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The purpose of this paper is to examine current trends in fertile
izer manufecturing, to analyze the reasons for these trends, amd to project
them into the future.

ged of

Fertilizer use has increased sharply in recent yars. Figue 1l
“hows that the world consumption of N + PaOg + Kp0 reached 68 million metric
%ons in 1971 and has approximately doubled in Jjust 8 years, amd tripled in
14 years. In other words, more fertilizer tonnage hias been added in the
1ast 8 years than in all previous history, a trend that obviously cammot
eoﬁtinuc indefinitely. Nitrogen use has increased more ropidly than that
of the other elements; it “ms doubl.4 in the last 6 years amd qudt\'hl Sn
the last 114 The largest tonnage increases have been in the developed
Togions of Europe and North America, btut the percentage increases bave

teen greatest in the less developed regions of Asia, Africs, and latin
American.’ | |

TVA's latest projection of fertilizer consumption (Fig. 1)
indicates that total conmuptioh. of the three major autrients will reach
86 m1114on tons in 1975 and 105 million ‘tons in 1980,



The principsl reason for the increased use of fertilizer is
the need .for i.te and better food for the w 1d's growi.g populatiom.
It is pousidle to maintain a low to medium level of crop production -
with 1ittle or no fertilizer by utilizing the native fertility of the
soil, returning crop residues and wastes, and utilizing the small
amount of nitrogen brought down with rainfall or fixed by legumes,
But this level of crop production is no longer adequats to feed the
growing population of tbo world.

A second resson 1s ecomomiss; in contrast to the rising coet of
labor and machinery, fertilizer costs in most countries bave declined,
Even in countries that have a surplus of food crops, & farmer canmot afford
to neglect a substantial fertilizer spplicationm. In the past, many farwers
have relied on growing legumes in a crop rotation to supply nitrogen, a
sound practice vhen chemical nitrogcﬁ {fertilizers vere expensive and labor

Vas cheap. Nov the prectioce has becoms uneconomical in many aress.




TVA's latest projection ot fertilizer consumption involves a niower

rate of growth then our previous forecast (1), particularly in the developing
countrias of Asia, Africa, and Tatin Americn. Numerous prodblens have slowed
the growth rate in these aress. Production facilities have operated st only
ebout 60% of capacity, leading to high production costs. Marketing and
transportation ofincreased qusntities of fertilizer have beenm difficult.
High fortilizer costs and low prices for farm products have provided 1ittle
inoentive for farmers to increase fertilizer use rapidly in soue ccuntries.
If TVA's forecast of fertilizer consumption is correct » Tood production in
daveloping areas will fall short of the needs of the rising population. Per
capita food production, which is already insdequate, will decline. While
these statements apply to developing continents as a whole, there is a wide
variety of situations in individual countries; some of them have mede
zubstantial progress toward improved quantity and quality of food supplies.

In the developed countries the rate of population growth has
ieclined and per capita food product.m has incressed tu the point that
curnluses exist {n several areas. This {s another factor that vill temd '
%o slovw the growth of fertilicer use,



foncentrntion

An inportant trend in fertilizer technology is increase in concene
tration of N, P20y, and Ka0. Flgusc 2 shows this trend for four countries
where the concentration of compound fertilizers has increamsed at rates

0f the four countries,
ranging from 0.7 to 1.0% per year during the last decade. / the United King-
dom has attained the highest average concentration, nearly 42f, while Japan
shows the greatost rate of incresse. ‘he reason for this trend lies in
economico} bagging, storage, hundling, end transportation often account tor',
more than half of the cost of fertilizer delivered to the farmer. 8o |
increasing the concentration can markedly decrease the cost per unit of

nutrient coateut at the fem,

Prezirce date erc lacking for many developing countries, but the-
trend toward high concentration ie evident in the increased emphasis on
higher amalysis materiais, TFor instance, in South Korea, dismmonium phos-
phate is granulated witch PuvasuiWr chioricde to produce a lh=3kelh grede,
vhich is bleadea witu wres w make a variety of grades; 22«22«11 1 typical,
Likewiss, som? rew plants iv Indis nroduce vrea « mmonium phosphate ecompound
fertilizors containing wore than 50% nutrients,

In the next decade the conceniration of fertilizers will con~
tinue to inarcase end may reach an average of 50% in some ecountries.

Flanned new facilitier indicate that urea and dimvmonium i:holplntt vill

be favorite materials, Witk these muterials and high-grede potassivm
chloride, compound fertilicers conteining nearly 60% X + Pa0g + Kgd u'c
possidble. Iwevar, a growing realization of the frequent importance of
including aecondary and wicronutrieat elements in fertilisers my ll.w

ths growth in concentration of the primary elements, Also, lower analysis
materials are likely to be more economical for local use in some areas.




Irend Toward Compc wdl Fertilizers

Ancuhor trend we see is toward groater use of compound fertil-
izers. Compound fertilizers have always been popular in the United States,
but in many Furopean countries and Japen, straignt fertilizers have been
more popular. During the period 1958 to 1968, compound fertilizers in
Western furope increased from 35 to 52% of ell fertilizers, In Japan the
increase was from 56% in 1962 to 77¢ in 1969, In the United Kingiom, 9T$
of the P20 (other than basic clag), %2% of the Kg0, and 63% of the N are
supplied in compound fercilizers. Comparable figures are not available for
the United Ctates partly because some of the materials sold as straight fere
tilizers are actually compounds or are subsequently mixed by blenders to
form compounds. A rough estimate indicates that in 1963, 35% of the N, 879
of the Pg0s, and 86% of the X0 vere supplied to the farwer in compound
fertilizers,

The reason for the trend ¢ ward compound fer.ilizers is that
farmers no longer have the time or inclination to aprly ssveral fertilisers
separately nor do they have the equipment to mix them. Supplemsutal
dreesings of nitrogen are often applied seperately for reasons of efficiency
or economy, but the basic application is preferred in the form of compound
fertiliser,

L/ The term "sowpound fertilicer" is used in this paper to apply %0 all
fertiliser containing more then ome of the three primary mutriemts, ¥,




larger Fac.ories

Another trend wa see ic the acncentration of manufscturing opere-
tions in large factories. Flanto geared to turn out 1000 or more tons per
day of ammonia, ures, ammnium nitrate, phosphoric acid, esmonium phosphete,
triple superphosphate, or potassium chloride are becuming commonplace. ‘M '
European plants acw produce as much as 2 million tons of fertilisers per
year, The reason for this trend liss in economics; as the scals of the
operation 1s increased, the cost par unit decmul;.

No doubt the average size of plants that produce bdasic fertiliser
materials will continue to increaes during the next decade. It is doubtful
vhether there will be much advantage in increasing plant size beyond that
of some of the largest ones that buve been built recently because of the
cost of transporting the products over u wide area, and because further
increase in scale will result in only minor decrease in production cost.

On the other hand, there is i need for mmalls: plants, Dot $0 mante
factwe basic mterials, but to combine them into cowpounds that will sasisfy
local needs, as vill be discussed later.

The growing pressure to coatvol pollution of the air, rivers, and
lakes increases the camplexities of manufacturing operations. These provlems
can be dealt vith more economically in a “ew large plants than =y smll
plants. Some suell plaots bave veen closed because it was uneconomical for
them to comply vwith pollution control regulations, ssd probubly more will do

80 in the future. So we can expect that pollution control regulaticas will
accelerate the trend toward larger factories.




