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TRENDS IN FERTILIZER PRODUCTION

By
Travis P. Hignett
Dnvector of Chemical Developmesnt
Tennessee Valley Authority
Muscle Shoals, Alabema 35660, USA
The purpose of this paper is tn examine current trends in fertil-
izer manufacturing, to analyze the reasons for these trends, and to project

them into the future.

Increased Use of Fertilizer

Fertilizer use has increased sharply in recent years. Figure 1
shove that the vardd consumption of N + Po0s + K20 reached 68 million metric
tons in 1971 and has approximately doubled in just 8 years, and tripled in
14 years. In other words, more fertilizer tonnage has been added in the
last 8 years than in all previous history, a trend that obviously cannot
conﬁmu indefinitely. Nitrogen use has increased more rapidly than that
of the other ol@nts; it has doudbled in the last 6 years and quadrupled
in the last 14, The largest tomnage increases have been in the developed
mgiona of Europe and North America, but the percentage increases have
been greatest in the less developed regions of Asia, mm., and latin
America.

TVA's latest projection of fertilizer consumption (Pig. 1)
1nt'uca't.co th.at total consuamption of the three major nutrients will reach
86 millton tons in 1975 and 105 million tons in 1960,
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“!hoﬁ,prl.ncipl reascn for the mmm use of fertilizer is the
need for more and petter food for the world's growing population. ft 1s
possible to maintain a lov to medium lsvel of crop production vith little
or no fertilizer by utilizing the native fertility of the soil, rettxrni;ns
crop residues and vastes, and utiliz.ng the small amount of nitrogen drought
dovn vith rainfall or fixed by legumes. But this level of crop production
is no longer adequate to feed the growing population of the world,

A second reason is economics; in contrast to the rising cost of
labor and machinery, fertilizer costs in most countries have declined.

Even in countries that have a surplus of food crops, a farmer cannot afford
to neglect a substantial fertilizer application. In the past, many farmers
have relied on groving legumes in a crop rotation to supply nitrogen, a
sound practice vhen chemical nitrogen fertilizers were expensive and labor
nl‘l‘choay. Bov the practice has become uneconomical in many areas. |

TVA's latest projection of fertilizer consumption involves a slowver
rate of growth than our previous forecast (1), particularly in the developing
countries of Asia, Africa, and latin America. MNumerous problems have slowved
the grovth rate in these areas. Production facilities have operated at only
about 60% of capacity, leading to high production costs. Marketing and
transportation of increased quantities of fertilizer have been difficult,
High fertilizer costs and low prices for farm products have provided littls
. incentive for farmers to increase fertilizer use rapidly in some countries.
If TVA's forecast of fertilizer consumption is correct, food production in
developing areas will fall short of the needs of the rising population. Per
capita food production, vhich is already inadequate, will decline. While
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“these statements apply to developing continents as a vhols, there is a wvide
.Mety of situations in individual countries; some of them have made
substantial progress tovard improved quantity and quality of food supplies.
In the developed countries the rate of population growth has
declined and per capita food production has increased to the point that
surpluses exist in several areas. This is another factor that will tend

to slov the grovth of fertilizer use.

Concentration

An important trend in fertilizer technology is increase in con-
centration of N, P20s, and Ko0. Figure 2 shovs this trend for four countries
vhere the concentration of compound fertilizers has increased at rates ranging
from 0.7 to 1.0% per year during the last Gecade, Of the four countries, the
United Kingdom has attainad the highest average concentration, nearly 4%,
vhile Japan ahovs the greatest rate of increase. The reason for this trend
lies in economice; bagging, storage, handling, and transportation often
account for more thun half of the cost of fertilizer delivered to the farmer.
Su increasing the concentration can markedly decrease the cost per unit of
nutrient content at the farm.

Precisce data are lacking for many developing countries, but the
trend tovard high concentration is evident {n the increased emphasis on
higher analysis materials. For instance, in South Korea, diasmonium phos-
phate is granulated wvith potassium chloride to produce a lh-3h4-14 grade,
vhich is blended with urea to make a variety of grades; 22-22-11 is
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typic&l mkcvioe, soms pev plants in India produce urea - ammonim phocphnte
campound fortmura containing more than 50$ utrients.

In the next decade the concentration of fertilizers wvill continue
to increase and may reach an average of 50% in some countries. Planned new
facilities indicate that urea and disrmonium phosphate will be favorite ma-
torhﬁ.s. With tiese materials and high-grade potassiua chloride, compound
fertilizers containing nearly 60% N + Po0g + K20 are possidble. EHowever, a
groving realization of the frequent importance of including secondary and .

- micronutrient elements in fertilizers may slov the grovth in cmeentnfuon
otr tha primary elements. Also, lover analysis materials are likely to be

more economical for local use in some areas.

Trend Tovard Compound! Pertilizers

Another trend we see is toward greater use of compound fertil-
izers. Compound fertilizers have alwvays been popular in the United States,
but in many European countries and Japan, straight fertilizers have been
more popular. During the period 1958 to 1968, compound fertilizers in
Western Europe increased from 35 to 2% of all fertilizers. In Japan the
increase vas from 56% 1n 1962 to TT$% in 1969. In the United Kingdom, 97%
of the PoOg (other than basic slag), 92% of the Ko0, and 63% of the N are
ilixppiiod in compound fertilizers. Comparable figures are not available for

1 The term "compound fertilizer" 1s used in this paper to apply to all
fertilizer containing more than one of ths three primary :mtrionta, N,

Pglp, and K20.



the United States partly because soms of the materials sold as straight
fortilizers are actuslly coapounds or are sudbsequently mixed by blenders to
form compounds. A rough estimate indicates that in 1963, 35% of the K, 87%
of the Pg0s, and 86% of the K20 vere supplied to the farmer ir compound
fertilizers.

The reason for the trend tovard compound fertilizsars is that
farmers no longer have the time or inclination to apply scveral fertilizers
separately nor do they have the equirment to mix them. BSupplemental dress-
ingn of nitrogen are often applied separately for reasons of efficiency or
economy, but the basic application is preferred in the form of compound
fertilizer.

) o ries

Another trend ve see is the concentration of manufacturing opera-
tions in large factories. PFlants geared to turn out 1000 or more tons per
. day of ammonia, urea, smmonium nitrate, phosphoric acid, ammonium phosphate,
tripls superphosphate, or pomu\- chloride arc becoming commonplace. Somes
European plants nov produce as much as 2 million tons of fertilizers per
year. The reason for this tremd lies in economics; as the scale of the
operation 1is increased, the coot per unit decreases.

Ko doubt the average size of plants that produce basic fertilizer
materials wvill continus to increase during the next decade. It is doudbtful
vhether there will be much advantage in increasing plant size beyond that of
same of the largest ones that have been built recently because of the cost
of transporting the products over a vide area, and because further increase

in scals vill result in only minor decrease in productiom cost.
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On the other hand, there is a need for smaller plants, not to
manufacture basic materials, but to comtine them into compounds that will
satisfy local needs, as will be discussed later,

The groving pressure to control pollution of the air, rivers,
and lakes increaces the corpiexities of manufacturing operations. These
prodblems can be dealt vith more economically in a few large plants than in
many small plants. Some small plants have been closed because it vas un-
economical for them to comply with pollution control regulations, and
probably more will do so in the future. So ve can expect that pollution
control regulations vill accelerate the trend towvard larger factories.

