catalyzed by chlorides.
These three types of decomposition can be coped with by
usce of proper operating procedures.

Major cnvironmental pollution control systems for th.
plant consist of (1) fugitive dust removal units,
(2) cyclones and wet scrubbers for extracting dust from
the various exhaust gases, (3) a centrifuge-type dewatering
unit for afleviating water balance problems, and (4) a
low-cmission ncutralizer Tor reducing the losses of am-
monia and ammonium nitrate when manufacturing an
ammonium nitrate solution,

Introduction

The Chemical Company of Malaysia Berhad, Shah
Alam Works, or CCM-SAW, as it is popularly known, is a
member of the Imperial Chemical Industrics (1CI)
worldwide group of companics.  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 respeet to road
and rail scrvices.

Other than manufacturing granular compound fer-
tilizers, the company also manufactures chlor-alkali
products, herbicides, and animal feed supplements,

The CCM factory started operations in 1965 producing
chlor-alkali products.  Subscquent additions were nitric
acid/NPK compound fertilizer production (1966),
gramoxonc formulation (1971), paraquat dichloride
production (1979), phosphate rock grinding (1980), and
animal feed supplements (1980).

The factory at Padang Jawa provides dircet employ-
ment for over 50 Malaysians,

i'ertilizer 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 requirecment of these
crops closcly.  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 mt.
The rest is made up of fertilizer mixtures (nongranular
blends) and straights. 1t is cnvisaged that the fertilizer
consumption in Malaysia will continuc to grow in the long
term in line with the growth and development of agricul-
tural land as promotced by the Malaysian Government.

The CCM-SAW Manufacturing Process

General

The CCM-SAW compound fertilizer plant was
designed and commissioned by ICE, UK in 1966, Local
agronomic requirements were incorporated in the choice
of formulations and raw materials.

The granular compound fertilizers of CCM are made
from ammonium nitrate, ground Christmas Island rock
phosphate (as the soils in Malaysia arc acidic, ground
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phosphate is used rather than soluble ammonium
phosphate), muriate of potash, kicserite or calcined mag-
nesite, and occasionally diammonium phosphate. The raw
materials are accurately and proportionally fed to the
plant in accordance with the desired nutrient ratio of the
product. Trace clements for special requirement are also
incorporated whenever appropriate.

Details ol the Process

Initially, ammonia rcacts with air over a platinum-
rhodium catalyst to form oxides of nitrogen which are ab-
sorbed in water to form nitric acid in the nominal 250
mtpd nitric acid plant.  The 557 nitric acid produced
reacts with more ammonia to form ammonium nitrate
which is then mixed with Christmas Island rock phosphate
dust, muriate of potash, and kicserite or calcined mag-
nesite in the blunger. For water-soluble phosphate com-
pounds, diammonium phosphate is also added.  The
resulting fertilizer mass is dried in a rotary dryer and
screened. Oversize and fines are reeyeled to the blunger
and product-sized material is cooled. The cooled product
is treated with an anti-caking agent,  passed througl
automatic weighing machines, and packaged in polythene
bags.

Table 1. Standard Range of Formulations

Formulation
CCM No. N P:0s K:0 MgO
CCM 11 N 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 45° 12 12 17 2
CCM 55° 15 15 6 4
CCM 657 15 15 15
CCM 66 14 14 14
CcCcM 77 17 8 17
LM 88 10 13 15 2.5
CCM 99 11 14 16
R3 10 12 13
NK 14 - 32

a. One-third of total I720s is water soluble,

Range of Formulations

The granulation plant was initially designed to
manufacture two main formulations, a potassium sulfate-
based 11-18-4-2 MgO and a potassium chloride (MOP)-
based 11-11-4-3 MgO for rubber trees. However, CCM

currently manufactures 13 standard formulations, 3 com-
plex formulations (with one-third water soluble P:0s) and
1 straight-nitrogen formulation,  The range of formula-

tions is given in Table 1.
g

The three "complex” formulations (CCM 45, CCM 55,
CCM 65) have DAP incorporated to produce a material in
which onc-third of its P20s is watcr 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 (SIRIM) Specifications
The granular products are free-flowing and have at
least Y% of their weight within the size range of Thom to
4 mm. They have a consistent analysis and the individud!
component raw malterials do nol segregate in storage.
Nutrient 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
S-minute intervals and the composite samples are
analyzed hourly by a set of auto-analyzers and an atomic
absorption spectrophotometer.  The product which docs
not conform to standards is rejected.

