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fly 

R. C. Gray and n. 14. Livingston 

I am pleased and honored to he here with you today to discu~s "New
 

Technology in the Production of Nitrogen Fertilizers." iany of the nitrogen
 

fertilizer materials most popular today are mde possIhle by technological 

Inprovements of recent years. 
Pressures of increasing trnnnportntion
 

and handling costs, better understanding of .- ronontc nr-rds, .nd nm, rethod 

of application in the field have created a need for riterll 
that fit 

the modern world. Throut, h developnent of neo- technolov, On Attempt is 

being made to supply these rmterirls. 

How chnnges occur in une of specific nitrogen naterinls can he illustrated 

by comparing three coronly used rterinls--nrmonitor sulfate, a3mnni',, 

nitrate, and urea--on the basis of their shares of world nitroen production 

(Figiare 1). Artmonium nitrate is rer.ainin- rather constant in quantity, and 

urea is replacing a monium sulfate. Part of this is probably due to the 

lfiiher nnalysis of uren--45% or 46% N conpared to 21% 11 for an-nontum sulfate-

and resulting savings In transportationand ha..d)ing costs. Part in due 

to gradual Jos'ering of the cost of urea throutgh nety production techniques. 

1 Presented by R. C. Gray to the II Sails (ollolitli, qocie-Ind rnlonhin.1 de 
In Ciencta del. Suelo, Palmirn, Crolonhtn, September 2, 1971. 
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Anhydrotui n rucnin is the bnqe rmrerinl for mnt of tho nitrn-nn fertilizer: 

uq41 in the world. Modern pNanti have larre capacity, with mnnv prn|ucing 

1, 10 to 1,40 metric tons per day. "Today's 'centriftujAl conrar'qAors, much 

more efficient than the reciptocal compressors used in older plants, require 

a plant of at least 500 metric tons per day capacity for economic production. 

Transportation economics make it desirable that ammonia plants be located 

near the raw material supply, usually natural-,gas. As a restilt, we find
 

the new, large ammonia plants near major oil fields, such as the Gulf Coast 

of the United States, the Caribbean, Libya in North Africa, and Kuwait 

on the Arabian peninsula.
 

Anhydrous ammonin is generally stored and transported in the liquid
 

state. Since it is a gas at normal tenperatures and atnospheric pressure, 

it mu c either be kept in a pressure vesqel capable of withstanding pressures 

of over 14 k-g/cm 2 or it must be cooled to minus 33' C., for storage at 

atnospheric preqiure. 

Very often ammonia is converted at the producLion site to other forms
 

of nitrogen fertilizcrs that can be transported to the point of use by
 

conventional handling method., loever, ammonia nay be carried in railroad
 

tank cars, by barge, by refrigeratcd ocean tanker, or by tanks placed
 

on an inter-ijland ship. Recently, a network of pipnlIncu was built in
 

the United States to transport anhydrous a.-xonia.
 

Now let us connider son. of the solid.nitro-~en fertilizers. Ai-nonium 

sulfate I% the oldest of these naterials. It is still an imnortant nitrogen
 

fertilizcr because it has excellcnt p'ynical condition and iq a good source 

of stlfur. Its diandvantages are that it Iq cr:istAJline rather than granular 

and Is a lot-annanysIs material. It can hq rmde by thp reaction of amnonia 

with suilftirie acid or of -vpitn w~ith amnonitin carbonate. An increasinnly 
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inpprtantosource .s, Inicaprolactnm production.t Four ,tons of anmonium, 

sulfate are produced as a. byproduct,for each ton, of caprolactam. ,fAmmonium 

sulfate nay-also become,an,end productof sulfur oxiderecovery ,from stark
 

Vases of power plants.^ This-might create unwieldy surpluses of thematerial
 

,andpose a disposal problem.r
 

SAr monium nitrate is another well~established solid nitrogen fertr. 

lizer. Itis produced by the,reaction of annonia with nitric acid and is
 

usuallyprilled,or granulated. Because half ofthe nitrogen is in,a -Moniun 

form and half In nitrate forn, it is preferred in uses whcre it is desirable
 

to have part of the nitrogen as nitrate. Of course, for use on rice,
 

this would be~undesirable. Ammonium nitrate has high hygroscopicity and in
 

conbination with organic matter, is explosive. Frei-ht rates are hih. and
 

many places prohibit the transport or storage of solid amnonitim nitrate. 

The explosiveness nay be nullified by granulating with linestone, but this
 

dilutes the ammonium nitrate end lowers the analysis.
 

As indicated earlier, urea has been gaining in popularity. In addition 

to its high analysis and relatively low cost, it is free from danger of
 

fire or explosion, and is well adapted agrononically for rice. Urea has
 

some undesirable features, however, that call for additional research
 

and development. The prills of air-prilled urea are smaller than desired
 

for mixing in bulk blends. The granules, or prills, are soft and urea is
 

quite hygroscopic, making it difficult to handle in bulk. 

