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It is natursi and wise for a country in the early stages of develcp-

128 a viable fertilizer industry for suppert of uecded axparsion in {ts
sgriculturai tsse to lock arourd at vhat the rest of the wurld has done
and proit from this experienca. Meny latin Auerlcan ccuntries are in
this posi<ion. They hav~ reeched the point that the aoeed for higher
cuality fertilizers in ircreasing quuntities is asperent. Taey find that
the search for the optimun lr providing these needs {s .ndeed a corpli-
sated process that involves consideration of many factors. because of
vast dicferences that exist, it ie dangerous 40 assume that the optimm
cat be =chaleved by simple transfer of techuolozy {rom one country to the
naxt without careful consideration of these diffsrences. Yot optimiza-
tion 1is essential because even whern the resource base ia large, capital
$s usually limited end there is always severe coupetition for this
capital lor other phases of developwent.

., Moy decisions icust be made in structuring proJects that will fi¢
into an cptimun patiern Jor a fertiliter industry. Sowe of them are the
scale of the operation, whetier the higher analysis fertiliser made

pessivle by never technology will ve¢ rdventagaous, wiaether the import of




certain intermediates Ls preferable, and vhat process routes should be

considered. Also, the possivle effect of new fertilizers beling developed
zust be taken into consideration in present plenning. The task assigned
to thia paper is to Alscuss in a genaral vay some of the factors that
musdt be takea into comsidsration in erriving at these decisions. It
cannct make %he deciszions, of course, because they can be made only after

intensive study of local situations.

The Effect of Scale

The qucition of how large to bulld & project is *oremost 1in the
planning process. Auy engineer who is to becone involved in chemical
processing learns eerly in the course of his education thet the invest-
ment cost 1n proceusing planti per unit of capacity generally decreases
as the capacity of the plant incraases. ™us, from the point of viev of
ToW wit investment cost there is an 1ncentive to increase the size of
plants to the grestest extent possible.

The general rule ror the relationship vetwean {nveatmeat cost and
capecity is that the investment cost lucreases exponeatially as the 0.6
power of the capacity. A study by Guthrie (1) attests the validity of
tbis old rule of thumb, giving date thal averages 0.64 for Sk differsnt
chealcal process plants. However, tha range varied widely from 0.40 to
0.83, so the average 1s not very use“ul. These relationships for
specific processes of {nterest to the feriilizer lndustry are availadls.

A corvenient coapilation may de sound 4n & mapual published Dy the United

Mations Industrial Devalopment Organizatvion (UNIDO) 1n 1967 (2). Several
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¢l these are reprcduced in ihe charts, figures 1 and 2. They were pre-
pared vith the acsumption that the plants would be located on the Gulf
Coast of the United Staves of Aumerica and cover only "battery limits"
Gosts. Since they wers based on costs that prevailed iz about 1964, they
&re sudject to an escal:ution fuctor ¢f about I.Q.y

The relstionship of {avestman:t ccst *o aize 1s subject to influence
3y nev technology und the state of development of the given process. The
ixpact of new technology is Bsen wost often in the availability of larger
size unita which permit the expansion of cupacity im & single train
rather than the generally more 2xpensive cption of multi-train design.
The most draxatic example of this im the Tertilizer industry of course
is the adaptation of the centrifugal compressor to ammonia synthesis plants
put into practice during the past few years. Use of these compressors made
Possible the desiyn of much larger single-train plants than were possidle
vith compressors of the reciprocating type. They require less floor
space and diping amd do not imtroduce oil into the ats streax. The effect
on investment cost can be seen clearly in figure 1 in the form of a break
u""tho curve at about GO0 tons per day, the size at vhich centrifugal
soxpressors beccme f3asible. Work is uuder way to adapt centrifugal
coupressors to smaller size plants.

Other important ®chnological advances also have been made 10 reduce
the cost and improve the efficiency of ammonia plants. These include

improved agents and simpler systems for €as purification and arrangemsents
for a large incresse in heat recovery (3).

Y Caloulated from Chemical Eniineering Index for Plant Coets.




Teckhnical breakthrougns sud process refipements alsc have pernitted

large-scale single-trala phospheric acid pleavs. But their developaent

has teken place over A longer perica of time, &s shown in the follo\iing

tedulation.
Capacity of largest single~
Period Toe plont train plent - vous Flg/day
1920 - 193} Maltiple reactor 40
w32 - l';?f'zfﬂ altivle Teactor 100
1952 = 19&31 maitiple reacior 250
1962 - 1605 Mnagle reactor £50
1966 £iagle reactor 1,000

The post inportadt anvalopments contriduting to the feasibility and
resulting econcoy of iarge singie-train phosphoric acid plants vere
improved single-unit rcacior syctess and the very large tilting pan
filters. The large number of wet-process «cid plants puilt in recent
years specded these developments and lent the confidence needed to push
the maxinux size units Ligher. |

- Another fertiliizer process influenced conslderably by detter tech-
nology that bas peruzitted econcxy of size is wrea manufacture. The a08t
aignificant sdvencec heve ceen improveaents in the design of reactors to
give better heat removal and contact betwoen reactants, developments in -
materials of comstructlon 1o COpe with corrosi.on problems, and refineaents
of aethods of ceparatlon of reactents srom product. Designs that feature
ioternal stripping of reactants have mzde once through processes more
attractiva. As a4 consequernce, the technology has sdvanced to the extent

that the upper limit o single-tratn plant size has been pushed rapidly

upvard to about 15C0 tons per Gey. lnvestment cost of these very large
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Plants 1s as rmuch as 50 perecent lower per ton of capacity compared to
plants of the maximum size available 10 to 20 Jears ago.

The sam2 general rule holde for more nodest projects us for the lerge
CODPiexes. 4n example that Ls of incerest to weny 1s the continuous
axoriation process for produeing gronular fertilizers using a rotary drum
granulator. This process, which 43 discussed in more detafll later, lca
to the vwide spread ¢f granuler Terttl? zers thrvuuihou’, the United States
&wring the 1950's and early 1960's by providing & rouve by which =mall
manufacturers could sugply the growing dewmand for high-aralysis graouiar
fertilizers in their locel area. Sicce the process was introduced in
about i950, improvecents in the design of the granulator and accecsory
equipzent and in technlques for control of ihe Process have led to at
least a threefcld incremse in the raximum capacity of a single-train unit.
Increasing the scale has substantially decreased the investment cost per
unit of capacity as shown by the following tabulation which glves recent
Quotations for the f.0.%. »rice of the equipuent only for thrae sizes of
plants using the TVA continuous ammoniation proccss. The equipment
includes & rotary drum amoniator-ganuluior, a dryer, a cooler, and all

the accessory equipuent necded for the plante but does not include freight

or erection.
Capacity
tom[g.' Equipment Codt, § !1,000 per &Z&
b e 1k9,000 .9
20 187,000 9.3
' 237,000 7.8
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Similar saviazs io coet per ardt capacity no doudbt would be realissd
in erection costis a3 the ccals of the plant was increased.

The economic advanliise o® larger plaats does pot stop, Of COUrse,
with iovestmant coste. Scue of the operating cosis are Pixed costs in
the seuse that they do ot very with the scale of the operstion.
Generslly, labor cocts do not incresse Ln proporticn to the size of &
plant. Indeed, increusing toe size of o single-traln processing unit
severslfold may 20U 241 any 1porecisuvle ineremept of labor costs. The
sane may te sald ip mawy casas for supervisory ani overhcad costs.
Muun.unca and utility coits wmay not rise in proportion to plant capecity;
deprecistion costs aud the profit per ton of product needed for & given
return ou investwent vill decrecse decause the {nvestoent per unit of
cspacity 1s less in & large plant.

