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" I, 'INTRODUCTION
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Le v.z‘A';‘prominent ‘fea‘tu'z:e'vdf the world nitrogen 1nd\;st:.zfxe.,ia~;§b‘e 'rg.p:,ld rise in .

. popularity of urea, as.shown in Figure 1,
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,;,;:Uz’jeaﬂgg‘s share of the world nitrogen fertilizer.market has risen from less than

e’

5% 1n 1955 to 16% in 1969 and is expected to increase to about 26% by 1975.
'?I'hese figures are based on FAO data through 1969 for the world (excepting Rus-
sia; end Communist Asis) and projections based in part on estimated capacity
for subsequent years, These figures are for solid urea only, and do not in-
clude the urea content of solutions. In the United States » about half of the
urea used for fertilizer goes into solutions. Also, the FAO data probably do

not include the urea content of some complex fertilizers.
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2. The largest group consists of anhydrous ammonia, nitrogen solutions, the
nitrogen content of ammonium phosphates and complex fertilizers, and miscel-
laneous other materials. Ammonium sulfate, once the most popular nitrogen
maeterial, supplied cnly 15% of the world market in 1969, and may decline to
8% in 1975. Other low-analysis materials include calcium nitrate, sodium
nitrate, and calcium cyanamide. This group now supplies only 2% of the mar-.
ket. Ammonium nitrate now supplies 27% of the market; in future years thg'
percentage may decline slightly. ’ o |
3. The following tabulation shows estimates of world capacity for production
of urea, ammonium sulfate, and ammonium nitrate in 1967, 1971, and 1975. A
World nitrogen capacity,® 1000's of metric tons

Amnonium sulfateP  Ammonium nitrate® Urea
1967 1971 1975 1967 1971 1975 1967 _1971 _1975

Western Europe 1320 1570 1750 2591 3833 3,979 1426 3,071 3,320
Eastern Europe 276 300 370 1008 2402 2,500 620 1,541 2,376

Asia 916 1161 1217 300 500 500 1846 4,714 8,084
Africa 50 75 80 370 660 660 100 237 237
Oceania 30 30 30 5 85 85 15 9l ok

North America 510 510 510 2015 2140 2,140 1323 2,004 2,102
Latin America _170 _224 224 17k 293 k95 173 500 _1,310

3272 3870 k181 6463 9913 10,359 5503 12,171 17,523

% Excluding Russia and Communist Asia,
Includes ammonium sulfate and ammonium sulfate nitrate.
¢ Includes ammonium nitrate (33%) and ammonium nitrate - limestone (20 to

26%).
Ammonium sulfate caepacity increased by about 18% from 1967 to 1971, and a fur-

ther 8% increase is expected by 1975. Much of this capacity is byprodud%‘froﬁ"
coking operations, caprolactam production, and other industry. Ammonium ni-
trate capacity increased over 50% from 1967 to 1971, but little further in-
crease 1s planned. Urea capacity increased 22% from 1967 to 1971, and plans

for a further increase of about 44% have been announced. These capacity:
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7estimstes include msterials for industria]: as well as, fertilizer use, - '.I'hey

5 probably include urea i'or use in solutions 'and complex fertilizers in many

.
‘
cases. . : : ol )
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L, It appears that, by 1975, urea will ’be the leading :t‘orm oi‘ nitrogen
fertilizer. 'mis is psrticularly true in the developing countries of Asia,
Africa, and Letin America where urea. is expected to constitute 62% of the

nitrogeny fertilizer capacity.“ )

II. mbmmrs IN PHYSICAL PROPERTIES OF UREA .

i w"
f LN

5 By far- the most cormon form of urea’ for fertilizer use 1is- prilled mate-
rial;""f "Prilled ures. has" several disadvanteges. The: prills are rather emall;
'typical samples have a high percentage in the- rsnge of 1:0° to 1.7 mm; “For
comparison, a common size of granular fertilizer'in’ the United States is 'L, h :
to 2 8 mm. In moat European countries s. still larger size ‘18 preferred such

- v

as 2 to h mm.. . DU .-,‘L’ . x"',‘vlt. - ‘
6 One disadvantage ‘of the small particle 61ze 1 the relatively large ‘sur-'
fa.ce area which increases the caking tendency and increases the rate of mois-

. ture absorption. If the prilled material‘is conditioned by coating, s.'ls.rger '

’- A » [P I3
R L I e e e

“4iolint of coating material is required.
7. ‘When fertilizer materials are broadcast by'a-spiining disk- spreadér, the ',’ ‘
- effective width of spread is decreased as the par‘ticlésizfe decreases. 'Bi’:ég'gl .
", (1) points out that there is a rapid fall in length‘oi‘ trajectory (width of |
‘Spread) when the rarticle size decreases below 1,5 mm. This effect is likely
to be accentuated with urea because of its low density. Thus, a spreader that

would give satisfactory distribution with 2- to 4-mm granuwles would give
uneven distribution with 1.0- to 1.7-mm prills at the same swath width. Even
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Idistribution with smaller material could be obtained by decreasing the' swath
width, but the time required would be increased, as the machine would have to
make more trips across the field. Bragg suggests that an optimum granule

size for rapid, even broadcast spreading might be 3.5 to 4 mm.,

8. Bulk blending is popular in the United States and some other countries
Prevention of segregation in blends requires that the particle size of the
blends be closely matched. Since prilled urea is smaller than other materials
commonly used in blends, it is not well sulted for this use. |
9. Prilled urea is fragile; its crushing strength and resistance to,ébrasipn
are much lower than most granular fertilizers. This weakness may result ln
excessive formation of fines in some bulk hendling anﬁ‘cpnweyirgzééhipmgnt,
vspecially in overseas shipments. Also, some“#&pgs{qf appllcg}lon'équippént‘
cause excessive disintegration. | -