Ceapiextiy of Perimlation

A rator wlie vunpe of MiRx08:KaU matics 48 1.02ded for various
ereps ud nolle, Morerver, 1t D kuown i tesr 2theo clements are equally
nocessary o puant Aeowthe~tlo secondars elzocats, caleivm, magnesim, amd
rulfue; ard the mleroautrients, wargavese, jvou, boron, eopper, zinc, molyi-
cenwn, sad ehlorine. 'The tiue 1s sppromclder and tas onlresdy arrived in
"any areat vhen uhe .odustry can po Jenger Limlt 183 concern to the primmry
nuirients. The furmer har & pigar to axpeet thut agrenomicte will prescrite
cnd tzchnologists will puyply comourd fertiiizers containing the eloments
needad 4n the coirect neujortiou 1o ecororleal evap production on his farm.
Aready in tie United Slaice a great many compeusnd Jertilizers contain ome
or more of the “other cen" elements; ir 1970, well over 100,00 tons of
mleronutrient meterinls vora voed Ix fertilizers plus wkpown smounts of
tateriale cupplying oiconuary ez encs,

In Japan 1in W90, G42,000 toar of tertiliicr contaiusl borom,
raguesium, or mongmacer,

he trent tovur) wore comnlex formutlaticns 4o likely to continue
soccuee (1) mece adeunte Zextilizition with primocy nutiients often romil:.
in on3 of the otler ten elcuwente Naruning o iiniting fuctor, (2) increased
crop ylelde mera rapidly oxhsusi 30il supplies of thecs eluments, (3) ia-
Yooved diegnosiic teclmique:s and cccelsrated recearch will result in idemti-
Zication of more ceceu of necas, and (4) increusirs concentratiom of the
thrze primary plant anirientis in fortilizers haz Leen artained at the

cxpense of eliminating some of the otker ten,




Thirteen years sgo in a lecture to The Fertiliser Society in londom,

Bovard Cunningham (2) commonts ca the growing complexity of farmers' needs.
Mo said:

N, P and K must alvays be the mmin preoccupation of The Fartiliser

Boclety tut their very succes: in producing bigger ylelds of orops

and stock i taxing the wuprly of other elements and leading to

problems for farmers., Fertiiiser manufacturers should apply to the

solution of' these prcolems as much ekill and dotermination as they

have applied with such success to the three major ingredients.

At the same time he vas avare tiat the size and complexity of a grmulation
plant impuced merious limitations on flexibility in formulation, for he said:
It 1s not easy to reconcile lov cost production and special mixtures

for a customer, o crop or even a district
, or other
Farmers in many areus demand a combivation of fpesticides with
fertiliser, vhich further increascs the complexity of formulation. The
sdvautage to the farmar ic that application of fertilizer and pestiocide
together saves time and labor, Slow-—elsass nitrogen i~ desirable in some

situations and may be provided by incorporation of slovly soluble nitrogea

mterials or nitrification inhibditors in compound fertilizers.




-1l

Increased Use of Tntermediates

In order to take advautage of the economics of large~scale manu-
facture and still provide for {lexibility of formulation of compourd fer-
tilizer, various new systews are being develored., The ganeral characteristics
of these systems are (1) production of fertilizer intermediates in large
plents vwhere rav material costs are low, (2) traansporation of the inter-
mediates in concentrated form to the various market arcas,and (3) production
of the final mixture in emall locel plants that may combine the functions of
manufacturing and retailing. |

The principsl intermediates are armonia » amoniating solutions
containing free ammonia and smmonium nitrate or urea, urea - ammonium nitrate
solution, monoemmonium or diammonium phosphate » smwmonium polyphosphate solue
tion, triple supsrphosphate, phosphoric acid » and potash salts,

The local plants using these intermediates fall into three cate-
gories--dry mixing, liquid mixing, ard granulation. Drv mixing plants morely
make mechanical mixtures from dry fertilizer materials., The riterials may be
either granular or pulverized; bowever, most farmere prefer granular products
because of superior storage and handling properties.

Dry mixing of granular materials is kuown ss "bulk dblending."
Favorite materials for bulk blending are dimmmonium phosphate, triple super-
phosphate, potacsium chloride, ammonium nitrate, and urea., All materials
should be of alout the same particle size, usually in the range of 1 to
2 mi. The materials usually are received in bulk by rail, barge, or ship.
They are often stored in bulk and mixed to the farmer's order in accordance
With soil test data. The mixtures may be either sold in bulk or in bags

according the farmer's preference.
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Bulk blending piants are often quite small and inexpensive. A
typical plant is shown in Mgure 3. The output often 15 marketed within o
radius of 20 kilometers. The average annual output of about 5000 such
plants in the United Siates may be about 2000 tonu., However, large bulk.
blending plants may be useful and econumical, particularly when located at
or near a port vhere materials may be received by ship or barge. One such
plant in the United States has an annual output of over 200,000 tons.

One problam in bulk blending is the tendency of the materials to
segregate during handling and application (3). Segregation can best be
prevented by having all materials ol closely matched particle size. Partisle
shape and density are relatively unimportant. When the particle size is not
closely matched, segregation can be winimized by careful distridution im
filling bins, trucks, or boppers (4). Filling from one spot causes

"eoning" and promotes segrasation.

Micronutrients may be added to bulk blands in several ways,
Powdered micronutrient materials may be comted on the surface of the grunules
by use of oil or other binder, Alternatively, granular micronutrient matee
rials may be used in the blend. Addition of pssticide to blends my be ia
the form of s yowler (with a binder) or in the form of a concentrated
liquid. ’

Bulk blending is particularly popular in North America. In mn
it was estimated that bLulk ulende accounted for 8¢ of all ary cw
fertilisers in the United States. Several other Ccountries recently have:

started bulk blending operations, and the practice my grov,




Successful usc of bulk bLlend ing iu small local plants requires

dependable tran=portation, ruch s o petwork of railroads and a supply of

rail cars that proteci dbulk iertiliizer from the weather., Covered, hopper-
bottom cars are mreferred Yor ense in unloading, In many developing coun-
tries, rail cars suitalle for bransporting Lulk fertilizer are lacking, A
blending operation may be located &t & port where bulk materials mey be
received by ship. 1In ihis cese there must be sufficient storage at or near
the port for bulk materiels to match the size of ehipments » and mechanical
equipment for unloeding ships 1s desirable to minimize the time that ships
must stay in port. The wnloading equipment should be such as to avoid
undue degradation of the granular material and protection from the weather.
In very humid climstes, delumidified bulk storage ic desirable, There are
neveral blending fecilities of this type both in developing and developed
countries, The blencs usually are bazged for inland transportation.

Ancther system which provides for flexibility of formilation im
small local plants iz liquic mixed fertilirzers. Like buik blending, produgs-
tion of liquid mixed fertilizers utilizes very simple » inexpensive equiyment
and depends i shipped-in intermediates. Liquid fertilizers have some
special advantages which vill be discussed in a leter section of this
baper.

A small granwation plant based mainly or entirely om shippett-in
intermediates 15 another solution to the problem of mainteining flexibilily
of formulation. Alihough granulation plants do not have asmuch flexivility
as bulk blend or iiquid mix plants, a small local plant can produce formu-

lations that are neceded by farmers in the area for their crops and soils.