The CCM formulations arce the only locally manu-
factured compound fertilizer that comply with the stan-
dards established by SIRIM and cexplained 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
varics from 28 to 40 miph cither because of ammonium
nitrate limitations or granulation limitations. The capacity
is 240,000 m(py 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 systcm to improve the plant availability. This has
shifted the emphasis from breakdown maintenance to
preventive maintenance and eventually (o predictive main-
(cnance.

Raw Materials

Sources of Raw Materials
The sources of raw materials are given in Table 2



Table 2. Sources of Raw Materials

. . &
Raw Matcrial Consumglmn

(mtpy)
Ammonta (NH3) 30,000
Nitric acid (55% HNQ:3) 60,000
Ammonium nitrate (98%) 75,000
Phasphate rock (3495 P:0s) 60,000
DAP (18-46-0) 5,000
MOP (609 K:0) 50,000
Calcined magnesite (84% MgQ) 5,00
Clay 10,060
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Source

Esso, Port Dickson

Manufactured on site

Manufactured on sile

Imported in bulk from Christmas Island

Imported in bulk from U.S.A., Jordan, Korca
Imported i bulk from Russia, West Germany, Jordan
Imported in bags from Spain or China

Local

a. Based on 205,000 mtpy of compound fertilizer produced.

Ground Rock Phosphate

The rock phosphate is ground in a roller-type mill to
75% minus 120-mesh size before it is pneumatically trans-
ferred to the plant. Part of the ground phosphate is also
bagged for use in mixtures and for straight sales,

Granulation

Fundamentals

Granulation is essentially any process used to produce
a granular solid. At CCM, the main feature involved in
the granulation of compound fertilizer is agglomeration,
Molten ammonium  nitrate is the main liquid phasc
needed to facilitate agglomeration.  Other raw materials
are ground phosphate rock, muriate of potash, and cal-
cined magnesite or kieserite. A unique feature in this
granulation process is the direet injection of the ground
phosphate rock into the granulation loop, which makes it
all the more difficult to process the mixture into granules.
Some steam and scrubber liquor arc also added to provide
cnough liquid phasc for granulation.  Basically, granula-
tion takes place in the blunger by bindig together the raw
malcrials with the aid of surface tersion forces sct up
within the thin layers of liqmd within tie granule. These
surface tension forces are then replaced by stronger crys-
tal bonds when the granules are dried and the water is
removed. The two main factors affecting granulation are:

a. The amount of solution phase present in the blunger,
the solution phasc itsclf being in turn dependent on the
moisture content of the material in the blunger and the
chemical composition and the temperature of the
mixture.

b. The particle size distribution of the solids fed to the
blunger.

Operation and Control

All CCM formalations are granulated with approxi-
matcly 19-4.0% water in the blunger while maintaining
reeycle ratios of 1.5:1 to 3.5:1, depending on the formula-
tions. In general, the plant should be operated with as
littde water as possible in the liquor feed so as to minimize
the amount of oversize produced and the amount of
drying required.  On the other hand, insufficient water
results in an excessive amount of fines, which causes high
reeycle ratios that make it difficult to produce good
granules.  Mencee accurate control of the liquid phase is
essential for good granulation.

An automatic recycle ratio controller affords a degree
ol control over the particle size of the blunger feed. Other
control parameters are the rate of scrubber slurry fed to
the blunger ana the granulation temperature. The slurry
rate is a more convenient control parameter and provides
a quick and cffective means of controlling the granulation.
On the other hand the temperature of the blunger solids is
less cffective and has a slow res; v, being largely
governed by the reeyele ratio and the recycle temperature,
which in turn is dependent on the (emperature of the
solids leaving the dryer.

Equipment

Blunger - The blunger or pugmill used at CCM-SAW
is a twin shaft mixer in which cach shaft is cquipped with
48 Type 304 stainless steel paddles that have been hard
faced with tungsten carbide. The shafts are operated at 40
rpm and arc driven by a 150-hp motor.

Solid raw materials and recycle fines are fed into the
inlet end of the blunger while the ammonium nitrate melt
is fed through a distributor box that distributes it
throughout the length of the unit. Some scrubber liquor is
also fed through the distributor box.  Steam is injected
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under the bed and is especially necessary in high potash
formulations.