Complexity of Formulation

A rathur vide range of N:PoOg:Ko0 ratios is needed for various
crops and soils. Moreover, it is knovn that ten other elements are equally
pecessary to plant growth--the secondary elements, calcium, magnesium, and
culﬁr; and the micronutrients, mangansse, iron, borov, copper, zinc, molyb-
demm, and chlorine.! The time 1s approaching and has already arrived in
many areas vhen the industry can no longer limit its concern to the primary
nutrients. The faramer has a right to expect that agroaomists vill prescridbe
and technologists will supply compound fertilizers containing the elements
needed in the correct proportion for economical crop production on his farm.

Already in the United States a great many compound fertilizers contain one

1 Although chlorine was establishod as an essential micronutrient element
in 1954, no case of naturally o:curring deficiency is known, perhaps

because of the abundance of the elesent (2).
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or move ui the "other ten" elements; in 1970, well over 100,000 tons of
micronutrient materials were used in fertilizers plus unknown amounts of
materials supplying secondary elements.

In Japan in 1970, 842,000 tons oé -fertmur contained boronm, -
nagnesiwez, Or mANgANess.

The trend towar) more complex formilations ir likely to continue
because (1) more sdequat: fertilization with primary nutrients often results
in one of the other ten elements becoming a limiting factor, (2) iucreased
crop ylelde more rapidly exhaust soil supplies of these elements, (3) im-
proved diagnostic techniques and accelerated research vill result in iden-
tification of more cases of needs, and (4) increasing concentration of the
three primary plant nutrients in fertilizers has been attained at the
expense of eliminating some of the other ten.

Thirteen years ago in a lecture to The Fertiliser Society in Lon-
don, Hovard Cunningham (3) commsnts on the growing complexity of farners'
needs, He said:

N, P and K must alvays be the main preoccupation of The Fertiliser
Society but their very success in producing bigger yields of crops
and otock is taxing the supply of other elemsnts and leading to
problems for farmers. Fertiliser manufacturers should apply to the
solution of these prodlems as mich skill and determinatiocn as they
have applied with such success to the three major ingredients.
At the same time he was avare that the size and camplexity of a granulation
.plant imposed serious limitations on flexibdility in formulationm, for he said:
It 18 not easy to reconcile low cost production and special mixtures for

a customer, a crop or even a district.
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Farmers in many areas demand a combination of herbicides or othe:
pesticides with fertilizer, vhich further increases the complexity of formu-
lation. The advantage to the farmer is that application of feriilizer and
pesticide together saves time and labor. Slov-release nitrogen is desirable
in some situations and may be provided by incorporation of slowly soluble

nitmgen materis.i. or nitrification inhibitoirs in compound fertilizers.

Increased Use of Intermed’ates

In order to take advantage of the economics of large-scale manu-
facture and st{ll provide for flexidility of formulation of compound fertil-
izer, various nev systems are being developed. The general characteristics
of these systems are (%) production of fertilizer intermediates in large
plants vhere rav material costs are low, (2) transportation of the interme-
diates in concentrated form to the various market areas, and (3) production
of the final mixture in small local plants that may combine the functions
of manufacturing and retailing.

The principal intermediates are ammonia, ammoniating solutions
containing free amr ;nia and ammonium nitrate or ures, urea - ammonium nitrate
solution, monoammonium or diammonium phosphats, ammonium polyphosphate
solution, triple superphosphate, phosphoric acid, and potash salts.

The local plants using these intermediates fall into three cate-
gories--dry mixing, liquid mixing, and granulation. Dry mixing plants merely
make mechanical mixtures from dry fertilizer materials. The materials may be
either granular or pulverized; however, most farmers prefer granular products

because of superior storage and handling properties.
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Dry mixing of mnm.mtem is known u'”bulk blending."
Favorite materisls for bulk blending are dissmcnium phospbate, triple super-
‘phosphate, potassium chloride, ammonium nitrate, and urea. AL materials
should be of about the same particle size, usually in the range of 1 to
3 mu. The materials usually are received in bulk dy rail, rarge, or ship.
They are often stored in bulk and mixed to the farmer's order tn accordance
vith soil test data. The mixtures may be either sold in dulk or in bags
according to the farmer's preference.

Bulk dblending plants are often quite saall and inexpensive. A
typical plant is shovn in Figure 3. The oatput often is marketed vithin
a radius of 20 kilometers. The average annual output of about 5000 such
plants in the United States may be about 2000 tons. However, large bulk
blending plants may be useful ani economical, particularly vhen located at
or near a port vhere materials may be received by ship or berge. One such
plant in the United States has an annual output of over 200,000 tons.

One problem in bulk blending is the tendency of the materials to
segregate during bandling and application (8). Segregation can best be pre-
vented by having all materials of closely matched particle size. Particle
shape and density are relatively unimportant. When the particle size is not
closely matched, segregation can be minimized by careful distridution in
£111ing bins, trucks, or hoppers (3). Filling from ope spot causes "coning"
and promotes segregation.

Micronutrients may be added to bulk blends in several ways. Pov-
dered micronutrieat materials may be coated on the surface of the granules by

use of oil or other binder. Alternatively, granular micronutrient materials



FIGURE 3 |
TYPICAL BULK BLENDING PLANT |
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may be used in the blend., Addition of pesticide to blends may be in the
form of a powder (vith a binder) or in the form of a concentrated liquid.

Bulk blending is particularly popular in North America. In
1971 it vas estimated that bulk blends accounted for 58% of all dry cozpound
fertilizers in the United States. Several other countries recently have
started bulk blending operations, and the practice may grov.

Successful use of bulk blending in small local plants requires
dependable transportation, such as a network of railroads and a supply of
rail cars that protect bulk fertilizer from the weather. Covered, hopper-
dottom cars are preferred for ease in unloeding. In many developing coun-
tries, rail cars suitable for transporting bulk fertiliszer are lacking. A
blending operation may be located at a port vhere bulk materials may de
received by ship. In this case there must be sufficient storage at or near
the port for bulk materials to match the size of shipments, and mechanical
equiment for unloading ships is desirable to minimize the time that ships
must stay in port. The unloading equipment shculd be such as to avoid undue
. degradation of the granu. & material and protection from the weather. In
very humid climates, dehumidified bulk storage is desirable. There are
several blending facilities of this type both in developing and developed
countries. The blends usually are bagged for inland transportation.

Another system which provides for flexibility of formulation in
. maall local plants is liquid mixed fertilizers. Like bulk dlending, pro-
dvtion of liquid mixed fertilizers utilizoi very sizple, inexpensive equip-
ment and deperds on shipped-in intermediates., Liquid fertilizers have some
‘special advantages vhich will be discussed in a later section of this paper.
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A amall granulation plant based mainly or entirely on shipped=-in
intermediates 18 another solution to the problem of maintaining flexibility
of formulation. Although granulation plants do not have as much flexibility
as bulk blend or liquid mix plants, n small local plant can produce
formulations that are needed by farmers in the area for their crops amd
soils.

A typical small granulation plant may use superphosphate produced
at the site, It may also use a higher analysis phosphatic intermediate--
triple superphosphate, ammonium phosphate, or phosphoric acid., Nitrogen may
be supplied by ammonia, ammoniating solutions, urea, or same combination of
these materials. Potash is supplied as the chloride or sulfate.

