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FUTURE DEVELOPMENTS
ol mcnivot.oag AND MARKETING OF FERTILIZERS.-1970-80
By
Travis P. Hignett
Director of Chemical Development

" Tennessee Valley Authority
Muscle Shoals, Alabama 35660
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Forecasting iuture developments in any field is su Jeﬁt *mny
i . ", N
uncertainties. If the forecaster lacks the gift of clairvoyance, he,nust

rely on extrapolation of past trends, analysis of present plans, and U=

st

seissment o:t’ future needs. All of these methods are uncertain, past trends
i o
seldom continue unaltered, present plans may prove unwise or inadequate,

and future needs my be incorrectly assessed or inadequately provided for,

The only certainty ,is that many changes rwill take place, It is appropriate

that we do our best to foresee them so we can make plans accordinglyf

'&, o
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Increased Use of Eertilizer T A

4 ~

Fertilizer use haskincreased sharply inﬁrecent years. Figure i

i
H 433 , ¥

shows that the world consumption of' N + Pa0g + K20 reached 59. 5 million
metric tons in,,l969 and has approxims.tely doubled in just 8 years , and

Tt

tripled in 14 years. In. otherswords, more fertilizer tonnage has been
a.dded in the last 8 years tha.n in: all pr;ﬂous bistory, a trend that obvie-
ously cannot continue indefinitely. Nit.*ogen use hs.s increased more
ra%idly than that of the other elements; it hs.s doubled in the last

65 ‘years and quadrupled in the last 1k,

(Figure 1)
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Pro.jectione ‘of present “trends ‘at declining percentege growbh ‘

z‘atés 1ndica.te 'that by 1980, total: consumption of ‘the ‘three Hajor A=
trfents will reach 115 million-tons) which is ¢1dse to’ the requiremetit '

estimated ‘in 1966 based on world food meeds (L).  °
% ' e lapgest tonnage increases have been in the developed '

regions-'of ‘Europe and North America, but the percentage increases have -

been greatest in the less developed reglons of Asia,’ Africa, and Iatin’
BT 'I'he' principal reason for the increased 'use of fertilizer is'
the need for more’ and better food for the world's growing population. ‘
It 18t poesible to maintain a’ 1ow t0 medium level of crop’ product:lon v
with' :L‘it%ié'p‘r 1o fertilizeér by utilizing the native fertility of the
soiié,"l'rétuz‘niﬁg' crop residues and vdstes, and utilizing the small"’
amousit of nitrogen brought down with rainfall or fixed-by legumes.

El

But“‘this level 'of crop production is' no longer adequate to''feed’the « 1

1%

growing population of the world, -+ - T
3" pecond reason is economics; ‘in contrast to'the rising cost!

‘of labor and machimery, fertilizer costs have declined. Even in coun= -
“%tries ‘that have & surplus of food crops, & farmer camnot afford-to ne=

glécta. substantial fertiliver application.’ Tn the past, many farmers
have relied on grow:l.ng legumes in a crop rotation to supply nitrogen, a
sound pra.ctice when chemice.l nitrogen fertilizers were expensive and

_ labor was cheap. Now the practice bas’ 'become uneconomical in many

' areas.



In'eddition to the need for more food, there is & need for a
more balanced diet in many countries. The principal meens for improving
diets is inclusion of more animal protein. And as people become more . .
{e.ffluent , they demand more protein-rich animal foods. Production of. ..,
animal protein requires several times as much crop production per food
celo_rie” as direct.use of cereale, so improvement of dlets puts an ., ‘iz .
additional, stress on farm production. .

Tt seems certain that the greatest increases in fertilizer .,
use will, take place in countries where fertilizer use is now—low, where
food needs e.re great, and where population growth is ra.pida In some . v
countries such as Japan, Belgium, and The Netherlands (to name &, few) Py
ﬂfertilizer uge probably 18 now fully adequate for present cropping |
systems, , However, scientists continue to devise means for 1ncreae:l.ng
crop yj.lelde‘threugh‘improved varieties, higher plant population, and .
many other devices.. Each:of these practices increases fertilizer re=-
quirements, - To mention an extreme example, ylelds-in glasshouses are..
substantially higher per gcre than for field crops. While the increased
yield is properly attr:l.'buted to control of the crop s enviromment, it is
cnmmon practice to a.pply more tha.n e. ton per.acyre of fertilizer nutrienta
(N.+ Pa0g + Kz0), & level five to ten times bigher than for, fleld crops,
(), "
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, Another exanmple 16 the 'u‘se of hybrid or ‘iniprovéd'varietieE'
SEARY

of seed, Some writers have mplied that increased crop production :
which can be attained by better seed will lessen the need for fertil-

izer, I think the opposite is more likely; farmers who buy expensive

r

seed are mcre likely to fertilize adequately, end the improved vari;-
?r‘ 3;‘

ties are more likely to respond to increased level of fertilization.
In my opinion, it is meaningless to try »;to estimate how much of an
increased crop yleld ‘18 due to improved seed and how much to fertil-
izer, Any practa.ce that increases yields removes more mineral

nutrients from the soil and hence increases fertilizer needs, - .