Dryer~An oil-fired rotary dryer is used to dry the
preduct to 0.7 moisture. The unit is 14 It in diameter
and 112 ft long and is operated at 3.4 rpm. The residence
time is 18 minutces.

There are no lifting flights in the initial 40 feet of the
drycr which is coated with a stainless steel metal powder
containing 13% chrome. Tais coating was applied by use
of the Meteo process to provide a smooth surface which
would facilitate granulation, minimize buildup in the front
end, and prevent corrosion. This metal coating, which was
sprayed on during the annual shutdown in November
1985, has not yiclded encouraging results.  During the
reeent annual shutdown in November 1987, it was noticed
that the wear rate was high so CCM-SAW is considering
other alternative methods of protecting this inlet section
of tire dryer.

{n order to prevent thermal decomposition of the
products in the dryer, there are two temperature controls
which limit the upper temperature of the dryer gases.

Sereens - There are four Huminer-type double-deck
vibrating screens cach 4t wide and 15 [t long, inclined at
30 degrees to the horizontal. The oversize mesh is slotted
and is 3.68 mm by 32 mm while the product size mesh is
196 by 32 mm. The long dimension of the slot is placed at
a right angle to the material flow.

The wibrators have variable frequency and amplitude.

Oversize Pulverizers ~There are two 36-inch by 72-
inch Jeffrey Diamond swing hammer units operating at
1470 rpm. The cast steel hammers have Souda Metal
Supercrom as a bufler layer for the tungsten carbide hard
lacing. This buffer layer ensures cffective bonding,

Environmental Pollution Control

Dust Removal System

The plant was originally equipped with two central
dedusting systems (Viscobeth) -one for the raw material
arca and onc for the granulation arca. With the develop-
ment of pulse-jet dedusting units which are me. e efficient,
CCM-SAW started installation of these individual units in
1980 and has installed up to date, a total of four such units
on various strategic picees of equipment that needed addi-
tional dedusting. This has decrcased the dust concentra-
tion levels in the plant,

Scrubbing System

The dust laden exhaust air from the major picees of
cquipment (dryer, product cooler, and fluid-bed cooler) is
passcd through cyclones before being serubbed with Doyle
wet scrubbers which operate on ithe 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 blunger. Some scrubber lig-
uor is also sent to the centriluge dewatering unit to help
improve, the overall process water balance,

Centrifuge Dewatering System
In 1980, a centriluge dewatering system was installed
to help improve the water balance problem.,

The centrifuged sludge (mainly insoluble phosphate) is
used in the blunger, whilc the filirate is used to further
rework wet spillage.

A tight control on water addition is necessary to en-
surc a manageable water balance,

Low-Emission Neutralizer

A low-cmission ammonium nitratc neutralizer was
commissioned in December 1984, This unit incorporated
MCC (Mississippi Chemical Corporation) technology to
reduce the ammonia and ammonium nitrate emissions at
the source, and it precludes the need for any external fil-
tering or scrubbing operation as is required in a number
of other plant locations within the 1CI Group.

In the MCC neutralizer (Figurce 1) nitric acid of suffi-
ciently low concentration is reacted with ammonia in such
a manner as o inhibit the vaporization of the nitric acid.
Under these conditions, fumes and vapor lossces are mini-
mized. The neutralizer has an internal annular chamber
to produce recirculation of ammonium nitrate solution
and nitric acid within the vessel.

Five weeks alter the successful commissioning of the
new neutralizer, ammonium nitrate began to fall out from
the neutralizer exhaust stack, gently at first but it became
so severe in late May 1985 that it was better deseriberl as a
blow out.  The ammonium nitrate solution was bcing
blown out of the neutralizer stack which is 40 feet high to
a height of 30-40 feet beyond the top of the stack. The hot
solution sprayed on the surrounding arca creating a haz-
ardous situation,

There was an initial suspicion of possible ammonium
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 (o raise and cject the solu-
tion 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
installed on the neutralizer to allow observation of its con-
tents near the overflow level. It was observed that there
was a lot of turbulence, and gas bubbles were building up
well above the dip tube-type overflow point. It was the
formation of these excessive amounts of thick and stable
bubbles which reached the demister pad and caused a

89

blockage. This resulted in a high pressare build-up which
cventually led to the observed ammonium nitrate "blow
oul." A steam sparger was fitted just below the demister
pad to break up the bubbles, while a second overflow line
(not dipped) was added to facilitate the removal of
ammorium nitrate solution and henee allowed more vapor
space to accommodate the thick layer of bubbles formed.