10, 1In view of the disadvantages of the. usual commercial prilled urea,- 1t
seems odd that so little work has been done on improving 1ts quality. Some
degree of control of particle size in the prilling«prqcegg;is,pgssiblg, 5ut
larger droplets require a longer time to cool and solidify, and, this |
consideration may be a limiting factor in practice. .

1l. One company in Tanada (Cominco) is producing urea by a gprgy-drum;grgpv~
lation method. Two sizes are produced; one size, about 1.7 to 3,3 mm in diam-
eter, is useful for bulk blenting and direct application., A larger size,
about 4 to 6 mm, is used for forest fertilization. The granules are harier
and more resistant to abrasion than prilled material. The cost of granulation
is said to bé about the same as prilling.

12, TVA is developing a pan granulation process for urea in a pilot plant

using an inclined pan that has a diameter of about 1 m. The usual rate of
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fp}‘ggiggtgipn is about 340 kg per hour. Highly concentra.ted urea. solutions a.re
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’ f,vuj';iill.i‘zed 80 that drying of the product is not required.
‘solution (98 to 99.5%) was sprayed onto a cascading ‘bed of. recycled f:lnes 1n a
‘pan granulator. The pan product was cooled in a rotary cooler by a counter- "

current airflow and then screened. Undersize ,a.gq.,,cmaheﬁ. oversize ,wg;re .

- ‘recycled to the granulation step. .
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FIGURE 2
" FLOW DIAGRAM OF GRANULATION PILOT PLANT FOR -
PRODUCTION OF UREA OR UREA- AMMONIUM SULFATE

(1’14. "Igzkre,g' sizes of granular urea were produced. These sizes, together with '
-’;:;,i‘bheliininﬁ’énded end use, are shown below. |
vhotet 2.4 60 3.4 mme-bulk blending or direct application .

2, 8 to 4.0 nm--coa.t/ing for controlled release )

»

' ko to 6.0 mm--coating and forestry fertilization

s,

‘*'151 " For granulation of all of these products, the temperature in the material
ink the pan granulator was carefully controlled at about 100°C, Temperature
Wgs controlled primarily by varying the recycle ratio. The normal recycle
: ra;tio was 2.5 to 3.0:1, and the temperature of the recycled material was

about 56°C.
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16, For the two larger sizes of urea that were to be suitable for sulfﬁr

.coating, some special operating procedures were utilized to give a very well

rounded and closely sized product.

a. large, closely sized, well-rounded ures granules were used as starting
recycle. V

b. The product was screened in an unusually narrow size range.:

¢, Dust from the cyclones and crusher was not recycled:rto thg pan. ! (In:com=
mercial plant operation this dust should be. 51:‘1.‘8\591.,\;{@@‘ in the urea solution

"
feed . ) - ::'.l ' . r.;')!‘ ’1"‘;" T f".(
! H .5 "f
‘ . N an )’?: B x;’
~d.  The urea solution was pumped to the spray nozzles tqf:give‘:aﬂequate spray
Az " ; ;k‘ . ) " ' ) )

pressure for good coating.
With the techniques outlined above, thin layers of urea were built up on the
surfaces of the recycie. Control of g;‘anulation vas so precise that only
about 1% of the pan product was oversize. Product appearance was excellent.
| The products were particularly well rounded and smooth.
17, A tabulation of some physical properties of urea products produced in
the pan granulation pilot plant is given below. Some properties of commercial

,S.iruprilled urea and Cominco granular urea are listed for comparison.

Air- . Cominco
prilled granular

Pan-granulated urea : _Urea  __urea
Size of granules, mm 2.4.2.8 2.8-3.4 3.4k, 0 1.7-2.0 2.4.2,8
Solution concentration, % 99.5 99.8 99.3 a8 98
Crushing strength, kg 1.8 2,7 18 0.9 1.6 0.9 2.7
Degradation,® % 0.5 0.1 0.4 0.1 0.3 12 0.9
Apparent specific gravity 1.32 1.31 1.33 1.30 1l.27 1.32 1.29
Torosity,” % 1.0 1.9 o4 2.6 k4.9 1,1 3.4

& Percent degradation = percent minus 1.0-mm material formed on milling.

b Percent porosity = 100 - 100(2 ti\zx.:nzp: cigi?zra::z;t )
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118. —crushing strength of the _granular urea was about twice the strength of

| air-prilled urea. There is indication that use of the less concentrated urea
solution (98%) lowered crushing strength. Also, with a given solution con-

~ centration, simply increasing the urea granule size increased the crushing

xvstrength. The resistance to abrasion of the pilot-pldnt granular products
“was’greater than for commercial prilled urea.' Less' than 1% fines was produced
“in'the standard test procedure as compared with 12% for the prills.” The ™

i pilot-plant products had about the" same ‘crushing strength and abrasion
resistance as commercial granular ‘urea (Cominco).
'19." "Results to date do' not show’ any’ significant difference in the’ bulk den-
sity and 'specific gravity of" the pan products as compared ‘with’ air-prilled |
urea. The calculated porosity of the granules indicated that the pan-
granulated urea made with’ 99+% solution had about 1% voids which is similar
g ‘P¥111ed urea and less porous than Cominco urea. The pan-granulated ures
‘made witp '98% solution was more porous (3 to 5% porosity).