The magaitude of operating savings that vill be scaruad as the sise
of & plant is increassd must ve studied carefully for esch 1pdividwl
case becsuse vide veriations in labor and rev peterial costs from one
country to ancther causc large dilfererces in the ratio of fixed to veri-
able costs. Hevever, charts appliceble to the situation in the United
States, showing the estim. .¢d varircicn of operating cost vith plant sise
for several processes irvolved ip fertiliser production, are shown in
gigures 5 and L to cerve & examples.

As attractive s it may Jeem 0 design plants for the bighest possidle
capesity im order %0 achieve econcmy of scals 1B investment apd opereting

costs, extrems caution must be taken. It is wost importamt t0 nalke sure
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33t the capaciiy {is supporved oy a realistic sssesument of the ma~ket Lo
taat the piant caa be Creratac at o near ity dusiga capecicy. Cianrvice,
Ry OF the saze fuctors that muke 1 uivantazeous 0 increase the size
will werk in reverse t¢ cauve sur greater disadvantage: when too lerge

a plaat {3 operated significently velow {ts intended rate.

Tue magcnitude of those relaticnsnips can be seen frcu an 1llustration
<rou a yei wipuvlisted s%udy rade in & lLatin fzerican country. The stuay
{1acluded esiimation of tae costs at verious levels of operatioz ‘n two
differeat sizes or arwon'a and urea plants.

ar=onls plants baving capacities of 1,000 and 500 metric tons er
day vere cczpared. The cupital coats were estimated to be $25.7 atllion
Jor Be total complex o the larger plant and $19.8 million for the smaller
oae. The purcanse of 400 extra toas of Gepacity for less thau $10 millice
incremantal cost may appear to be econcmical, but obviously it is & locs
if the Quyacity {s not used. fxthermore, the zajorisy of the loss would

{n Joreigsn exchange.

ihe relutionshin of vperating costs o operating levels for the two
asponis plauts {s shown in f{gure 5. A study of these curves reveals a
startling pamalty for low cpersting levels. Por exazple, the advantaze
dus 0 scale ol producing 1,000 metric tone Per day over 600 wien bLosh
Plants are operating at 100 parcest of cspacity (B - A) 1s about $i per
s, However, the disadvantuge of produciag 6CC metric tons per day im
the 1,000-ton plant (50% of design) rather than in the £00-tom plant (1004
of design) would de about $13 per wa (D - 3). If the dezand sbould drep
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to 540 tons par cay (90p of the £J0-ton plant capacity), the penalty 10
operating cost in e sraller plant would pe ouly about ¥l per ton (C - B)»
out Lf this guentity vere produced in the 1,000-ton per day plant (5% of
capasity), the cost @ifferemtisl ook 100 percent capailty wvould soar %O
825 (E - A) or etout ise1/2 wililon per year-

Figare § shovs the senf sort of reiationihips for the uret GOIPLeX.
The cperaiing cost in the 600 matric ton per 4 plant is adboub $3 zor
con more (B - A) thaa in the 900-ton per day plant when both are cpersted
at full cavacity. Hovever, ¥hen only £00 tons per doy is agade in the
Larger plunt (67% of Aesign), the cost 1is 45 per ton greater (c - 3) than
{p the smaller plant and $0 per ton grester (C - A) than vhen the larger
plant is cperated at full capacity.

The foregoing exsxpLe perves W illustratc the elffect thAt OVere
puilding capscity can Lave 02 Opersting budgets. There are other Aisad-
vactages. In scne sasen, operating provlems or procetaing 1pnefficiencies
are escountersd vhen facilities are oparated below full capacity. The
"suradown retio” of oost plants will not permit operstion pelow & certala
po;'«ntago ol Gxsighe

In large sin le-train samomia plants the alziman turndovs is usually
about 60 percent of desigzn capacity. In large urea plants 1t is in the
order of P percent. Net-psocess phosphoric acid plants have 1ittle
Lurnaova capacity axd must be TUn Ch & gtop and start vasis, which 18
quite usdesireble.

Overproductior, vhether due to imadlilty to turn dovn & plant N

desire to bodd unit costs down, cen ve disastyous in 8 competitive
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situation when 1t leads to unrealistic peice vutting among cozpevitors
a3 euch tries to capture a larger share of the marizet. It was the root
of the disaster that vefell tho U. 3. fertilizer industry ia the liie
1960's when an overoptiuistic projeciion of the rfertil!zer market lod
%o gross overdbullding of capacity within the country.

Ir swawmary, advances in techrology have croated opprortunities for
sunstantial incresses in the mexicum size of plants, siving savings in
both investament and cperatirn: tosts. Howover, these oprortunities caa
be abused. Jevere risks can result from overuuclding capacity baefore a
zarzet for a asudbstaciial part of the capancity 1t assured. This is a
lesson that can be learned clearly fror experisnces ir North America

<a3 the past fev years.

HL A 8is tilizers

Another of the questicns that faces planners of fertilizer producs
tion is how much emphaciu %0 place on the grade of the product. Over
the long range, perhapc tho most effective comtribution that improved
technology has made toward lénring the cout of fertilizer to the farmer
has bdeen in increacing the plent focd contest. Because of the large
portion of the total cost that is incurred in lhandling and transporting
fertilizers, there are few greater opporturities to reduce costs than by
adding more mutrients per unit of wnight. Ir some countries where
facilities for handling and transporting fertilisers are limiting factors,
the response to fertilisers is high and the need for greater food
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prod:ctior. {g large. Bers, {ncrcoies 0 apslysis may TeSL that [Lopor-
tionatdly greater anounts of pusrienis eXe¢ spplied anc  whe ztal henefits
ooy rar oxces the savings a nandlia; costs. Iz countries dependlng
largely on rwoorts of findshed 2oaptiiliers) {pmiegquate 1ird facilities
sometimes Aindl the wnouat O saptilizers need . Cbviously, nigher
analysa.s <an help ai.oviate -his proviom.

e 2V2Irage areysis of comasurd certilia-7ry products A countrien
that are Lecwy rroduces of ier:tliinore hind iLporeast. shaynly. Taese
{narcases, showm {n *lgare T, {oF - {Jeyoar peaiti heve averagsd sf4 o
1-1/2 percont por year. ‘lac avern e 20nsencri Lion is now uiout L0 vpercsat
in both the United Xinpdn and ip tne United Siates. owpesilie techno-
ogiesl {mprovesents that have contributsl to tnese {increaset 1T analysis
are well hnown. they bugtn with iuprovewents {n procosses 10T naking vet-
process acid followed wy the ceveiconenty of continucus Processes guited WO
large-scaie productiod of tritle gupcrphos i LE, maxing available wmore than
a twolold intresse in anaiysis oves oruinery superuiospnates. Tae develop*
wment of tae wetnnoleiy <or vreduetion of A2 w00 SR rrosphate frow the
1poroasing suyply of Wit -process acid adozd esnnuber 1¢ percentage points
to the analysis. Large o%atd pracucers At had bedn parketing thelr
prosphate 85 0-L6-0 TU? mdded “Beu(-0 DA to thetr 11ze of products. The
ch.a.ne«;c;; ip tertilizers use tnat resulted enn e gecn by figure O, vidch
shovs the drematic iocrease 15 the procuction of more concentrated
phosphste materials compared to cerinary superphosgphate since 1950,

In pitrogen production apd uwie, tre oot Lmporisnt technological

sdvurces toward hiéhcr anslyals caze first in ths dsvelopzent of samonius



aitrate suitable for fertilizer use. This involved improvements in procduc-
tion, such us resulted in the videly used prilling method, and in methcds
for conditioning the material so that it could be resadily and safely
haniled 4n fertilizer chasnels. This gave an opporturiiy to increase the
N content to 33.5 percent coupared to smmonium sulfate at 20 perceat or
altrate of soda at 15 percent.

. The next importunt civance came with a succecsion of izprovements in
the technology of jroducing ures. These, ovar a period of years, have made
the cost of urea competitive vith that of ammonium.pitrate and yielded
another substantial increcss in the alirogen content compared to amoniuz
nitrate. Betveen 1955 and 1968, ammonium nitrate production in the United
States increased by & fuctor of about 2.5, while mxszonium sulfate showed
only a modest gain due to increased byproduct production. Between 95T
and 1968, ures production gained by a festor of alamost 5.0 (4).