Concentration 4

important trend in fertilizer technology is increase in

3

i

concentration of N, Paos, and K20. . Figure 2° shows this trend for four
countries where the concentration of compound fertiliz:rs has increased
at rates ranging from 0.67 to 1.43% per year during the' last decade

The United Kingdom has attained ‘the highest average concentration, l+0 4%,
while Japan shows the greatest rate of increase, The reason for this
\trend lies in economics, bagging, \storage, handling, and transportation
often account for more than half of the cost of fertilizer delivered to

.i.?.the, farmer. So increasing the concentration can markedly decrease the
\‘ s v TN e -y ¥ \ \ T s v_ w\ # i 1

N e ore ey C
- ¥y
3 &

NN DL P, R ; .
cost ‘per unit ‘of nutrient content at the farm.; : , . SR
(Figure 2)
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. Increased -concentration 48 attained by using higher-analysis
' materials--amoniun. ni'bra.te, urea, nitrogen golutions, or aphyirous.sme ‘
monia instead -of sodium or caleium nitra.te or anmonium sulfate; triple
superphosphate or ammonium pnosphate. instead of single superphospbate. .
In many countries, single superphosphate was the principal
phosphatic material .for compound fertilizer. As fertilizer demands grew,
the higber .analysis phosphates were used as a supplemental source to.up-,
'gre.deﬁ,compound fertilizers. Thus, it would be more accurate to. say that.
the higher nanalysis phosphates have supplemented- superphosphate rather
than.replecing it. In'the world.as a whole, superphosphate pmdgction ‘
haB:not, declined, but it supplies a declining percentage of the Pz0s con-
tentrof fertilizers because of the rapidly increasing use of more
concentrated phosphates.,
Superphosphate contains two elements other than phosphorus
thet are essential to plant growth, sulfus a.nd calelum. Lhny"egilE‘

e
.,,.ua‘A{ LA

e.re deficient in sulmr However, adequa.te supplies of sulfur are

[“*DI"«.

brought down by rainfall in mny industrial areas where large amounts
Gobeh o

of coal or other sulmr-containins fuels are burned. In some areas

the’ need for supplying sulfur is well establlahed. “In such cases 1t

is well to conaider whether super_phosphate is the most economic source.

One“ altemative is elemental sulfur which may 'be incorporated in gra.nu- '

1ar fertilizers 'by spraying mo] ten sulfur 1nto the granulator. Am0nium
y d .

bisulfite or ammonium thiosulfa.te may 'be used to supply sulfur in liquid
fertilizers.



Ba.
ok "N“In”” ‘entisiaén for producing ever higher anilysis fertil-
izefris;"‘wé ‘should not- ignore the possibility that sctleof the elemenis:
which we are leaving out mey have to be put back in,' Careful agronomic "
" Lests should be made to determine whether sulfur is needed in each -
agricultural area. - b !

In the next decade the concentration'of fertilizers will con- .
tihte to increase and may reach an average of-50% in -some countries.
Planned new facilities indicate that urea and d.ianmonimn phosphate will
be fa.vorite materials. With these materials and high-grade potassium '
chloride , compound fertilizers containing nearly 60% N + P20g-+ Kao are
possible. However, 'a growing realization’ of the frequent. importance of .
including secondary and micronutrient elements in fertilizera may slow

thev growth in concentration of the primary elements.’ - - .- "

‘.Erend Toward C@p_ ound Fertilizers

) Another trend we see is toward greatpr use of compound fer-

- -

Ot

tilizers. Compound fertilizers ha.ve e.lways been popular in the United

~h, 2’ 2

© States ’ but in many European countries e.nd Japan, straight fertilizers

have been more popular, During the period of 1958 to 1968 ’ conmound
fertilizers in Western Europe increased from 35 to 52% of a.ll fertil=
izers. In Japan the increase was from 27% in 1961 to h2% :I.n 1968 In

the United Kingdom, 97% of the P20s (other than basic sla.g), 92% of the

iz,:l‘/,ax

20, and 63% of the N are supplied in compound fertilizers. COmpa.ra.ble

w iE

figu.rea are not available forthe United Sta.tes partly because some'of
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,,the:ﬁiiié'ri&id"sc‘im‘"’é.s stx;}a’i‘éht fertilizers gre‘actu&ll‘y compounds or
aré“sibsequently niii'ééd”‘bf“‘bl’eﬁders to fom.cdmpounds. ' Arough estimate
indicates that in 1963, 35§ of the'N, 87% of the PaOs, and 86% of the.-
‘KgO were supplled to the farmer in compound fertilizera.

(‘

The ;'easgn for this trend is that fa.rmers no longer have the

i “

PR
time 9;: igcl;mt:l,on “to apply severa.l fertilizers separately nor do they
havq’?p? equi'oment to mix them. Supplemental dressings of nitrogen are
often applied separate'l.y for reasons of efficiency or economy, but the
basicl‘a:ppl’icati’.on xi‘s pre?gryeq in the form o? compound or mixed

fe;'t;.'iliz.er. ,

Larger Yactoriess ° = v Lo ) (

e

Another trend we see is the 'concentration of manufacturing ..
operations in large fa:ctories. Plants geared to twrn out 1000 or
more tons per day of ammonia, urea, ammonium nitrate, phosphor:lc acid,
amnonim phosphate s triple superphosphate, or potassium chloride are -
becoming coninonﬁ]'a’ce. Some European plants .now produce as much as ' ...~
2 million tons ‘of ‘fertilizers per year: The reason for this trend . ...
J7ies in'e‘conomics; as the scale of the operation is incrpased,'~ the .-« -
c‘ostj per unit decreases. M . 1 L crowd o ono 6

b rRIMT 2 NG golibt the’average -size’ of plants:that produce.basic far-: ‘x;
tilizer materials will' dontinue to‘increase. during the next decade.. It .
is”doubtful whethe?/l:irell ‘be ~much ‘advantage 'in 1ncreasing planf. sizr e’
beyond that of some of the largest ones that have been built recently

because of the cost of transporting the products over a- wide a.rea..
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.‘On the other hand, there is a need for smaller plants, mot. . .

xxxxx

wi;l)satisfy ‘local needs, as will be discussed later.

Cogglexitx of Fornm.ta tion

f oo

N s S s
v
!