'fédff The pan ‘granulation process is being used successfully in‘a full-scale
”ﬁi&ﬁ% (20 tons/h) by TVA to granulate high-nitrogen fertilizers contalning
“armonium nitrate including emmonium nitrate sulfate (30-0-0-58) and ammonium

phosphate ‘nitrate (30-10-0) (2).

"'IIT; COATING AND CONDITIONING UREA

“ ‘21;%tAl§ﬁoqgh some urea 1s marketed without conditioner, most of it now is
conditioned either with a very finely divided inert dust such as kaolin clay
or with one of several organic materials. These treatments generally are ef-

fective in preventing caking while stored in moistureproof bags, but none of
. these . treatments is effective in retarding the rate of moisture absorption
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vhen the material is in acontact with hunid air above the critical relative
humidity which 1is about 75% at 30°C.

Coating Urea To Retard Moisture Absorption

22, In some parts of the United States where the climate is hot and humid,
there is a need for e conditioning treatment that will significantly retard
moisture absorption. The need is even greater in some tropical areas where
production and use are likely to be large. A petrolatum-rosin-paraffin (PRP)
ccating was developed 25 years ago and was used on grained ammonium nitrate
(3). It was moderately effective in retarding moisture absorption, but its
use was discontinued when it was realized that it contributed to explosion
hazard,

23. Recently, test quantities of granular urea (1.7 to 3.3 mm) were coated
with 2.5% PRP. Effectiveness of the coating was Judged by exposing samples

of coated and uncoated urea to turbulent air at 32°C and 90% relative humidity
for 24 hours. The coated urea became slightly damp but remained free flowing;
the uncoated urea became slushy; the particles lost their ide\ntity.f The rate
of moisture absorption for the coated material was only about one-ﬁf‘ththat
of the uncoated., Numerous other coating materials are being jbo;_stet\l'.;itg an;
effort to identify low-cost effective treatments.

24. The Dutch State Mines is reported to have developed an effective oil
coating treatment. In all coating treatments, larger size granules are help-
ful vecause 'the smaller surface area per unit weight reduces the requiredﬂ'

quantity of coating material.
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‘ Coating Urea for Controlled Release of Nitrogen

25. A nitrogen fertilizer with controlled release has been the objective of

considerable research. Potential advantages of controlled-ralease nitrogen

Ife‘rtilizers are increased efficiency of upteke by plsnts; minimizstion of

losses by leaching, runoff, or decomposition; reduction of s.pplication costs

through reduction in frequency of application; elimination of luxury consump-

I8

JL 1 e ;o oo v, A
2 B RIR *"u*‘a,el PRI (M

tion; prevention of pollution of ground water, streams, snd lakes; and ,

prevention of burning of vegetation or damage to seedlings.

26 In general, the research has been divided into two broad categories, one
) approach has been the synthesis of nitrogen compounds with desired solubility
. characteristics, and the other has been the coating of soluble i’ertilizers.

F.bcamples of synthesized compounds that dissolve slowly are urea-formsldehyde

products » lsobutylidene diurea, and crotonylidene diures., but the relatively

‘high cost of these products limits consumption to specialty uses. In a see.rch

i‘or more promising materials, about 100 nitrogen-containing mteria.ls were
evalua,ted by TVA in greenhouse tests. Some were inert, some were toxic ) some
were readily avallable to plants, and some were slowly available, From the
latter group, oxamide (32% N) was selected as the most promising, and severel
years study was ms.de of potential ma.nufa.cturing processes. However, it was

DI B

concluded tha.t the manufacturing cost would ‘be too high for farm fertilizer

t;i’ i A st Ao e
’ . : 0
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‘ 2'_7, Attention wa,s then turned to coating nitrogen fertilizers to control

.
.,'{ a3yt =
.

release. Of the several cos,ting materials that were tried or considered,

; i,

sulfur was selected on the basis of cost and effectiveness. 0f materials to

be coated, urea was selected on the basis of cost, availability, and high
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concentration. Research at TVA on sulfur coating of;urea‘partiEies'ferix
controlling the dissolution rate began in 1961. | '
28, However, sulfur alone was not very resistant to moisture penetration,
and it was the discovery that an oily sealant was required with the sulfur
that provided the breakthrough to a successful coating. It is believed that
the oil acts as a sealant in filling the fine pores in the sulfur shell.
Ordinary motor oil worked very well with water dissolution measur ements iﬁ
the laboratory; however, in soil, the coating failed because the soil mechan~'
ically removed the oil by absorption. Petrolatum worked better 1n the soil,
but certain types of wax were found to work even better and were cheaper than
petrolatum. These waxes contain about 10% oil; waxes containing only 1l or 2%
| oil are unsatisfactory as sealants, even in water, Therefore, it was deduced
‘that the oil provides the sealing action, and the wax provides mechanical
~j:mmt:ection that prevents the oil from being absorbed by the- soil.
29. It was found that the wax was subject to microbial attaek in the soil
A thch destroyed its sealing properties; therefore, it was desirable to‘add a.
‘mcrobicide. Cosl tar has been found to be an effective, cheap microbicide.
("Only about 0.2% coal tar is required.
g 30: Early development work was carried out in the laboratory by coating .
_‘batches of urea in 15- and S6-cm-diameter drums (4). Later the deveiopﬁent
was continued in a small continuous pilot plant; the production rate was about.
135 kg per hour (5). At present the process is being developed further in a
large pilot plant that has a capacity of about 1 ton per hour. The initial"
operaiion of the large pilot plant has been quite encouraging.
31l. A schematic flow diagram of the pilot plant is shown in Figure'B.