A typical spall granolation plant may use sup-~vphosphate produced
at the site. It may clsc use u higher analys.s phosphatic intermediate«-
triple superphospnate, armmwniuvm phospliute, or phosphoric acid., Nitrogen may
be supplied by amwrnia, ammonisoting sclutions, urea, or sume combination of
these materials. Yotash is supplied as the chloride or sulfate.

Most small granulatlion plants attempt to operate with a formulae
tion such that drying is accompliched mainly by the heet generated in cheme
ical reactions. Oeveral small plants have vperated successfully without any
dryer at all.

Superphosphoric acid has been used in small batch grenulation
plants (5), and more reccntly in a smsll, contlinuous granulation plant
vithout a drycr (6), to proumote granulation sl lov moisture contents.

Grades were 12-18-18-3¥g0 and 15-15-15-UMg0. Formilations containing
about 200 pounds of superpucsphoric acid end 70 to 100 pounds of sulfurie
acid per ton of product guve good re-ults, The acids vere neutrslised with

emnonia - ammonium nitrate solutions. The granular products were hard and

dry (less than 1.0% moisture) uni had gcod storage properties.




Another approach to a slmplified granulation mystem 1s to use a
powdered monorrmonium phosphate with specir’. properties that are vell
suited to granulation., Several lowscost processes are available for proe
ducing this material (1, 8, 9). The monoammonium phosphate may be used to
supplement and upgrade suparphosphate or to replace it. Granulation my
be promoted through use of steam, wmmonia or ammoniating solution, or a
combination of these practices. A typical grade of the powdered RORCAR-
monium phosphate. 1s 10-50-0; it may be produced at low cost and shipped in
bulk to granulation plante (10). In most cases it may be preferable to
manufacture monoammonium phoephate at the plant where phosphoric acid is
produced rather than to deal with the problems of shipping the acid.

Some grenulation plants use only dry materials; the mixture is
grenulated by addition of water or steam or both. In some cases, heating the
in the granulator
Rixture vith s flame/may generate enough 1iquid phase for granulation. Grame
ulation at elevated temperature is g :ferable to granulution by vater eddie
tion alone, as the vater added during granulation must be subsequently

evaporated by drying, and the dried grenules sre likely to be porous amd

veak.
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Granwlation vich [ovmulations including uma- sl supcrphosphate in
several small Briti:h plants hue veen deserihd (11), Additional materials
included in the formulation were ammoniwn sulfate » monoanmmcnium phosphate,
and potash. Recentiy a granulation plant in Brazil svarted operation
using urea-amonis tolution shippso in from Europe. Initial operstion was
quite setisfuctcrey.

Many granulation plants use phosphorie acid as an imtermediate,
elther to cupply all tne rhosphorus or to supplement superphosphate. Ammonis
may be supplicd as such or as amcniating solution.

As in the cuse of viending, granulation vith shipped-in intorme~
diates requires suitnble, dependuble transpcrtation and storage facilities.
8olid uateriolc chowld be protected from tie wealber, ulibough prevention
of deterioraticn is lecs critical than in btlendiing.

Uranulation 4n lurge plante adjacent to the plants vhere basie
intermediates are produced is sometimres the best arrang~ment even though it
does not provide much flexibiiity in foraulation. Scme flexibility can be
provided by blending of gravulur viraight matarials vith granular compounds,

or by addition of micrcnutrients as a coatiug after grautlation.




Zrends ir Types of Ni‘ropen Materiuls

A proalnent fersure of the world niurogen industry is the repid
riss in 'popularity of urea, a5 shown i Figure L. Data for Figure & through
1969 are from FAC reports; YA rrojections to L975 take into accdunt planned
capacity. Urea's share cf the world nitrogen fertilizer market has risen
from less than 5% in 1955 tc 16% 1n 1969 snd is axpected to increase to
about 26% by 1975. These figures are for molid ures only, and do not inelude
the urea content of solutions. In the United States, about half of the ures

used for fertilizer goes into sclutlone,

The largest group of nitrogen fertilizer mterials consists of
snhydrous ammonia, nitrcgen soluticns, the nitrogen content of smmonivm phose
phates and complex fertilizers, and miscellaneous other materials. Ammonivm
sulfate, once the dominant pitrogen materinl, supplied only 15% of the world
mrket in 1969 and may dacline to 8% 5y 1975. Other lcr-analysis materials
include ocalcium nitrate, sodium nitrate, and calcium cyanamide--a group now
supplying only 2% of the market. Ammonium nitrate nov supplies 27% of the
mrket; in future yesrs the percentage may decline slightly.
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Nearly BO% -2 the 197, worde furtilisner nitrorcn cepecity will be
for production of wen {includiug solutions end the ures content of complex
fertilizers). In the developing countrices of Africa, Asia, and Latin America,
urea is expecied Lo constisuwte 2% ol aitropen capacity.

The groviag demand ®or ures is attributed o its high analysis
end to luprovements iu toelano.spy Was have lowered its cost. At present,
wrea is less expensive then ammonium uitraln per wiit of nitrogen both in
capital and productiin costs. Manderson ( 12) esiimates the production cost
of urea to be about 2% loss then amgoniwn ritrate; when distrivution and
epplication coste are included, ureu's cost wsdvuntage it sbout 20% under
U, 5., conditions. Tn cowporivon with auwonium nitrate, which has been the
leading form of pitroge:n since aboub 1960, urea has advantages of freedom
from fire and explosion haz.slc; alzo, it is agronomically preferable for
rice.

The usual commerciel prillc | wres has several foults, The particle
size 1s too small for use ir dk biends, The small particle size also ine
creases ceking tendency nnd rete of moisture abeorption, Also, some types
of broadeast spreader: operate loss effieicntly with small particle sise

prilled ursa. The viual mrilded ures ig wenk; 1% has a lov crushing strength

and poor resistance o abrasion. Shis wenkpess mey lead to excessive fines

formation in bulk chipments and in eome types of applicators., In vievw of

the extensive develspmentihat nas Laken place in improving the efticiency and

economy of the urca syntheti: prococs » 10 seems cdd that so 1ittle study has

been given to Improvirg the quelit

v of ‘he final product,
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One company in Canada (Comiuco)” is producing urea by a spray-drum
granulation process. IWo sizes are j;roduced: one size, about 1.7 to 3.3 mm,

B e e

is used for direct application and bulk blending, A larger size, 4 to 6 mm,
is used for forest fertilization by aerial application. The granules are

harder and more resistant to abrasion than prilled urea. The cost of
grenulation is said to be about the same as prilling.

VA has devel't;jad a pan ;rnnuhtioﬁ proce:i for urea tm‘a
Pilot-plant stage. The process has proved capadble of producing closely
sised, vell-rounded grenules in any desired size range. Crushing strength |
and resistance to abrasion were quite satisfactory. Iu'..r soale
dsvelopment is planned. ‘ ,

Although some urea is marketed without codlitiomr, modt of it is
now conditioned by coating with an tmrt'mtornl, such as kaolin clay, or
by treatwent vith formaldehyde or other oisunic chemicals. These treatments
prevent oaking vhile stored in moistu -eproof bags, but they do Dot retard
the rate of moisture absorption vhen the material '1§ in contact vith air
sbove the critical humidity vhich is 75% relative humidity at 30°C. In mamy
areas where the climate 1s hot and humid, there is a need for a conditioning
treatment that will significantly retard moisture absorption. VA is com-
ducting ressarch on this problem; some pramising results have been obtained.
In any conditioning treatment i¢ is helpful to have larger granules to
decrease the surface ares.