The cause of change in the behavior of the bubbles was
traced to the presence of fine iron oxde particles in the
ammonia feed. Under normal circumstances the mixing
and scrubbing action of gas would produce an abundant
number of gas bubbles near the deflector plate above the
internal annular chamber. But these bubbles would not
have caused the problem because they would normally
break up before reaching the demister pad.  However,
with the presence of the iron coniamination, the foaming
became 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
demister pad, thereby causing the phenomenon described.

The finc iron particles had actually come from the
ammonia vaporizer which was subjected to a cleaning
operation a few weeks before, but the unit could not be
cleanced thoroughly because of poor access. The fine iron
particles must have come from the loosened debris of
oil/iron sludge at the base of vaporizer. The neutralizer is
now operating satisfactorily although excessive amounts of
bubbles can still be observed in the sight glasses now and
then. Table 3 shows the reduction achiceved in the emis-
sion of both ammonia and ammonium nitrate.

Ammonium Nitrate Safety

Neutralizer
The production of ammonium nitrate by ncutralization
has certain safety hazards that need to be considered.

The maximum concentration of ammonium nitrate
solution that can be salely produced and stored in bulk

Table 3. Neutralizer Stack Losses - Ammonia and Ammonium Nitrate

Old Neutralizer

Achiceved Results Reduction

(A) MCC Design (B) Factor (A/B)
(kg/mi1) (gm/m’) (kg/mt) (gm/m") (kg/mt)  (gm/m")
Ammonia 1.78 2.25 0.90 1.14 0.35 (.45 5-fold
Ammonium nitrate 7.0 8.87 0.45 0.57 0.05 0.06 148-lold
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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 ammonium nitrate solution arise from its acidity,
excessive temperature,  confinement (which allows high
pressure to build up), and contamination with chlorides or
organic malcrials,

In general, the occurrence of any one of these condi-
tions is unlikely to lead to hazardous conditions, but the
combination of any two or more of them can cause a
seveve explosion, T is in relation to these points that
emphasis on good supervision is required, both in ensur-
ing that the nitrate section is started up and shut down
correctly and that the proper procedures are strictly
adhered to,

Acidity - Acidic wmmonium nitrate solutions must
never be evaporated  to strengths greater than 879 and
highly acidic solutions (pH less than 1.3) should never be
produced at all. The rates of ammonia and nitric acid fed
to the neutratizer are automatically controlled by a ratio
controller with the ratio being set by the pH measurement
of the liquor produeed. The pH controller is fitted with a
mechanism which interrupts the nitric acid supply when
the pH becomes oo low.,

High Temperateee-The ammonium nitrate is pro-
duced in the neutriicer as a boiling solution and its con-
centration is therefore dependent onits temperature. The
neutralizer is fitted with three temperature indicators that
have a high temperature alarm and tripping device (with a
voting system) set at H0° to 142°C which shuts off the
nitric acid supply when the temperature becomes too high.
In the event of a further rise in temperature of 3° or 4°C,
which could indicate the onsct of a catalytic decomposi-
tion reaction, the alarm system then opens a valve which
floods the neutralizer with condensate (water).

Confinement-"The possibility of a blockage of the
demister in the main 16-inch vapor vent line causing a
pressure build up in the system is climinated by having on
the top of the vessel a water-sealed safety deviee set to
open at 2.5 psig. [ the vent on the pumping tank should
get choked, the overflow line on the tank would act as a
safety valve which would open,

Contamination - The only likely source of chloride
contamination is from water supplics.  Although the nor-
mal level of chlorive i ordinary water is probably too low
to constitute a hazard, there is always the possibility of a
local concentration in the system because of reeycling,
Therefore, all the water used for washing out lines and
vessels and or dilution purposes is supplicd from a con-
densate head tank in which a level is always maintained by
condensate from the main stcam system. The head tank is
fitted with a low-level alarm fo ensure that it is never
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allowed to become empty. Only the greatest possible care
in good housckeeping can prevent contamination with
organic matcrials such as paper, grass, string, sawdust, oil,
and other matcrials. 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
mtph of ammonium nitratc from 85% to 99% is of the
lalling-film type.  This type of evaporator consists of a
large number (320 in this casc) of tubes inside a stcam
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 important
reason for sclecting this type of evaporator is that it has a
very short residence time, and therefore there is only a
very small quantity of highly concentrated nitrate liquor
present at any time,

