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Bevcloping ccumtrice with neder~tc t- large aaticipntod noeds for fortilisers
wsuilly plaa 1~rge pr duStion complczcs for nitrogom, phosphate, nd oraplex fertilisers,
T3k anite ssutlly seovade the mnjor 1aiiacl or early step in furtilisor peodection,
Cfor mot tmough cstentiom 1s gZivenm to the typas cf fimal fertiliscrs thot nay bo best
Tarted £op uss in % erumtrr nd deesirad ov Jwrers. Thore 18 A Zrowing troml Soward
Jeattr usaze f enupowmd fortilizers the. eonaum 111 cr most of the nouded plant food
crpon.ate, This ‘remd 1s sPoncunedd in ro@t countrics with leager axpericncc in pEO~-
Auetion ad us. of fortilizers ~ad 18 Boooiing anPe Ap7wpent 1n lass=davalopod sounmtrlis,
“hirr tremd an proforonce nd uscgs pettarma has pesultid i the mead for o groater vare
Loty of Cimishod Lopti isars U owide 00 PiYPY ButPicAts o @l]l a8 scne scoondary
WL uePtomatrioats,

L rre complencar properly loerted cre well suitei t3 ceonsgical and efficient pro-
1wrtion of nitroges products such °8 WMORIL, urer, tad ramonlum nitrcte. Likewise, phos
pacle mitariole subl 3 phovploric At Lnd BuPerphonph .tes, a8 well o8 cemplen fertilizae;
f limited srrise of wmoniue p.ove ts & mitric phosphite types, cfe wdeptable. Howew
tie' PPUerte et e 2 Be o rondill produced oy rot Be portigulorly swited 20 the faincl
fertilizcre.  “ampromisee oftsn ¢ mde ia Lttempte VO preducs ¢ weriety of finsshed
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gredes in costly and complex fzcilities actually suitoble for only a few grodes. Or
worsc, the mistake may be made of assuming that the lorge quantities of certeain fert-
ilizer moterinls that cen be recdily produced comchow will be bought and used by formers.

In short, adequatc advence merket survey and morket development work often nre not donc.

It seems that sufficicnt attention frequently has not been directed to local plants
of smallcr sizc using fertilizer intcrmediates, The prospects for such plonts in develop-
ing ond developed countries arc discussed, potcntial advantoages outlined, cnd present
patterns of auccessful use in some countries are described. Production units of this
typc have provided the mzin pattern for preparation of thc finished fertilizers in the
U. S. and some other countries. Smcll plants loccted ncar primary market arcas for
fertilizers tave maximum flexibility for conveniently producing types and grcdes of
compound fertilizers actuaclly neccded or desired by fermers. Production cen be esaential
ly on o prescription basis to include also sccondary ond micronutrients. Investment
in finul production frcilities is low, operation can be sccsoncl without severc eCOonomiC

impact, ond ownership can be locrl with obvious cdventages in morketing.

Typic~l operating practices of such locel plonts for gromuler compound fertilisers,
for bulk blends, and for liquid mixed fertilizers cre reviewed in the peper. Types of
intormedictes usod, grades of fertilizers that can be produced, and integration with
production of the main intermedintes in a suitably located complex are discussed.
Focilities for eccnomical transport of intcrmedictes within o country arc & very import-

ant consideration. GCeneracl economics of the total production and marketing systom of

tanis pettern are outlined.
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e 1NTRODUCTION

le In recent yeart, there FA beep 2 trepd toward lnctal ‘stlon of wery
large plantc for wrvisiaetun f rortilizer intormrdiates and finished
products. Flagts have 'cep bullt throwghout the worid with prodaction
caparitics of 1000 to L .00 wong per day Hf ammunia, 1Pca, semonium phoce
phates, aftric proiphates, snd the 1ike, Often b production compleres

are byllt ot jocstions o take sivantey: o coaneos o aoy raw materials

or where lovecost methuds f transportati n can be oscds These romplexes

oay iarlude seversl large irdividua' plant units topether with Lhe neces.