Most small granulation plants attexpt to operate with a formila-
tion such that drying is accomplished mainly by the heat generated in chea-
ical reactions. Several small plants have operated successfully vithout
" any dryer at all,

Superphosphoric acid has been used in small batch granulation
plants (6), and more recently in a small, continuous granulation plant vith-
out a dryer (7), to promote granulation at lov moisture contents. Grades
vere 12-18-18-2g0 and 15-15-15-hMg0. Formulations containing adout
200 pounds of superphosphoric acid and 70 to 100 pounds of sulfuric acid
per ton of product gave good results., The acids were neutralized with
amonia - ammonium nitrate solutions. The granular products wverc huva and
dry (less than 1.0% moisture) and had good storage properties.

Another approach to a simplified granulation system is to use
a powdered monoammonium phousphate with special properties that are well

sw.ted to granulation. Several lov-cost processes are available for



producing this material (8, 9, 1J. The monocammonium phouspbate may be used
to supplement and upgrade superphosphate or to replace it, OGranulation may
be promoted through use of steam, ammonia or ammoniating solution, or a
combination of these practices. A typicul grade of the powdered monocammo-
nium phosphate is 10=50=0; it may be produced at low cost and ohipped in
bulk to granulation plants (11). In most cases it may be preferable to
manufacture monocammoniium phosphate at the plant vhere phosphoric acid is
produced rather than to deal with the prodblems of shipping the acid,

Some granulation plants use only dry materials; the mixture is
granulated by addition of wates or steam or both., In some cases, heating
the mixture vith a flame in the granulator may generate enough liquid phase
for granulation. Granulation it elevated temperature is preferable to
granulation by wvater addition alone, as the water added during granulation
must be subsequantly evaporated by drying, and the dried granules are
1ikely to bde porous and weak,

Granulation with formlations including urea and superphosphate
in several small British plants has been described (12). Additional mate-
rials included in the formilation vere ammonium sulfate, monocemmonium phos-
phnf.c, and potash. lbcehtly a géumhtion plant in Brazil started operation
using urea-ammonis solution shipped in from turope. Initial operation was
quite satisfactory.

Many gmnuhtion plants use phosphoric acid as an WMu,
either to supply all tho phospborus or to supplement superphosphate. Ammonia
may be supplied as such or as ammoniating solution. |
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As in the case of blending, granulation with shipped-in interme-
" diates requires suitable, dependable transportation and storage facilities.

Solid materials should be protected from the weatber, although prevention

" of deterioration is less critical than in blending.

Granulation in large plants adjacent to the plante vhere basic
{intermediates are produced is sometimes the best arrangement even though
large granulation plants cannot economically prepare small lots of special
grades, In large granulation plants (20 to 50 tions/hr) the usual practice
18 to produce a limited number of grades, ordinarily three to six, as the
time and expenre involved in clearing the equipment of one grade before
beginniné the production of another make short runs or frequent changes
uneconomical., Some companies that operate large granulation plants also
have smaller plants (6 to 10 tons/hr) that granulate special grades. Also,
cpecial grades may be made by blending or by addition of micronutrients as

a coating a_fter granulation.

Trends in Types of Ritrogen Materials

A prominent feature of the world mitrogen industry is the rapid
rl.sg in popularity of urea, as shown in Figure 4. Data for Figure h through
1969 are fram FAO reports; TVA projections to 1975 take into account planned
capacity. Urea's share of the world nitrogen fertilizer market has risen from
less than 5% in 1955 to 16% in 1969 and is expected to increase to about 26%
by 1975. These figures are for solid urea only, and do not include the urea

content of solutions. In the United Stites, about half of the urea used for

fertilizer goes into solutions.
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The largest group of nitrogen fertilizer materials counsists of
anhydrous ammonia, nitrogen solutions, the nitrogen content of ammonium
phosphates and complex fertilizers, and miscellaneous other materials.
Amponium sulfate, once the dominant nitrogen material, supplied only 15% of

the world market in 1969 and may decline to 8% by 1975. Other low-analysis
materials include calciun' x;.it;-;ste, sodium nitrate, and calcium cyanamide--a

group nov supplying only 2% of the market. Ammonium nitrate nov supplies
27% of the market; in future years the percentage may decline slightly.

Nearly 40% of the 1975 world fertilizer nitrogen capacity will be
for vroduction of urea (including solutions and the urea content of complex
foertilizers). In the developing countries of Africa, Asia, and latin
America, urea is expected to constitute 62% of nitrogen capacity.

The growing demand for urea is attributed to its high analysis
and to improvements in technology that have lowered its cost. At present,
urea 1s less expensive than ammonium nitrate per unit of nitrogen both in
capital and production costs. Manderson (13) estimates the production cost
6f urea to be about 12% less than amwonium nitrate; vhen distribution and
application costs are included, urea's cost advantage is about 20% under
U. S. conditions. In comparison with ammonium nitrate, vhich has been the
leading form of nitrogen since about 1960, urea has advantages of freedom
~ from fire and explosion hazards; also, it is agronomically preferable for
. rice.
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The usual cozmercial prilled urea has several faults. The par-
ticle size is too small for use in bulk blends. The small particle size also
increases caking tendency and rate of moisture absorption. Also, some types
of broadcast spreaders operate less efficiently vith small perticle size
prilled urea. The usual prilled urea is weak; it has a low crushing strength
and poor resistance to abrasion. This veakness may lead to excessive fines
formation in bulk shipments and in some types of applicators, In viev of the
extensive development that has taken place in improving the efficiency and
economy of the urea synthesis process, it seems odd that so little study has
been given to 1Fprow1ng tpe quality of the final product.

One company in Canada (Cominco Ltd.) is producing urea by a spray-
drum granulation process in a plant located in Calgary. Two sizes are pro-
duced--ope 8ize, about 1.7 to 3.3 mm, 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 granulation is said to be about the same as
prilling. '

TVA has developed a pan granulation process for urea through a
pilot-plant stage. The process has proved capadle of producing closely
8ized, well-rounded granules in any desired size range. Crushing strength
and resistance to abrasion were quite satisfactory. larger scale

development is planned.
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" Although some urea is marketed without conditioner, most of it
18 now conditioned by coating with an inert material, such as kaolin clay,
o'r by treatment vith formaldehyde or other organic chemicals. These treat-
ments prevent caking vhile stored in moistureproof bags, but they do not
retard the rate of moisture absorption n terial i1s in contact with
air above the critical humidity which 1s 75% relative humidity at 30°C, In
many areas vhere the climate 18 hot and humid, there is a need for a condi-
tioning treatment that will significantly retard moisture absorption. TVA
is conducting research on this problem; some promising results have been
obtained. In any conditioning treatment it is helpful to have larger

granules to decrease the surface area.
' In viev of the plentiful supply and low cost of urea, consid-

| eration of vays of using it is appropriate. With the world trend toward
farmer preference for mixed (compound) fertilizer, use of urea in granular
mixtures 1s receiving attention in meny countries, The high analysie of
urea is useful in offsetting the lowv analysis of cheaper nitrogen sources
in mixtures. A 50-50 mixture of urea and ammonium sulfate, for exarple,

" would contain 33.4% nitrogen--nearly as much as ammonium nitrate. So sub-
stitution of urea - amuonium sulfate mixtures for ammonium nitrate might be
‘a good way to move lovecost byproduct ammonium sulfate into a high-grade
product.

The technology of utilizing urea in granular compound fertilizers,
vith or wvithout ammonium sulfate, is well advanced in Great Britain (14) and
and Japan (15). There are some technical problems, but ways of dealing with
them have been developed.
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Compounds containing urea must be dried at a relatively lov tem:
perature to avoid hydrolysis of urca (forming ammonia and carbon dioxide)
and to‘ avoid softening or melting in the dryer. Ratber large dryer capacity
is required to attain adequate drying at lov temperature.