Decomposition Hazards

When heated above a certain temperature, fertilizers
that contain ammonium nitrate and potassium chloride
can decompose, liberating toxic gases and a dense white
fume.  The instability of these mixtures is due o a
catalytic effeet of the chloride on the decomposition of the
ammonium nitrate. ".ccause the decomposition reaction
itsell liberates heat, ne fertilizers may continue o decom-
posc after the external source of heat has been removed.
Ammonium nitrate itsell does not decompose at tempera-
tures of dess than 170°C but chloride catalyzed decomposi-
tion can oceur at temperatures as low as 110°C.

During the decomyosition chlorine, nitrogen, and
oxides of nitrogen are almost invariably present in the
gascs diberated, although the brown fumes, typical of the
oxides ol nitrogen, may not usually be visible unless the
chioride content of the fertiliver is low.

Itis most important thae no attempt is made to sup-
press this type of decomposition by suffocation,  for
cxample, by exclucing air, sinee this will not stop the reac-
tion and could fead to a violent explosion caused by the
buildup of high pressure gas. Exclusion of air will not stop
this type of reaction because the smmonium nitrate con-
tains sufficient oxygen to sunport the reaction without the
need for an external source,

A quench-water system s avail .ol for supplying
hydrant water to the picees of cquipment that may contain
a large quantity of decomposing material (for example,
the dryer, blunger, and product cooler).

Types of Fertilizer Decomposition - There are three
types of decomposition of nitrate fertilizers which are im-
portant. They are described bricfly as follows;



1. Spontancous Heating in the Pile (Pile Scif Heating)
Ammonium aitrate-based fertilizers can, at storage
lesaperatures,  undergo spontancots heating duce te
slow reactions between the nitrate and organic matter
occurring m the pile. Normal CCM fertilizers do not
undergo this type of reaction, bt there may be small
stock piles of rejeet material which are contaminated
with organic materials such as paper and string. 1t is
therefore possible that spontancous combustion can
occur in the pile, particularly if some of the fertilizers
have been made from incompletel neutralized nitrie
actd.

o

. Fume Off
AL higher temperatures (above about 100°C) the more
vigorous decomposition, usually described as "fumc
off" can take place with all nitrate-based fertilizers
which contain chloride. This type of chloride catalyzed
gecomposition has a teinperature-dependent induction
period. During this induction period, the fertitizer
remains comparatively stable, but at the end of this
period, very rapid decompasition oceurs, accompanicd
by a rise in temperature and the evolutior. of dense
white fumes thic consist primariy of ammonium
chloride and conain toxic gases such as oxides of
nitrogen.  This phenomenon normally takes place
during the manuclacturing process. To avoid "fume off’
fertilizer material should be kept ncutral or alkaline
and below THIPC,

3. Self-Sustained Decomposition (Cigar Burning)

Some fertilizers also undergo a sel™sustaining decom-
position under eertain conditions. This phenomenon is
normall inttiated by localized heat and is often
icfereed to as "cigar burning,” since the decomposition
zone of 4 mass of fertilizer moves forward at a definite
rate somewhat Iike the way a cigar slovly burns along
its fength. This burning propagation is accompanica
with the generation of toxie fumes, Clearly this be-
havior can copvert @ 'ocal small incidert into a major
disaster. In fact, several major disasters of this tyne
liave been reported.