sary ausiliary mn? cupport facilftles. Javestment at a viven site may

range from S or 1D miliL e dollars t more thar 100 mi)iton.  The economy
of scale afforded in such untts 16 welil eotablluhed, md the large units
saking use of tne sdvanwed techaclogy <f the pact few years have prestly
lowered th production oot of Rey Jertills r intemediates and nome
finished ~capien fertilizer, The progrers ip reale, Ip priomess feche
nology, and in effl fency and basic evopeomice ¢ xid weli be called spece
tacular., In contrast, the progress he:. been 'cee than cpertaniar in
finding ot vhat fertilisers the fammer need. wdd makiog them available to
A ercmmically.

2, Tere 13 & groving Lrend to.ard greater asage of compound fertilisers
thet contaln 8ll or mxt of the needed plant food composeats. This tremd s
proavmred in mout countries vith longrr maperience in produ tio and use of
fortiiisers and 1s Peccamlng wor poguing o led <dewo loged commtrics., The

Sremd ia preferenc: apd .a fatterms tas reooited in the weed for o




greater variety ol finlone? rertillzer. ¢ provide the poimary nutrierts a8
well a8 needed gec gndery 00l Mo o rionto.

3. A cystem whereby th- finiuhed Jertiiizers are prepared in local plants
of smallrr wlz- »ffers several advantage: . Guch 3 systom has beer evolving
in the United States urt uome other conntries, This system ic charecteriged
by (1) preduction of fertiiizer intermediates in larg: plant complexes
located nenr the source of primary rww materials or where their deliverad
cost is low, (2) transpurtation of the intermediates in concentreted fors to
points near various market areas, and (5) preparation of the final variety
of fertilizers in smal!l inexpenciv: i-cal plants that may combine the funce
tions of manufacturing and retailing. The growth of hulk blending and of
liquid fertilizer production tu capture 8 large part of the United States
fertilizer market have oftered prime examples of this cystem. Prior to
their mdvent, the produ ticon .f granclar compound fertiligers in plants of
small to medium rize had thllowed this gencral pattern (at least on a
regional basis]) and thin ic stiil being practiced rath-r widely.

b, The intent of this paper i to reviev seme of the practices in production
of compourd fertilizery in ical pleats. It will cover production of gramnue
lar homogeneous fertilizers, bulk blends, and 11quid mixes. Some primary
sgvantages will be pointed out, and the general cconomics for this system
vill be evalusted. Thi. full system is not adaptable in all countriss, but

the main principle: are likely to be important iu many situations.

11. ROLY OF THE LARGE "RODUCTIONG COMPLEX

5¢ A large production compleox can be a loglcal starting point in initisting
dujor fertilizer production in & developling country. These complexes also

provide the pasls Tor w ec.pomltul systim in develnpod countries s well.




Progress that has been aade 0 Lo vre g ow o st dent end economse
cal production. »f were unla, rea, W i natiate, Byt ci acid, reflned
potash salts, smmonim phosphates, nitric phosphat e, and the like 1in very
large plants. Aithough fini hed ~omplex fertiiliere can be prodiuced, the
large plaits are not wel sulted o the prodiction S a wide variety of
grades cf N.P-X fertilizers tha* may alse cuntain sccondary and microngtrie
ents. Compromiccs may be made in attempting to produce a variety of fine
ished grades in costly and complex facilities that are actually suitable for
only a few grades. In developlry countrier in particularc, mioguate advance
sarket survey and market deveiopment. work often are not depe,  Sometimes it
seems thet the asomptica ic made that Lhe larpe quantitics of fertilicers
that can be readily produced in iarge complexes somehow will be demanded or
used. In most cases the large manufacturing complex weems best suited to
production of refined matcriaic or intemmediates of high concentration that
can be schipped eronomically ‘o outlylng incations near the market areas for
production of the finiched tertilicerc,

. The very targe investmcnt und high fixed operating ccots in lmrge proe
Auction units make it essentiatl tou operate them a high perveutage of the
time at nca: capacity to ensure the potential econmy. An exmmple of the
effect of operating time factor on production cngt of asmonia in & 1000-tone

per-day plant is snown in the fullowing tabulation,

Operating time factor, Cost of producing Ununia,"
_$/metric ton

aT
T I (
L6
Iy

\ Lo
100 58

883 3%

& In developing country from pature]l gas at $0.20/
sillion Btu and with 107 return on invectment..