Undoubtedly the greatest technological development imfluencing the
inerense 1b analysis of mixed fertilisers bas been granmulation. Uatil
satisfactory means for gramulating mixed fertilizers vere developed, it
vas not possible to achieve high analysis because the materisls needed are
too hydroscopic to be used in aongranular fertilizers. The much higher
surface ares of noagranular forms exposes these materials to rapid adsorp-

tion of water frou the atmosphere, causing caking in storsge and many
prodblems in distridbution. Taue effect of the practice of granulation om
the grade of compound fertiliser can be seen from exasples in the
following tadulation.
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. Grades bdefore ~ Grades after
granulation gragulation

3-12-12 | 6-24-24

5+ 10=10 10-20-20

8-8-8 15-15-25

Average coancentration 25% L1¢$

The sccnomic advantage of increasing analysis can de 1llustrated by
data froz anp ugpublisied study made &t TVA tO evaluate prospects for
wea - ammonium phosplais, & nev material of exceptionally pigs anaiysis
voader devaivpment on a pilot-plant scale. N

in compariag the costs involved in prodwsing and distribuuns this
paterisl rather than lower apalysis materisls, the following diatribation

costs that are independsat of the grade of the material were estimated.

Btortsc and ﬁomuon for shipment 1.5
Begging B A
'i?nmpurtluod A 13.00
Retail aistridution | - _h4.88

Tctal & 2.18

A sinple calculstion shows that these cocts vi1) vary from esout $76
por ton of plant food if the total nutrlent content (N and PgOg) 1s 30 per-
ceat to $38 per wu of nutrients 12 the greue is 60 porcent. Thie w\\u
leave comsidersdble pargin for an incraase in poduction §a$ t0 echieve

the higher grade. However, in this case the sstiouted productios cost

also decreased about $11 per ton of mutrients aa the grede Vs 1nereased.




It must be realizaed, however, that while as a general ruls incroas-
irg the anmalysis of fertilizers decreases their delivered costu, there
are exceptions to this rule. In latin American ccuniries exceptlons may
oceur, for example, where the cost f capital may maxe production of
triple superphosyhute excepticnally high and the avullability o byproduct
sulfur{c acid suliable in quantity or quality only for ordicary superpaos-
yhate Esy make it excepticiwally cheap. 7Thca tha higher cost of diutrib-
uting the criinary suverphouphate muy he wore thea offsct by the lover
cost of producing this naterial. Likevise, the avallcbility of low-cost
ioported ammoniun sulfate L{n some locations teands to lower ihe ovptimun
gade of finlshed fertilizers vhen all costs are considered. In any cage,
1t {s most important to convlder tia overall dystem of producing the
fertilizers and distributing them 1. order to de able to select the
optimux sltornute. Care should be taken 10 meke such evaluation over a
sﬁfﬁctcﬂtly long time span to allov fur veriations that often ocour in
the aveilability and cost of Yyproduct zaterlals.

Ons of the disadvantages of nigher anciysis fertiliszer is that ir
the proceis of reducing the impurities that dilute the nitrogen, phos-
phorus snd potassiur compounde, otier nutrients essential to plant growth
aay be reduced or eiiminated. An ouvicus exaaple 1s; the elimizalion of
the secondary outrient, sulfuc, when triple superphosphate {s used in
place of ordinsry. In the same manuer, addition of a number of the
ucmutruuuy might be aliminated by the change to higher amalysis

L/ T™he elewenta, B, C1, Cu, Ma, Fs, Mo, and 74, ure considered
microsutrients; Ca, Mg, and 8 are classified aa secondary sutriests.
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fertilizers. Unfortunately, the need for adaition of these elements is
not often well delineated, even where the agriculiure 1s ragsonably well
developed. It should be recognlzed, also, thet slternative vays of
supnlying secondary aod alcronuteie 1ts might pe a bet.er choice than
relying on lov-analysis materials.

In some areas where the grade of fertilizers used traditionelly 1s
1sv, farmers are 5iow 10 accept fertiiizerc of increased analysis and,
#or thia reason, menuiacturers are reluctant to produce thea. However,
the denefits of Ligher eaalysis usually are 0 grzet that it pays to

make every e¢ffort 1o educuie farmers tc thelr use.

t+ of Intermediates

Ancther queation very basic in plaanirg to provide the fertiliser
needs of o country is how much emphasip should te placed on importation
and how much should be plucel oo manutactucing in the country itself.
Among the muy important factor: that affect the sasver are the avalla-
vility of irdigencus rav paterials, the soount of foreign exchange
available, and the amount of techa’ 3al talent that is on hand or can de
developed. |

In situations where faciors do ot favor the development of & basio
fertiliser indusiry there may be another alterpative that is more sttreec-
tive than importing finished fertilizers. Tats alternative is the

importing of iatermeciates that will be used to produce finished

fortilisers vithir the country. It may be the wey to utilize limited
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TeACuress O moany and technical manpover to make the cerliest utrizes
Toverd devaloping an indeperndent vesttilizer supply - T con avold whnu
Yy be & presitare cosmitrment to the use of massinal bikwigenoun aterléls
that would Lot supparit & fully deve.oped industry. I cun provide «
couttry with a stepwlie epproach that will permit the develofment of Loin
the Jlrancial end technical ability neaded for a fully integreted incustry.

Durlny the past 'ew years, advances la technology have made the
Prospects 1'or wrld Leade in {ortillzer imueruedfsates auch more Leas?blc.
Sevelopuent of the tachnology of very large, ef”icient vlaads fur the
prcluction of amaoriu, phosphoric toia, apd other products, as discussed
earlier, Las lowercd costs becsuse »f the economy of scale. Locatlion of
auch plents near tae source of raw materials and watar transportation has
Ureatly erhance. the pocoibilities for world trade in intermediascs.
Techrical advances in silpring, meinly the developrent of lar;er vescels
ani more efficlent systews [or loading zad unlcuding, Lave mede a con-
tridutios. Also, coastuntly jmproving techunlogy for ihe production of
Tinlshed Tertliiizers opeas, and will continue Lo opeu, new possibllities
for use of ictermediotes wituin tae receiving ccuntry.

Scue of the posaibilicies for fertilizer interm=ilates of iumedicte
imporrance or that nay lave future potential are:

. Amvoaia (83% X)

2. Mosphoric wcid (ortho or super - S% to 33% 9205)

3. Nitrogen soluticns (32 to 379 W)

4. Slemectal phosphorus (oquivalest to 229% Pps)




5. Auzoalwa phocphates or poiyphosphates (12-50-0 to 15-£1-0}

Aracaln

Liguid —aaydrous cnoonis (v Lho oaly furtillizer iaternediunte that lé
thorcughly proven it ilnterzational itrade. After sowe early problenms,
large plants loc:ted et Tne source Of low-cout gas produce ammoais &t very
low cost.  Saimaent ln ocean vewsels iz well establisned end deperdable.
Insovaticns are taing md: in barze and pipeline traniport vaich might
nels distribution witsin the rmeortiag couniry. Suorape of iarge quanti-
ties of arhydrous amzonia is relatively inexpensive and precents Lo
Qifficult technlzel proslezs. Awnocis i, of course, the primary building
®locx ¢f all altrcgen Textilizoers.

The rmain cechnical dfsadventoge of lmporstation rather than locel
preduetion of eoroni. 13 that carpon dloxide, a byprcduct of agmonis
production, $s rot avallsole for tue production of uwrea, & particulariy
usedul product im xuay iastences. While slternative sources of carbon
cioxide cre pos :{vle, they are usuclly tco expensive to be attractive.
Tuported siwoniz wouid be useful im produsing nitric acid, awamoaium
uitrate, ard nitregan solutions for the praductics of ccapound fertilizers
or for airect arrlfcatiou. It also would be useful for axmonisting phos-
phoric acid or superpronpiate in the production of cozpound fertilizers.