The initial work on cigar burning of compound fertil-
izers made in CCM was done by A, B. Parker of 1C] (UK)
in 1965. The result was tabulared in a triangular diagram
(Figure 2). Aithough this was for a three-component
system (NPK), s application to CCM’s four-componcent
system was jastificd on the grounds that the fourth com-
ponent (kiescrite) constituted only a staall part of the total
(Iess than 167%). It was used to diatinguish potential cigar
burners at the initizl formvlation stage in the carly davs.
The diagram provides a faivly good method of distinguish-
ing between cigar burners and non-cigar burners 1t does
not, however, include the rate of burning to cstablish the
order of severity of the cigar burners.
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Subsequent work wes done by George Hunter in 1968
and again by K. Sivapathy, the Laboratory Manager of
CCM-SAW in 1970-71. Sivapathy used a scries of open-
trav tests to establish the burning rates of the range of
CCM-SAW’s formulations. This work showed a similar
order of severity and the transition line between con-
tinuous burners and those that stop. Both sets of results
confirmed Parker’s carlicr triangular diagram. The results
were depicle ) as iso-velocily lines for the buraing rates in
the affected area so that the degree of cigar burning could
be essessed. 1t was found that low-KeO formulations are
the mere severe burners,
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Figure 2 Cigar-Burning Potential Bascd on Laboratory-
Scale Beaker Tasts.

Further work by Sivapathy in 1971, hewever, indicated
that the scverity of cigar burning in CCM-SAW’s con-
tinuous burners wuch as formula numbers 11, 22, 25, and
66 can be reduced by using ground MOP as shown in
Table 4,

It is believed that since cigar burning is an insidious,
chloride-catalyzed exotherinic reaction, the use of fine
MOP (finer than 60% through a 60 mesh screen) which
has a greater surface arca to facilitate greater heat dissipa-
tion, actually reduces the cigar burning severity. Although
this offers a mcthod of reducing cigar-burning severity, it
is not the method currently used by CCM.

Acid Seavenging Eftect on Cigar Burners - Chloride-
catalyzed cigar-purning -cactions are acidic in nature.
This is evidenced by the fact that copious amounts of
ritrous fumes ace generated during the process. I these
fumes are scavenged at the source then the onsct of cx-
othermic cigar-burning reactions will be greatly reduced.
This is the current thinking at CCM-SAW. The idea v.as
first developed by Sivapathy in 1970 while CCM-SAW was
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making TSP-bascd compound formulations. Sivapathy
found that alkaline ammonium nitrate actually resulted in
an acidic cnd product which was both dangerous to
wenufacture and store, while the use of acidic ammonium
nitratec would yicld an ¢nd product which was less acidic
and conscquently safer to manufacture and store.

Tablc 4. Severity of Cigar Burning of Compound
Fertilizers Containing Ammopium Nitrate and
Muriate of Potash (MOP)

Burning
CCM Formulation Rate, em/l Duration
Ordinary MOP
11 12.0 Continuous
22 6.4 Continuous
25 8.0 Conlinuous
66 9.0 Centinuous
Ground 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 placc. Ammonia reacts with the free acid in TSP (o
form an ammonium phosphate product:

NH: + HaPO: - NHiHPOs (1]
free walcer-soluble
acid in TSP product

Ammonia also rcacts with TSP to form water insoluble
calcium hydrogen orthophosphare:

NH: + C1Ha(POs): = CaHPOs + NHH:POs [2]

TSP wiler water
insoluble soluble
product product

Laboratory investigations reveal that reaction [2)
proceeds much faster than reaction (1) and resul's in the

teversion of soluble P20s to * soluble form without
mcasurable change in pH or reduced acidity.

In the absence of ammonia, tt ¢ TSP will behave some-
what differently as follows:

Cax(POs): + 4HPO: » 3CaHu(PO.): (3]
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 P20s,
making a product which is safer to manufacture and has
improved storage propertics.

Tae net cffect of this can be seen in the cigar-burning
characteristics of the formulation 16-16-8 where the burn-
ing rate when usiag alkaline ammonium nitrate is
14.7 em/h, while the rate with acidic ammonium nitrate is
8.0 ecm/h,

The fact that acid scavenging helps to decrease cigar
burning has led to the use of calcined magnesite which can
be used as a source of magacsium in place of kicscrite.