' A ra.ther w..‘.de ra.ngé of N Pgos Keo :ra.‘t‘iols is needed for VA=
io\i\{s cr;:;ps a.nd soils. Moreover, it is known that 'cen ouher elemente i
ar:equally necessary to plant grow-bh--the seconda,ry ele:nent <, calc:l.um;‘“
magnesium, and sulfur; and the micronutriente, manga,nese, iron, bdx"o"n‘;f: "
copper, zfnc » molybdenum, m cbiorine. The time is approa.ching"a),ﬁd
has already arrived in many ereas when the industry can no 1ong§ei° limit
itg concern to the primary nutrients. The farmer has a right to ,expec}t ,
that *égz'onomists will prescribe and technologists will supply compound
fertilizers conteining the elements needed in the correct proportion fp}j
ecoriomeal crop production on his farm. Already.in the United States.a
great many compound fertilizers contain one or more or the "other tﬂez}ﬁ'fw”, )
91ements;, .dn 1967, over 100,000 toms.of micronutrient materials, were C s
used in:rertilizers plus unknown amquqt.g;of;mtqp;alg«]supp;yipg_{” I
secogdary elements.

The treud toward more complex formuations 1s likely to. ,, ..
conuinue because (1) more«adequate fertilization with primary nutrients
of‘t-tepresults» in: one..of.the other: -ten-elements becoming a limiting - R

factor;(2)increased -crop yields}more‘ rapidly exhaust soil supplies. of,



. =113

the%é"“éiéﬁéﬁ'&s; ‘(3)” ﬁhﬁréved‘»‘di&gnostic “tec alques:and: aécelerated

résearéh Will result in identification of more:cases’of heeds, a.nd
the
(4) idcreasing concentration of /three primary’plant nutrients in ..

fertilizers has been attained at:the expense-of eliminating some: of -
|t Gther: tex.

A

A Dileum

Ten years ago in a lecture to The Fertil.u.ser Society in

London, Howard Ctmningha.m (2) commented on the grawing comple 1ty of

fa.rmers' needs. He said: ‘
N, P and K must always be the main preuccupation of The Fertiliser
Soclety but their very success in producing bigger ylelds of crops
and stock 1s taxing the supply of other elements and leading to
problems for farmers. Fertiliser manufacturers should apply to the
solution of these problems as much skill and determination as they
have applied with such success to the three major ingredients.

At the same time he was aware that the size and complexity of a granu-.

lation plant imposed serious limitations on flexibility in formulation,

for he said:

It ‘is ‘not easy ‘to reconcile low cost: production:and special
mixtures for a customer, a crop or even a district.

!

A iie?r‘si’sﬁeiﬁ‘
.’“‘“ * T 'the United States a system is evolving vhich' ta.kes full
advantage of-the economies' of ‘large-scale ma.nufacture a.nd at:lll pep= o
mits flexibility in formilation. The system 1‘5 charactgrized by -
(1) production of fertilizér intermediates in laréer' pihnts ,iocated



Vhere ‘rav/materials costs are low,; (2) transportation of the'inteimeu
;l'istesﬁ A concentrated form to the various market areas s and- (3) pro=~.
duction of the, final mixture in small local plants that combine the

( Mctions of manufacturing and retailing., These small plants serve an

‘ s,ree. 10 to 20 miles in radius. They offer prescription mixing, custom

application, soil sampling and apvalysis, and various other services.

%
yoekoaf
¥y

'I'wo types of mixed ;E'ertilizers are svailable from this
system--liquid mixes and solid bullc blends. ZBoth types ce.n "be made

§
oo

economically in smell local pla.nts, a.nd both are capturing an in-
creasing shs.re of the ma.rket. Together, they now represent about ll»O%

/ofve.lljmixed fertilizer in Ao United States. |

sk Ay

e e ; “ No one fis quite sure which of severa.l advantsges of bulk

.
G W *cf R A

". blends .and ,liquids is responsible for their pop\ﬂ.arity. H’owle»ver,:
presceription mixing is one of the ,a.dvantsges, and the solution for .
Cunningham's problem of -providing "special mixtures for a customer,
a crop or even a district" without specia.l cost has teen achieved, .
'at least in principle . although there are still some problems in :

" + . . ,
’ S ‘L ) ’Q‘: P {x “1‘

™

' prs.ctice. ‘

A system involving shipment of intermedia.tes to numerous ol

LA

I

locel:pls.nts =requires dependa.'ble tre.nsporta.tion.\ Much of the success

~ of the &ystem " in the United States is due -to advances, inltranspozjtal-,;\,\
tion methods., - Granular fertilizer materials aze shipped:in bulk by . |
‘rail in;covered; hopper~bottom cars. Tank cars are, available ijIj_x‘ $

‘ehipment of liquid materials. For shipment of superphosphoric acid,
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insulated stainlessa«.steel-lined ta.nk:‘ cars are pref‘erred. < Shipment
,by, barge is a.ttractive between points-located on- watemys. > Pipeline >
'transportation of ammonia hasstarted,' and perhaps other: fertilizer a i
materials will “be transporteda by.pipeline-in the future.:i::c ,»» * 7w o
© w-A amall granulation plant.based mainly or: entirely on -
shipped~in ‘intermediates is another solution: to the problem.of main- .
taining flexibility of formulation. Although granulation plants do
not have as-much: flex.‘.bility«a/s bulk:blend or liquid mix-plants, a
small:local, plant can produce formulations:that are:needed by:farmers :
in tlxleiarca:tfo;' their:crops«and,,soils., TR SR RSN LTI AEE AN
o ,1,:; A‘ typical small granuwlation plant may use superphospha.te;
produced a.t ythe site. It may.also use:a higher'analysis-phosphatic ..
intermediate--triple .superphosphatey anunonilm -phosphate, or phos--
phoric .acid.- 'Nitrogen may be:supplied.by. ammonia;;ammoniating solu~' -
tions,v*urea, or some- combination of these: materials. Potash'is " i &
suppliedrasrthe, chloride or sulfate. A RN ORI PR IRV ER
~ui . ‘Mosthsmall gra wlation’ plants attempt to operate'with'a-iv « -
fo:snmlation such that drying is:accomplished:minlyz'by:the%heat( gen~, -
ore.ted in clxemical i‘ea.ctioxis. Several small plants have opcrated o
successfully without any dryer a.t all. et VL