When the compounds contain urea and single or triple superphos-
phate, a urea - monocalcium phosphate forms, releasing water of hydration
and causing the mixture to become v;t and sticky. Ammoniation of the super-
phosphate helps to prevent this condition, but reduces the water solubility
of the Pg0s. Addition 9f ammoniun sulfate helps by reacting wvith the super-
phosphate preferentially. The most prevalent.method of dealing with the
problem is very light ammoniation plus inclusion of ammonium sulfate in the
formulation and careful drying.

Granular compound fertilizers containing urea and superphosphate
should be cooled to about 30°C before storage, as slow hydrolysis of urea
releases ammonia vhich reacts with the superphosphate, causing a decrease
in Po0x water solubility. This reaction occurs to an appreciable extent
even at temperatures as lov as 40°C during several months' storage.

Trends in Types of Phosphate Materials

Figure 5 shows world trends in types of\ phosphate materials vith
projections to 1975. A striking feature is the decline in relative impor-
tance of single superphosphate fram 63% of the total PpoOs supply in 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 vhich the
largest tonnage of single superjliosphate was produced, and the 1970 tonnage
exceeded that of 1960, Hovever, most of the expansion in the phosphate
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industry has been in higher analysis products, particularly triple super-
phosphate, ammonium phosphate, and other complex fertilizers. Concentrated
superphosphate has maintained a nearly steady level of 155 of the total.

The group, ammonium phosphates, complex fertilizers, and other phosphates,
has risen from 10% in 1955 to 39% in 1969; further increase to 56% in 1975
is predicted. Probably as much as three-quarters of this group consists of
amyonium phosphate, including straight ammonium phosphate and that formed in
complex fertilizers. Most of the remainder is the P0s content of nitric
phosphates. Basic slag is expected to supply a declining percentage of
fertilizer P20y in the future,

Decline in use of single superphosphate (and ammonium sulfate) may
bring about a need for alternative sources of sulfur. Substantial responses
to sulfur have been noted in some parts of nearly all states of the lL.lled
States and in at least 47 other countries, including many developing coun-
tries (16). Most soils in tropical and subtropical regions are inherently
deficient in sv.lfﬁr. Sulfur-deficient areas become more numerous and serious
vhen heavy rates of nitrogen and other primary nutrients are apyplied. Much
sulfur is supplied by rainfall in highly industriclized areas vhere it ori-
"ginates from burning of coal and 0oil. In these areas, sulfur is seldom
needed in fertilizers. However, as plans for prevention of atmospheric pol-
lution materialize, mich more need for supplying sulfur in fertilizers can be
expected.

Ideally, sulfur should be supplied in fertilizers only vhen it
18 needed. To attain this ideal, an alert, efficient agricultucsal advisory
service should be available to every farmer. Even in the most developed
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.countries, this service is often lacking for many farmers. In de_veloping

countries, little may be known about the need for sulfur. Sulfur deficien-

cles may become evident.only after several years of cropping with sulfur-

free fertilizers.

- In some cases,.singls superphosphate may be the most economical

‘source of sulfur. However, elemsntal sulfur has been proved to be economi-
" cal and' effective in many cases. Elemental sulfur can be incorporated in

granular fertilizer by spraying it in liquid form in the granulator.

There is a growing trend toward use of phosphoric acid as an
intermediate, rather than converting it to finished fertilizer at the point
of manufacture, In the United States, possibly as much as 1 million tons of

- Pa0g 15 shipped as phosphoric acid from the point of manufacture (near phos-

 ‘phate mines) to market areas for conversion to fertilizer. "Superphosphoric”
acid (70 to 72% P20s) may comprise about half of the shipments; the remainder
1s usually shipped at a concentration of 54% Pz0s. The acid is used at the
destination in granulation plants, in liquid mixed fertilizer plants, or for
direct application.

Shipment of phosphoric acid is attractive in the United States
partly because of long distances between phosphate mines and market areas.
For the same reason, international shipments can be logical, and several

“‘phosphoric acid plants are either in operation, under comstruction, or
planned which are intended primarily to supply phosphoric acid to
international trade.

There 1is some interest in partial purification of phosphoric aciq,
especially in areas where the phosphate rock contains more than .th.o usual

amount of impurities. The impurities form a sludge that is troublesame in
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shipping, and some types of impurities detract from the quality of liquid
fertilizer. Calcining the phospbate rock removes organic i-gurlties. Con-
centration of the acid followed by settling or centrifuging removes some of
the sludge. Concentration to superpbosphoric acid volatilizes nosf; of the
fluorine and silicon. Some companies remove part of the magnesia from
superpbhosphoric acid for liquid fertilizer production. One company in Mex-
ico practices partial purification by solvent extraction. FPhosphoric acid
produced by the hydrochloric acid route, as in the Israel Mining Industries

process, has a lov impurity content. '

Liquid Fertilizers

Consumpticn of liquid fertilizers has grown rapidly in the United

St.ates, as shown belov.

Liquid fertilizers® used in U.S.,
millions of metric tons

198 1967 1959 1971

p)
Anhydrous ammonia 1.4
Aqua amonia 0.7
Kitrogen solutions 1.7
Liquid mixed fertilizers 0.9

8 In addition to these materials, direct application of
phosphoric acid (50 to 60% Px0g) amounted to 50,000 to
b 70,000 tons per year.
Estimated.

Inclwding anhydrous ammonia, liquids comprised 26% of al). fertil-
f{zer in 1971. The data for liquid mixed fertilizer use in 1965-69 may be
incomplete due to incomplete reporting; a recent survey by TVA in coopera~
tion with Ine National Fertilizer Solutions Association indicated a 1971
consumption of about 4 million petric tons, or about 20% of al: compound

fertilizers (17).
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Growvih in use of anhydrous ammonia is mainly attributable to its
low cost, which more than offsets increased storage, transportation, and
application costs. The average prices paid by farmers in the United States
in 1970 for various nitrogen fertilizers are shown belov (18).

Price,

ﬂi_:g of N
Anhydrous ammonia 0.10
Urea 0.20
Ammonium nitrate 0.20
Nitrogen solution 0.19
Amoonium sulfate 0.28

Liquid mixed fertilizers are more expensive than bulk blends,
but are comparable in cost to granular campound fertilizers. Their
popularity is due to advantages other than price.

Liquid fertilizers are dependabiy free floving, free from dust or
caking problems, and unaffected by humid atmosphere. Convenience of hand-
1ing and application is a primary advantage from the farmer's viewpoint.
Labor saving, rapid application, and adaptability to mechanical handling
are all part of the convenience factor.

Even distribution and precise placement are easier with liquids
than solids. IAquid mixing is readily adapted to preescription formulation.
Berbicides or pesticides are often mixed with liquid fertilizers, avoiding
separate application. Liquid fertilizers are especially popular in
1rr1&nted areas, as the fertilizer may be added to the irrigation water.

From the viewpoint of manufacture, a primary advantage 1is the
simplicity and low cost of the equipment for proluciion, storae, handling,
and transportation. Economical manufacture does not require large plants.

Dust and fume problems are practically nonexistent. Losses are very esmall.
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Control of composition is simple. Problems of hygmscopicity, dustiness,
~ and caking are absent. Storage, loading, and handling are not expensive
because pumps and piping are cheaper than conveyors, elevators, pover
shovels, and cranes, both in capital cost and in operating cost.

