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. NCW TECINOLOCY I THE PRODUCTION OF MITROGEN FRRTILIZE?SI

By

R. C. Gray and 0. W, Livingston

I an pleased and honored to he here with you today to discuss “New
Technology in the Production of iH{trogen Fertilizers." !Many of the nitrogen
fertilizer mntérials most popular taday are made possihle by technnlopical
i;provcnents of recent ycars. Pressurcs of increasing tranapnrtation
‘and handling cdsts, better understanding of ajgrononic nends, and nev nethods
of application in thé‘ficld have created a neced for mater{ale that fit
the modern world. Throush developnient of netr technolofry, an attempt is
being made to supply thesc matericls.

How chnnpes occur in use of specific nitrogen materials can he {llustrated
by comparing three comonly used materinls--arnoniur sulfate, ammoninn
nitrate, and urca--on the basis of their shares of world nitrogen prodnction
(Piﬁurc 1). Armonium nitrate is reraining rather constant in quantity, and
urea is replacine armonium sulfate. Part of this is probahly due ;o the
' ﬁfnhcr analysis of uren--45% or 46% N comparcd to 217 " for anaéntun sulfate- -
“and resulting savinga in transportation and hand)ing costs, Part is duc

“to gradual Jowering of the cost of urca through nev production techniques.

1Prescntod by R, C, Gray to the II Snila Colloquiun, Snciedad Cnlomhiana de
1a Ciencfa del Suelo, Palmira, Golombia, Scntenmber 2, 971,
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Anhydrous ammonin 1is the basc materinl for most of the nitraren fertilizer
uand in the world. 1odern planta have larpe capacity, with manv producing
1,100 toil,éno metric tons pbr.day. ‘Today's centrifiunal cnnnreqanrs, much
nore efficient than the recinrocal compresaora used in older plonts, require
a plant of at least 500 metric tons per day capacity for economic production.
Transportation econonics make it desirable that ammonia plants be located
near the raw material. supply, usually natural .gas. As a result, we find
the new, large amnonia plants near major oil fields, such as the Gulf Conast
of the United States, the Caribhcan, Libya in lorth Africa, and Kuwait
on thg Arapian peninsula. .

Anhydrous ammonin is pencrally stored and transported in the liquid
state., Since it is a gas at nornal tenmperaturcs and atnospheric pressure,
it owst cither be kept in a presaurc vessel capahle of withstanding pressures
of over 14 l:g/cm2 or it must be cooled to minus 33° C., for storage at
atnospheric pressure.

Very often ammonia is converted at the production site to other formsa
of nitrogen fertilizers that can be transported to the point of use by
conventional handling methods. llouever, amnonia may be carried in ratlroad
tank cars, by barge, by refrigerated ocean tanker, or hy tanks placed
on an $ntcr~1slan§ ship. Recently, a network of pinalines was built in
the United States to transport anhvdrous amnonia.

lov let us consider sone of the solid nitrosen fertilizers. _Arnoniun
sulfate {a the oldest of these naterials, It is still an irportant nitrogen
fc(tilizcr becanse it has excellent phvaical condition and {s a gond source
of srulfur. 1Its disadvantages are that lt-iq crystalline rather than granular
and 18 a lou-analvsis nater{al. It can ha nndé-by thovroaccinn of ammonia

with sulfuric acid or of avpaun with armoniun carbonate. An {ncreasinnly



‘inportant.source is: in.caprolactam production.; Four:tons of armonium. .
sulfate are produced as a. byproduct, for each. ton.of caprolactam. , Ammonium
sulfate may- also become,an.end product;of sulfur oxide«recoveryrfrom staclk
.aases of power plants.- This might create unwieldy surpluses of the.material
. and ,pose a disposal problem.r:
, + . Ammonium nitrate is another well,established solid nitrogen ferti-.
lizer. It 6is produced by the.reaction of ammonja with nitric acid and is
usually.prilled: or granulated. Because half of . the nitrogen is in, a«moniun
form and half in nitrate form, it is preferred in uses vhere it is desirable
to have part of the nitrogen as nitrate. Of course, for usc on rice,
this would be.undesirable., Ammonium nitrate has high hvgroscopicity and in
conbination with organic matter, is explosive, Treight rates are high, and
many places prohibit the transport or storage of solid ammonium nitrate.
The explosiveness nay be nullified by granulating with limestone, but this
dilutes the ammonium nitrate end louvers 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 1is well adapted agronomically for rice. Urea has
some undesirable features, howvever, that call for additional research
and deveiopment. The prills of air-prilled urea are smaller than desired
for mixing in bulk blends. The granules, or prills, arc soft and urea is
quite hygroscopic, making it difficult to handle in bulk.