One method of improving the physical condition of urea is to 

iflorpornte other materinls. TVA and others are experimenting with pro

duction ,of a rixture ,of urea -and annonl:um sulfate. The naterial ,has 'a hgher 

nitrogen content phan amnonitm sulfate, has btter physical. properties than 



uren alone, and-containi some ',ulfor.. The mixture forms grnnules or pri.ls 

that are harder and much less fragile than -those of straight urea. 

Two methods, have been't sed at TVA to produce urea-a'nonlun sulfate. 

One method is based on'theuse of oil as a cooling medium instead of ait 

as in a conventional prilling process. Solid arrmonltm sulfate and concen

trated'urea solution are proportioned and fed to a priJlinn cup rotating 

over a vessel containin. cooled oil. DronletA of urea-arontum stilfate 

solidify an spherlcal 'particles in the oil- A screen and*centrifuge are 

the oil for reuse.
used to remove 


Another method used for production of urea-ammroniitm sulfate is the 

pan granulator. The pan is tilted at an anile-and is nounted for rotation 

to form a moving bed of materinl. Urea and ammonitim sulfate, as a melt, 

are sprayed onto the novin,, bed. As the pan passes under the snray, a layer 

of material is denoqited. In this way, it is possible to produce lar.er 

granuleq with an almost spherical shape. The product is cooled, screened, 

and sized. 

ThV analyses of two 'rades of urea-an oniun sulfate made by the oil 

prilling process are shown in Figure 2. The rnnge of product is 30-0-

0-14S to 40-0-0-4S. We think that the 40-0-0-4S will be the most popular 

grade. olmcver, it should be pointed out that the product cotld never 

be completely de-oiled. You w.ill notice that about 1% to 2.5% oil was 

loft in the prills. Thiq, of course, costs noncy and the particles appear 

oily when freshly made.
 

There is no oil in the pan granulated product. Chemic'al and ucrecn 

analysis of 40-0-0-4S shown in'FiT'urc 3 contains 207 a oniui sulfate by 

veiht., One problen that can be encountered in pin ,rnnulation of 



-5

;urea,- ammoniun sulfnte is the high, viscolity of some of the nixed melts 

,and the difficulty of spraying then. Snpe of the annoniun sulfatP nay 

need to be added to the recycle. ,' think you'll be hearing more about 

urea - ammoniuri sulfate in the future. The procluct is considered to be 

xan )excellent source of nitro , n and also contains some sulfur. 

Another method for improving the physical condition of urea is to
 

granulate it %rith other materials to produce complex fertilizers. It nay
 

be Aranulnted with single sperphosphate (0-16-0 to 0-20-0) and other 

materials--anmonium sulfate, mono- and diammonium phosphate, and potassium
 

hlorlde., No ammonia is used directly and the mixture must be heated in 

the granulator. A burner supplies Jieat and moisture is provided as steam.
 

The ,product Is dried, screened, and cooled. Granular materials such as 

14-14-14, 20-10-10, 10-20-10, 9-27-0, or 18-18--9 can be produced. Since
 

no ammoniation is used, the iater solubility of the phosphate in the 

product is high. Tests hove been made at VIA in a sn2il pilot plant.
 

Agronomic response data with this raterial are quite limited.
 

A great deal of effort has been expended in the search for a nitrogen 

product which has "slow release" or "controlled release" properties. TV 

has reached the pilot plant stage in the development of a nitrogen ferti

lizer of this kind, and I would like to describe the product in some detail. 

It is called sulfur coated urea.
 

In the process, urea prills or granules are fed to a rotating drum
 

and molten sulfur is sprayed onto the moving bed of particles to form
 

a continuous coating. Holiver, sulfur alone iq not sufficient to prevent 

disqolution of the particle. It Is necessary to acid a s-alant over the
 

sulfur to seal the cracks and pores in the sulfur conting. A petroleum 

wax is used for the sealant. This Is also applied in the molten form. 
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.ticro-organi.rris in the soil destroy the uta aealint sn n nicrohicide s'ich 

nq coal tar in ndded to the coating. N snnll aimont is effective. A final 

raterial. such a- diatomaceous enrth, i added to overcome the stickiness 

of the wax coating,. What we have then Is a multilayered contIng consisting 

of sulfur, wax and microbicide, and conditioner in that order. Total weight 

of the coating ranges from 15% to 26% of the total sample weight. The 

product can he screened and bagged or handled In hulk. 

Capacity of the early pilot plant was about 100 k.g/hr. A larger unit 

(about'450 kg/hr) was recently put into production. 