The usual nitrogen materials for liquid mixed fertilizer are urea -
ammonium nitrate solutions (28 to 32% N) and 80lid urea. Urea - ammonium
nitrate solutions are preferred because they are cheaper, more convenient,
and give high solubili“y in grades containing little or no potash. Solid
urea gives higher solubility in most NFK gredes.

Ammoniun polyphosphate solution is the most popular phosphatic
material. Solid ammonium polyphosphate also may be used. The ammonium
polyphosphate materials are prerared by reaction of superphosphoric acid
with ammonia. The superphosphoric acid may be made from elemental phose
phorus (thermsl process) or by concentrating wet-process phosphoric acid.
At present, most of the liquid products are made from wvet-process super-
phosphoric acid., The usual solution grade 18 10=-34<0 or 11-37=0. At
present, only the Tennessee Valley Authority (TVA) produces the solid
material. Its grade is 15-62-0 (made from thermal acid). "Soluble"
refined potassium chloride (62 to 63% K20) is the usual potash source.

Use of liquid fertilizer is increasing rapidly in some Buropean
~countries, including the United Kingdom, France, and Belgium. The use in
France is the most advanced,

While the advantages of convenience and labor saving may not be
. very important in developing countries, thon_& are other advantages that
should be considered. Manufacturing facilities for liquids generally are
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simpler and less expensive than for granular solids., Liquids lepd them-
selves well to production of homogeneous mixtures in local distribution
centers to meet local needs--a segment of the fertilizer production and mar-
keting system that hag been sadly neglected in many developing countries.
Many developing countries are located in very humid, tropicel areas vhere
even relatively nonhygroscopic solide give trouble. Rygroscopicity is

pever a problem with 1lJ-uids. Apnlication equipment for liquids need not

be expensive; it may even be primitive.

Foreseeadble improvements in liquid fertilizer manufacture include
production of ammonium polyphosphate solution directly from orthophosphoric
acid without the intermediate production of superphosphoric acid. This has
already been accomplished in France (19) and in some U. S. plants, and
should rvsult in reduced cost,

Agronomic advantages of liquid fertilizers have been reported vhich
may be due to more precise placement or to the presence of polyphosphates, as

discussed delow,

Suspension Fertilizers

A dieadvantage of clear liquids is the lov analysis of grades
that contain a substantial proportion of Kg0. For instance, the average
analysis of liquid mixed fertilizer (including a small proportion of sus-
pensions) in the United States in 1970 vas 8.4-16.4-7.6 as compared with
9.2-17.7=12.7 for all mixed fertilizer. This disadvantage is minimized by
the marketing system; the final mix is seldom transported far. HNeverthe-
less, the relatively lov analysis often has a significant effect on the

cost of transportation and application.



Suspension fertilizers are a means for overcoming the disadvan-
tage of lov analysis. They sve liquids containing solids--usually solubdle
salts in their saturated solution. The mixtures are treated to minimize
settling by inclusion of 1 to 3% of a gelling-type clay in their formmlation.
In 1971, about one=third of all liquid mixed fertilizers vere suspensions.

With suspensions, the analysis can be on a level comparable with
granular sclid or bulk blended fertilizers. Popular grades of suspension
-fertilizers are 7=21-21, 3«10-30, 10-20-20, and 15-15-15--about twice the
nutrient content obininable in clear liquids with these ratios.

Another advantage of suspensions is greater flexibility in formu-
lation; the materials nned not all be soluble. This is a particular advan-

- tage vhen secondary elements or certain micronutrients must de supplied;
magnesium and manganese compounds, for example, are only slightly soluble
in liquid mixed fertilizer.

Some of the advantages of liquids may be lost in going to sus-
pensions. Bandling and application of suspensions, in their present state
"of development, are not as simple, convenient, and trouble-free as for

clear liquids,

Amenivg Polyphosphate

The term "amponium polyphosphate” is used in fertilizer parlance
to denote materials containing condensed phosphates. As discussed previ-
ousi&, solutions or solids produced by ammoniation of mfperphoaphoric acid
are favorite intermediates for compounding liquid fertilizers. Typical
compositions of the three most popular polyphosphate materials are given
velow. B
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Phosphate species in
ammonium polyphosphate,
$ of total P-Os=
10-34<0 11-37=0 15«62=0
solution solution solide

Ortho 49 20 41
Tripoly 8 23 b
Tetrapoly and higher 1 16 1

8 Made from electric-furnace phosphoric acid.

Azmonium polyphosphates may also be made directly from orthophos-
phoric acid by a process that utilizes the heat of reaction of the acid with
ammonia to dehydrate the ammonium phosphate. This process is in an advanced
- stage of pilot-plant study.

Chemically, ammonium polyphosphates are the ammonium salts of poly-
phosphoric acids. The general formula for polyphosphoric acid 18 Bn+pPnOan+i.
The specific ammonium polyphosphates most abundant in fertilizers are triam-
.monium and tetreammonium pyrophosphate, (NH¢)a3HP207 and (NHg)4P207, and
pentaammoniuem tripolyphosphate, (NHg)sP3Oio.

Ampmonium polyphosphates are particularly useful in liquid fertil-
izers because they sequester the impurities normally present in wet-process
phosphoric acid, thus avoiding precipitation of insoluble iron, aluminum,
and other compounds when the acid is ammoniated. Also, the ammonium poly-
phosphates are more soluble than the orthophosphates, permitting production
of higher analysis solutions,

Terman and Engelstad (20) summarizing studies in the United States
concluded that ammonium polyphosphate usually was equal or slightly supe-
rior to monoammonium phosphate. Both were usually superior to concentrated

superphosphate for early growth response. Fourcassie and Gadet (21)
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concluded from experiments in France that azmmonium polyphosphate supplied
-as liquid fertilizer was consistently superior to other phosphorus sources
as the result of better phosphorus utilization. Most of these tests were
made on calcareous soil. Field tests atf. six locations in Japan indicated
that response to solid ammonium polyphosphate was generally greater than to
amxonium orthophosphate, although early growth was sometimes slightly de-
layed, There was some suggestion that better utilization of native or ap-
plied micronutrients may have been a factor in the favorable results with
polyphosphates.

Gourny and Conesa (22) reported that liquid fertilizer containing
34 to 82% of its phosphate as nonorthophosphate was slightly inferior to
- azmoniua orthophosphate on acid soil, but markedly superior on calcareous
soil.

Conesa (23) demonstrated that plants can take up polyphosphate
without previous hydrolysis.

- Singh and Dartigues (24) reported that polyphosphate was superior
to ammonium orthophosphate on two zinc-deficient calcareous soils.

Soubies and Baratier (25) emphasize the advantage of band place-
ment of ameonium polyphosphate solution near the seed as coapared vith broad-
cast 80lid orthophosphate. They claimed that the band placement used vith
liquids wvas not possidble with solids.

Mortvedt and Giordano (26) reported that liquid polyphosphate
fertilizers were effective carriers of iron sulfate in greenhouse tests for
crops grovn on iron-deficient soils, whereas application of iron sulfate

alone or in several granular fertllizers was ineffective.
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' In a recent series of field tests in the United States (27),
ammonium polyphosphate solution gave higher yields of maize, wheat, and

milo than orthophospbate fertilizer in either liquid or solid form.

Nitric Phosphates

Nitric phosphate-type processes are particularly attractive for
countries with limited rav material resources for fertilizer manufacture.
The only feed materials required are ammonia and phosphate rock--either
or hth of wvhich can be imported. Economices 4s more favorable for nitric
phosphates vhen sulfur prices are high.