R A N AT el Wil

Superphosphoric acid has 'been used in smll batch granu-

' Tt - t ¥,o0s gz
»‘g\‘/"‘ “ai Lo 3 'i e A

la.tion pla.nts (14-) ’ and more recently in a small, continuous gra.nu.lation
’ ik (SN M egrHR T A e n b A

plut without a drye'c (5), to promote gra.mxla.tion at low moisture



b 1 i‘:i
-1“ -\"
.

‘ co;xi;enté‘.*;' Grades: werei*fl.a‘flﬁ-la-mgb;éa'.nd}~15-15‘-."I.5-_h!\4\30l5;:* FormuIations i\
con‘i'.aining about, 200 pbundsﬂofsuperphosbhoricv‘ acid and-70 o 100; i;oxhds
of sulfuric acid per ton of pro;i.uct. gave .good results. Tne aclds were::
neutralized with ammonis - ammonium nitrate solutions. The granular:: .
products were hard and dry (less than 1.0% moisture) and had ‘good
storage properties. The formulations used are shown in Table I.:" '
¢ » (Table I)

Another approach to a simplified granulation system is tor -
use:'a.powdered monoammonium phosphate (MAP) with special properties
“ that are we:i.l suited to granulation. Three processes are available
for producing this material (6, 7, 8). The MAP may be used to sup-
plement and upgrade st_erphosphate or to replace it. Gmnulation':my K
be promoted through the use of steam, ammonia or,amocniating solution,
or a combination of these practices. A typical grade of the powdered
MAP is 10-50-0; it may be produced at low>cost and shipped in bulk: to
‘ granulation plants (9). In most cases it my~be<preferab1e’to~:nianu-i‘:'~ “
: factu.re «MAP at" the'plant where phosphoric acid is produced rather than
f.o 51eal «with the pro'blems~ of: ‘shipping- the acid.’

_guid Fbrtilizers

A logical solution to the problems of granulation is found

in 1liquid fertilizers. The purpose of granulation is to provide ﬁ'ee-

“
ok

flm g, nonca.king, homogeneous fertilizers that a.re well adapted to

vt



1520

TABLE I

vFoymulations Containing Superphosphoric Acid
for Granulation Without

Pounds per short ton
Material ls-lﬁ-liﬁo 12-13-13-2130

«; Ammoniating solution® (45% N) - 3l 37h
Ammonium sulfate (21% N) 302 250
Ammonium nitrate (34% N) 150 -
Sulfuric acid (66° Be.) 100 70
Diammonium phosphate (18-46-0) - 200 .+ 150
Superphosphoric acid (70.5% P20s) 200 196
Triple superphosphate (46% P20s) 145 330
Muriate of potash (60% Kz0) 505 600
Magnesium oxide (85% MgO) : gl - , 7 .. -

® Composition, 25% NHs and 69% NEN0s. '
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mechanical handling and application--an'end resu:l.J fully et by 1iquid
i‘ertilizers at less cost.: Complicated:pla.nts a.re«notjrequired, and we |
need not go to a large scale to attain econo;picg.;.;;operation. Within
reasonable limits, special mixes can be made without special cost.

f}i’sp;ém advantage of liquid fertilizers:is that they are
una.ffected by hygroscopici‘by problems that. render storage and handling
of solid i’ertilizers difi’icult.

From the viewpoint of the fe.mer, 1iquid fertilizers offer
the advantage of convenience and trouble-free mecha.nical handling and
applica.tion. Liquid mixed fertilizers are available from local mixers
who offer prescription mixiné. 'Li(iuid fertilizers may be applied in
irrigation water, They are adaptable to follar application.

A dlsadvantage of iiquid mixed fertilizers is the compar-
atively low analysis, particularly those grades that contain a high
proportion’ of potash, The disadvantage is minimized by shipping
Ihigl):ly concentrated intermediates to local mixing plants; the final
product is seldom shipped 'very far.

From the viewpoint of manufacture, a primary advantage is
the simplicity and 1ow cost of the equipment for production, storage » |
handling, and traneportation. Economical manufacture does not require
large plants. Dust and fume probiems are practically nonexistent,
losses are very small, Control of composition is simple. Problens of-

hygroscopicity, dustiness, ‘and. caking are absent. Storage, loading,
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¢

and handlibg are(not expensive beca.use pumps and piping' are cheaperx
than conveyors ’ elevators, power shovels , and cranes, oothéin capital
“cost a.nd in"operating costs -

\'.l‘he rising popularity of liquid. mixed fertilizers in the !
United States 1s' shown by the growth in number of plants (aee Fig. 3)
In 1955, only 1‘1-7 plants produced liquid mixed fertilizer; in 1968 .
there were 172&. Most of the plants e.re quite small; the averag;e an-
_.nual output of each plant is less ti.an 2000 tons. Like bulk blenders ;.
the typica.l mnufacturer of liquid mixed fertilizer combines the roles
of mixer and retail merchant., Most of the liquid mixers also market
straight nitrogen liquids--anhydrous gmmnonia, agqua anmonia, and nitro-
gen solutions,. Consumption of straight nitrogen liquids and liquid
mixes has incre'ased rapidly in the United States since 1965, as shown

LR R L Vf"‘ »-.,-n_ - e waws pheee -

in the following ta.bulation. ™

>
Hee o w .