T. Proper intagration of & large complex in the tortal production amd
marketing syscem (8 cstentlal to ercups tull o utiilnat e LY prodye t iop
con b= geured to suppiyirg intomedietes to a wumter o jocal plents, the
proopects for suslained operatiocn are iik-oly to be met hettor,

B. Primary prodl-me of the larye monatu-tariop mplex inc lude providing
storage and shipping q dpwent [or adoquate amounte of the varbouw: satertals
to meet scnsonel and penk chipping demandi. The inventment for storage
facilitics for colid and L1qiid materiale at the ~caplex or at regional
storages locations is large. Of equal or preater importwuw e is the probles
of providing adequate ratl wnd truck cquipment for merting heavy sessonal
domands for chipwent. This problem ras impact on thuse lnvolved vith reRee
portaticn services (rallrvads, etc.) as weil as ou the wamufecturer and
shipper. Movement by water, such & in river or ccastal barpes, allows
greater flexibllity and usuaily some economy where thic sode of treamsport

is practical.

111. TNURHMEDIATE: THAT AR OF LMPUKIARCE--
THEIR TRADY. AND TRANSFORT

9. Most materisis that are referrtd to es fertilizer intermediates also can
be used directly as fertilizeru. A fertilizer intermediate, thrrefore, s
properly defined in terme of 1te puttern of use rather thanm ite intrimsic
propertirs. Production and uce of intemmediates is po' a nevw practice,
slthongh it 18 cxpanding both in Llypes of materiais and in quantities.
Refined potassium chloride ii a fomiliar example of 2 very versatile Antere

sediate that has beer importa.t tor a iong time. Production of potassium

chloride in a variety of suitabic torme and its reonomical handl ing and




trameport tArovgho L the worid provhkde o 1 Yiw Pest o apler f off1e
Clomey A e mowg. Itg o Fape ol mmet ras e et o et zed 8t
losal piamte for mor~ *hes LOU pears. Truipir soperphnephate (W8 Pyhyg)
bocape the first important trasep  Led phosphate iatermediate, 'v ase the
grede s subetamtialiy higher than for prosphate Pk, e nmmy in shipping
costs nade shipmwt ver [ng distaswcs practical. later the shipment of
ahyivous |lguid wxwia wd various ai.roges s lutions became importamt for
wee both as interwediat s mpd for direct agpii-atia. [a recent yeaps,
Phosphnric arid, particulerly ser-hant.srete ve'.preees mid (%2-508 Pghy),
Mo boen shipped Quite widely by rall md trucl tanks within countries.

Aod, oceen sovemest of this wid in large guantitics Mas begua (L)

10. Amoniw phosphetes, the mist regidiy growing type of fertiliger in the
United States duriny the pact 10 yrars, are <hipped videly in domeetic and
vorid commerce. The grasu.ar moncamwrriue and 4LEmonium prodacts, sxh a8
1e350, 13520, and 18.0..0 grades, arc qulte suitable finished fertilisers
for some usec. They alsc are idea! @ lnterwdiates in bulh blending end
find same use L gramulstion procesces. Thece wmaterials are pupuler becswee
of escellient physical properties, hish analysis, high water sclubiiity, asd
compativility vith other fertilizer msterials. Prduction of wmoaius pios-
phates ia the United Btates reached about 1.M militos metric tons of Py 1
1970, which vas @bout 378 of th- total supply ().