Granular urea is preheated in the first rotating drum to 80°C with electric
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radiant heaters to prevent the sulfur from ﬁ'eezing too ra.pidly on the gran~ -

ules. ‘The molten sulfur is air-atomized ml‘*sprayed onto 'hhe rolling bed’ of

granules in the second drum. Wax and coal tar are applied in the third drum.
"The coated granules ave then cooled in a fluidized bed cooler, and a powdery

conditioner is applied in a fourth drum to eliminate the tacky condition of

the wax.
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FIGURE 3
FLOW DIAORAM FOR SULFUR-COATED UREA PILOT PLANT

‘ \32 Mosr, .of the work was done with conmercial granular urea (1.7 to 3 5 )
Wproduced by the previously mentioned spray-drum gra.nulation process. SOme
;tlgeg;bq were made with prilled qxjga.,v(but its smaller particle size results in

,‘,;‘éz;ea'tt(e(rlsqrface area per unit weight of urea; t}iis graa.tgr gurface rgqgj,;:gs -

. & coating that is higher in percentage by weight of the product for a g{qgh

;{g: cqafing thickness. For this reason‘,la'rge,: well-rounded granules are .. ;.“:

. .preferred for coating. ' o
33+ One cause of the long period ;'egu:l,red“f"gp development of the coa:t@ng is
the time required ’inherentiy for agronomic testing of the experimental '

products. Another cause 1s the large number of operating variables that

s o
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« - affect the quality of the coating. Fourteen variables » 8ome interacting,
.affecting coating quality have been identified. However, in spite of the
large number of variables, they all can be controlled fairly easily to give
& consistently uniform product. The difficulty is in finding the optimum
combination of variables.

34, In the caall prilot plant the best quality og coating produced at a
coating weight of 16% had a dissolution rate of 18% in the first T days and
0.6% per day for the rext 7 days. These dissolution rates were &etemined

in the laboratory by immersion in water at 38°C. The higher initial rate of
dissolution results from the presence of some granules that are coated im-
perfectly when they pess under the three spray nozzles in the drum. These
granules dissolve in a short time when a sample is placed in water. The re=-
maining granules that are well coated have an average dally dissolution rate :
that is relatively constant. For most purposes it is desirable to have a
portion of the nitrogen readily available immediately aftor application of thé;;
fertilizer. By varying tke coatirg thickness (or weight), both the ini'l'fial‘
rate and daily rate of release can be controlled. The desired rate fpi' a’
given crop and climate has to be determined by field testing.

35. The effect of time, coating weight, and temperature on dissolution in
vwater 1s shown in Figure 4. These results were obtained with materials pro-
duced in the small pilot plant before optimum coating procedures were deveJ.-
oped; ir subsequent work, similar results were obtained with lighter coatings.
Dissclution rates in the soil are not necessarily the same as in water, as

many other variables affect soil dissolution fates.
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BUBSTRATE DISSOLUTION IN WATER VERSUS TIME OF IMMERSION
OF SULFUR-COATED SPRAY-DRUM-GRANULATED UREAS (1.7 TO 34mm

: 56.“ Estimstes indicate that the cost of coating granular urea in a plant of
:‘h5o metric tons per day capacity would be about $16 per ton, including a 15%
- reﬁurn on investment. .If the price of straight urea (46% N) is ‘$77 par tbn,
fth; es;timated price of coated urea (36% N) would be $76 per tom, vhich 1s
_-about 26% more per unit of nitrogen. It is recognized that initial production
!;Vgx; ;. smaller scale will be more expensive. Also, transportation costs per
unit of nitrogen will be greater for the coated material. because of its lower
nitrogen content. However, the results of agronomic tests indicate that there
‘ a.re‘many cases in which the value of increased yleld would more than pay for

the higher cost. Moreover, a major advantage of coated urea is the potential
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reduction in costs by applying the nitrogen only once at the time of planting

rather than having the added costs of top- or side-dressing.

37.

In eddition to the controlled-release characterisiics, coated urea has

excellent storage and handling characteristics end might even be handled in

bulk iv humid climates.

Agronomic Tests of Coated Urea

38.

}

The agronomic response of various crops to sulfhp;-c‘oated. urea has been

reported by TVA agronomists in several publications (6, 7, 8). Results or

conclusions obtaived are summarized below.

a,

b

39.