Standard tests have been developed in the laboratory to determine
 

the proportion of urea dissolved at different tine intervals (Fiw ure 4).
 

Hiefly, the sample is exnosed to water at 38" C. (100" F.) for periods
 

of about 7, 14, and 28 days. The solution phase is snmnlnd anti the amount
 

dissolved Is dntermined. A plot shomini, the dissolution rate versus time 

for two levels of coatings is shoMnm in Firure 4. With either coating, 

dissolution began at a high rate and decreased ;tth tine. This indicates 

that some of the particles were poorly coated and were diqsolved rapidlv. 

lWell-coated materials release nitrogen over a lon, period. 

As might be expected, the ter-pe.atura of the water affects the rate 

at which the sample dissolves (Fiqure 5). In 14 days, the rate is doubled 

as the temnperature is raised from 0* C. to 30* C. (10.0" F.) standard. 

By correlation of these laboratory tests with actial field results, it 

is hoped that the agrononic effectiveness of the raterials can be predicted 

from laboratorv tests. An so nany variables affect plant response, mitch 

work remiuns to be donc in thir area. 
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Sulfur-coated urea is being tested a-nronojiically in the United Stntei 

and several foreign countries. Pror, tqing reslts hive been olitniner4 with 

rice fertilization Ohere water control is poor -upland cropping aras. 

In *lyderabad, India, sulfur-coated urea outperformed uncoated urea with 

four methods of incorporation. It is again emphasized that the water
 

control was poor or intermittent. Sulfur-coated urea gave an improved 

yield of rough rice in comparison with a split application of uncoated 

urea. Sulfur was mixed with the uncoated urea to offset any sulfur 

response.
 

Good results also were obtained with rice in Lanbayequn, Peru, during
 

1969-1970. Again, the water control was intermittent. Sulfur-coated 

urea was better than urea applied a- a sinle dose or split applications.
 

It is estimated that sulfur coated urea will cost fron 25% to 50% more 

per unit of nitrogen than uncoated urea. In some cases, this entra cost
 

may he justified. For example, a single anplication of sulfur coated 

urea may be nore economical than split applications of uncoated urea.
 

Other possibilltle exist for the production of controlled release 

fertilizers (Fligure 6). Three methods or approaches nay be uqcd. These 

are (1) itse of a slowly soluble nitrogen source, (2) mechanically controllinf' 

the rate of dissolution such as by coating, and (3) inhibiting or slo,ing 

down the nitrification of the ammonium ion to the nitreto ion. 

Some commercially available materials, nuch a- ureaforms, oxamide,
 

and metal ammonium phosphates, are classed as slowly soluble with dissolution 

rates dependent on particle size. However, most of these -taterials are 

too expensive for large-scale use as fertilizcr. 

Materials other than sulfur are a]-o hein-, tested as coatilig agents. 
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Theqe include iraxcs, oils, resins, etc. 1lourever, ulfur is most favored 

because it is relatively Inexpensive and is R plant nutrient. 

Some companies are offering nitrification inhlbitors %Yhich ire supposed 

to retard the formation of the nitrate inn from the nmmonlum ion. .aterials 

such as li-serve, cyanoguanidine, dicyandiamide, and AM are being tented. 

AR yet, none of these materials has gained isideqprcad acceptance. 

T.et us deviate for a moment and discuss sone materials which contain 

both nitrogen and phosphate. These materials are stinulating ouch interest
 

in the fertilizer industry. I'm referrina to fertilizero based on polyphos

phntes.
 

When we take two noleculs of H3 PO4 and remove one nolecule of water, 

ti form a pyrophosphate (Fi-ure 7). This can be continued to give tripoly 

and longer chains connected by P-O-P bonds. Through reaction of polyphos

photes with materials such as ammonia or urea, complex fertilizers are formed. 

Fertilizers based on polynhonphates can he in the form of fluids or solids. 

Superphosphoric acid is derived from concentrntion of wet-proceis 

acid or by the reaction of phosphorus pentoxide with less than the required 

anount of tyater to make orthophosphate. This supernhosphoric Acid Is armoniated 

to form a base for production of fertilirers. 

Liquid fertilizers based on polyphosphate. are excellent carriers
 

of zinc and other nicronutrients. Tests are unleray to learn more of
 

the mechaninnq through iOtich nlants utilize prlvnhonphates. 

Let us return ,',ain to strnight nitrogen rmaterinls and discuss briefly 

production and use of solutions. Nitrogen solutions con,Ist of aqueons
 

solutitons of a:vonin, urea, areonium nitrate, and water in various cor'tina

totin and proportions. Niitrogen solutions were developed for use in making
 

soltd and liquid fertilizers. lIoxiever, a rmirknt soon developed for them
 

for direct application. After all, thes- solutions do not caic or dust,
 



-9

are easily handled,,and can even be applied in irrigation wfiter.
 