Ja“‘.\

Consumption of
1iquid fertilizers in U. S.,
millions of tons

1965 1966 1961 1B

Anhydrous ammonia 1.5 2.0 2.4 3.1
Aqua ammonia 0.7 0.9 0.8 . 0.8
Nitrogen solutions 1.9 2.5 2.5 ; a.7
Liquid mixed ‘fertilizers " [ 1.0 " 16 20" Aoy v
Total liquid fertilizers 5.1 6.8 7.7 9.1
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GROWTH OF LIQUID MIXED FERTILIZER IN THE UNITED: STATES
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<O oo - The . figures shown"for consumption of liquid mixed fertilizer
aresvery: roughiestimates; good statistics are. lacking. ' The estimated
2.5 mi1lion tons of liquid mix in 1968 is about 12% of all mixed fer=
ti*lizer; .the total liquid fertilizer consumption of 9.1 million tons is
.s'boui-. 23%-of the total fertilizer consumption. < -~

In’ some states, liquid-fertilizer plants are 'so0 numerous :
that, if evenly spaced, no farm would be more than 10 miles from a

source of supply.
1‘({" dal “
Use of liquid fertilizers is increasing repidly in several

41 »@», wey, v s n‘ AT N .
b '

Eu.ropean countries, pa.rt;icu.larly in Fra.nce.

o l : Genera.lly speaking, r:I,.;L.qu‘id fertilizers a.re less expensive i
i:laan grs.nu.hr sol:ld fert:l.lizers. Most solid fertilizers are manu-
factuzied by processes that go through a liquid step, and much of the
me;cp‘ense of the solid mterial :I.s re]ated to conversion of the liquid

to an eccepteble solid form.

'.['he usus.l nitrogen msterials for liquid mixed ferbilizer a.re

urea - emmonium nitrate (UAN ) solutions (28 to 32% N) and. solid urea.
i«‘ oy !
UAN solutions are preferred beceuse they are chea.per, more convenient )

A oL Ve, Lt
K] - M RS A EH

a.nd give high solubility in gre.des conteining little or no potesh.

Solid urea glves higher solubllity in most N-P-K grades. -
VP, 0 e
) Ammonium polyphosphate solution is the most popular phosphetic
msteriel. Solid ammonium polyphosphate also may be used. The emonium |

polyphosphate materials are prens.red by reaction of superphosphoric acid



with a.unnbniaa The. superphosphoric a.eid may be' made i’rom eiemental phos- ’
’phorus (thermal process’): or: byr concentrating wet-process phosphoric acid.
At present,smost* of..the ' 1iquid’ products-are made from wet-process, super=
phosphoric raicids s The ‘usuals solution grade is 10=34~0 or 11-3T7-0. .At . ©
: present;’ only. the Teanessee Valley Authorit;s(r%ﬁduces the  solid materials
Its grade is 15-62-0 (made from thermal acid) . "Soluble" refined '

potassium: chloride ‘(62 to 63% ¥20) 1is the ‘usual potash source.’

«
PTRRSIS RN B - 1 - vy gl ) LI
K , . . ) , ot e . .2

Suspension Fertilizers

’zuf‘ gt

A disadvantage of clear liquids is the low a.nalysis of gra.des ’

P
'
P RS T ,.“1 N te t.'

that contain.a substantial proportion of Kgo. For instance ’ the a.verage

‘g] :‘0 :’)

s.nalysis‘ of liquid mixed fertilizer (including -1 small proportion of sug=

i

pensions) in the United States in 1967 was T. 5-16 2-6 1 as compared with

s

8.6~16. 6-12 7 for a.ll mixed fertilizer. 'J.'his disadvantage is minimized
I S gleg, 0 b4 EPRS

by the marketing system, the final mix is seldom transported far. Never-
3 i !. e ,x (3N e

theless s the relatively low analysis often has a signii’icant effect on

!

the cost of transporta.tion aad appiication.

- Suspension fertilizers are s means i’or overcoming the disad-

sty

ve.ntage of low analysis. They are liquids containing solids--usually

R 4

soluble salts in thelr sa.turated solution. The mixtures are treated to
. 0

‘ minimize settling by inclusion of l to 3% oi‘ a gelling-type clay in

o st [T \

their forumla.tion.


http:phosphori'e,'acid'.T.he
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Wi slispensions,’ th ‘ahalysls car'Be ori‘ & Tevel tohgaruble
with Bratular ‘6144 or bulk blended -fértilizers, Popular gradées of ' -
suspension fertilizers are T-21-2l" 3=10-30, 10~20=20,° aiid LGwlHulHee

about twice the n;x‘t:rie’ni:( gontent{'obpn?vinable in clear liquids with

A

these ratios, ;-r.-- @ .~

.
f
A P ST . vt

Anothér-advantage of suspensions is greater flexibility in
formlation; thel materials need not 'a'.ll be soluble, This ib a partic-

ular advantage when secondary elements or certain micronutrients must

. 1(’;

be supplied; megnesium and manganese co"n‘xpounds,‘ for example, are only
slightly soluble in liquid mixed fertilizer.

4 st hrEa

Some of the advantages of liquids may be lost in going to

LA TN

suspensions. Handling and a.pplication of suspensions ’ in their present

sta.te of developunent, are not as simple, convenient, e.nd trouble-free

FYUIP

as ‘for ol,eq.;" g,iquids. From the farmer’ 8 viewpoint » the main advantage

‘:"Cz .:.k

of liquids is convenience of ha.ndling and a.pplica.tion, and this cone

o T

venience, is not as well developed for suspensions. In the innned:iate '
future,’ ’ therefore 3 most farmers proba.bly vill continue to prefer ¢ clea.r

liquids over suspensions.