The approximate location of nitric phosphate plants in the world
1s given in Pigure 6 (28). About eixty plants are believed to be producing
80l1id nitric phosphates--with about two~thirds of these located in Burope.

Recent process improvements have made the nitric phosphate proc-
ess more versatile and have removed some of the earlier objections to these
products. It is now possible to produce high-analysis grades such as
20=30=0 and 23-23<0 with over 80% of the PoOg wvater soludle in large,
efficient plants (29).

Estimates usually indicate that nitric phosphute processes are
more econcmical than production of equivalent amounts of nitrogen and phos-
phate fertilizers as ammonium phosphate and ammonium nitrate or urea. When
compared vith the urea plus ammonium phosphate, the cost advantage is small
and may be offset by higher transportation costs if the products are shipped

very far (268)



FIGURE 6
APPROXIMATE LOCATION OF NITRIC PHOSPHATE PLANTS
IN THE UNITED STATES, ASIA, AND EUROPE
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The principal disadvantages of nitric phosphates are that about
2 tons of nitrogen is produced for. each ton of Pa0s, and that most of the
nitroéen 18 in the form of ammonium nitx"ato. Aiso, it 18 not easy to

produce a wide range of grades.

Potassium Phosphates

There l_ms been much interest in potasﬁhm phosphates because
of t.heir very high @yuis and good agronomic properties. The potassium
phosphates under consideration include the orthophosphates, KHoPO4 and
KoHPO4, and the polyphosphates ranging from pyro and tripoly to long-chain
rolyphosphates commonly called "metaphosphate.” The orthophosphates and
short-chain polyphosphates are quite soluble, whereas the metaphosphates
zay be either soluble or insoluble, depending on their method of
preparation and impurity content.

There is some small use of potassium orthophosphate. in specialty
fertilizers to make water-soluble mixes for foliar application or trans-
planting solutions. There is also some use in liquid fertilizers for famm
use; one company in the United States produces a 0-26-27 potassium poly-
phosphate solution for use in liquid mixed -fe'rtu.izers. All of these mate-
rials are produced from potassium hydroxide or carbonate, and hence they
are too expensive for generﬁl use. .

7 Many research projects have been aimed at pfoducing potaosiz\n
phosphates from potaésium chloride, the cheapest source., Most of thuse
pmdecta lm-re' nbt prc;ved ecomn-ic;i' because ot. the Ad'irficultyh 6f' ixtilizing
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or disposing of the byproduct hydrochloric acid. Even if the hydrochloric
acid is utilized to react with phosphate rock, calcium chloride becomes a
byproduct which is difficult to dispose of in many locations.

Recently a process was developed in Ireland by Goulding Fertil-
isers on a pilot-plant scale that produces KHoPO4 and anhydrous HCl gas
(30). A similar process was developed in the United States by Pennzoil,
and the two companies have agreed to pool their information. It is claimed
that anhydrous HCl can be utilized in certain organic oxychlorination proce
. esses vhere its value vill be comparable vith that of elemental chlorine.
It vas recently amnounced that a small plant in Califormia would be adapted

to production of potassium phosphates by the Goulding-Pennzoil process.

Controlled-Release Fertilizers

Fertilizers that release plant nutrients slovly throughout. the
growving season or even several groving seasons continue to attract the
attention of technologists and agronomists. Potential advantages claimed
for controlled-release fertilizers are increased efficiency of uptake by
plants; minimization of losses by leaching, fixation, or decomposition;
reduction in application costs through reduction in number of applications;
elimination of luxury consumption; and avoidance of burning of vegetation
or damage to seedlings., This 15 an impressive list of potential advantages.

The term "controlled-release fertilizers," as used in the fol-
lowing discussion, refers to fertilizers that for any reason release their
nutrient content over an extended period. -Even a simple choice among

. materials inherently slow to dissolve is viewed as a measure of control.
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Controlled-Release Phosphate Fertilizers

Numerous controlled-release phosphorus compounds have been tested,
and sCme are in use., Prominent among them are ground phosphate rock, cal-
cined aluminunm phosphate ore, basic slag, defluorinated phosphate rock (tri-
calcium phosphate), fused calcium magnesium phosphate, Rhenania phosphate,
"bone meal, dicalcium phosphate, magnesium ammonium phosphate, calcium meta-
phosphate, and potassiux metaphosphate. (The so-called metaphosphates are
more properly designated as polyphosphates.)

Ground phosphate rock containing about 1.8 million metric tons of
P20s vas applied to the soil in 1969-70 (31). This probably represented some
6 million tons of rock. About half i—s used in the U.S.S.R., and the
remainder was widely distributed arong many countries.

The eﬁecti@so of ground phosphate rock varies videly with
variation in its reactivity. A good indication of reactivity is solubility
in neutral ammonium citrate. The effectiveness of the most reactive rocks,
such as those from Gafsa and North Carolina, may approach the effectiveness
of water-soluble phosphates on some soils and with certain crops. The least
reactive rocks, such as igneous apatite and Udaipur (India) rock, are quite
ineffective on all soils, Effectiveness depends on soil pH and is greatest
on acid soils; on high-pH soils, even highly reactive rocks are quite
ineffective. As an exception, calcined aluminum phosphate ores, such as
those from Senegal or Christmas Island, are more effective on neutral or
alkaline soils.

Basic elag containing about 1.3 million metric tons of PgOs -

‘'was 1pplied in 1969-70 (31). Gross weight of the slag probably was about
8 million tons. Basic slag is generally regarded as quite effective except
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.on calcareous soils, It is also valued for its content of the secondary
nutrients calcium and m@esﬁn and for its micronutrient content.

Calcined aluminum phosphate ore is used mainly in mnce. It
tends to be more effective on high<pH than acid soils., The main source of
‘al\mimm phosphate ore is Senegal., However, several other occurrences are
known, and same 18 nov being mined on Christmas Island. Its effectiveness
depends on the calcination temperature and on fine grinding, and may be
indicated by solubility in nsutral or alkaline ammonium citrate. It 1is
more soludble in the alkaline reagent.

Straight dicalcium phosphate is manufactured for fertilizer use
in relatively small quantities in France and Belgium, Bowever, substantial
" amounts are present in nitric phosphates and ammoniated superphosphates. It
18 fully soluble in neutral ammonium citrate and is generally considered to
be an effective fertilizer, particularly on acid soils vhen broadcast in
fine particle size and incorporated with the soil.’

Fused calcium magnesium phosphate 1s manufactured mainly in Japan.
It 1s effective on acid soils when finely ground. It supplies magnesium and
silica, vhich may be quite helpful in some soil-crop combinations.

Most of the insoluble or slightly soluble phosphate materials
are used either because they are less expensive than soluble phosphates or
because they supply other ela;::anto. Very seldom if ever can any agronomic
superiority be attributed to their slov release of nutrient in the soil.
In'tact, the slightly soluble materials often give inferior results, par-
ticularly in the first year of application. Bovévor, some of them are
valued for apecialty uses because they may be safely piaced in contact with
seeds or roots, vhereas soluble phosphates might damage seedlings or roots

in some situations.
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‘Soluble phosphates react rapidly with the soil to form relatively
insoluble products (32). So even fully soluble phosphates become slov-
release fertilizers in the soil. The main effort has been to find ways to
increase the release rate. When soluble phosphates are applied in granular
form, the reaction with the soil is delayed, and pockets of relatively sol=-
uble phosphate may persist at the granule sites for several weeks., Thus,
good results usually are obtained by placement of soluble granular phosphate
fertilizers near the seed,

Controlled-Release Nitrogen Fertilizers

Slightly Soluble Materials: One group of controlled-release

nitrogen fertilizers comprises chemical compounds that are only slightly
soluble, It may be noted that the rate of release of nutrient from most
of these glightly soluble compounds is not directly related to water solu-
bility. Instead, the release rate is related to microbiological attack
vhich converts the nitrogen to forms that can be utilized by plants. Bov-
ever, the rate of attack is related to the rate of solution, which depends,
in turn, on solubility, particle size, and other factors.