One of the sinplest solutions is aqua ammonia made by mixing anhydrous 

anmonia with water (Flgure 8). It usually containsabout 20% iT1, and is 

used as such. This is a low-pressure solution and can be stored in liquid 

fertilizer tanks. 

A very popular nitrogen solution is urea-amnonium nitrate. Solutions
 

of urea and anmonium nitrate are mixed with water in controlled proportions
 

(Figure 9). It is necessary to cool the prqduct before storage. A low

pressure (essentially nonpressure) solution containing 32% nitrogen is
 

very popular for naking liquid fertilizers and for direct application.
 

The 32,% solution has a salting-out tenperature of 00 C. and a very lou
 

pressure at 400 C. These solutions can also be used for granulation processes 

where anhydrous ammonia is not available. Free annonia in the solutions 

generally increases the vapor pressure.
 

I'm sure you agree that nuch research renains to be done in nitrogen 

fertilizer technolog.y. I have deliberately omitted reference to wlhat 

we at VIA refer to as "exotic" fertilizer compourds such as amnonium tetra

netaphosphate, phosphoryl triamide, and phosphonitrilic hoxanmilde. Mfaterials 

such as this have ultra-high analysis, but at this time are only in the 

infant stage.
 

For the present, it appears that most fertilizers containing only 

nitro-en will be based on amnonia, urea, anmmonium nitrate, and ammonium 

sulfate. Efforts %$il be directed toward inproving these naterials and 

the processes for their production. It is unlikely that a totally neo 

nitrogen naterial will be Introduced in the nent few years, althog,,h some 

rinterlIls now in the expcrimental pilot plant stage may be adopted conmercially. 
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I shouIid' po~Int 6;t'tth"At many of dieo 'narerfalr, d1scusspd 'today ~arc' 

nailable in snall qt~aniitics fromi TIV for l~ron6nic Iresarch'ptirposes. 

Xny61c de'sir~in' 'small -sample's shn'iid nAke a 'forihl r"Pqtiost' dtro-ctly to 

TVK diin'''ar-ef-otl'eof the 'iftencde& use. 
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WORLD TRENDS IN TYPES OF NITROGEN FERTILIZERS
 
FIGURE I
 



FIGURE 2 

ANALYSES OF UREA-AMMONIUM SULFATE PRODUCTS
 
MADE BY OIL-PRILLING PROCESS 

GRADE 34-0-0- (9S) 40- 0-0-(4S) 

AMMONIUM SULFATE, % BY WT. 44 20 

PRILLING OIL MINERAL SEAL G. 3190H 
CHEMICAL ANALYSIS, % BY WT 

TOTA L N 33.7 39.0 
NH3 -N 9.1 5.0 
TOTAL S 10.4 6.2 
H2 0. 0.3 0.2 
OIL 2.5 1.6 
BIURET 0.8 1.1 

BULK DENSITY, LB/CU. FT) 51 50 

SCREEN ANALYSIS, (TYLER), % 
+6 MESH 1 .4 
-6 +IOMESH 64. 71 
-10 +12 MESH 8 7 
-12 MESH 27 18 

ANGLE OF REPOSE, DEGREES 32 35 



FIGURE 3
,'NALYSES OF UREA-AMMONIUM SULFATE- MADEI
 

BY PAN GRANULATION PROCESS
 

GRADE 40-0-0 (4S),
AMMONIUMI SULFATE, % BY WT 20 
CHEMICAL ANALYSIS, % BY WT. 

TOTAL N 40.9S 4.8 
H2 O 0.3 

SCREEN ANALYSIS, % BY WT 
+ 5 MESH 0.1
-5+6 MESH 5.5-6 + 8 MESH 71.4 
- 8 +10 MESH 23.0 
- 10 MESH 0.0 

BULK DENSITY, LB./CU. FT. 40-42 
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FIGURE 6
 
EXAMPLES OF CONTROLLED RELEASE MATERIALS
 

(.1) SLOWLY.- SOLUBLE FORMS
 
(aY) UREA-FORMS
 
(b) CROTONYLIDINE DIUREA 
(c) TRIAZINES 

(d) ISOBUTYLENE DIUREA 
(e) OXAMIDE . 

(f) METAL AMMONIUM PHOSPHATES 

(2) NITRIFICATION INHIBITORS 
(a) N-SERVE 
(b) CYANOGUANIr)INE 
(c) DICYANDIAMIDE 
(d) AM 

(3) COATING MATERIALS 
(a) WAXES 

(b) NATURAL AND SYNTHETIC POLYMERS 
(c) OILS 
(d) ASPHALT 

(e) SULFUR 
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