&/ Consolidated Mining & Shelting Co., Treil 3,C., Canands
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In view of the plentiful supply and low cost of urea, consideratios
of ways of usirg it it appropriste. With the world trend toward farmer
preference for mixed (compound) fertilizer, use of ures in granular mixe
tures is receiving attention in meny countries. The high amlyaiu of
urea 1s useful in offsetting the low analysis of cheaper nitrogen sources
in mixtures. A 5050 mixture of urea and ammonium sulfate, for mh,
would contain 33.4% nitrogen--nearly as much as asmonium nitrate. 8o
substitution of urea - ammonium sulfate mixtures for ammoniwm nitrate
might be a good way to move low=cost byproduet ammonium sulfate into a
bigh-grade product.

The technology of utilizing urea in granuler compound fortilizers
with or vithout ammonium sulfate it well odvanced in Creat Britain (22) and
Japan (k). There are come techaical problems particularly vhen superphos-
phate is an ingredient of the mixture, but vays of dealing with the

problems have been developed.
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Trends in Tyr:s of Fl.osphate Materials

HMgu~e 5 shows wvorld trends in typ:3 of phosphate materials with
pro,jectiogs to 1975. A etriking feature ic the decline in relative impor-
tance of single superphosphate from 63% of the total Px0y nuprply. 1a 1955 to
35% in 1969, A further decline to 22% in 1975 1s forecast. The decline in

- actual tonnage has been small. In fact, 1966 was the year in which the
largest tonnage of single superphosphate was produced, and the 1970 tonmage
exceoded that uf 1960. Howaver, most of the expansion in the phosphate
industry has been in higher analysis products, rarticularly triple super-
phosphate, ammonium phosphate » and other complex fertilizers, Concentruted
superphosphate has maintained a nearly steady level of 15% of the total.
The group, ammonium phosphates, complex fertilizers, and other phosphates,
hao risen from 10% in 1955 to 39% in 1969; further increase to 56§ in 1975
1s predicted. Probadly a3 much as three-quarters of this .réup consists of
smmonivm phosphate, including straig.t ammonium phosphx.te and that formed
in complex Tertilizers. Most of the remainder is the P20y content of aitrie

phosphates. BPasic slag is expected o0 spply a declining percentage of
fertilizer PpOg in the future.
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Decline in use of single cuperpicsphate (and smmonium sulfate)
My bring abou* & need for aliermative scureeq of sulfur. Substantial
responces to suifur have been noted 1: some parts of rearly all states of
the Uhited Slates wnd Lo ut jeast 47 other countrles, including many devel-
oping countries (13). Most svils in tropical and subtropical regions are
inherontly deficient n sulivr, Sulfur-deficlent areas become more numerous
and sericus vhen heavy rates of nitrogen and other prizary mutrients are
applied. Much sulfur 15 supplied by reinfall in highly industrialized areas
vhere it originutes from burning of eoal and 611. In these areas, lultur. is
seldom needed in fexrtilirzers. Bowever, as plans for prevention of atmose
pheric pollution materlalize, mich more nced for supplying sulfur in
Lfartilizers can de expected.

Ideally, sulfur chould be supplied in fortilizers only vhen it is

needed. To attain this iceal, an alert, efficient agricultural sdvisory
countries, this service ic often lasxing for many farmers, In developing

countries, little may b+ krown about the need for sulphur, Sulfur defi-
clencies may becume evident culy after several years of cropping with
sulfur-free fertilizers, |

In some caser, £ingle superphosphate mmy be the most economical
source of sulfur. However, elemental sulfur has been proved to be economical
and effective in many ceses. Elewmental sulfur can be incorporated in granular

fertilizer by cpraying it in liquid form in the granwlator,
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Thers s a growving trend tovard use of phosphoric acid as an
intermadiate, rather thar converting it to finished fertilizer at the
point of manufacture. In the United Etates, posaidly as much as 1 million
tons of Pp0y is shipped as phosphoric acid from the roint of manufacture
(near phosphate mines) to merket areas for conversion to fertilicer.
"Buperphosphoriz” acld (70 to 72% Pgls) way couprise about half of the
shipmentc; tbe rexainder ie usually shipped at a concentration of %% PeOg.
The acid 18 used at the destination in granulation plants, in uquﬂ aixed
fertilizer plants, or for direct applieation.

Shipment of phosphoric acid is atbractive in the United Btates
partly because of long distances veiween phosphate nines and market areas.
For the came reason, internstional shimments can be logicsl, and several
phosphoric acid plaints are either in operation, undsr comstruction, or
plamned which are intended primarily to supply phosphoric acid to
international trede.

There is some interest in partial yurificatica of phosphoric acid,
especially in areas vhere the phosphate rock contains more than the usual
amount of impurities. The impuriiies formm a sludge that is Sroublescms ia
shipping, and some types of impurities detrmct from the quelity of iquid
fertilizer. Calcining the phosphate rock removes organic impurities. Oone
centration of the acid followed by settling or centrifuging removes some of
the sludge. Concentration to superphosphoric scid volatilizes most of ¥
Tluorine and silicon. Some companies remove part of the magnesia from
superphosphoric acld for liquid fertiliser production. One company in .
Mexico practices particl puritication by solvent estxwotion. Phosphorie
acid produced by the hydrochloric acid route, as in the Israel Mining
Industries prooess has a lov impurity content.
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ouid Ferts | izers

Consrmption of Jiguid fe-tiliuers has grown rapidly in the United
States, as shown below,

Liquid fertilizers™ used in U.S.,
millicnz of metric tons

1965~ 1907 1969 1971

Anhydrous apmonia 1.k 2.2 2.8 3.4
Aqua axmonia 0.7 0.8 0.6 0.7
Nitrogen tolutions 1.7 2.3 2.9 3.2
Liquid mixed fertilizers  ©,9 1.7 2,0 h,ob

& In additicn to liquid fertilizers, direct application of

phosphoric actd (50 t¢ 66% PoOg) smounted to 40,000 to
70,000 tons ver year.
b Bstimated.

Tncluding anbydrous emmonia, liquids comprised 26% of all fertile
izer in 1971, The data for liquid mixed fertilizer use in 1965-69 may be
incomplete due to incomplete reporting; a recent survey by T™VA in coopera-
tion with the National Fertilizer Sol tione Association Indicated a 1971
consumption of about U millicn metric tons, or about 20% of all compound
fertilizers (16). |

Urowth 4in use of anhydrous ammonis is mainly attributable to {ts
lov cost, vhich more than offsets increased storage, trsnsportation, amd

application costs., The average Prices paid by farmers in the United States
in 1970 for various nitrogen fertilizers are chown below (11).

Price,

of N
Anhydrcus ammonia 0.10
Umﬂ 0.20
Ammoniun nitrate 0.20
Nitrogen solution 0.1¢

Ammoniun sulfate 0,28




Liquid mixed fa.rtilizers are more oxpemive than bulk blends,
but are comp-rable in cost to granular comprund fertilisers, 'nnir
popularity is due to advantages other than price.