Urea-aldehyde compounds are the principal representatives of this
Group that are produced commercially. Isobutylidene diurea (IBDU) is pro-
duced in Japan through the reaction of urea with isodbutyraldehyde in 2:1
mole ratio. When pure, it contains 32.18% N. Bamamoto (33) reported meth-
_ods for its preparation and discussed its usefulness as a fertilizer. Cro=-
tonylidene diurea (CDU), also called cyclodiurea, is produced in Japan and
Germany through the reaction of urea with crotonaldehyde or acgtam_om(y.

The pure compound contains about 32% N.



.Ando (13) reported a Japanesc conswumption of 1800 tcus of N as
IBDU and 1400 tons as CDU in 1968--a total of 3200 tons of N or 10,000 tons
of the two slov-relsase materials., This vas more than twice the 1966 use.
The materials vere used to prepare compound fertilizers in vhich about half
of the nitrogen was in slov-release form.

Hamawoto (33) discussed agronomic studies made in Japan with
IBDU and other slov-acting nitrogen materialas. The release rate from these
8lightly soluble materials is a function of the particle size. Under Jap-
anese conditions, use of these materials was often advantageous in improving
Yields and in saving labor by decrsasing the number of applications.
Hamamoto stated that the cost of ODDU to farmers wvas over tvice that of con-
ventional nitrogen fertilizers per unit of nitrogen. Compound fertilizers
of 1:1:1 ratio with half of the nitrogen suprlied as IBDU cost about 20% more
than conventional fertilizers. For this reason they were used mainly on
vegetables and cash crops and not so much on grains,

Urea-formaldehyde resction products, usually called "ureaform,"
are produced by about six manufacturers in the United States and in several
other countriesc. Unlike IBDU and CDU, ureaform is not a definite chemical
compound. It contains methylene ureas of different chain lengths; the
solubility increases with decrease in chain length. It usually contains
about 38% K.

Perhaps the most useful component of mafon as a sloverelease
nitrogen material is trimethylene tetraurea; shorter chain lengths are too
rapidly decomposed, and longer chains are highly resistant to decomposi-
tion. Unfortunately it is very difficult to produce commercially a pure

trimethylene tetraurea; ureaform contains both shorter and longer chains.
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A typical ureaform may contain 30% of its nitrogen in forms
that are soluble in cold water (25°C). The quality of the remaining 70%
" 18 Judged Dy the percuntage that is soluble In hot (boiling) water as
determined by presciibsd analytical procedures. At least 40% of the
nitrogen insoluble in cold water should be soludble in hot water for
acceptadble agronomic response; typical valuen are 50 to 55%.

The consumption of ureaform in the United States is approxi-
mately 50,000 tons per year. Most of the production goes into n.ixed fer-
tilizer for specialty uses, such as for lawns, flover gardens, and golf
courses. The vholesale price of urvaform per unit of nitrogen is about
three times that of urea, azmonium nitrate, or ammonium sulfate.

In TVA's tests of many other organic nitrogen-containing com-
pounds as fertilizers, some proved readily available, some slovly available,
socme inert, and some toxic. Among those that showed promise as slow-
release fertilizers were oxamide, glycouril, cyanuric acid, ammeline, and
ammelide. For lack of a practical process, none of these materials has
been manufactured commercially for fertilizer use.

Coated Soluble Materials: A vide range of materials and tech-

niques have been explored with the object of making controlled-release
fertilizers by coating soluble fertilizer materials with plastic filns,
resins, vaxes, asphaltic materials, or other barriers. The only known
commercial production of coated controlled-release ferilizer utilizes a
process developed by Archer Daniels Midland Company (AIM). The main

component of the coating 18 a copolymer of dicyclopentadiene with a
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glycerol ester (34). Applied in several layers that vary in composition,
t.be coating releases fertilizer solution by oemotic oxchnnse. wvith moisture
from the s0il. The coated granular fertilizer was manufactured by AIM
under the trade name Osmocote starting in 196k, It now is produced and
marketed by Sierra Chemical Company under exclusive license from Ald.

Three grades of Osmocote are available: 1lh-14-14, 18-9-9, and 36-0-0. The
nitrogen in the first two grades is supplied by azmonium nitrate and ammo-
niun phosphate; the third grade is coated urea. The veight of the coating
ranges from 10 to 15% of the gross weight.

Osmocote products are recoemended for turf, floriculture, nursery
stock, and high-valus rov crops. The retail pri~ce wvas reported to be about
$0.55 per kilogram in 1965,

Sulfur-coated urea (SCU) 18 a controlled-release material that
has been under development by TVA for 10 years. Sulfur was selected as
the coating material on the basis of economy and efficiency after several
coating materials wvere tried. Urea wvas selected as the material to be
coatg;l because of its high nitrogen content, low cost, and commercial
.,avai:labmty.

Initial studies indicated that sulfur alone was not adequately
resistant to moisture penetration. The discovery tbat an oily vax sealant
vas required wvith the sulfur provided the breakthrough to a successful
c;aating. The wax was subject to microbial attack in the soil, however,
vith deterioration of its sealing properties., Need for addition of a
nicrobicide was evident. Coal tar, in the proportion of 0.2%, proved

affective and economical.
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In early laboratory work, 2- to ls;pound batches of urea vere
coated in emall drums. The development then was shifted to a small contin-
uous pilot plant vith a production rate of about 300 pounds per hour. The
pi'oceas 18 now being developed further in a large pilot plant with a
cai:dcity ot" about 1 ton per hour.

" A schematic flow diagram of tbe pilot plant is shovn in Pigure 7.
Granular urea is preheated in the first rotating drum to 80°C with electric
radiant heaters to prevent the sulfur from freezing too rapidly on the gran-
ules. The molten sulfur is air-atomized and sprayed onto the rolling bed of
granules in the second drum. Wax and coal tar are applied in the third drum.
The coated granules are then cooled in a fluidized bed cooler, and a powdery
conditioner is applied in a fourth drum to eliminate the tacky condition of
the wax, |

" Most of the vork vas dope with commercial granwar urea (1.7 to
3.3 m) produced by the spray-drum granulation process. Some tests were
made wvith prilled urea, but its emaller particle size results in gres-..r
surface area per unit v&ight of urea; this greater surface requires a
coating that is higher in percentage by weight of the product for a given
coating thickness. For this reason, large, well-rounded granules are
preferred for coating. | - '

The rate of dissolution of coated urea can be varied by varying
the thicikness of the coating. As an indication of the dissolution rate, a
laboratory test i1e used in vhich the percentage of the urea that dissolves
in 7 days in water at 38°C is measured. Current agronomic information
indicates that in general the best results are obtained vith materials that
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have a T-day diseolution of 20 to 30%. Such material can be produced with
a total coating weight of as little as 15% (10% sulfur, 2% vax and cosl tar
oil, and 3% conditioner).