A single applicntion of sulfur-coated urea oncoastal bermuda grass in the
spring gave as good or better results than four (split) applications of
axmoniuvm nitrate,

Excessive (luxury) consumption and excessive growth of grass forage
shortly after a single application wereavoided with *Bulﬁxr-coated urea. '

Sulfur-coated urea produced better distribution of protein th.roughout o

't.he forage growth period.

The sulfur residues oxidize slowly to pla.nt-ave.ila.blé suﬁé.te? a

Heavy surface applicetion of sulfur=-coated urea to g'rasses di& not ;'esult |
in burning or N (decomposition) losses as with uncoated urea..l :
Sulfur-coated urea resisted leaching and denitrification in cases of h;ea.\iy‘
rainfall and resulted in higher yields under these conditions.

Tests of sulfur-costed urea are being carried out in 36 of the United

States and in 22 foreign countries. Some of the results of these tests indi-

cated that coated urea was advantageous for use on sugarcane, pineapple, rice

grown with delayed or intermittent flooding, and in general for long-season
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- ‘crops and for conditiono‘fwhere high leaching or decomposition losses are
prevalemt. .ok 3“.:;,‘2' lipr b g e g

40, The eu.'l.mr-coe.ting %echniqtie may e api»lied to fertilizers other than
urea. Ebcperimental vork has included ‘coating of diammonium phosphate,

potassi\un chloride . potaseium aulfate » and various; compound fertilizers.

e 2 o

A XY
e .i .
B BTN
.

IV, UREA -~ AMMONTIM SULFATE *

lil. Combinations of urea and ammonium sulfate (UAS) are of interest because
-'byproduet ammonium sulfate is available at low eoet at many locations, and
because sulfur is an essential element for plant grow'bh. Recent reportse by
jThe Sulphur Institute show that moderate to ser:l.ouo sulfur deficiencies occur
| in more than half of the United States and in at léast 4T other counmes, |
‘incluﬁing several developing countries. ' 1 L |
Ehcperiments by TVA have shown the feasibility,, of prilling UAS in’ oil (2) o
Mixtures containing 18 to 60% axmonium sulra.te have ‘been prilled suecessfully
in the pilot pla.nf.. The corresponding nitrogen contents are L0 to 30%, and
the ‘equivalent elemental sulfur contents are ;&1120 113% ‘
" 43, The usual temperature of the UAS mixture for prilling was about 135°C.
~ Figure 5 shows a phase diagram of the UAS system. The.system shows a eutectic
at 9% ammonium sulfate and 91% urea with a melting point of 121.5°C. Mixtures
' containing more than about 10% ammonium sulfate at the usual prilling temper-
‘ature of 135°C contained undissolved solid ammonium sulfate suspended in the
- melt. However, these mixtures were fluid enough for successful prilling using
" a rotating prilling cup 7.5 cm in diameter containing 24 holes of 2-mm di-

| ameter. The prills were somewhat larger and stronger than air-prilled urea.
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Also, tests indicated that prilling in air would be feasible with minox. .

changes in conventional urea plants.
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-4, - Granular UAS has been produced successfully in the pan granulation pilot
..'i plant that vas mentioned earlier. Figure 2 shows optional addition ,c')f;;;»‘y
ammoniun sulfate in the urea granulation process.

45. The ammoniwm sulfate nsed was a crystalline material, a byproduct from
the steel industry, mainly smaller than 0.5 mm. Urea solution was prepared
by melting prilled urea with about 1% water in a steam-heated melter. In some
tests, ammonium sulfate war added to the urea in the melter. As much as 20%
ammonium sulfate (not necessarily a maximum) could be added to the urea
without encountering difficulty in spraying the melt into the pan granulator.

This method gave generally better results than addition of ammonium sulfate
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ina dry state with the recycle. A mixture of 20% ammonium sulfate and 80%
urea provides a product grade of 40% N and about 4.5% S (after conditioning).
This grade is deemed useful for use in sulmr-delﬁ.cient areas.,
46. The finished granules (2.% to 3.4 mm) appeared to have good physical
pmberties » although storage .tests have not been conxplébed. Sinée UAShas a:
1ower critical relative humidity than either urea. or amonium sulfate » 11; is l
" expected that conditioning will be required. Bt e e
" 47, In work reported by Joris and Sor (10), it was :found'fhat?,UAS%‘ﬁay“ﬁé/
granulated by air prilling, rol? ampactiﬁ;i'; or drum gi'a\.mil‘a.t\ién." '.l'hese ’
products contained 33 to 34% N (approximbely equal 'weights of urea and
'\:amnonimn sulfate) The products were stronger than urea prills,’ g
48, Joris and Sor (10) report that volatilization Ioss (as NHa) from UAS
\ applied on the surface of the soil was much less than from straight urea.
Also, agronomic tests in several locat:l.ons ga.ve better reeults than amonium .

nitra.te, presmmbly due to the w.lmr content of UAS.

I 1Tne, R T
V. USE OF UREA IN COMBOUND FERTILIZERS

‘Js‘.v ?&9, ~ Compound fertilizers are growing in popularity in many couniries.. In

| Western Europe during the period of 1958 to 1969, compound fertilizers in-
creased from about 35 to 58% of all fertilizers. .In Japan in 1969, 72%.o0f

i the N,. 76% of the Pz0s, and 84% of the K20 were in the form of compound .