Iiquid tbrtilizerl are dopondably Iree flowing, free from Adust
or caking problm, and unaffected by hwaid .mo-;imn. Convenience of
hmninc and application is a primary udvn.ntage from the farmer's viewpoint,
Labor saving, rapid application ; and a«upumm %0 uchniul handling ave
all pu't of the connnienco factor,

nnn distribution and precise placement are easier with liquids
than oo:u.ds. Liquid mixing is readily adapted to muﬂpﬁiu fommlatica.
chMn or pesticides are often mixed with liquid fertilisers, avoiding
separate application. Idquid fertilizers are ememu popular ia trri-
§sted areas, as the fertiliser may be added to the irrigatiom waser.

From the vievpoint of menufacture, a prisary dvantage s the
simplicity and lov cost of the equipent for production, storage, hasdling,
and treasportation. Beonomical msnufacture dces not require large plante,
Dust and fume problems are practically nonexistent. Losses ere vory smll.
Oontrol of composition is simple. Problems of hygroscopicity, dustinese,
ond caking are abesnt. Storegs, loading, and handling are not expensive
mwmmmmwrm-mm,mm,u
cranes, Both in capital cost and in ope: 3iag cost.

e g, gttt At ctog o ot e
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The usual nitrcger materia.s for liquid mixed fertiliser are ure
ammoniym nitrate solutions (28 to 32% N) and 301id urea. Urea - asmonius
nitrate solutions are preferred because they are cheaper, more eonvenient,
axd give high solubility in grades containing littls or no potash, Solid
urea gives higher solubility in most N-P-X grades,

Ammonivn polyphosphate solution is the most popular phosphatic
mterial. 5o0lid mmmonium polyphosphate also may be used. The ammonium .
polyphosphate materials are prepared by resction of superphosphoris acid
vith ammonia. The superphosphoric acid mey de mede from elesmestal phos=
phorus (thermal process) or by concentrating wet-process phosphoriec acid,
At present, most of the liquid products are made from Wet=process Aper-
phosphoric acid, The ususl solution grede is 10-34=0 or 11-37«0, At ‘
present, only the Temnessece Valley Avthority (TVA) produces the solid
material. Its grade is 15-62-0 (made from thermal mecid). "Solwble”
refined potarsium chloride (62 to 63 Kz0) is the usua® potash souree.




Use of liquid fertiliser is increasing repidly ia soms Buropesn
countries, including the United Kinglom, Prance, and Belgium. The wse ia
France il‘th. most advanced. |

mmaw-ormmmnmmm-ymu
- very important in developing countries, there are ciher sdvantages that
should be considered. Manufacturing facilities for liquide gemerully are
~sizpler and less expensive than for grenular solids, umuhuu
selves well to production of homogeneous mixtures ia loeal dissridutios
centars to meet local nseds--a segment of the fertiliser production amd

marketing system that has been sadly neglected in mny developing oowmtries.

Many developing countries are located in very humid, tropical aress where
even relatively nonhygroscopic solids give troubdle, Rygroscopicity 1is
bever a problea with liquids. Application equipment for liguids meed aot
be expensive; it may even be primitive. '

Joresesable improvesents in liquid fertiliser msufacture imelude
production of smmcuium polyphospiate solusicn directly from orhophosphoric
acid vithout the intermsdiate produstion of superphosphoris aeid. This Mas
olready been accomplished in Frunce (18) and in soms U. 8. plants, ast
should result in reduced cost.

Agroucmic advantages of Liquid fartilisers 2ave desn Feperted
wuch-yhduwmmium&htbmdm
Ml,uuﬁu“m.
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A disadvantage of clear liquids ie the lov analysis of gredes

. that contain a substantial proportion of K20, PMor instance, the averugs

analysis of liquid mixed fert{lizer (including & msall proportion of suse
pensicns) in the United States in 1970 was 8.4-16.4<7.6 as compared with
9.2-17.7=12,7 for all mixed fertilizer. This disadvantage is minimised W
the marketing system; the final mix is seldom transported far. Nevertheless,
the relatively lov analysis often has s signifiosnt effect on the gost of

. transportation and application.

- Suspension fertilizers are a msens for overcoming the dissdvantage

. 0f lov analysis. They are liquids containing solids--usually soluble salts

in their satursted solution. The mixtures are treated to Ma settling
by inclusion of 1 to 3% of a gelling-type clay in their formilatiom. In
1971, adout one~third of all liguid mixed fertilisers were suspensions.

With suspensions, thc analysis can be on a level comparebls vith
graosular sol’d or bulk dlead:d fertilicers. Popular gredes of suspemsics
Tertilizers are 7-21-21, 3-10~30, 1020220, and 15-f5.15--about twies the
nutrient content obteinable in clear liquids with these ratios.

Ancther advantage of suspensions 1s greater flexibility in fomms-
lation; the materials need not all be soluble. This is & purttcular edvea-
tag: vhen secondary elerants or certain micronutrients mist be upplied;

Xagnesiun and manganese compounds, for oxample, are cnly slightly nohbh
in liquid uxnd fertilizer.

Mofthoudmtmoofliquidonyhlutum % sus~
peasions, Handling and applicstion of suspensicns, ia taeir pressnt state
nf Gevelopment, ure not &s simpls, convenlems, and trouble-fres as for
(lear liquids.




fmmniie Folyvhosnbate
e term “samonium polyphospbate” 1s used ia fertiliner parlance
%o dencte mterials comtaining condensedphosphates. As diseuseed. provicusly;
umuuammmaw-n-mm of sups rphosphorie asid are

faverite intermsdiates for cogounding liquid fertilisers, Wpical cmypost-
Sieas of 4he Wuve moet Jopuler Jolyphosphate mterisls are gives elew.

mn-wlnl;qhm
Orthe b9 20 (1}
Pyro e 3N o
Tripoly 8 3 b
Tottugoly and higher 1 16 1
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Ammonium polyphosphates are particularly useful in liquid fertil-
izers because they sequester the impurities normally present in wet-process
phosphoric acid, thus avoiding precipitation of inscluble irom, ﬂm,
end other compounds when the acid is ammoniated. Also, the smmonium poly=-
phosphates are more soluble than the orthophosphates, permitting p-oductlw‘
of higher amalysis solutions.

‘Terman und m:gélsm(;g) summarizing studies {n the United States
concluded that ammonium i:olyphosphate usually was equal or oughﬂy supsrior
to monommmonium phosphate. Both were usually superior to concentrated super=
phosphate for early growth response. Fourcassie and Gedet (20) concluded
from experiments in France that ammonium polyphosphate supplied as liguid
fertilizver vas consistently superior to other phospborus sources as the
result of better phosphorus utili~ation. Most of these tests were made on
calcareous soil. Field tests at six locations in Japen indicated that
responss to solid ammonium polyphosphate was generally greater than to
amonium orthophosphate, although early growth vas sometimes slightly delayed.
There was scme suggestion that better utilization of native or applied miecro-
nutrients may have been a factor in the favorable results with Polyphospiates.

Gourny and Conesa (21) reported that liquid fertilizer containing

34 to 82% of its phosphate as nonorthophosphate was slightly inferior to
ssmonivm orthophospbate oo acid soil, but markedly superior on calocareocus
soil.
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Conesa (22) demonstrated that plants can take up polyphosphate
without previ: :is hydrolysis.