In a study meds last sear au TVA for the agency Jor Internationsl

Develoouect, the econonics of mauufzcturing versuc importiag amadnla

vere compored for :everal countries, iacluding ous South American

6. s@oalun polyphospaste solucloas or suspensions (13-34-0 to A-47-0)
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~

Sountry--Uruguay--end at several levels of preduction (5).

The results,
dumrarized in table 1, icdicated that in all locutions and at sil

amonia could be fxmported

levels,

at a lower cost than 1t could bve xanufactured,

although the differeace Vas not grect when the capacity was large. How-

e¢Ver, the study also showed thet this situation changes scacwbat vaern the

relative value of foreign exchange is considered. If foreiyn excnarge is

valued at more than atout 1.2 o 1.6 tines the value of local curraacy,

it becorce more atiractive to produce rather thac inport ammonia when the

nesds are froa 1,000 to 600 MI/year, respactively, under the cocditions
assuued in the study.

mm
Although there have been B0 such shipuents,

Pressure aquecus solutions of smonie

opressure ar lov-

in cowbination with urea or azmonium
Bitrate or both might hold PoSsibilities for occan shipmemt. While the

aitrogen contemt (32 to 37%) s corparativaly low, prograss bas been made

vith carrosion inhibiiors that Pernits shipping in low-cost oontaisers.

Soiutions of this type for Jears have veen shipped widely throughout the
United States for use in formlating botn

Mmmuemrmmamsetmmydmmuﬂurcth

aitrogen content of the finished product Tequires more

s0l1d and 1iquid mixed fertilizers.




Phoathoric Asl

Phoapliorie acid is the stariing point for all phosphate Tertilizers
except osrdip=ey guparphosphete anl some types of mitric vhosphite. It
zay be amme:ilated aloae to prodase ammonium phogphaie or used in coxbina=-
tion with otner fertilizer matarlals o yield a wide variely of compound
Lertilizors.

since phosphoric acid !s procuced ir several differsnt condentratl
asd dagrees of purity, possibilitice for import ewe varicd. However, the
=33t econonical and prevalent alic wrodaction is In the Scrm of 54 percent
(?205) werciant-grade, wet-proc@ss ecid and this ia the 0ly concentration
thut hes thus far found a place in ocesn transport. Eveu this lus deen
rather lizited ard 1t must be recognized that thore are provlens renaining
€0 te sclved derore il tecomes as r_outlxee and t.:czz;blc-t’ree as‘oceu‘n ".trl‘sns-
port of auydrous ewonin. Forescst among these probiems lo the presepse
of solid ispuritics in the ecld axnd e Turtber precipitetion of ool;dc
during stipment. These create & &rificuli problem of residue deposita 12
the vesscls. They aleo increaso the viscosiiy of the ucld ard to sonme
cx%énz 14{git the usas to which the acld can be put--for exanple, i diguid
fertiligers. Tas other proviem s the corr_csi\mmas ol the acid, tut
shis can be solved, of course, by the proger .aaloction ‘ot paterials of

wraction.

The provlems iavolved im transport of wet-process acid are rduud
by purification of the acid by settling or other meeds, by selsction [y

the rocz used in the wunufacture, or by calcipation of the rock. All of
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Shese terd to irncrease tre coat of the ucild, and purification oy actialag
leave. a lov-grade sludge that mus:t dbe utiiized bty scne mesas. dowover,
zush pro;:ess was rzade in tecunigues for produc Loy cleans WoT=Drccess
acld during the last decale <o supperi a greatly expausdsl eozmzerce 14 il
acid within the U. 2, end elseuhiexre, and progress 0o Goubt wiid conticue
Vita the prospects of expaadzd ovursess shipment. Also, mure econcmienl
sorrcaion reslisting systeus for acle-carrying vessels will be develeped
aQ Ki'e exp2rience 1s gained.

The development ¢f wet-process superphosphoric acid (70 to T8 Paos)
holds scne promise of advantage for otesn siaipmcat of the acid, bt noue of
toe achenes for rrodueing iv for the world trade hava.yot naterislizea.
T2ia adid s crde by further corcontration of werchunt-grade acid. Starge
izg &% sbout 63 percest comcentratics, some comdigped vater is removeld
foruing »olyphosprates, nai aly pyrophosphate. The polyphosphates tend to
Jequester the inmpuriiles in the acid, proventing mrecipitation. Kovever,
& dizadvaniage that tecds to counteract this bewsfit is a sharp {acrease
in viscosity of the acti. Wnile tke viscosity, like sluldre orzation,
caZ be Suatroiled sommhat by controliing the impuities in the a0ld, it
Xcdadly would be high caoush 1a an event 1o require hesting of the weid
to facilitate unioeding s« vessei et = ressomsdle rave. Suzar acid i{s less
corroeive wvhan artho &cid, but tha di’lersnce Meooenly is not areat
encugh to give 1t aa sdvaatage in ocean ihipvent since the risk of using
saything less than corrosion resistant raterials wnld be t00 sreat.

<be cost of clarification of 5h parcent vet-process weid 1s adout
§5 par metric ton of Pls, and concentratirg tha clarified acid furtber
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hardding 1t, 2t Las been shilpped by seil and guored routitiely Jos JC 20
posently, two vescels for ccean trauipose bhave boen eoasirue vuu 4o uol )
PeosEdOrus for fidustrial use from a large nev plunt in Newfounilecd.
P=ats to convert phosphorus o phesphoric acld are relutively frexpuncsive
and the investment cost for producing fertilizers could be kesi low.

The tinirmeat ¢ olemental PhRoOshorus 88 un intermediace appcarst to
be & competitive altermative to zanufacturing fertilizer-grade WOBSLACer

vithin the country o iuportiay fertilizers ia some clrounctarces scveral

years ago (7). Eow.er, sharply decressic; suliur price: sad an cver-

SWPrly of vet- o8 acld kave changed this situciion. As e result, it
13 prodaile that olerantal phospuorus will not find a place of any sig-
nificance in oversess rhipment of fertilizers in the naxt 10 years. It
TAY later, but rary fuctors ciowd this plcture. Soma of these are the
uncertalin direction of pcver costs as lnfluenced 8y ilncreasing fuel

tosts 13 contrasi to prevized cost-redugitg irmprovesmest in the technology
of zuclear generation, and the imfluence of pollution control ot uyproduct
sulfuric asid supply and on tae acouat aof phosphates used in detergsnt
production.

Oher Potegtial Inverveijat

Techaological advances during the pest fev years nave resulted in
several other materials that may varraat consiceration a fartilizer
{stermediates for oversess sdipmect. Aumonium polypiosphate solutions
OF Su3Demsicns may have sore potectiel. Trey aroe made by asmoniation of
superphiospharic acic acd are shipped and used extensively in the U. 8. ag
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a3 intormedicte fn the production of Slisar liguid und suspensica ferti-
iizars. Moons of production from ordinaxy wet-proccss acid have been
develcped and will sous de in commercial practice. These materials arc

¢ wedercte to higl oooceniration (iC-24-0 %0 1h-4T-0), can ve redily
joaded end unloeded DY puaps, aui cen be shipped and stored in =11¢ steed,
DoRPres AT vessuld.

Azother relatively e materi2l that hus sor: potentinl &4 @ ferti-
iizer interasdiute is powdered aonoesnoniun phoadhote {i:8P).  Severas
viunte Jor 118 Fooduction ere wader construction ¢r iv opesatlion. vith
a grade o zodut 13-53-0, it coatdine neariy 3s zuch Pol; as wei-process
asid and likeiy could e shipoet 1o overceds tenasport with srestes com-
vonieace and 1ess cost. Its prcduction ie eoqgewhiat sionler and tuerefore
should be lces coetly thua sranuiar discsonium prosphate, the arzonium
prosphats cormonly Tonod in would trada.