; n.fertilizers, - '

| 50, There 18 also an increasing preference for compound fertilizers in many

o deve\loping countries. When a country begins to use fertilizer, nitrogen is

often the limiting fastor, but after a few years of use of straight nitrogen,
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the native supply of other elements in the soil often becomes depleted and
mist be supplied.

51, While it is possible %o apply etraight fertilizers separately, it ° ,
usually is more convenint and satisfactory to use a compound fertilji;efxy'“‘
containing all necessary elements. )

52, Urea is well adapted to uce in compound fertilizers because of :I.ts hish
analysis, low cost per unit of nitrogen, and plentiful sup;gl‘y. In comparison
with ammonium nitrate, it is free from fire and explosic;ﬁ ‘h;;zanls ’ ‘a.nd
agronomically preferable for rice. |

53. Compound fertilizers formulated with urea and auperphosphste ha.ve aome
advantages that should not be overlooked. Superphosphate production 1s a.
simple process, and often may be the best means for utilizing byproduct sul-
furic acid when the quantity is insufficient for an economical scale of phos-
phoric acid production. Also, superphosphate supplles sulfur, an element
necessary for plant growth and often deficient. Many developing countries
have superphosphate facilities that arc not fully utilized. Granulation of
superphosphate wiii urea and other materials offers a meens for providing
good-quality compound fertilizers that are adapted to the needs of crops ‘and
soils in local areas.

54, The technology of utilizing urea in granular compound. fertilizers is
well advanced in Great Britain where several emall plants supply local needs
using formulations containing urea, superphosphate, potash salts, and often
ammonium sulfate. Quite often, ammonium phosphate is added to up-grade the
product. Some popular grales are 10-10-16, 20-10-10, and l4-lh-1k, A recent

article sumarized British practice (11).
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'55 In visiting some of the British pla.nts, the near abuence of, fume a.nd dust
was & noteworthy feature even though no sophisticated rollution control equ.ip-
ment was used. Subsequently, TVA pilot-plant tests have confirmed that granu-
1ation of urea-superphosphs.te formlations ylelds much less i‘ume s.nd dust than
the ammonimn nitrate-containing formlstions conmonly used in the United
Sta:tes . ]

56 ) Use‘of urea in granular compound fertilizers is ‘also common in Japan
where a wide range of gredes is produced and many types of granulators are
used. Ando (12) has presented an excellent survey of granulation practice

in Jspa.n

'
) -

\5:{}.‘ In the United States ’ urea is used widely in liquid mixed fertilizers
and to some extent in bulk blends » but so far it hs.s not been used to s.n
s.ppreciable extent in gra.nular compound fertilizers.

58 An interesting possibility is the production pf urea phosphate and its:
use as an intermedia.t«a in m.king liquid and solid fertilizers, as described
in a recent paper by Na.yar and Gopina.th (_2) Essentially pure urea phos-
phste ) CO(NHg)a HaPOy, was produced by rea.ction of urea with filter-grede,
wet-process acid and separs.ted by eva.pore.tion, cooling, crystsllization, and
centrifuging. The product my be used directly as a fertilizer or converted
to a.nmonitm orthophospha.te or polyphosphate by heating with or without excess
! urea‘.z In one example a 15-35-0 liquid fertilizer was produced from +he pyro-

lyzed melt. Subsequent laboratory-scale studies by TVA have confirmed the

technical feasibility of the process, and further development is likely.
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VI. UREA - AMMONIUM PHOSPHATES

- '5'9. éompound fertilizers containing urea and ammonium phosphate are of par-
ticu:lar interest because they are the highest analysis N-P (and N-P-K) com-
pound fertilizers that can be produced by present technology. The actual
grade depends on the purity of the a.mmoniun'x phosphate and on whether the
ammonium phosphate 1s monoammonium or diammonium phosphate or ammonium poly-
phosphate or some mixture of these compounds. The grade also depends on the
amount of conditioner and other materials that may be added. '

60. Combinations of pure urea and pure diammonium phosphate or ammonium
polyphosphate will yleld grades as high as 30-30-0 or (with KCl) 20-20-20.

When using ammonium phosphate prepared from typical wet-process acid, A
28-28-0 and 18-18-18 are easily attained, even when allowance is made for
conditioner.

6l. At present, urea - ammonium phosphate (UAP) is known to be commercially
produced in India (1%) and Japan (12). As pointed out previously, many plants
use formilations containing urea and ammonium phosphates along with other

" lower anglysis materials,

62. Processes for producing UAP may be classified according to whether the
ammonium phosphate is supplied to the granulator as a slurry, a solid, or a
melt. Likewlse, the urea may be supplied as & solid or as a highly coacen=~
trated solution appruaching a melt. Obviously, if the ammonium phosphute