Singh and Dartigues (23) reported that polyphosphate was superior
to amonium ortliophosphate on two ginc-deficient calcarecus soils,

Soubies and Baratier (24) emphacize the advantage of band place-
mont of ammonium polyphosphate solution near the seed as compared with
brosdcast solid orthophosphate. They claimed that the band placement used
with liquids was not possible with solids.

Mortvedt and Glordano (23) reported that ligquid polyphosphate fere
tiliiérs were effective carriers of iron sulfate in greenhouse tests for orops
grovn on iron-deficient soils, whereas application of irom sulfate alons or in
several granular fertilizers was ineffective.

In a recent series of field tests in the United States (26), ame
monium polyphosphate solution gave higher ylelds of maize, vheat, and milo
than orthophospbate fertilizer in either liquid or solid form.

*»
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Nitric phosphate=typ: pouccsses a2 periiculsrly attra.otiye M
countries with limited xaw matorinl xesources for fertilizer Mlm.-
The only feed materials requlired are anmonia und rock phosphates--either
or both of whieh can be lmportsed. Economics ara more favorabls for nitrie
phosphates when sulfur prices are high.

The ap, roximate locatfon of niéric phosﬁhnu plants in the wvorld
is riven in Figure 6 (27). About sixty planis sre believed to be producing
solid nitric phosphates--with about two-thirds of these louated in Kurope.

Receat process improvemsents buve made the n;.trtc phosphate process
mce veroatile and have remcved some of tho eerlier objeations to t-u..,
products. It is now vossible Lo produce high-analysis gradss such as
20~50=0 and 23- 3-0 with over VUt o o} 8- water godul 9 4in lavge,
efficient plants (28).

Bstimates ubwaaily sua.cove -wwe bicrl. phosphata procesees axe
nore econcmical than production of equivalent amounts of nitrogen and phoe-
Phate fertilizors as ammoniua phorphate and amcalum nitrate or ures. Vhem
compared with the urea plus amncniuam puosphate, the cost advantage is amalld
and may be offset by higher trausportation costs if the products are shipped
very far. (27).

The prinsipal dissdvantages of nitric phosphates are that abowd
2 tons of nitrogen :is produced for each ton of PaOy, ‘and that most of the

nitrogen is in the form of ammonium uitrate. Also, it is not easy %0 profuse
o vide range of grades,




: Jotassius Phosphet

mmmmnunnmmummmmn
muvmuuunpummmcmm-. T™he potassiwm
mu-mrmummmmmm,mum'
_and the polyphospates ranging from 7yTo and Artpoly %0 long-chain polyphese
mmmmm "metaphospbate.” The orthophosphates and short-chaia
polyphosphates are quite soludle, Viereas the arlaphosphatetmy be either
Mum,mmwmummumv
content.

There 1is scme mmll use of potassium ortbophosphate in specialty
fertilisers to mke vater-goluble mimes for foliar application or trems-
Plasting solutions. There is also scae use 1a liguid ferttlisers for fam
use; cme company in the Uhited Btates peodmose & 0-26-27 potassiwm poly-
phosphate sol tiom for use in liquid f(wed fertilisers. All of vhese mte-
rials are produced from potassium hydroxids or cardomate, snd hesse they
are too expensive for general use.

Many research projects have Deen aimed et produsiang poteseim
phosphates fxom potassium chloride, the chespess soures. IJbet of these
projests have not proved econcmical because of the diffiowity of willisiag
or dlsposing of the Wyproduct hydrochloric seid. Dve if the Mylroshleris
acid 1s uAllised 10 resct with yhosphate rock, salsiwm chloride Moewmes &
Wpeodust vhieh 1s A1£rieult 10 dispese of ia mny lesstions;.
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Recently a process vas developed iz Ireland by Oouldings oa &
Pilot-plant scale that produces KEgPO, sod anhydrous IC1 ges (g9). A
similar process vas developed in the United States by Memmsoil, and the
Wo companies have agreed to pool their information. It 4s claimed that
anhyirous IC1 can be utilized in certain orgiaic oxychlorimation Jroessses

vhere {88 value will be comparable to thas of clemsmtal eéhlorine. IV wee.
 resemily ammounced that & mmll plent ia Califoraia would e edapted b
produstion of potassium phosphates by the Oouldings-Femasedil gwoesss.
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Comtrolled-Release Fertilizers

Pertilizers that release plant nntrim slovly throughout the
m season or even uvonl grovincuam continue to attract the
attention of technologists and agronomists. Potentisl advantages ohhd
for coutmlhd-nhm Tertilizers are inoreased efficiency of uptake by
plants; minimization of losses by iuching, ﬁuttop, or decomposision)
reduction in application costs through reduction in oumber of applications;
elimination of lwxury consumption; and avoidance of burning of vegetation
or damage to upd}inu. .This i3 an imprescive liet of potential advantages.

The term "controllcd-nlgan fertilizers,” as used in the fol-
m duegu.uog? .refers to rortniurn that for any reason release their

materiale inberently slow to dissolve 1s visved as & measure of oontrol.

Mcm'amrum_pnd. Even a simple choice among

AR T T e v aade
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Sontrolled~Release Fhosphate Fertilizers

Numerous controlled-release phosphorus compounds have been tested,
and some are in use, Prominent among them are ground phosphate rock, cale
cined aluminum phosphate ore, besic slag, defluorinated phosphate rock (trie
talcium phosphete), fused calcium magnesium phosphate, l_ﬂunlih phosphate,
tone meal, dicaleium phosphate, magnesium ammonium phosphate, calcﬁu mte-
Thosphate, and potassium metaphosphate. (The sowcalled metaphosphates ate
rore properly designated as polyphosphates. ) .
| Ground phosphate rock containing about 1.8 lillion mstric toms of
D20y vas applied to the soil in 1969/70 (30). Mis prodably represented scme
6 million tons of rock. About half was used in the U.5,8.R., and the
| reminder vas widely distrituted anong many cowntries.

The ottoctivemaslof ground phosphate rock varies widely vith
~ariaticn in its reactivity. A good ndieation of reastiivity 1s solubility
"% neutral ammonium citrate, The effectiveness of the most reactive rocks,
‘uch as those from Gefsa and Noria Caroiina, may approach the efifectivensss
Of vater-soluble phosphates cnsome 50ils and vith certain orops. The least |
~eactive rocks, such as igneous apatite and Waipur (India) rock, are quite
ineffective on all soils. Effectiveness depends on soil PE and 1is greatest
on acid soils; on high-pH scils, even highly reastive rooks are Quite
ineffective,

Bastc slag containing about 1.3 a1llice metric toms of Pg0s vas
applied in 1969/70 (30). Oross weight of the slag probably was about

8 million tons. Basic slag 16 generally regarded as quite effective except
°n calcareous #0ils. It 1s also valued for its content of tig secondary

nutrients caloium and sacnesium and for its micronutrient content.




Calcined aluminum phosphate ore 18 used mainly in France, It ‘
tends to be more effective on high-y # than acid soils. The main source of
aluninun phosphate ore is Senegal. Howover, ceveral other occurrences are
known, and some 18 nov being mined on Christmas Island. Its effectiveness
~ depends on tho caloination temperature and on fine grinding, and uy be
indicated by solubility in neutral or alkaline wmsonium citrate., It is
more goluble in the alkaline reagent.