11. Powdered or very small gramular sonoesmonium phoephate of sbout 12-452-0
or 11.55=0 grade is deraming of considersble importance as an interasdiste
for shipment vithin coumtries and say become usefyl for chipment in iater
national commerce (3, V). Men'iing properties tn reil and trick chipsest
shoyld be at least as gord a8 for nongrenular superphosphates. [t does mot

require specisl ships for handling in Vv.lk, ard port handling wd storage




facillitios may M vis eapr i, ‘ha. ¢ - PPrepr e ow bt Prodection end
We OF poabsrd mooowes e m pL 0 BN ant met L 3 the sublert af
W@other paper ot thals cympu:iam, Reporiedly, .0 or move piapts hove bove
Billt for pr et im o1 0 g TEPNABF WP RL M phosihete, most of

thew 1n Nurope .

12, Mool =.!1fa% .. syalinnle in '8, gantities a8 & Myprodust Tres
the atee! vt oynthetic "ibr industrios. It ms beer o useful intevnsdiste
in gremuletion procecse: "o o 1w time and will ~atinee to be so, ol though
declining in taportanc: . 3 pereentage hecls because of §us low amalysis.
13. Other flninhed pr.ducts trat Sise are wied aa Lntermndiates iaelude
prilied or gram.lar urea wnd e ium rRitrate. Awmonium aftretes {s videly
wed 1a he Wik Dlonding in the "nfrent Hatec, and ures ~an be used Yo
It 1s competidie with the oiher “oRponents. There likely will he growing
preeties ir use Af oltd ures e & fntermedinte ia gremulet fon throughoet
the vorid becase Of the larg: m@ber of piants belng Suiit. World profus.
Lion caparity reached shout 12 milliom metrie tons of "itrogen in 1971 (§).
18 Ures . mmontum nitrate olitione can be prepared, rtored, and shipped
comveniently wnd econmmically, These solutions of 28 to 328 B contert are
videly weed as ar intermdigte 4, profuction of 1iqild fertilisers ia the
United Btates, and 'hnir uée Ip other ~numiries is increasing. Other
possidiiitios Lr-1ude LWePrrasure oF nonpressire ur-e-mmonia solutions
thet. could he used in ligquids or tn gresmuiation proressec. Since they are
relatively mowrorrosive, | iw.onst materials of construcrtion can be used for '
storage and shipping ccmtaimrs, ‘
15. There ar some Farticuiar tntuimediates that are of ey isportamce ia

Production of 1iqu.id mined frrriiizers, ™ wgt impoctant of these comtain

Polyphosplutes that mre cssentia for good qual ity liquids of higher grades .




6. Bome irnterwme . ates Puve 3 present ¢ - s @ ulties moved 2 iter.
MonAl W e ! fan B wBeu ¢ Bey Fom ommt. o 31 Aaree nemalertire
ag cumpirare tc "o - lnveiurrat W VIEpLLTY tota) operatirns, T
mmet MMpurtes. Of 3 % v potarsia® i ide, anhpdroar aeonla, ad wet.
precoss phoephnric eeid. Bt diec vy TVA () irdi ate Cignificant é~ rvase
in lrvestment end gocd - wpammtive werall ecmomies ror wmport of key
imererdiatas by some deveioping euniries inatead -f rew aaterisls or "in.
tohed products.

17 All of W iatcrwediatcs Reve potential for aovemsnt Lo jceal plamts
for pregaretion of he finished rert) izers. Several of them ean be higped
copveniontly without specitiized oquipmest. There have beon & great Bany
ogroamonts 1a astheds of transportation wd there wili BDe further i=preove.
ats 0 e future. Migdiows S is 18 pov Lrensported vvervess ia
apoeially dulle® ehips, th™agh inlad vatervaye and slong coasial srens I8
bargee, and overiamd Ly plpritre. Liguid fertilizers are sww being moved to
oams oxtont by pipr . ine, 8 we may capne! to 8o other fertiliser anteriale
soved 1a this lagi-al ad wwvenien. maaer I8 Y fuiure. The pajor Papoe
1iaes also previde suditartis' < peg . dcome stieiehrs of pipetiae will
Mol the equivalent of . Bsihs’' profuction from twvo L0OO-toneperedty GIMORLS
Plante. Meilroed ;olllag stcen Ma ber proved in sise o in deiign for
snvtein wees. Care of (0D toee e larger nov are camee ta Un P, el
States. Covered hogper-uttu@ cor. are wed fur solid materiale, and hosted
ﬂMlﬁmwmahniMmmlwwMuﬂ,
elemsatal phoerhorue, and »lten e if.r, tatice ‘reirloads (Tumit treatas”)