Typical dissolution patterns in viter are showvn in Figure 8.
These tests were made with early products; in subsequent work, improved
coating technique provi#ed similar dissolution patterns with lighter coat-
ings. Hovever, the figure illustrates the rplative effect of coating
weight and the effect of water temperature on dissolution. It also shovs
that the dissolution rate decreases with time of immersion. Soil disso-
lution rates are not necessa.{ly the same as dissolution rates in water.
Allen et al. (35) have published data on the rate of dissolution in the
801l as affected by coating weight, temperature, placement, and inclusion
of microbicide in the coating.

In addition to the controlled-release characteristics, coated
urea has ctcellent storage and handling characteristics and might even be
hacdled in dulk in humid climates. Also, it may Le blended vith triple
or single quperphosphntes, vhich are incompatible with uncoated urea.

Agronomic tests hqve been completed or are in progress in
29 countries and in 36 states of the United States. Some results of TVA
tests have been reported (36, 37, 38).

-ICOated urea vas advantageous for use on sugarcane, pineapple, rice
growvn with delayed or intermittent flooding, and in general for long-season
crops or for conditions conducive to heavy ;oaching or to decomposition

losses.,



UREA DISSOLVED, %

50

30

A3~

T 1 1 1 | .
F7FECT OF COATING WEIGHT COATING WEIGHT
(WATER TEMPERATURE, 38°C) '

15% —0
26% N

| 1 I 1 |
EFFECT OF WATER TEMPERATURE WATER TEMPERATURE
(COATING WEIGHT, 24 %) 38°C__g
27°C____, "
o°c o
1
25 30
TIME, DAYS
FIGURE 8

RATE OF DISSOLUTION IN WATER OF
COATED UREA (1.7-3.4 MM)



46

The sulfur-coating techniqu. may be applied to fertilizers other
than urea. Experimental vork has included coating of diammonium phosphate,
potassium chloride, potassium sulfate, and various compound fertilizers.

Nitrification Inhibitors: Nitrogen fertilizers in the ammonium

form are immobilized in the soil by sorption on clay particles and hence are
méimt‘to leaching. BHovever, the ammonium form is rapidly converted to
the nitrate form in most soils by ﬁlcrobiologica.l processus called nitrifi-
u£10n. The nitrate form is more readily available to most plrnts, although
some plants (e.g., rice) can readily use the ammonium form. Thus, scme of
the purposes of controlled release (resistance to leaching and delayed
availability) may be attained by delaying nitrification of ammonium
nitrogen.

Fumerous organic chemicals bave been identified as nitrification
inhibitors. ' The inhibition 1s.due to the toxicity of these chemicals to
organsams tlat convert ammonium nitrogen to nitrite, vhich 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 Dov Chem-
ical Company is promoting it under the trade nams N-Serve. The company
plans to have a manufacturing unit in operation wvithin a year, aiud they are
aiming for a price level that will permit thc grover to use N-Serve at a
cost of $6.20 to $7.40 per hectare. The minimm concentration of N-Serve
in the 601l for delaying nitrification at least 6 weeks is said to range
from 0.5 to 10 parts per million. '
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Dow pqix?ts out .that a nitrification inhibitor iq hglpful only
when conditions favor high nitrégen loss.frou the soll, Such conditions
are heavy.rainfall or heavy irrigation, coarse textured soil, soil in the
PH range where nitrification readily occurs, and anaerobic soil conditions.

Potassium azide (2 to 6% KNg) dissolved in anhydrous ammonia was
effective in lowering the rate of nitrification in tests conducted by the
U. S. Department of Agriculture in cooperation with agricultural experiment
stations in the states of Louisiana’ (39) and Washington (40), PFG Indus=-
tries, Inc., is exploring this and other agricultural uses (e.g., as a her=-
bicide in rice culture) for the azide., They think they may have a
;:omerc:lal produ;:tion unit in about 3 years.

Another nitrification inhibitor that has received much attention
in {}apan ':!:s 2-amino=li=-chloro=-6-methyl pyrimidine. It is manufactured by
fMitsui Toatsu Chemicals, Inc., (formerly Toyo Koatsu Industries, Inc.) under
the trade name AM, J‘apanese companies produced 15,400 metric tons of NFK

ferbilizers contain:lng MM in 1968,

' Controlled-Release Potash Fertilizers

Some interest has been shown in controlled-release potassium fer-
tilizers. TVA conducted tests with potassium polyphosphates and potassium
calcium pyrophosphates. Some of the materials were only slightly soluble in
wate;c by the AOAC procedure. Agronomic evaluation of the materials was re-
ported by Engelstad (4l). Their only advantage was reduced injury to germi-
nating seeds, Most of the materials were as readily available as soluble
potash salts. Some of the least soluble materials showed slow~-release char-
acteristics when applied as large particles (about 7 mm), but there was no

conclusive evidence of increased efficiency.
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" More recéntly, sulfur-coated potassium chloride has been pre-
pared by 'ﬁVA for agronomic tests. Some of these tests were promising in
that ylelds were increased in comparison with uncoated potassium chloride
'(42). More information is needed for agronomic and economic evaluation.
The low cost of soluble potassium fertilizers tends t6 discourage efforts

to increase their efficiency.-

Conclusions About Controlled-Release Fertilizers

~

Controlled~-release nitrogen fertilizers wvery proba‘bly' will prove
useful for some field crops in some situations. Much more study will be
required, however, to determine the place of controlled-release nitrogen
fertilizers in the farm economy.

) Controlled~release fertilizers are 'most likely to prove advan=-
tageous where labor is scarce and expensive. In developing countries where
labor 1is I;ientiful and inexpensive, multiple applications of soluble fer=-

tilizer car’x be used to attain improved ylelds and higher efficlency of

utilization with less cost. |

Prospects for improvement of phosphate and potassium: fertilizers

- through controlled release seem remote.

Summary

Cbnspicaous trends in the world fertilizer' situation include &
r'apid rate of growth in production and consumption; increasing concentra=-
tion of N, P05, and Kz20; and a growing preference for compound rather than
single-nutrient fertilizers. Variety and complexity of formulation of com-
bound fertilizers are increasing to meet requirements of various crops and

soils. To an increasing extent, fertilizer manufacturers will concern
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themselves with secondary and picmnutrient elements, as well as the three
major nutrients,

Dramati~c‘ reductions in cost of producing basic fertilizer mate-
rib.}s havé 'Eeen achieved through improvements in technology and increased
Jstale of operation. There is a growing tendency to use these basic mate=
rials as intermediates in small local mixing plants that combine them into
compounds that meet the needs of their aréa.. Highly concentrated interme-
diates, such as ammonia, ammoniating solutions, phosphoric acid, ammonium
phosphates, and refined potash salts, are being used to an increasing extent
in local plants; developments in low=-cost transportation of intermediates
contribute to the economics of their use. The local plants are of three
types--dry mixing, including bulk blending; liquid mixing; and granulation.
Iiquid fertilizers offer some special advantages in manufactuve,
distribution, and application which may increase thelr future popularity.

High-analysis materials, particularly urea and ammonium phos-
phates, will supply increasing percentages of the world's fertilizers,
whereas lower analysis materials will decline in importance. Ammonium
polyphosphate 1s an interesting new material. New nitric phosphate proc-
esses are avallable that provide high water éolu'bil:l.ty and higher concen-
tration. The nitric phosphate processes are often economically attractive,
but lack of versatility has limited their accépta'.nce in some regions.

Controlled-release fertilizers are a subject of much interest.
ééhtrolled-release nitrogen fertilizers cffer some definite advantages for
sbmé ‘émps and soils. Theilr future will depend on technological develop=-
ments to allow production costs commensurate with their advantages.
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