Poaderaz WA is & versatile saterial, ussfui &5 & tojor coxponent
in the ;rolucticn of srapular fertilizers. It cad be co-grapulated witd
ures and ouser comnly azed waceriala Lo produce a vuriety of high-grade
fertilizers.

The evalueiion «f the otential for {rteraediate: i Lighly deperdsnt
of a lorge mumber of fuctoss 1oeluding prise, shipniag distances, ingsrt
turiffs, the typ2 of cestilizery zeeded, the quantltles nceded, and the
irdlzencus meterials available. Taces are so variadle within & ares

suck &3 iatin America tkat it 14 inpos3sible to make geperalizaticns.

However, studies have been putlished that evaivate & vide resge of
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witemantives, nelading iopart of irtesrcdiates ) WhGer checific ociul-
tiothe=00z2 {peluding thoss fourd .n Latin .meica (5, 6, 7, &) Teue
Giwasd Lo ucetil as 2 guide to Thuse wao wieh to nbie sindler evaiuaslong

TOr el ow cocditions.

Prozess lJoutes

Over tha last two aoctudes, Liris &oilaet Systea: oy providiag the
Longe varlety of wived Jortilizer acedod Tor the Paumery have cevaioped in
at United States.  Thess sysicns sre quite aliferent from cuch ¢ther io
BeZy Teupents &Nl AXQ ROre OF lst AN eumpeiition with eath olher. The
hWrad cyatens oie:

1. Co-greguiction of {ntcousdiates [n small pleats to produce .

bzt cnsous mrepular fertilizer in the srades peed:d.

€. Preiuvetion of blewds of the various sTudes Ly aixing

tlready craculiiel Inturumadiates.

3. Supplyiuvg tic needed »ruads in liquic ferm biended or

zanufaciured larpely from liquid interrealstes.

Tne woponsats of each of the thres 3veitsas claim a Atevicet oivase
tage, 30 Li¢ is oot SWTPrisieg DAL uLere 18 sovetimes some coafusion ip
%“rYiug to tran:late the U. 3. csperiesce to Lelp pian Cevelovm-uts 1o

olhcr courtoies.

gruul:zthg‘

alle granuler fertilizers have teen Xouwn aui used for a lovy; tize,

it ws oot until the carly 19%0's thas Srepular fertilizers began to
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rovatee esrly wiverized forms in & large aad irreversidie . fQeniace-

+

ac pulverant procucts Lodk place in & surarlsiogly shurt Yims.

LA
“
*y
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%

The CLoot ond proebably hhe @ost 1owortall TeMs0on Wio “.e Lmrovernent
srenalavion «rkes an the physical predertios of Poralizers. It leguwens
oy prevetwe caliing LB gwrage and Lt racillileted ilstrivution e the field.
Tee c@CCDA LIPDOCTLt Tedsca for eroutn was 2000MMIG. It lowesid tie SOsld
sy ollowing the uce of cnaaper ‘ngrelieuts and, &8 dlaoussed eariicr, oy
perzittlng tne production of much aisher gmades tod roole e preduced
vich sweisfactosy Chysicel propertlies 1o paivecized form.

Sarliest wyinous Lor adkling homugenscly grenulax Toertilicers sovolved
aattiag ti: lprrocicats w cause thit to pr.oulste nud then aryiig the
srasulee to rencve tan sdoce vater. Lowever, o puck betcer zethod soon
cvolved 1 wnich tke ligala phese Tequired oo crasaBTicn Ves preauced
dnritg graniation Ly Lignly sctuble Laltes tlseolving in @ 1inirved swotdt
of water a:v s Righ tegpersture. Mo Lust requived vas groersied by the
reacsoon of ammonia with pueTpROLPLALE {opviirery or tripic) and, in uoae
2us swlavions, sulfurie or ihesphocie acla. Jhe coemteel wransformaulons
;na the Cryitalilzation b eooliny mafe Prouucts Luat geusrally vere wudk
strongdsr thed weoe nwde oY 4z wot oud dry we=ucd, am lius drylog ususlly
was relquiced.  Furarmnole, e ruw naterisis Inr soms forulaticna were
ioes oxpeasive wouause & isrgts poruien 9 the plusoged conld Le added
5s pmaoBie Or ARA0LLILILG SOIULIOL contaipiny semomit, amsoniuz alirste,
alé Ur€s OF 5010 conbiaaticn of thesc.

Vhile several diffcreut cuwplav.ions of tals grasulstion primeiple

avoives, the usat videly uted one 08 beeh & proceds duveloped by NVa (9).
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Anotbher appreach to ciuplilied primuiztion in the Lame tine ot
eguiprane i through the wse ¢f o uongravulur form cf BODL2:1MCNI UL G-
vaote ((AD) now available from suveral couwrces. The MAP iy Lo used 4o
vpsrade formulations containing ordliniry sunerpho.shate or to repaace it
eatirely. Stesm or sumoniation or both way ve uded to suppiy heut for
jraulation. The MAP {s produced by simple methods (10, 1i, 12) at lew
co8t and docs not have the provlems associatved with sRiuping phosnhoris

ecid.

|
Balk Blendlog }
In the late 1950's another system was developed that rivaled and ia 1
3kny areas replaced the cmell gramulation planis. In this system granue
lar izteruedietes are prouuced in large planti loczted near tae source
of raw materials rather thaa in the rarm areas. Those interociietes are
taen saijped {n bulk to relatively siall bulk blealing plagts dispersed
throughout the farming eress. Rerc the materisls are storsd in lk, usually

for oaly a skort period, and sinply mixed together as necied to £11l arcers

frop icdividual fermers. Walle & small portion of bulk olended mcterial
is bagged for delivesy, it is usually dedivered im bulx. It 2y de taken
To tae farw in the blexder's truck or in the farmer's trici. In wore
sophisticated systems 1t ic delivered to tine farm in @ nopper thet is loft
at the fara temporarily to cake it convenient for the fermer to riil his
distribution equipment. In many cases tho blender ray apply the tlend oa
tae fiell for the farmer. He may also toxe soil sauples, have them
analysed, and use the results to recomsend a fertilisatiocn wograa for

e Jarmar.
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Because bulk blending plants are simple and inexpensive, they need
pot be large to de profitable. }ost plants serve au arec having & radius
of oaly 25 to 30 miles ard have outputs in the range of 2,000 to 5,000.
tons per yeor. There are wsll ovar 3,000 such plants in the U. 8. They
may be ovned by the basic mapuracturer that supplies the interzediates
or they oay be independently ovaed. It has becn ectimated that they
markes sbout 4O percent of the grspular fertilizer produced in the United
States. 1In scce locsl arees the proportion is much higber.

Kitrogen intermediates cozmonly used 12 bulk dlending are esmonivm
nitrate, amoonium sulfate, ures, aua smmoniua phosphate nitrate. Fhos-
phate materials are graaular triple superphosphate, ordinary superpyhos-
phate, and diamoniua phosphate. HNitric phosphate is somstinss used.

The usual source of potassium {s coarse or gropular potassium chloride,
although the sulfate sometimes it used. Secontary or microputriests are
sdded {n sowe areas.

Plants very in couplexity. Some are very sizple, providiag orude
aixing equipment and very little raw materinl storage. A desiga fairly
typiosl of the better plants is shown in figure 10.

Incoming materials ar~ unloade* ‘mio & conveyor and elevator for
transport to seversl interzediate stirage bius. From thesc they are
recovered by a motorized shovel and Ted to & weighing device. The mate-
rials are veighed batchvise and dropped into a rotary drus aixer. The
sixer vill handle s batch of 1 to 6 tons, depending on the sise of the
plant. After o short mixing period, usually not much nore thas £ miautes,

the bateh s .mmwumwswunuuuwm
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to & highwry truck. When micsonutiients are nieded they may be acded {n
granuiar fornm also, or preferably as a finely divided dust ic ccst the
gznules in the blend.