and urea are produced at the same site, UAP could be produced by any of these
combinations. If the two materials are produced at separate locations, 1t
usually is necessary to transport either the urea or the ammonium phosphate or
both to the granulation plant in solid form. (As an exception, certain grades
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"-of,;fUAPfsgc;h; as 15-30-15 can be mdefrom urea-ammonia sclution and phogphq'ric
T
63 "' $Lént *{n ‘Tndia Where both urea and ammonivm phosphate are avéliable,
a gB-?ﬁ-Olipiio'éucﬁ ‘18 ‘made by supplying ammonium phosphate as a slurry and ﬁz;ea.
""&éffa\:"éaiid (prills). 'The ammonium phosphate slurry and prilled urea are:red
““$0'an’ ammoniator-granulator vhere granules are formed by coating the' prills Y
“with the slurry (15). Ammonia is supplied also to the granulator to convert
the ammonium phosphate slurry to diammonium phosphate.
64. In Japan (12), various combinations of solid and slurry ammoniwd phos-
“phate with solid and solution ures are used to make high-axial;\ré:ls granular
fertilizérs. Types of granulators used include ‘rotary ‘drums; pans) pug-
‘ m:llls, ‘and’ others. | ‘ |
"3‘5".5‘ Slack (16) has reviewed the technology of préﬁqcihé“'gi'é.nulaf complex
‘fertilizers including UAP, | | ‘
66. Fisons (11) has developed ‘s process in wl'ii'éﬁ UAP is' produced from s61id
nongranular monoammonium phosphate and’ pz;illed or érysté.iiiné ‘urea. The mix-
ture of two materials is granulated with f.he ald of steam in a rotary drum or
‘pug mill. Other materials may be added if desired. Some of the grades men-
‘tioned are 24-30-0, 28-28-0, and 19-19-19. The process has the advantage that
'it can be carried out in emall granulation plants using shipped-in materials.
‘6'%'.’“f'TVA has studled production of UAP extensively on & pilot-plant scale.
Since TVA's plans provided for coexisting urea, ammonia, and phosphoric acid
"'i%cilii:ies, the main emphasis was placed on direct production from these mate-
"rials in order to avoid the expense of separate production of sol:!:d

intormediates (urea or ammonium phosphate).
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68, The first process that was developed was ecsentially the well-known TVA
dismmonium phosphate process (17) except that urea solution was added in the
amioniator. The results of this work have been published (18).

69. Some problems were encountered in drying UAP products. It was desirable
to dry the products to a low moisture content (about 1%) to ensure good stor=
age properties. The temperature of the material leaving the dryer was limited
to about 95°C to avoid decomposition of the urea by hydrolysis. It was found
necessary to limit the temperature of the air entering the rotary dryer to a
range of 150° to 175°C for countercurrent flow, or about 200°C for cocurrent
flow, to prevent the material from melting and sticking to the shell and
flights of the dryer. Because of these limitations, the drying rate was slow,
and a long retention time would be required to reduce the moisture content
below 1%. As a result the dryer would have to be very large aud expensive.
70, Attention was then turned to melt-granulation procesees in which no
drying is necessary. Ammonium phesphate melts may be produced by a process
developed by TVA in which the heat of reaction of ammonia and phosphoric acid
is utilized to evaporate the water in the acid and convert part of the phos~
phate to polyphosphate. Anhydrous ammonium phosphate melts should contain
sore minimum proportion of polyphosphate to be fluid enough to handle easily.
The minimum polyphosphate content for satisfactory fluidity i1s not well
defined; 20% is adequate, but not necessarily a minimum.

Tl. Urea melt may be obtained by concentrating urea solution to less than 1%
water. Use of this melt with anhydrous ammonium phosphate melt provides an
essentially water-free system, eliminating the need for drying.

T2. 0il prilling of the mixed melt was studied in a pilot plant. The ammonium
rolyphosphate melt at about 200°C was mixed with urea melt at about 150°C and



-27-

a. small amount of cool recycle. The resulting mixture at a temperature of
135"0 could be prilled satisfactorily in a rotating prilling cup (19). The
”‘Pprills were collected in a vessel containing cooled oil and separated from
the oil by centrifuging. One reason for selecting prilling in oil rather
tha.n in air was that materials of high polyphosphate content crystallized too
s{l.owly for airprilling., Probably air prilling would have been satisfactory
. for low-polyphosphate materials s but high-polyphosphate products were desired
for possible use in liquid fertilizers. 0il-prilled .products .from this pilot 1
Plant (using electric-furnace phosphoric acid) 1nc1uded 30-30-0, 36-18-0, and
39=13=-0, X ,
T3+ In attempting to scale up the ‘process to a LoO-ton-per-day unit, aeveral
| difﬁculties became apparent. !u;ese d:l.fﬁculties need not be emmerated. )
i However, there was one major draﬁback to prilling UAP melta in either oil or -

P Gt
I ) ‘f;

air, vwhen the ammonium phosphate melt was mde with wet-process a.cid, 11;
reacted rapidly with the urea melt, fom:lng 8 foa.uw mixture that 'was very
difficult to prill, ,:N%;;\[Q,;:‘
‘T4. Attention was then turned to cogranulation of urea and- a.mmon:l.mn poly-
phosphate melts in a pug mill. In this process the two melts are added. at
separate points in the pug mill. The temperature in the pug mill 1s con-
~ trolled at about 85°C vy recycling cooled product. This Process has proved
satisfactory in a pilot plant of 0.5 ton per day capacity. The results have
been described (20).
75. The UAP products made by the pug mill process showed unexpectedly good
physical properties, especially when made with wet-process acid. Although the
mcritical relative humidity is camparable with that of ammonium nitrate » the

rate of moisture absorption was less, and the rate of penetration of moisture
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into the material in open piles was slow. Also, the material did not become
\'wet {aﬁ'.er absorbing e limited amount of moisture. This behavior has not been

fully explained, but it probably is connected with the presence of
polyphosphate.