Ammonivim Folyphosphiate
‘. e term "ammonium polyphosphate" ‘L5 lised fn fertilizer -
parlance o denote materials containing condensed phosphateés.-'As diB=

Byt Y T 3 LU v Fem 13, ’ I N po, ot
cussed previouslj?, solutions or solids produced by ammoniation of 1
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superphosphoric acid are favorite intermeaiates for compounding
liquid fertilizers. Typical compositioms of the three most popula;
pclyphosphate materials are given below.

Phosphate species in
ammonium polyphosphate,
of total P
10=34=0 1le3T=0 15-62=0
, Bolution solution solid

, Ortho 49 20 41
“Pyro 42 37 5k
Tripoly 8 23 b
Tetrapoly and higher 1 16 1

Ammoniun polyphosphates may also be made directly from
orthophosphoric acid by a process that utilizes the Leat of reactioh '
of the acid with ammonia to dehydrate the ammonium phosphate. This

process is in an advanced stage of pilot-plamt study.

TV e

Chemically, emmonium polyphosphates are the ammonium salts

ETRNL

of polyphosphoric acids., The general formula for polyphosphoric acid
is H,;£2Pnoan+1. The specific ammonium polyphosphates most abundant in
liquid fertilizers are triammonium and tetraammonium pyrophosphate, |
(V4 )oP207 and (N4 )4P2O7, and ‘pemtasmonitum tripoiyphosphate,
(REy)=P203,. e

The chemical and agronomic properties of gmmn}um (pols:-‘
Phosphates are complex and fascinating, Terman and Engelstad '(_‘.LQ)
sumearizing studies in the United Sta*es cozcluded that ammonium
rolyphosphate usually was equal or slightly superior to monoamqnilgn )
rhosphate. Both were usually superior tou concentrated superphosphate
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fq'r eai‘i'y 'éz‘bwtii"i'é‘:s‘ﬁdﬁsre.“‘(Fourc“’assi‘e‘ and-Gadet .(l_i_l_l)l.:,pohélup.,e(’i. from
experiments in France that annnonium«polyphpsph&té supplied as J.iquig
fertilizer was 'conéiéter,tly superior to other phosphorus sources as
the result of better phosphorus utilization. Field tests at siy.xl
locations in Japan indicated that response to ammonium polyphosphate
was generally greater than to ammonium orthophosphate, although eaz:ly
growth was sometimes slightly delayed. There wes some suggestion
that bett';ér‘ utilization of native or applied micronutrients may have
béen a factor in the favorable results with polyphosphates. Experi}.g-
ments in the United Stg.tes have not shown a uniform superiority 91’
ﬁolyphééphaftes , although the results have occasionally favo;’ed
ﬁol&;\ého sl;ha.tes .

* ' Stnce’ crops cannot utilize polyphosphates as such effi-
ciently, it is clear thut any superiority of polyphosphate as a fer-
tilizerfﬁmst be related to charges jbha.t take place in the soil and
pdséibijr to the fhdsphorus distribution patternsaround g;'anule s:{.tgg
(6§‘fiqixid band placement sites) which are different from patterns

-

arou’nédf Ro‘:‘.'t’hophosphate application sites.
e " Ammonium polyphosphates hydrolyze in ao‘iJ.»s,},a‘I;,,ra‘.tég: tha.t "
depend on the temperature, the microbiclogical activity, and other
ifa(:.tors. For instance, in a series of tests using a simulated band
| placement of solid ammon?.tm polyphosphates in ;noist soil, an average

of about 43% of the polyphosphate hydrolyzed to orthophosphate in
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1l weef‘at“roém temperature -(about 25° C.). , After the. ‘f,irst,wyee’k ,‘bil;e”

'vate wak'‘slower; only 55% was hydrolyzed after 5 weeks. .

bk

P T

' 4" -Reaction products of polyphosphates with solls and '961:}, '
ﬁi;;emla are quite differeat from those formed with orthophosphates
and ggﬁei'dlly require lc;nger periods of time to precipitate. ,Theg:'g .
is ;séiile"indi'cation that “in a concentrated- solution such as'may form
:Ln the soil in the vicinity of an ammonium polyphosphate granule the
orthc;plfosphate content of the solution does not form the 1p391qble ,
precipitates that would be formed in the absence of. polyphosphates.
Aigo 5 aome tests 'indicate that ammoniur, polyphosphate sqlm;.io‘na are
capable of ‘ektracting substantial propcrtions of micronutrients from ,
the soil. The selective retention of polyphosphates by soll co]:'jl.oids,
aﬁd the’a),{)'ility of the polyphosphate to form soluble metal complexes,'
may be responsible for these two effects. )

It 1s evident that there. is mucb to be learned about the
behav:!.or of polyphosphates'in’ the soil, and continued research seems
Juétifie'df ‘Bopefully, we may identify some combirations of conditions '
of use and product characteristics that will result in substantia.lly )
better fertilizer eificiency than is .usually obtained with. conventional'

' materials.
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. Uree. - Ammonium Phos;:ha.tes '

Comnound fer'bilizers ‘containing urea and‘'ammonium, phosphate
(orz\polypﬁosl:hat‘e) are particularly interesting because of the wvery .
high analysis attainable: Also, as compared with ammonium nitrate=
contaiﬁ:i.iié materials, the ures compounds ave free. from fire.or. ..
expidéiéﬁ hazards and may be agronomically superior:for some.uses. ., .