Simpler plant Josigns ere poscible by combining the functions of the
elevators, for exampie. Many dlffer:ut types of mixers are available and
are describec 1o the literature (13).

Suik blending has several adventages. It places most of the manufage
turing proceds ir large, efficient plants tuat can be cperated turoughout
the year. It shortens the nmarietin;; channel by combinlug the Punciions
of the mixer and ti- dealer. Shipping aed handling costs are lowered
for this reason and becauce the rev materials ars shipped separately from
their various sources 1o very neur their poimt of use, rather than being
detoured through a comwon manufaciuring fscility. The mixer-dealer,
covering ouly & small area, i close to apd therefore cap be more readily
responsive to the needs of his customers, the farmers. The Zlexibility
of the systen helps bim meet these needs.

The most serious technical problem associated vith bulk blending 12
the tendercy for uaterials to become unaixed vhen they are handle:. This
segegation may cause vide variations in apalyuis from one part or sample
of the batch to ancther. It may result in very poor crop respcnse in some
parts of the area fertilized by the batch and thuc lead %0 customer
dlssatisfaction.

The primary cause of segrezation in blends is mismatcouing of the
particle sise of the ingredients, rather than differences in the sbape
@ density. Bwven the variations fousd in a relatively narrov sisze range
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such as G- to 16-mesk can cause serious segregation unless additional
precautions are taken. One precautiod that must be teken {5 to avoid
dropping either rav materd als or finisted nroduct Lato conical piles
pecause the larger particles tend to roil to the eage of such piles snd
£ine particles accuzulase in the cepter. Therefore, Jevere aopunlformiy
can result 8s the materisl is racovered from tne edge of ihe pile. Sone
aquipment used in spreading fertilizers 8130 resuits in secregation 63 the
field sccording to gize. If the carricrs of the indiviaual gutrients &re
not of the same silze, there coviousiy will te nooupirormity ia diswribution
of ouirients. Liquid binders euch as Oll or water m&y ve heipful ia avoid~
ing vegragation of micronutrienis vhep they ere added in ripely diﬁ.éed. for
Chemical {ncompatibility also can Le & prob%qn. .urn azd uasmmoniated
superphospha~c cennot be used {p the sane blend beecauss the ures extrasts
wvater of hydration #rom the superphosphate, csusing the mixiure 10 bece
wet end sticky. Nixine cwponiuwn pitrste and ures in tbe same blend would
cause it to bte a0 rydroscopic tbat the blend would ve unmanageable.
Azconiun phosphate and triple superphosphate can be used only if they
are well granulated und dry snd the blend is ot to de stored.

Liquid M:xed Fertilizers .
It bas been said that the most logical solution to the problems of

grenulation (snd bulk olending) 18 found i liquid fertilizers. ‘uile
this Doy be an overstatement, the truth it contains sccounts at least ia
part for the n.pi& rise in popularity of liquid sixed fertilisers 13 the
U. 8. Consumpticn bas &Fov® shencosoally over & short pericd. iile

ao0d statistics are ot availsble, it is estimated that use ves 1.0 willd
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tons 40 1965, 1.6 millioa in 1966, and 2.5 milllom im 2967 (1b). This
quantity 1n 1967 accounted for about 12 percecst of all mixed fertilizers
consumed.

The main savantage of 1iquid fertiliser that has been responsible for
tals grovth 1s its coavenience. It can be hendled by pumns and hoses with &
minizun of labor. This 1s an important sdvantage in the U. S. vhere farm
labor is scarce and wmpensive. Liquids are not affected by bigh hamidity
that scoetimes causes provleams 12 storage and application of solid
fertilisers.

For the producer, 1iquid fertiliser Las the advantage tbat it caa be
aade by simpler prooesses carried out in lower cost equipsent. Comtrol
of composition and segregation 1: not & provlam as long &s the liaits of
s0lubility are not exceeded.

The main disadvantage of 1iquid fertiliser is lov analysis compared
t0 30114 fertilisers, especially in mixed fertilisers that contain potash.
Another disadvamtage is that Aistridutios equipment for liguids is Dot as
videly availadble smong farners as for solids and it tesds to be somevhat
nore m
Formnlation of 11quid mixed feartilisers aluost slwvays starts vith

ssmcoius phosphete solutions, either purchased by the formulator or masw-
factured by him during the mixing process from phoaphoric acid aod ammosis.
If de uses an already prepered bese solution, bhis operatiocn is simply ome
of blending and his plant is kmowe as & "cold nix” plant. If he wes
scid and ammonis be operstes & "hot aix" mmumm‘o
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chsmioal operstion. A sketdd of s cold mix plant is howm 1in figwe 1.
The maia diffecrence batveed this and & hot mix plant is that tbe Dot mlx
plast would peed storage rorscidandscooun;aysmtorqowmmt
of nautralizatios of the scic.

Zhosphate solutions used 1p the preperatios of 1iquid fertilisers
ﬁumll.y coataln polyphosrtate rather than orthopbosphate because the forms?
results in grestar soludility (hence higher analysis) and Das the adility
0 sequester & certalin amount of impurities that would othervise precipi-
tate aad eause naadling prodvlens. A bese solution having uo analysis [ -4
10-30-0 made vith vet-procesd superpaospboric &eid or 11-37-0 weds vith
thermsl (electric furtace) superphosphoric acid is used by cold mix plasts.
Solid emmouium polypscephate (15-62-0) may be used rather than & base
solution. It is evailable from WA experinentally, dut is not yet
aveilshle from commercial souwroes.

Bot mix plasts ususlly use superpbospuoric scid rather then the
cmtonnorﬁtrtoom-umbmnu of polyphosphate in the prodmet.
Bowever, the techaology is edvancing to the point that soon the polyphos-
ghate vill de formed airectly Ty the resction of ortho aaid vith emmouls.

The usual nitrogen materials for liquid mixed fertilisers are Wwea -
amsonius mitrate (UAN) solutions coataining 23 to 32 percest §. 8Solid
ures is soxetines used but {t is more expensive. The UAS solutions give
geater soludility tham solutions thet contain osly ammcnlium aitrate.
Fotash 18 almost always m.-a.onansrmmra-mm

62 1o 63 percent KQ.

B RS A
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“he disadvaniag: cf 2ow grade cun te cverccme scucvhat Oy ercecdlug
solucility limits and muxing fiuid fertilizers in tbe form of a sudpersion
of col1ds rather than clews 14quid. I this s done in @ preverly con-
toolied zanner, the :0lids are in the fora of Pireiy wlvided erystalic
Wiich cas be nela in awpension ror lorg periods by the additicn of a
scall amcuat {1 to %) of & gelling-iype Cluy. Popules yrades of suspen-
sion fertilizers in the U. S. are [-21-2i, 3-10-30, 20-20-20, and 15-15-15.
Jadse are clese to the marimm producsu in granular £ortllizers anc are
about twice as higi as cap bc pude in clear liquid focm. They ar: w.dle
in tho same typer of piants as elear liquidas. The base suspention for
uss {a ¢old mix plancc has a grade of 12-40-0.

Ucfortunately, sor2 of the advantage of liquic feriilizer is lost ia
suoatituting suspensions for clewr iiquids. 3torage, haudling, and appli-
catioa become more Aifficult abd for that renson suspeosions have ao%
Zainad ﬁdo popularity. liowever, they have au cdded advantagze of teing
sultsble carriers for micronutrients apd pacticides 'n emounts ip exceis
of these that could be dissolved i clear 1.quids. Tuis advantags, plus
thelr high analysis, gives corsicerucle incentive for contiued work vith
SUBpensions O Overcome soue Of their shortcomings.