One method of improving the physical condition of urea is to.
incorporate .other materials. TVA aund others are experirmenting with pro-
duction of a mixture of urea-and annonium sulfate. The material has a higher

nitrogen content than ammonium sulfate, has better physical properties than



urea alune, and' containg sone sulfur. - The mixture forms pranules or pri’ls
that are harder and much lecss frapile than those of straight urea.

- Two methoda' have been' used at TVA to produce urea-ammoniun ;nlfatc.
One method 1s based on' the use of o0il as a cooling mediun inatead of air
as in a conventional prilling process. Solid armoniun sulfate and concen-
trated’ urea -solution are proportioned and fed to a pril)ling cup rotating
over & vessel containine cooled oil. DNronlets of urca-ammonium sulfate
solidify as spherical particles in the oil. A scrcen and centrifuge are -
used to remove the oil for reuse. '

Another method used for production of urea-ammonium sulfate is the
pan granulator. The pan is tilted at an anclc-and 18 mounted for totaéion
t; form a moving bed of materinl. Urea and ammonfium sulfate, as a melt,
are spraycd onto the moving bed. As the pan passes under the snray, a layer
of materianl is decnosited. In this way, it {8 possible to produce larper
granules with an almost spherical shape. The product is cooled, scrcened,
and sizced.

The analyses of two ‘arades of urea-ammoniun sulfate made by the oil
prilling process are shown in Figure 2. The range of product is 30-0-
0-14S to 40-0-0-4S. He think that the 40-0-0-4S will be the nost ponular
grade. -Howcver, it should be pointed out that the product could never
be conmpletely de-oiled. ' You will notice that about 17 to 2.5% oil Qas
left in the prills. This, of course, costs moncy and the particles appear
oily when freshly madec.

* There is no oil in the pan granulated product. Chemical and screen
analysis of 40-0-N-4S shown in Firure 3 contains 207 amoniun sulfate by

veinhtie One problen that can be encountered in pan granulation of
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,, urea .~ ammoniun sulfate is the high viscosity of some of the nixed melts

,.and the difficulty of spraying then. Sope of the ammoniun sulfate nay
need to be added to the recycle. T think you'll be hearing morc aheut
. ggeﬁxz,ammopium,sulfgge in ;he‘future. The p;ogqct is considered t?,b9

!
; an excellent ;source of nitrogen and also contains some sulfur.

o Aqqther(methgd for improving the physical condition of'urea ig to

granulate it wvith other materials to produce complex fertilizers. It may

- be granulated with single superphosphate (0-16-0 to 0-20-0) ?nd‘other
materials~-ammonium sulfate, mono~ and diammonium phosphate, and potassium
chloride. No ammonia is used directly and the mixture nust be heated in
the granulator. A burner supplies heat and moisture is provided as steam.
The,propuct 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 water solubility of the phosphate in the
product is high. Tests have been made at TVA in a small 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 vhich has "slow release’ or “controlled release" properties. TVA
has reached the pilot plant stage in the development of a nitrogen ferti-
lizer of this Lind, and I would like to describe the product in some detail.
It is‘c§11ed sulfur’coatcd urea.

In ?he process, urea pr{lls or granules are fed to a rotating drum
5n§yp91}enjsu1fur is sprayed onto the moving bed of parsicleq‘to form
A gpqtigu?ps coating. MNowever, sulfur alone is not sufficient to prevent
diseolution of the particle. It is necessary to aqg a sqa}%nsoner the
sulfur to seal the cracks and pores in the sulfur coating. A petrolcum

wax is used for the secalant. This is also applied in the rolren forn.