of & single materiu. cor M thippe? 2 8 wubstamtial soving vhen tere io

Nufficiont voiume 10 warramt thir prectic-. Righvay tanh vehicies provided
vith paeamstic celing e ..l oeding are becoring pogniar for hanl!ing same
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s 170 I P : : =T s med iy @f
barpe., i mad cat. arp s e Megnt apg ot

Lo Althag) moet indoitriallzed comtries sheoad Find Little 24fTMeuly S
BOVMRg ® ot il g Wik Lty i poderate:y isproved Lrapspories
LAEF symtewms, b ping raamtrd o | e ig Wi o st comabderadic reatralnt
wBtll Lher PPy tramsw 11 wustome are more tilly ‘eveluped. Mailing of
e intermcdiates 10 Puln 1 & wost escential Pup economy, Vit there ey be
Prepgrets fur moving sme o i bl intermedister jn b if the bags cowld o
roused ,

IV. U OF IMUOUDIADE 19 LOCAL GRARELTION FLANYS

19: e of tatermedtows In loral piants e profietion of selid conpognd
fortilioers started cerly in W Unites ftates ami Wurope with uor of potash,
leiud cymamile, sodies ritrate, G ur vt soulld nitregen ustertals,
-t siagie s perravephate o praece w.grede pilverised silteres. AEreie
ting mivtions ~@w m e areve lrier apd (ove more wrestiliyy in fiatag
lowr o0t nitrgea. Mmris sul.a.. bot@pe Gvaiind.e a8 tuppleasstal
BitFagea. Vith Ve advent of sramistios in the Mited Jtates 1a the carly
1930°s, use of intermad.otes decame aory loprtamt. OQramuistion had started
8 Arly & e 334<190°: 1» Rroye ol ves @it puguler 2 19C 0 e

canntries. Anigidrous mmnis beceae Y eramBical vd precticel ¢ LruRse

Port Ia the nited Matec. Ritrogen soivtions -wteluing free ammvais wore
weed to mewaiote ical . Prodaced tiagie vprephoephate and shipped. in
tripie superphrsptnte het became an npcriant ist-rewmdiats for upgreding
houphate content. Nighwt Maissls grevwlar prudects vith Better bami ] bag,
Storugs, ot agpil-ation progeriics were troleed. Suifurte orid vis wood




b
2

Lo promm te graceialh ot A ALl e pre i er Jitirc Y umenin, and bator wete
preec: b ooptai i bl e Lo oo ab o wm b o o ar intere

sediats Lo provid higier anely. i, gresded with Righer vater soLubility.

. Ir the it 1 States, t VA smm niatboregrwouintion equipment. (rotary
eylimd-r or M) and prorese trat origitated in L95% were widly adopted.
In AP62 there were 16k plant In the United Slates nown to be uiing this
precess, ad 20 or mory 1oeal ard roglons gremalation plants of this type
wore estiimatel 15 > (p operation by the mid-170's (7, ). T rotary
Are=type grenuie’ion equijarnt 1s by far the moct widely used becsuse of
Sts versetility ta combining mining, ssmonistion or other chemirs! reece
tions, and greruletion ik a singic uni'. Other types of granulators imclude
g g Bills, sprg comes, ond facldned pao prannletors are used Lo &
letser extent,