Like bulk blends, liquic fert{lizers are usually mude in small plants
producing, on the average, acout 2,000 1o 3,000 was per year. Buitg #mall,
tasy serve an ares of 8 relatively srall rudius. The proprietors oftewn
offer custum mixing and custom application to thelir customers, and perfors

other services such as s0il ssapling aud testing. Souwetimes one hot mix
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plagt vill make base soluticie for & mueber of vexry simple cold mix
satellite plants owned by the ssme COWDARY.

The choice emong the thoee routes to gixed fer.ilizers discussed
above can be made only after care ful study of toe gituation in the
coustry involved, apd Do clear-cu geoeralizotlods can pe made. Iliquid
Lertilizers provably would pot be well culted in maly situations viere
Sazps Cre ouall and labor i3 chean. The 2pecirlrzed eguipgent for
nazdling exd distributing liquids would not be widely avallable azd would
be difficult to maiptain {p some couptries. The sucsess of both liquid
ferciiiaer production erd Lulk blending of s0lics depuends heavily o8 3
go0t transportation cystem Laat can be dzpended UpoDd o upply the
moserisls needed during the dusy sertiliser 220:30D. Facilities foF
Lrensporting 1lquids may precent the greatest prodlem. Successful bulk
blending I8 LMY dependent on a sourcsa of raterials that are vell
watched vith respsct 0 particle size. If the waterials ail coue throuh
a single pors, sone of the savantrge cf bulk Liendinz is lost and it may
be belter W co-granuiste thae at the port rather than shipping them
separately for viendicg in the fleld anc risking problesi of segreghtiocs.
In consideriog vhici alteruative 1s the aoet advantaguous, it 18 208%
Lgorant to 1nslude the whols systea, from procurement of Tav mterial
down to the finsl arraeting sod tramsport of the jrodust t0 the

farmer.




The Case for Xitric Phosphate

A large muber of procecses that use mitric acid rather thsn phos-
phoric or sulfuric as the yprimary acidulating sgent for phosphate rock
have been developed during the past 30 years. The products are kzovn as
aitric peosphates (or nitrophosphates). They make up a major part of
fertllizer production in Europe but have not been widely used in the
Yestexn Hemisphere.

The potential advantage of nitric phosphate production is that the
nsed for sulfur i{s eliminated or reduced. The nitric scid serves two
purposes. It solubilizes the phosphate and provides Tart of tae nitrogen
content of that fertilizer. The potential disadvantages of nitric phos-
Fhate production are lov water solubility of the P205 ia products made by
somns processss, the provlem of dealing vith the hydroacopic calcium nitrate
formed, and the limited range of ratio of N to P0g 1n the product (usually
about 1:2 to 2:1). The nitric phosphate process 1tself is complex cormpared
to some alternatives, but 1in cases vhere it replaces & sulfuric acid plant
and & phosphoric acid plant, the overcll systea may te less complex. In
mwet aitric phosphate processes, dissolution of the phosphate rock takes
place 10 & s wry-type ope.ation .. acoordacce \dth the folloving resctiom:

CayoPy(FO,)g + 20HNO3 ----p 68,10, + 10Ca(N03), +2r  (2)

If the solutiocn cbtained 1s simply ammcuiated, the folloving reastion

oocurs:
&,ro“ + m(ma)z * 0P u‘, ----p 6ECakIO, +
Mn3 * 3‘7.(!03)a + Cal, (8)
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This reaction produces {psoluble dicalciua rhosphate ard hygroscopic

There are many process verintions designed to nodify
Thoy may be divided

calcium nitreate.
shis reaction or cope with ths problems it imposes.

{nto three x1in types.

Caleium pitrate regoval: A yortlon of tae caleivm nitrate may be

removed before amxmonlation vy enciing, crystallization, eod centrifuging.

This approsack is geacrally Xmowd as the C34am precess (15). Tae calcium

pitrate muy be priiled and sold &3 & wyproéuci (15% ¥) or converted to

’ amponiua nitrate by treatmant with C0p to prezipitate calclur carbonats.

The remsining solution 13 ammonistcu and grenulated Cr prilled to produce

fertilisers conmtaining ewuroubunm altrate, dicelcium phosphate, and ammonivm

phosphate. The ratio of amxnrlx to dlialeiwc phocphate depends on the

proportion of calcium that was removed as nitrate and determines the wvater

solubility of the 9205 42 the product. domnercial products range betvesd

25 apd 60 percernt wotex scludlilty, although & percent is feasidle.

Typical product grades are 20-20-0, 13-13-21, &«ad 15-15-15; cr with sore

complate calcium nitrate rewove).,, 23-23-0 and 18-36-0.

o

Salfete 3alt eddttion: Other rodificatiors cops with the excess

i i

calcium through the additsor of solu.le sulfate salt to precipitate caled
sulfate. The sddition muy ve made defore or during swonlation of the

Tne onlcium suifate oay be left in the product Wt
-0 or 1T=13<0. Alterss~

! extrsstion slurry.
‘ this results in lov-auaaysis graden such as 1k-
¢ tively, it mey be removed by filuwstion, producial a grade such 88 25-13-
with nearly cozplete water solubility of the P (16). Beveral differes
sulfste salts have been uced in this type of process but the one Woet
likely to be attractive is somonium sulfate, sice it is & videly

svailable yproduct.



iun

5t111 another adaptation of this bdasic approach 1is the sulfare
recycle process (17). In it the calciwm sulfate is roacted vith armoala
and caroon dioxide to regensraie amnoniua sulfate and precipitate
caleiua carbonste, which is removed s a byrroduct or :czste.

¥ixed acid process: The +hird basic tyoe of nitric phosphate process

«s ove 1o wiich either phosphoric or sulfurie acid ic added to the extrece
+100 step Lo resct with eacugn of the calcium to prevent tie presacce of
calciun nitrate 1o the product. When phosphoric acid is adced in susfi-
cent quantity the ammoniation reaction yields scmonium phosphate, and a
part of the Po0g 1o the product is water soluble. Tae usual practice 1s
tc formulate to give 40 to 50 percent vater solubility.

The nixed acid process is the only one used in the Westera Nemisphere,
and therc are several of this tWpe ia Europe. There are several different
designs used but the wain variations are the P.I.C. process (18) whieh ia
the latest version uses a special @ganlator-dryer to convert the asmomi-
ated extract to solid form, and the TVA process (19) which uses rotary
drm for the final stage of ammoniation sad for SZranulation. A flovsheet
of the TVA mixed acid process is shown ip figure 12.

The aixed acid process has the ~Avantage of greater flexidility im
the N:P0g ratio than the other processes. GOrades such as 86-13-0 and

20-20-0 can be made vithout the need for producing & Bitrogesous co-produss.
The phosphomitric process mmuzawmmdmw

&eade it produces. m,mcmmaummu

uun.mu«rmmmormrp,umtmum

is soludbilised by mitric acid.
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Despite the low price of sulfur there are undoubtedly places in
latic America where the attric ~hosphate processed varrant serious con-
siceration in the planning of fertilizer projects. Cost estimates oesed
oo screvhat higher gulfur prices tuen prevall tocay show aa economic
advantage for both the mixea acid sus the caleium removal processes over
processes based entirely on phosphoric acid (20). Tbe Odda process is
sdvantagecus even Whem Very lov sulfur price is sasuned. The sulfate
addition process mey bave good econcuics vhere pyproduct asmonium sulfate
43 availsble.

In evaluating the prospects for pitric phosphate compared to emmonium
phosphate based fertilizers, the evalustion should {pelude transportation
of the products to the point of use since the analyses of nitric phosphates
are geuerslly lowver. Also, it should be ¥opt in mind that & part of the

aitrogen is in nitrate #ora vhich is not desirable for some Crops,

particularly rice.