~ Btraight dicalcium phosphate is manufectured fcr fertiliser use
in relatively small. quantities in France and Belgium. However, substantial
amounts are present &1:;2 phosphates and ammoniated superphosphates. It
is fully soluble in neutral ammonium citrate and is genexrally considered to
be an effective fexrtili Zer, particularly on acid soils when brosdcast i
fine particle size and incorporated with the soil.

Fused calcium magnesium phosphate 1s manufactured mainly in
Jeapan. It is effective on acid soils vhen finely ground. It supplies
magnesium and silica, vhich my be gquite helpful in some soil-crop
combinations.

Most of the insoluble or slightly soluble phosphute materiale
are used esither because they are less expensive than soluble phosphates or
because they supply other elements. Very seldon Lf ever can any agromomis
superiority be attributed to their slow release of nutrient in the soil.
In fact, the slightly soludble matedials often give inferior results,

particularly in the first year of application, However, some of them are
valued for cpecialty uses because they my be safely placed in contast vwith
Beeds, or roots, vhereas soluble phosphates might dammge seedlings or roots

in some situations,




Soluble phosphates react rapidly with the soil o forms nhtiniy
insoluble products (3}1). So even Milly soluble phosphater become slow-
Telease fortilizers in the soil. The main effort has been to find vays to
increase the release rate. When soluble phosphates are applied in gramilar
form, the reaction with the soil is delayed, and pockets of relatively sele

\ble phosphate my persist at the granule sites for several veeks. Thus,
§00d results usually avre obtained by placement of soluble muhr
phosphate fertilisers near the seed, |




Qopsrolled-Relesse Nitrogen Fertilivers
' Mgy suble Materialai Ou grow of soateslisterelesse
nitrogen fertilisers comprises chemical sompounis that are only alightly
soluble. nuyunmmtmnu«mummm
of these slightly soluble compounds 1s not directly nhhliomull-
biliny. mw,mmmmumtowm
mahmmmmmumamuumuwm e
over, the rate of attack is nhmubnu-um.m“.
1a Wrm, oo solubility, particle sise, and other factors.

Urea-aldehyde mm-m&pmm-fmmccm
Eroup that are produced cormercially. -Isobutylidens diwres (I3DU) is pree

duced 1n Japan through the reaction of ures with 1schutymaldehyde in 211
W18 ratio. When pury it contains 32.156 N.  Iamemoto (38) repertet mathe
s for 1ts preparation end discussed 188 usefulness as o fertiiises.

Crotonylidene diurea (CDV), also called eyclodiures, is prodwced ia Japen
th%@t&moﬁmofmﬂﬁwwm.
The pure compound contains sbout 32% .
w(um.mmccmmdlu' -
'umomumum-.munoomulum.mmn N
| the two slow-relsase mterials. mummhMQﬁlﬂm. e -
'umnamummma“mmn
tbutmmhmm .o .
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Namamoto (32) discussed egronomic studies made in Japan with IEDU
and other slov-acting nitrogen materials. The release rate from these
slightly soluble materials is a function ot the particle size. Under Jape-
ness conditions, uce of these materials was often sivantageous in improving

yields and in saving labor by decreasing the nusber of applications, Nammoto

stated that the cost of IRDU to furwers was over twice that of couveational
Ritrogen fertilisers per unit of nitrogen. Compound fertilisers of 1:isl
Tetio vith half of the aitrogen supplied as INDU cost about 20% more thea
conventional fertilisers. Yor this reason they were used maialy om
vegetables and cash crops and not so much on grains.

Urea~formaldehyde reaction products, usually called “"uresform,”
are produced by about six manufacturers in the United States and in seversl
other countries. Ualike IBDU and ODU, ureaform is not a definite chemical
Compound, It contains methylens ureas of different chain lengths; the

solubility increases with decrease in chain lengths It usually comteins
about 38% N,

Ferbeps the most useful component of wreaform as & slov-relsase
altroges mterial is trimethylene tetreurea; shorter chain lengthe are 00
repidly decomposed, and longer chbains are highly resistant to descmposi-
tioca. Unfortumately it is very difricult to produce commsreially a pure
trimthylane tetreures; ureaform contains both shorter and longer chains.




A typical ureaform may contain 30% of its nitrogen in forms that
are soluble in cold vater (25°C). Tw ouality of the vemmining 70%-is
Judged by the percentuge that is soludle im hot (boiling) water as deter-
mined by prescrided maiytical procedures. At least 4O% of the nitrogen
insoluble 1n cold vater should be soluble in hot water for asceptable
agronomic rﬁponu; typical values are %0 to 556.

The consuxption of urni’oﬁ in the United States is lppron-hly
50,000 tons per yoar. Most of the production goes Lnto mixed fertiliser
for lpoéhlty uses, such as for lawns, flower gardens, and golf courses.
The vhohuh price of ura.fbn per unit of nitrogen is about thres times
that of \nu, mi\- nitutc, or ammoniun sulfate. .

In IWA's teatn of many other organic nitrogen-containing compounds
as fertilisers, soms proved readily available, some slowly availabls,
some fnert, and some toxic. Among those that sbowed promise as sloverelesse
fertilizars vere oxmao, glycouril, cymmwric scid, ameline, and ammelide.
For lack of a pmticd process, no e of thase materirls has beea

mnufactured oomrohlly for fertilissyr use.




Coated Soluble Materials: A wide range of materials and techniques
bhave been explored with the object of making controlled-release’fortilisers
by coating soluble fertllizsr materials with plastic £ilme, resins, vaxes,
asphaltic materials, or other barriers. The only known commercial produce
tion of coated controlled-release fertilizer utilizes a process developed by
Archer Daniels Midland Company (ADM), The main component of the conting is
& coplymer of dicyclopentadiene with a glycerol ester (33). Applied in seve
eral layers that vary in composition, the coating relsases fertilizer solu-
tion by osmotic exchange with moisture from the scil. The coated granular
fertilizer was manufactured by ADM under the trade name Osmocote starting in
196k, Tt now is produced and marketed by Sierra Chemical Company unfer exe
clusive license from AIM., Three grades of Omwcote are available: 1b-Lha1k,
18-9-9, and 36<0-0, The nitrogen in the first two grades is supplied by
tmonium nitrate and ammonium phosphate; the third grade is coated urea. The
weight of the coctiné ranges from 10 to 15% of the groass veight,

Osmocote products are recommended for turf, floriculture, mxv
stock, and high-value row crops. Tta retail price was reported to be M.
$0.53 per kilogram 1n 1965, |
Bulfur-coated urea (&?CU') is & controlled-release material that
bas been under development by TVA for 10 Yyears., Sulfur was selscted as
the coating material on the besis of economy and efficiency after several
coating materials were tried. Urea was selected as the material to be

coated because of ite high aitrogen content, lov cost, and ocommercial
availability.




Initial studies indicated that sulfur alone vas not sdequately
resistant ¢ mc.sture penetration, The discovery the’ an oily vax seelan'
vas required vith the sulfur provided the breakthrough to a swocessful
coating. The vax vas subject to microbial attack in the soil, however, with
deterioration of its sealing properties. Need for addition of o nicrobicide
Vas evident, Coal tar, in the proporticy of 0.2%, proved offective and
economical.