M{cro-organirns in the soil destroy the wax sealant sn a nicrobhicide such
nqlcoal thr'in added to thé coatinpg. A snnll amount ia effactive. A final
mnterial,;éuch hc dintomnccous énf:h, 18 added to overcome tha stickiness

of the wax coating. What we have then 13 a hultllhyérod coating consistine
of sulfur, wax and microbiciile, and conditioner in that order. Total weight
of the cént{ng rangéa fron 15% to 26% of the total sanple weight, The
'broduct can he scrcench and bagged or handled in bulk,

Capacity of the early pilot plant was ahout 100 lig/hr, A larger unit
(about'bSO kg/hr) was recently put into production,

Standard tests have hcen developed 1in the laboratory to deternine
thé’propoftion of urea dissolved at different tine intervals (Fiecure 4).
Rriefly, the sample is exnnscd to water at 38° C, (100° F.) for periods
of about 7, 14, and 28 dave. The golution phase 1s samnlad and the amount
dissolved ig datermined. A plot shouine the dissnlution rate versus time
for two levels of coatings is shown in Fiecure 4. With cither coating,
dissolution began at a high rate and decreased with tine. This indicates
fhat some of the particles were poorlv coated and were diasolved rapidlv.

.“cll-coatcd naterials release nitropen over a lone period.

"AAs ninﬁt be expccted, the terneratura of the water affects the rate
at vhich the sample dissnlves (Figurc 5). In 14 days, the rate is doubled
as the temperature is raised from 0° C. to 38° C. (1ND* F.) standard,

By corrclation of these laboratory tests with actual field results, it
is hnpéd that'thc aprononic cffectiveness of the materials can be predicted
from laboratorv tests. As so nany variables affect plant response, much

work remafns to be done in this area.



‘Sulfupfcoatedlu?ea is being testoﬂ asrononically in the United States
and several foroigqrcountr;os,, Promising results hqv% heen obtni?cﬂ uith
rice fertilizatiqn vherce water control is poor -upland cropping areas.
In‘Hyderapnd, ;ndia, sy}ﬁur-coatgd urea oqtperforned uncoated urea w}th

[ ‘

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

LA ‘e L] [ § " 1o & '
control was poor or intermittent. Sulfur-coated urea gave an improved

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

urca. Sulfur wvas mixed with the uncoated ureca to offset any sulfur
{ R -

response,

Py o Voot

Good results also vere obtained with rice in Lanmbaveque, Peru, during
1969-1970. Again, the water control was internittent. Sulfur—-coated
urea vas hetter than urea applied as a sinsle dose or split applications.

It is estimated that sulfur coated urea will cost fron 257 to 507 nore
per unit of nitrogen than uncoated urca. In somec cases, this extra cost
may be justified. For example, a single anplication of sulfur coated
urea may he nore ecconomical than split applications of uncoated ureca.

Other possibiljties exist for the production of controlled release
fertilizers (Figure 6). Three nethoads or approaches nay be used. These
are (1) use of a slouly soluble nitrosen source, (2) mechanically controlling
the rate of dissolution such as by coatinz, and (3) inhibiting or slowing
doun the nitrification of the ammonium ion to the nitrete ion.

Some commercially available materials, such as ureaforms, oxamide,
a?d‘nggpl ammoniun phogphntos, are classed as slowly soluble with dissolution
rates fopgpdont on pqgffcle size. Howvever, most of thgsn materials ave

'

too expensive for large-scale use as fertilizer,

Materials other than sulfur are also heing tested as coating anents.
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These include wvaxes, oils, recsins, etc; Houanver, rulfur is roat favored
Socanée it 43 relatively Jnexpensive and is a plant nutrient,

Some companies are offering nitrification inhibitors wvhich are supposcd
to fetard the formation of the nitrate ion from Ehc ammonjum fon., ‘Materials
such as ll-serve, cyanopuanidine, dicyandiamide, and AM are bcind tested.

As yet, none of these materials has gained videsprcad acceptance.

lLet us deviate for a moment and discuss sone materials which contain
both nitéogcn'and phosphate. Thesc materinls are stinulating nuch interest
in the fertilizer industry, I'm referring to fert{lizers hased on pblyphos-
'phntes. ‘

‘When we take two nolecules of "3P06 and remove onc molecule of water,
ve form a pyrophosphate (Figure 7). This can be continued to give tripoly
" and longer chajns connected by P-0-P bonds. Through reaction of polyphos—
phates with matcerials such as ammonia or urca, complex fertilizers are formed.
Fertilizers based on polynhoanhates can be in the form of fluids or solids.