Yev Fertilizers Under Develoomant

As in most industries that are relatively nev, there is a constant
flov of imnovaticos aad uew Lechnoi of gonersved throughout the world in

the fertiliser induatry. The question often arises vhether & country that

18 1in the early stages of deveioping its capability for fertilizer produs-

tion should sdopt tbe very latest, perbeps not fully proven, technology
1lctdertoboco-pmolyuptouu, or vhether 1t is Detter to choose
uuwnmmproducta a.udprocunsmnwffarmpamlwot starting

vith a somewhat oM fashioned _pdustyy.
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While this 1s partly a maiter of ptiilosophy, 1a general the latter
course probably is the most prudent unless the couniry has an exceptionally
large pool of technical cikills. The problems imvolved ian tuilding and
starting nev plants ere dirficult at test; they are compounded if a stroog
supporting service industs, .o o, cooanlcsd utsist:oce sre not availe
able. They should mot Le compourded further by naving en elezent cf experi-
meatation in the project. "The penalties for nrot =chfcving aspected
operating levels proaptly and baving to make extens!ve changes are too
greet.

However, it 1is in.portant for those ia tke planning function to koow
vhal nev techaology is emerging so they may become prepared to take
sdvantage of 1t &t the propar tine. Soms of the ncv products that appear
to have potential for the near future are discussed delow.

Azeo Polyphosphate

The term "polyphosphste” 13 used to describe materials that costais
phosphates in a more condensed forz than the orthopnosphats found in eon-
ventional fertilizers. They are foarmed vhen sufficient water is removed
from orthozhospEats to Scuse 1lail.v of moilecules 13:: longer chain eom-
Pounds having more thap on- -4~ ~* “-ephorus. Compov~ds containing masy
atous may be formed in this manner, Luc tae shortar chain compousds sueh
83 pyro- and tripolyphosphate with twe atd three atoms are of more

rractical interest.
Amxonium polyphosphate fertilizer may de made by amnonisting super-
Phosphoric aeid, or directly from orthopacephoric aeid %y & process thas




utilises the heat of noutralization of the acid vith szmonia

vater. Tte resuliing melt is then grenulated. When made wvith therwal
phosphoric scid, the grade 13 15-62-0. Whan mnde with wet-process acid,
the grale is swevhat lower aepending on the azount of impurities ia the
asid.

There Las been Do commarcisl production of gramlar ssaonlum polypbo!
phate as yet, tut TVA produces 15-62-0 for experimental use from thermal
acid in & demonstration plant. It is expected that commarcial produstion
from wet-procass acid will te reslised scom.

As mentioned ewrlier, polyphosphate bas a special use in rormalating
higher asalysis liguid rertilizers. It also may be uaed for direet appli
eation to tbe soil and in bulk blends vhere hish analysis and good physic
properties make it attractive.

The agroomic properties of polypioephates have aot yet been well
safined, acd there is mach o be learnsd about their Tesction 18 the sol
Agronomic atudies 1m the United States indicate that samomius polyrhosphy
usually is equal or superior to aocncamaonium phospbates. Bxperimests in
France ivdicated liquiad polyphospbates to be superior to other phosphate
Field studies in Japan saowed greate response to smoutum polypbosphate
than to smaoniua orthophospbets. There vas sume suggestion that better
wtilisatios of micromutrieats say dave Deen a fastor.

Reastion products of the polyphospbate 1n the soil are MM N
Wose of crthophosphates. There is some iundication that rormatios of
i1as0lible precipitates mey be {ahidited and that polyphosphates may e
able to extrest insoluble micromtriests from the soil, possidly W

mu-omuumm.
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Tiese possidbilities, plus the high analysis and versatility of

azsonium polyphosphate make 1t an interesting prospect for the not too
distant futwre.

Yres - aumoniym Phosphates

Tie production of a series of coopound fectillizers containing urea
axd amonium ortho- or nolyphospiate has been developed cn a pilot-plant
scale by TVA. They are ivteresting becauss of thair high enalysis--
appraximately 1C percentage points bigher than can oc umade vith samoniun
oitrate rawher than urea. Thay not only are excsllent general purpose
fertilizers, but also have proper:iec rarticularly well suited for rice
fertilization.

Several processes have bdeen studied for the rodustion of urea -
azmonium phosphate . The preferred Drocess appean to be co-granulation
of nearly ashydrous melts of ures and ammonium phosphates using a pug mill.
Granular products haviog satisfactory storage and .h-.ndlina pIreperties wre
produced ia this manner without drying. Typlcal grades are 23-26-0,
¥-17-0, and 19-19-19.

Extensive field tests throughout the world have shova the agronomic
valus of ure. - smmoaium phosphate.

Jertilizers that release their mutrisats slowvly throughqut the groving
$8430n OF Over several seasons Would have maxy sdvamtages. They would
{noresse efficiency of uptaks, avoidiag lunry consusption by the plants.
‘heay would minizise lcsses by lesching, which might de particularly




advantageous in high-rainfall trepical regions, and by deccaposition oF
fixation. They would prevent damege to seedlirgs and burning of leaves.
Thay would reduce spplicaticn cost by reducing the number of applications
nacessury.

Nitrogen fertilization apnesrs -~ have the most potentisl for benefit
fron 3iov releuse. Severul such aitrogen compounds nhave been marketed,
but sone are scounomical for seaneral agricultural use.

A process developea Ou & pilot-plant scale by TVA for coating grapules
to coutrol trelr solubility ueems 1O have promise of belng economical
‘enough to produce paterial ror furm use. In the Xocess, graules of ured
are spreyed witn sollen sulfur in a rotating urus to form e coating of 10
to 25 percent sulfuz, depending on the raie of relesac desired. Tis 1o
folioved by & 3 percent coat of wax to seal the sulfur coating. A sssll
apoupt of coal tar is added to the wax a3 & gicrovicide. Finelly, about
1.5 percent of & conditioner such as calciped fuller's earth is added to
izprove handling.

By varying the apount of coasing o bY blending the produst with
uncoated urea, it 1s possible to produce & wide range of releass rates.
mhe rate might te varied freca ratier quick rejesae such As would de
required for cora, for exsuple, TO wiow relsase over seversl years for
forest fertilization.

It is estimated that the cost of sulfur-coated ures vill be 25 to
S0 percent higher per unit of nitrogsh than uncoated urea. Nopefully,
continued tests will shov that this much added cost can be Justified W

the added berefits fOr EALY Srops.
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In the past decsde or so, tho suvance of techrnology has drought
rany new Jertilizer:s {0 the front at a surprisingzly fast -ate. A little
ccre than twenty yeors ago amidn.am nliruate was rot yed established as a

arililzer, Tfevw creuzed that Loea tonla ever be economical er ok Lo

find & plece in agriculiii g, GLANLO.AUR PiVeDL L0 Wus varely Koowr, and
Tie wOst populsr prosphate fertilizer contatncs orvly &0 psrcest Pk°b°

Tue pace of techuology tas nob Jiminished, .0 Lt 1. certain tkat tae
naxt dacrce or two “.ill bring their sharc of chuuges. The limit ia
analysis of Jertilizers has by no meuns beea reached. Laboratory wnd
graenhouse teats ere belng rzde with compounds that contala Lwice as cuch
plant £00d 25 the highust epalysis feri{lizers used today. There is much
Todm for iwprovement in the vary limiied ef2{clency of recovery of mutrients
by plants that can Le realized with tciay's fertillzers. New canpounds
that are more readily availavle to plants r» less rezdily fixed in
uravailable Iorm Ly soll reac.ions ire tein: sought and will ba found.
Tae production of elesentil prospiaorus is in ebcdt the suue tecanologiecal
slage 23 awaonie preuwucevion was 29 years agu. Fossinle breukthroushs ia
the production of elemenal picsphosus are under study end could zmake it
aore compet .tive with waeilevroc.uae ¢ 19, oroadeafn:; th: Lase for the
preoduction of mew and Lettol Jertlliizerw.

Whatever the lertilizess o somorrow are, it 18 ceriain tuat they
will oe detter, rcre convenicnt, and sore econorical than those used

wodgy. Iv 13 Roped tiat the vhole vorld vill be in a position to take
advantage of their usc.
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