7. The smoriam poihete "bom”™ tn the aiddle 1%0's (Q) and growth of
Bulk Diending and 11ri1e fertilizger prediction & cw? the growth in local
Eremelation piwti, anvd they Leewrsd t wec'tne in imporance. A present
sstimnts iadice' s that oaly @out five plant. nre now being built each year
Ia Ur nitd dta' e, dome o thes are replacing »solete farilities,
Bame grarviistisa piemts have Lren copvertad to Lalk birnliry snd others have
bren shandi~ed. 3 reiisbic sitimate of the mmter of p'ants nperating ia
19071 was evelind!e,

BP. Althcigh they nay Bav- dec!ined to Jose extent in relatlve iagoriante,
these piants .f mmaii-te-muderste produrti n rapacity sti'! have an effece
Live plore i ‘b praoctior wd marset i cys' . m, ey ruvre neveral

adventages Lol ding thos Llited ‘elrw,




° A varisty of N-P-K grades of various ratioc can be produced
with ccoromical tormuiations velng intermedistes.  Secondary
ard microputrient: cm'.x be added to produce special grades.

° Recyele ratios ususrlly are low and rrades can e changed
more eacily tha. in large coxplex plants, SBtorage of s
large nusber of grades i more practical.

‘o Investment in basic production racilities is comparatively
low, and fewer costly auxiliary and support facilities are
required than for a large complex.

® Operation can e scaconal if desired with use of a emall
erev of local vperating personnel that do not require a
high level of training. Taese pecple also provide s large
part of the routine maintenance and repairec.

° Ownerchip can be local with obvious advantages in marketing
of products due to personal acquaintance with customers and
thei.: preferences.

23, 8Some typical formulations for several gredes of granular fertiligsers
that can be readily produced in local granulation plants are shown in the

folloving tabulstion.

Grede 10-10-10 1212212 5-20-20 6-26-24 10-20-10
Rev Materisl (Kgs./metric ton)

Asmcnie - - 65 25 -
N solutton, ki, bg W 180 a0k - k8 an
Ammocium sulfate, 20.5¢ N 98 147 - - -
Dissmonium phosphate (18-46-0) - - - 106 -
Single superphosphate, 204 510 25h 158 - 260
Triple superphocphate, WG4 - 156 37 Lo 324
Potascium chiloride, 60% K.0 107 200 %50 Loo 167
Sulturic acld, 934 .80, 49 0 6L - 38
Plller or conditioner o€ - - - -
Steax - - - (G -

8 25¢ M, F9% apmonium nitrate, 6% HgO.
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Such plants include storage bini tor teveral uritd iate modiate materials
and tanks for monia, nitropen scloution, wd acide. In aoc! plants, the
o0lid materials are Gatcon weighed in the prpo.tioe: required in the formes
lation and fed ~oliectively nt a fairly stendy rate to the ammnistor.
granulator. Othor piants use individual grevimetric focder: for Lae s0lsd
components. Amorim or nitrogen soluticn i suliirle @10 are sparged
beneath the bed in the mtnry drim. When phouphorl: acid 1o used, 1t 18

aprayed onto the bed in the: pranulator. Magietic [ioametors and satosatic




Potagm te:. 4 oM., . ARREE e tR b G terd Cf taw i bgeile.
e orw it to mem A g FEEY the e b B lmee L weat, m istars,
Wl Cotes f oubd Rae 4l w um ef@uin®sm, The,; are YQalamod L som .
Blate progeriy et ro prodoer tae o eed srmde . i e Tjtedt 3 ates,
CEMBMLAL hr w8 L, kP e L v aem s | orw ation el be providileg
Mett Imr ogomnciath oo,

5. Mt rial fram the rraraloter g At & direc! e Jfired rmtary
dryer amd s Int @ Potary - amLepe Premt Lo le re T™m rooled saterial s
sereened to veparate the @rcliv Pt ulze (w3wmlly Showt of, 412 meuh),
veraisc 1. irmhed, wet undertire 14 recyeled LW e credu.atnr, The
@ennt of reepele wswally is only *hat prtior btaimd a8 fines from the
RIveRing TPprrstion. The produet may oo treated with 8 surfare cuaditioner
o sirietze caltng, P oducts truskly are stwred in Pull prioe to g ing
wd ahipenrt,