Uréa - ammonium phosphates may be produced-by cogranulation...
of aimﬁohiuxﬁ'phosphate slurry with urea solution or: solid’ urea.; - Pilot= .-
plant studies have been: reported (12) of a process which-is basically;
the TVA diammonium phosphate process-except for addition of: urea.in
the ammoniator-granulator. The products contained -urea and ammonium
,pposphatg » mainly in the diammonium form. The granular products.re=.
mained in good condition in’Jlong=term bagged storage when-dried to
abou't': '1% molsture and conditioned with dlatomacecus earth.: -

" In other .pilot-pla.nt‘tests, ammonium phosphate xslw;md
condentrated urea solution were cogranulated in a pan granulator.(13)
'Iheh,:‘pa{.'x‘z \graxiulatdr was considered preferable for compounds of high - .
urea content sich as 34-17-0 and was also sultable.for granulation.of
st‘i:afg‘ﬁﬁ“\irea." No ammoniation was carried out in the.pan granwlator .
since it :La not well adapted to ammoniation;. the products contained

»\h’ T

monoanmon:l.mn and diammonium phosphate ‘in about' 70:30 ratio.: ::
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In the processes described above, some problems were
“ encountered in drying .urea = ammonium. phosphate produc%s. It was
desirable to dry the products.to a-low moisture content (> . /.%)_

to ensure good storage properties.. The temperature of ‘the ms.uerial
leaving thedryer.was.limited -to about_l95u C.. to avoid deeompps:l.tiqn.

’Qf the ureawbyshydrolysis.-qlt was, found Jge‘sessa;'yﬁto,limit_ 'S;he tem-

perature‘éf the air entering the rotary dryer to a range of 150° to
175% C. for countercurrent:-fiow, or about. 200° C, for cocurrent ﬂow,
to prevont tthe material .. from melting a.nd. sticking to the shell and.
flights of the dryer. . Because of these. 1:t.mita.tions, the drying ra.te .
was slow, ‘and ‘8 1ong:retent:lon -time would be required to, reduce the
moisture content below 1%. . et e e ey e
, ’5\»' ‘76 ‘avoid. thedrying .problem, ﬁprocesses .were devised in

vhich the ammonium. phosphate ‘was: supplied as a. nea.rly anhyﬁrous melt, \
and ‘the urea was‘ sppplieq either as a-solid.or & highly concentrated
solution containing 1% vater ’or»,less., The  two materials were cogranu-
lated in & pug milly(14, 15). The ammonium phosphate melts contained
monoamuonium oz:thophosphste and ammonium polyphospha’pe (mainly tri-

ammonium pyrophosphate). Good granulation was)qb'l;eined' when the ammc-

nium phosphate melt contained. about 15 to 60% of its Po0s content in

the polyphosphate form. ' The granular products had satisfactory storage
properties without drying. Typical grades made when using wet-process
phosphoric acid were 28-28-0, 34-17-0, and 19-19-19.



| l'_»»,:im,q:.f;,,“,.p; In rMmr,Lem¥Mnts ’ anngo_r;iup; pol&bosphgjbgamelt and
urea, solution (1% Ho0 or. less) were mixed and prilled in an oil bath
(13, 16).. The oil prilling process is adaptable to a rather wide
range of .polyphosphate and is also suitable for straight urea, As.
compared with air prilling, cil prilling has the, advantages that
largersize prills can be made and Eoomposi,tions, can be used that
crystallize too. slowly for air prilling.. .Some typical grades of oil-
prilled urea ;- ammonium polyphosphates are 39-13-0, 36-16-C, and
30-30-0.;,';‘,These. grades were made using ammonium polyphosphate melts
derivép. -from electric~furnace superphosphoric acid. Initial tests.
' using wet-process acid were not encouraging. .The feasibility. of
adding other materials (such as potash).in the .oil prilling process
has mot -been thoroughly investigsi

R N 'l:‘; » : € -
Controlled-Release Fertilizers
* vie vy N LA it, T . PN
Fertilizers that release plant nutrients slowly throughout b
the growing season or even several growing seasona“*oontixiubl'to% at="

*tract attention of technologists and agronomi.sts. Poténfial advmtages

2o

cla:l.med for controlled-release fertilizers a.re mcreased efﬁciency of '

1

upta.ke "by plants, minimization of 1oases by 1eaching, ﬁntion, or de-~
com.:l)os:!t't:.ion, reductflon in a.pplicat:lon coats through reduction in number
of oz;;iica;;io;xs : c;li‘.minat‘i}orvxwof lu:mry coneun;ption, and prevention oi' N
, bur;x;xig of r,w;»gelf;a.tion or damage to seedlings. This is a.n impressive

HE ».‘
J’H oo 1 u 1)4} b raan o

‘J.ist of potential advantages.
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*"Eiperiments with controlled-release phosphorus and :potassium

materiéls -have not been promising, and there is reason tt believe ‘that "

& -

. little advantage can be expected from supplying these' eleménts in ﬁe', g
'slowly vailable form. However, promising results have been obtained '

with some controlled-release nitrogen materials. ’

-~ The ‘only ‘commercially available materials. (other than’ patu=’:
ral organics)’are thé \ica-aldehyde compounds:’ crotonylidene-diurea .
in Germany;’ urea-‘fo;fmldeliyde‘ reaction products' (ureaform)-in-the. ‘-
United ‘States; and 'isobitylidéns-diurea in Japan, These materials- ' ‘'
have founda place in ‘specialized vses<~home gardens,’ golf-courses,:
a‘.nd‘ the like.*f They-are too expensive for ‘general farm use. . ot