Superphosphoric acid is derived from concentration of wet—-process
acid or by the reaction of phosphorus pentoxide with less than the required
anbunt of uvater to make orthophosphate. This supernhosphoric acid is ammoniated
to form a basc for production of fertilizers.

Liquid fertilizers based on polyphosphates are excellent carriers
of zinc and other nicronutrients. Tests are undervay to learn more of
the mechanisms through vhich nlants utilize pelvphosphates.

lLet us return aﬁnin to straight nitrogen naterinls and diacugs b}iefly
production and use of solutions., Nitrozen solutions conxist of aqueous
solutions of ammonin, urea, ammonfum nitratc, and water {n various combina-
tions and proportions. nttrogcn solutions Qcte developed for usc in naking
nolid and liquid fcrtilizers. llovever, a narkat soon developed for them

for dircct application. Afcer all, these aolutions do not cale or dust,
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are easily handled, .and can even be applied in irripation water.

One of the ,sinplest solutions is aqua ammonia made by mixing anhydrous
armonia with water (Figure 8). It usually contains,about 207 Ml 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-amnoniun nitrate. Solutions
of urea and ammonium nitrate are nixed with water in controlled proportions
(Figure 9). It is necessary to cool the preduct before storage. A low-
pressure (essentially nonpressure) solution containing 327 nitrogen is
very popular for naking liquid fertilizers and for direct application.

The 327 solution has a salting~out temperature of 0° C. ard a very lovw
pressure at 40° C. These solutions can also be used for granulation processes
where anhydrous anmonia is not available. TFree anmonia in the solutions
generally increases the vapor pressure.

I'm sure you agree that much research remains to bhe done in nitrogen
fertilizer technology. I have deliberately omitted reference to vhat
ve at TVA refer to as "exotic' fertilizer compourds such as armnonium tetra-
netaphosphate, phosphoryl triamide, and phosphonitrilic hexaamide. Materials
such as this have ultra-high analyvsis, but at this time are only in the
infant stage.

For the present, it appears that most fertilizers containing only
nitrogen will he based on amnonia, urea, ammonium nitrate, and ammonium
sulfate. Lfforts uill be directed tovard improving these naterials and
the processes for their production. It is unlikelv that a totally new
nitrogen naterial will he introduced in the next few years, althoupgh sone

naterials nov in the experimental pilot plant stage may be adopted commercially.
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I should point out that many of the materials discussed 'today:are”
available in small quantitics from TU\*forJhﬁronbnic‘réqcarch"purposes.
Anyone desiring small-samplés should nake a formal request” directly to

' TVA?glvihg3h‘br1€f:outliﬁe'of the 'intended’ use.
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FIGURE 2

ANALYSES OF UREA-AMMONIUM SULFATE PRODUCTS

MADE BY OiiL-PRILLING PROCESS
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FIGURE 3
ANALYSES OF UREA- AMMONIUM SULFATE- MADE;

BY PAN GRANULATION PROCESS

GRADE 40-0-0 (4S).
AMMONIUM SULFATE, % BY WT 20
CHEMICAL ANALYSIS, % BY WT. :
TOTAL N 40.9
S 4.8
HoO 0.3
SCREEN ANALYSIS, % BY WT
+5 MESH 0.1
-5 +6 MESH 5.5
=6 +8 MESH 71.4
-8 +[0 MESH 23.0
- =10 MESH 0.0

BULK DENSITY, LB./CU.FT 40-42



SUBSTRATE DISSOLUTION, %,

50 T T T T T
15% COATING _
40} —
30 ]
26 % COATING R
20 —
0 —
0 1 | L 1

o 5 10 15 20 a8 . 30
TIME, DAYS |

EFFECT OF TIME ON SUBSTRATE DISSOLUTION

IN WATER AT [OO°F
FIGURE 4



25

( 38°C.

N
o

lL:lllllIlllrII]

27°C.

)

SUBSTRATE DISSOLUTION, %
o
F

T T 1 1 T T

"-""0"4 A | |
730 50 70 90 100
WATER TEMPERATURE, °F

EFFECT OF WATER TEMPZRATURE ON

DISSOLUTION RATE WITH 23% TOTAL COATING IN M"DAYS
FIGURE 5



FIGURE 6

EXAMPLES OF CONTROLLED RELEASE MATERIALS
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