Calcined Mugnesite Helps to Reduce Cigar-Burning
Severity - Calcined magnesite is a rich source for mag-
nesium but it is not water soluble and kence it has not
gaincd acceplance as a source for MpO especially when
Lieserite is available which is rclatively water soluble.
Fortunately, caicined magnesite has a trace of carboralc.
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-
poricd to bring about cigar burning. This is illustrated s
inllows:

Trace of Carbonate + Trace of Acid + Available MgO
{from calcined (from insidious (reduced
magnesite, no cigar-burning + cigar-burning

available MgQ) rcactions) severity)

The end result of this practice has been to reduce the
cigir-burning formulations from ¢ight to three and to
lower the severity of burnings (Table 5).
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Tablc 5. Current List of Cigar-Burning Formulations at CCM-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 10-12-13 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 45° 12-12-17-2 35 1 Non-continuous
CCM 55° 15-15-6-4 25 6 Continuous
CCM 65° 15-15-15 20 12 Continuous
CCM 66 14-14-14 40 35 Non-conlinuous
CCM 77 17-8-17 40 5 Continuous
CCM 88 10-13-15-2.5 40 2 Non-continuous
CCM 99 11-14-16 40 3 Non-continuous

a. One-third of total P20s is watcer so'uble,

Note:

L ALCCM-SAW, the cigar-burning rate is determined by heating onc end of a trough 25 cm x 30 cm x 40 ¢cm high con-
tatning about 30 kg of fertilizer with a bunsen burner.

2. Non-continuous means the burning docs not propagate itself. 1t extinguishes itself; these formulations are not con-
sidered cigar burners,

3. Continuous means the formulations are cigar burners, These can propagate themselves; among them are CCM-SAW
Nos. 55, 65, and 77.

4. Among the burners CCM 63 is the worst at 12 em/h.
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Granular NPKs Based on Superphosphate

and Ammonium Phosphate

John L. Medbery, Consultant to IMC Fertilizer, Inc.

Abstract

Granulation of solid fertilizer materials requires a
proper liquid-to-solids ratio in order to form agglomerates
of the desired size. In granulating ammonium phosphates,
phosphoric acid is partially ncutralized with ammonia in a
prencutralizer to an NHx:HPOw mole ratio of cither 0.6
or 1.45 because the solubility of the ammonium phosphate
1s maximized at these points. The prencutralizer liquor is
then added te the dry solids in the granulator where the
mole ratio is adjusted to a less soluble fevel by adding
cither ammonia or phosphoric acid. The amount and
characteristics of the recycle fed to the granulator also af-
feet the liquid-to-solids ratio. Stcam and watcr are often
used to overcome minor upscts caused by variations in the
reeycele svstem.

The use of the pipe-cross reactor results in the rapid
removal of most of the watcr from the neutralized or par-
tially ncutralized slurry (m2lt) of ammonia and
phosphoric/sulfuric acid and causes it to quickly solidify
without adding much liquid phasc to the process. The lig-
uid phasc can be prolonged by adjusting the mole ratio to
provide greater solubility of the compounds in the melt.

Highly soluble salts such as ammonium nitrate and
urca can be incorporated in granular NPK products.
Little waicr is required for granulation, The products arc
very heat-sensitive; therefore, the slightest change in the
drycr temperature can cause problems.  Nevertheless,
many plants usc ammonium nitrate or urca to supply a
significant part of the nitrogen in the products.

Supcrphosphate, which is a mixture of several chemical
compounds, can be casily granulated by ammoniating it in
a rotary drum.  The ammonia is added through a drilled
pipe-type sparger placed beneath the rolling bed of super-
phosphate in the drum.  Liquid phase (granulation cffi-
cicney) can be centrolled with the addition of water
and/or stcam. Superphosphate can also be granulated by
itself, without the addition of other fertilizer malcrials,
simply by adding stcam and watcr (o it. Salts in the super-
phosphatc are solubilized and subscquently reprecipitated
in the interstices of the particles (o form strong bonds that
agglomerate them,

Basic Principles

Fertilizer matcrials agglomerate into granules onl
when conditions arc proper for this to occur. Carl Ludwi
(1) in a 1954 paper states:

Think of agglomeration as a progressive gathering of
sub-assemblics 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 cequilibrium 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
Tuosolid mobility, (2) by adding liquids which make
it casicr for the [ragments to slip into place, (3) by
intimate mixing of plasticizcrs (liquids) with fincs to
capitaiize 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-
mcent to the non-yiclding solids.  Less obvious, but
highly significant in the agglomeration process, these
liquid plasticizers, when displaced or sheared, give
risc to unsatisficd surface tensions which, secking
cquilibrium, help the particles reach their optimum
locations.

In the forcgoing quotation, Ludwig very lucidly
describes the relationships of liquid-to-solids that must cx