RSk Several ‘processes - for producing- coated - grsnules of nitrogen
(or compound) fertilizers have been announced.-'‘Controlled or delayed -

release is obtained by coating granules of soluble fertilizer with a

-

wonete

plastic film (__'Z) R vith sulfur plus additives (18) ’ or with an

5Y’ Yoo

asphalt-wax mixture ( _2)

of PSR TS P o, - ~} N b

In a process developed by 'I'VA on a sms.ll pilot-pls.nt scale ’

N R U VI R BRI T a0
urea granules are spra.yed with molten sulfur in a rota.ting drum to
Bt v et g
form a coa.ting that typicelly ra.nges from 10 to 25% by weight. Then

the gra.nules receive a 3% cos.ting of wax to sea.l microscopic pores. or

cracks in the sulfur coa.ting. A small amount of a microbicide (such

[ R

as coal tar) is incorporateé in the wax to prevent soil microbe attack

1‘41’ SN R

on the wax. Finally, about 1. 5% of a condi’cioner (such as kieselguhr)



is added to give good ha.ndling properties. -Exacting control of the
conditions during :application of each coating .is necessary for good
results. . It has been possible to produce coated products, that release
lfﬁ aop’lesq;of their nitrogen per day when immersed in water or mois}a R
‘801l with total coating weights of as little as 20%, oL

.~ Results from some tests show greater yields of fescue grass
from apylication of sulfur-coated urea than.from single .applications
of uncoa,ted urea or ammonium nitrate (20). The best results were

obtained with “mixtures of coated urea and uncoated ammonium nitrate.

o b
"J“'/‘ HEN (9

Further tests of the coated urea are in progress in’ several
locations 1n the United States and in several other countries including

i Jaa It

Y}

Iﬁhia. Promising results have been obtained :Ln several of these tests.
The cost of producing sulfur-coated urea on a commercial

scale has been estimated. at .25 to 50% higher per.unit of nitrogen.than
uncoat‘;ed product (21). Some farm uses may, Justify. the differential.
For example, a single application of coated material might be .cheaper
thax two or three split: applications of uncoated fertilizers., Many

of the popular farm crops do not benefit from contmlled-rq;gaqe nitro-
gen, however, a.nd much: work: will be required to determine vhat'plﬁge

coate;l materials. may find.in the farm economy.,
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Elemental Phosphorus '

The production of elemental phosphorus and its use as an 7=
{ntermediate for fertilizer purposes has so many advantages that it is..
1ike3fy to find a substantial place in the fertilizer technology of the '
'>m/ore or less distant future. Some of the-advantages are: ' - . = Pleo v
'“mhe electric~furnace process cea utilize efficiently many types
- ~ofTow-grade ‘rock without beneficidtion.’ o

¢
":t«‘,~ v ) ~ . l( 5 [T

Elemental phosphorus is a highly concentra.ted intemediate
‘equivalent to 229% Paos. This property can lead. to :Importa.nt

A

.savings in tranaportation, storage, and handling if an

fice

appropriate production, distribution, and ma.rketing system is

employed.

;

’ Elemental phosphorus“is 'a versatile ‘mterial which~is. capable -
"of’ producing exdellent: =quality, high-analysis fertilizers and
"a186" food ‘and: animal-feed phosphates ‘and’industrial 'o‘!oapha.tes.
New ‘phosphate fertilizer products can be made'through ‘the use
Y‘o'f Eiemntal phosphorus that camnot be made from wet-process
phosphoric acid, very possibly including some ultrahigh-
analysis products that have not yet Dbeen' conceived. .:'°

'.I'he electric-furnace process does not require sulfur. It does
' require a low-cost source of electricity which may, in the future,
-be more widely ayailebie ’ more abundant, 'gnd more dependable than



- 31:-,,

i &Like other chemical and metallu.rgical processea, the, eco- .
'q PRSIV l:,u-v- LR RTINS

nomics of elemental phosphorus production is highly dependeht on the

scale oi‘ ope;at.ion‘ and on engineering advances. Most present-day

electric-fumace plants are geared to the needs of the chemical phos=~.

w Lol
\»; ﬂj" ER]

rhate markets and cannot produce phosphorus at a low enough cost to |
comg%jpﬁ_ in the fertilizer market with wet-process phosphoric acid,

s The state of develorment of elemental phosphorus technology .

may be cg_mpared with amonia technology 20 to 25 years ago. It would .

il

......

:meact on costs as we have experienced in ammonia production., Does .. '
this mean that we must wait 20 to 25 years before elemental phosphorus
béco;xies ecoﬁomically competitive for fertilizer production? Perhaps
not; the problem is being attacked by people with vision and
competence, and some interesting ideas are on the drawing board.

Conca.:xéions

Advances in fertilizer technology, together with changes
in marketing and distribution patterns, are bringing about a dramatic
improvement in the kind and cost of fertilizers available to the
farmer. |
Production of fertilizer intermediates in very la.rge plants
at well-chosen locations has brought about substential economies. De-
,centralized use of these Intermediates in local or regional plants has
brbuéht to tizg farmer a wide range of compound fértilizez‘s--gmmﬂ-ar,
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blended » and liquid--which can be tailored more 'pi'eciséiy to‘ ﬁis needs.
The future will see a continued increase in the concentration ofxf;‘%::: o
tilizers, more emphasis on prescription mixing, more attention to ‘sece’
‘ondary and ‘micronutrients, and provably more combinations of’ fertilizers

y T

with herbicides, pesticides, and growth resulators.

~+!The ‘greatest benefit from advances in fertilizer tecﬁxioléé& a
will coré through an integrated effort involving marketing and distri-
bution systems, transportation and handling systems, improved methods
for ;gen‘e"fating‘ and disseminating agronomic informaticn, as well as ‘a1l "

< son ' T, A el e P .
other 'sectors of the agroindustrial’ complex.
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