76. The main disadvantage of the pug mill process 1s that the high levels of-
polyphosphate content cause difficulty in granulation because of slow crystal=
lization and plasticity, especially when the phosphate is derived from wet~
process acid, For instance, in producing a 28-28-0 UAP, the granulation step
becomes difficult when more than 25% of the Pa0g 1s present as polyphosphete.
This 1s a disadvantage only when the product is expected to be useful in
making liquid fertilizer.

77« Materials containing polyphosphate have a high P-0Os water solubility,
usually 98 to 100%, whereas ammonium orthophosphates made from some types of

wet-process acid may have 90% or less of the Pz0s in & water-soluble form.

The higher water solubility i1s a practicel advantage in countries where water
solubility is the accepted standard for determining the commercial value of
phosphate fertilizer.

78. Design of a 40O-ton-per-dsy demonstration-scale plant to produce UAP has
been started, In the meantime, further pilot-plant work is under way. It is
planned %o use wet-process phosphoric acid (50 to 54% POg) and to produce
low=-polyphosphate melts by the direct process (21). The phosphate melt will
be combined with urea melt in the pug mill. The grades planned for production
are 36=18-0, 28-28-0, and 21-42-0. Potash-conta.iﬂning grades have ‘:O)een made in
the pilot plant, but none will be made in the larger scale plant. ‘ It is ex-
pected that the main uses of the product will be for direct aepplication in
areas where potash is not needed, and for use in bulk blending where potash
will be added.



7’ .

>k
W o
Y

W,
PR R T
P M

‘2,

Serge

-

~ON -
. L .

e
8.
o

'10.

11,

13.

¢ -29-

. VII. REFERENCES

. \Bragg, E, B, Proc. TSWA (Int. Superphosphate Mfr. Ass.), London,

\Tech, Zonf., Avignon, France, Paper No. LPE/62/12, September 1962.
i,ml}ine,;R. S., Mccw, I. W., Graham, Je Lo, SJ.oan, T. So, Je . Food

" Chem. 16, No. 2, 235-40 (March-April 1968). ‘ ,

Miller, Fhilip, lenseus, G. A., Saemen, W, C., Dokken, M. N, Ind. Fng.
Chem., Ind, B4, 38, 709-18 (July 1946).

;Rindt, D. W., Blouin, G. M., Getsinger, J. G. ; ﬂgg. Food. Chem. 16,
" To. 5, T73-8 (September-October 1968).

i

A
IR
i

Blouin, G. M., Rindt, D, W., Moore, O. E. "Sulfur-Coated Fertilizers
for Controlled Release: Pilot-Plant Production." Presented at 160th

' National Meeting of American Chemical. Society, September 1970,
> Allen, 8. E., Ma.ys, D. A., Terman, G. L. Crops Soils 21, 13

December 1968).

Mays, D. A., Terman, G. L. Sulphur Inst. J. 5, No. 3, 7 (1969).
Mé.ys, D. A., Terman, G. L. Agron, J. 61, 489 (1969). . ‘
New Develooments in Fertilizer 'I*echnolog--ath Demonsgration. Tennessee

';.)\

Valley Authority, M.tscle Shoals, Alabama 35660. ‘October 1970.
Joris, G. G., Sor, Kamil. Agr. Chem. 26, No. 4, 14=5, 31-2 (april 1971)
Nitrogen, No. 66, 29-3L (July-August 1970).

Ando, Jumpei. Proc. 20th Annual Meeting Fertilizer Industrly Round Table
(Memphis), 85-92. Office of Secretary-ireasurer, Baltimor;e, Maryland
21212, 1971. ‘

Nayar, K. V., Gopinath, R.’ Proc. ISMA (Int. Superphosphate Mfr. Ass.),

London, Tech, Conf., Sendefjord, Norway, Paper No. LTE/70/7.
September 1970.



‘1#.’

15.
16.

- 17;

18,

19.

. 20,

21,

© 30m

Phosphorus Potassium 33, 18-9 (January-February 1968).
Barry, L. A., Arveson, E. J. U, S, Patent 3,425,819, February I, 1969.
olack, A. V., Blouin, G. M. "Technology and Economics of Complex Fer-

‘tilizer Production." Presented at 1l4th Annual Meeting of The Fertiliser

Association of India, New Delhi. December 1969.

Young’ Ro D., HiCka, Gn CQ’ mv’.s, Cc Ho Jo AEI'. FOOd Chemo _]_._Q, Ma'?
(November-December 1962), '
Meline, R. S., Hicks, G. C., Kelso, T. M., Norton, M. M. Ind. Eng.

Chem., Process Des. Develop. T, No. 1, 12433 (January 1968),
New Developments in Fertilizer Technology--7th Demonstration. Tennessee

Valley Authority, Muscle Shoals, Alabama 35660. October 1968.
I’:‘e’ R. Go,‘ Ihline,’ Ro S.’ You.ng, Rc Do PrOC. Is!dA (Into SuEEEEhOBBhate

Mfr. Ass.), London, Tech., Conf., Sandefjord, Norway, Paper No. LTE/70/5.

September 1970. .
Meline, R. S., Davis, C. H., Lee,-R. G. Farm Chem. 133, No. 11, 26=36
(November 1970).