In early laboratory work, 2- to 15-pound batches of urea vere
coated in small drums. The development then was -MM to & smll contin-
Wus pilot plant with a production rate of about 300 pounds per hour. The
process is nov deing developed further in a large pilot plant vith a
~capacity of about 1 ton per hour,

A schematic flov diagrem of the pilot plant is sbown in Figure 7.
Grenular ures is preheated in the first rotating drum to 80°C with electric
rediant heaters to prevent the sulfur from freesing $0o rapidly on the greme
ules. The molten sulfur is air-at aized and sprayed omto the rolling bed of
granales in the second drm., mmcuxmmmmmmm.
The coated granules are then cooled in s fluidised bed cooler, axd & powdery
Muaur is nppuodina rmmw-mumwmuuoe
the wax.




Most of the work was 4o vith comsercial zrenular wres (1.7 ¢o

3.3 mm) produced by the spray-drum granulation process. Soms tests were
mede with prilled urea, but its smaller particle site results in greatesd
surface area per unit weight of urea; this greater anfm requires a
coating that is higher in percentage by weight of the product for s givea
coating thickness. For this reason, large, well-rounded granules are
preferred for coating.

The rate of dissolution of coated urea can be varied by m
the thickness of the coating. As an indication of the dissclution rete, s
laboratory test is used in which the percentage of the urea that dissclves
in 7 days in water at 38°C 15 measured. Ourrent sgronomic information
indicates that in general the d»:t results are obtained with materials thas 4
have & 7-day dissolution of 2V .0 30%. Such material can de produced with
& total coating weight of as little as 15% (10% sulfur, 2% wax and coal tar
01l, and 3% conditioner). | .

Typical dissolution patierns in water are showa in nm 8.
These tests werec made with early products; 1n subsequent work, improved
coating technique provided similar dizeolution patterns with lighter
coatings. Hovever, the figure illustrates the relative effect of scating
weight and the effect of vater temperature on dissolution. It also shows
- that the dissolution rate decreasss with time of immersion. Soil dissolue
tion rates are not nocessarily the same as dissolution rates in veter.

of
"Allen et al. (34) have published data oo the rate / dissolusics in the

801l as affected by coating weight, temperature, placement, and inclusion
of microbicide in the coatinz.




In addition to the controlled-release characteristics, ocated |
dares has uth storage and hand - ing charecteristi-es and might even %o
bandled in bulk in humid climates. Also, it may be blended with triple
or single suparphosphates, vhich are incompatidle with uncoated ures.

Agronomic tests have been completed or are ia progress in £9 cowm=
tries and 1n 36 of the Thited States. Some of the Tesilts of TVA tests have
been reporeed (33, 25, 31).

Coated urea ves advantagecus for use cu igroess, pineapple,
rice grown vith delayed or intermittent flooding, sod in gemeral for louge
-uumpo"um'mmm conducive 0 heavy leaching or %0 deccugositics
Losses. |

The sulfur-costing Sechnique may be applied to fertilisers other
then wes, Experimsntal work has iscluled oceting of dimmatim phoephate,
potassivm chloride, potassium sulfate, and varicus ccupowsd fertilisers.
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Ritrification Irnhidbitors: Nitrogen fertilizers in tbe ammonium

form afe 1moh11'1zed in the soilly sorption on clay particles and hence al¢
resistant to leaching. Forever, th. amsoniua form is sapidly converted to
the nitrate form in most soils by microblological processes called nitrifi-
 cation., The nitmte form is more readily available to most phﬁtl, although
some plants (e.3., rice) can readily use the amaonium form. l‘bni, scme of
the purposes of controlled release (resistance to leaching and delayed
avallability) mey be attuined by delaylng nitrification of smmonium nitrogem.

Numercus organic chemicals have been uontiﬁo'd as nitrification
inhibitors. The inkidition is due tc the toxicity of these chemicals to
organisms that convert ammonium nitrogen to nitrite, which is the first step
of the nitrification process.

One of the nitrification inhibitors that has received attention
in the United States is 2-chloro-6=-(trichoromethyl) pyridine. The Dow
Chemical Company is promoting it under the trade name N-Gerve. The company
plans to have a manufacturing wnit in operstion within a year, and they are
aiming for a price level that wil® permit the grower to use ¥-Serve at a
cost of $6.20 to $7.40 per hectare, The minimm conoentration of N-Cerve
in the soil for delaying nitrificstion at least 6 weeks is said to runge
from 0.5 to 10 parts per million.

Dov points out that a nitrification inhibitor is helpful omly
when condition: favor high nitrogen loss from the soil. Such conditions are
heavy rainfall or heavy irrigation, coarse textured soil, soil in the pi

range where nitrification readily occurs, and ansercbic soil conditicns.
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| Potassim azide (2 to 6% Kiiy) dissolved in anbydrous asmonis vas
effestive n lovering the rate of itrification in tosts cooducted by the
U. 8, Departasnt of Agriculturs in cooperation with agriculturs' experimant
staticns in the states of Louisiana (38) and Weshington (39). PFO Indus-
tries, Inc., is exploring this and other agricultural uses (e.g.; &S & here
. bdeotide in rice culture) for the azide. They think they may dave a
comawreial produstion unit in adout 3 years.

Another nitrification iahibitor that has received msh attentiocs
- 48 Jupen 18 S-amino-M-chloro-6-methyl pyrimidine. It 1s mmufactwred by
Mitsul Toatsu Chemicsls, Imc. (formerly Tuyo Koatew Infusiries, Ine.) valer
. ¥he trele nams AL Japenses ocmpesiss Jrofwsed 15,00 mivie tems of WK
fertdlisers ecmtaining A ia 1963, |

G et ey At T




QQENM-hlegse Potash Yertilizers

Some interest nas been shovn in gomtrolled-relesse potassius
‘tfmuiuro. VA conducted tests vith potassium polnionhu. and potassim
caleium pyrcphosphates. Some of the materials were only slightly soluble ia
wvater Dy the AOAC procedure. Agronomic evaluation of the matarials was re-
‘ported by Bogelsted (40). Their only sdvantage vas reduwed injury to gemmie
" sating seeds. MNost of the materisls vers as readily availadls as selwhle
‘potash salts. Bome of the least soluble materials showed slov-selease ehar-
acteristice vhen applied as large jarticlas (abows 7 mm), Wt there vas »o
oomtlusive evideace of increased efficiency.

More recently, sulfur-coated potassium chloride has Yeem prepeared
Yy IVA for sgroncmic tessa. Some of these tests were yromising ia thet
yields were increased in comgariscn vith wncoated potassiua chloride §3). Yeowe
iaformation 1s needed for agromomic and ecomomic evalwation. The low oost
of scluble potassium fertilifers tends 0 discruruge sfforts $0 inereass
their effisziency.




" Conelusions Aboyt Controlled-Release Fertilizers

" Controlled-release nitrogen fertilisers very prodably will prove
useful for some field crops in some situations. Mach more study will be
required, however, to determine the place of conmn.d-nhnu aitrogm
fertilisers ia ﬂn farm economy.

cmﬁnu-:.m fertilizers are most likely to prove advam-
tageous vhere labor is scarce and expsnsive. In developiag coumtries vhere
labor is plentiful and inexpensive, miltiple applications of soluble fer-
S11iser can be used to attain improved yislds and higher efficiemey of

utilisation with less cost.

Progpects for improvemsst of phosphate sod potassiwe fertilifers
through controlled release seom remote.
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