85, There are some verlation: in tyalpmcnt wd cperating techaigee such e
silmtaaticr. of tue dryor by see of cpecial aml Linltad formelations that
Eraralete at low moistar oo tert,

. Greslation pients "eallly produce frm 10 Lo W tons yer bour. Reeycle
Mo uounily (e 11l or lecs Sliwir: sl ler oige process md oy kg
oQuipment Lhap in Plants prod. Ly ceaples gramiior fertllisers whe v reeyels
retion are likely b0 W 631 of Bigher, Ty are mparstively Lisple and
flezible in oprration. Starting .p an! shutting down oprrations are mot
particularly diffleul’, ard gredes ~ag be ehanged freqoently withewt great
Cifflf‘&it;h Irvestm nt ecgt §. th ikited Brgte ronges, from s g m,m

to §i,000,000, Sthough very Simple plart: repertadiy Wive Lvr it fop

legs,




B S Y N oL Tow b ow L cr i maled
fl@ten, eumarial i, 't 4. LD b #E . banggvid soorpewr . Al Bagll

bhondisng recome pomiins, ho ik ' wd bpe f cpan, o1 e tiiizers dire~tly foow
S giameiaiion Pt bn ipmader trooas and T e b T vel me Cmirly
portant, & Bresde, 'S prect i ¢ is bty commn e the soutlr ta'are,
lower M aniic coa8i, et sntherstern pari: o the Mited Sintes. e
PLarts repart moving ) to 0% 2 teeic pe ks Yo e Ball. Bl nrmetiee
UAA W FPPEren’ Arfort L duecrpore.e See i thy edvetlaer aml o pommy o

Bl Blerding in Wvine rpanin Fertiiisers Lo ~u tomers.

. One of th Viggert prohiomi ot present foring loesl eramuistios plants
16 meeting rguired regulmtion: to evsbd St@iperie ot et aR polieton,
B oarijer Plant: wop WUl y iecated e rurel fr burcw. arets, Wt

o L@, rhiorel vk iually grew up weerbr. Due. el fume remowail from stech
offluan's e we mor. mprrtwt L conteol, wd It nred Lo awoid dmping
1quidd wastes Lt otreame increpee Bith pregcnt 1p vpsa (nterest (2
Swirameeial fotors, Qoxd contrml ¢f Al efflem: iz Laming esseetial,
M bon T s dbepsy e *RAB Ly DAkt e b cwitly el TP LY, peters of
18@abb ~P7lommtr Lo iR Proess my ve faprs ‘loal, wd t o ne bl perevanel
Sy w0t W wvslindle o fully pien F9° @ee deal ViLE hese prblems,

e Flivticr prriome have moas ol ba o Pirats being st 4own wd pres
Gustion conso.ldat-d ot - the more farrvm e (28 L as. how hanges I8
formiotion wed in operating ‘sclniger e £rret g S0 e BBt el Nighe
Probiows. TYL end Lahasty, hav stosn fomt s F [ ree G we beprorees

s parphrnepheric wit (o, ¢ Fad i on e At (R & Yo /e tel el

of pr Ayt | € %e ¥y Brrcm o fame as® &, ff,_;; .%.i‘ Faeirg L. ies° orase
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e LE r fhe W Sk ok Bl crwed it Wbl B owe WD L (iferlc seid
23 kel G rowst @ P et o B PR B o prorbp e
troudlesoms “umes. Dry.pe (5 b readed or olimlnated, and this doc reases
Both b .t ek Uwes. The grman. © s oard r ondl [ 88 wub wet o surfare
sopradation & [rre gusi, et f the more saperaive suprrghosphoric e bd
Pgpeare o de ‘ustified Li 50 Lltuathes,. B2 iater sectionr 8 groini.le
tica s»enome, .J5ng Wst'y Lewer ot 5o Lid Intermmaisates, that grestly
docrentes v ann? 28t prbl ms i dasrprived,

1. Dpgiavering firwe wvl eguipernt manitacturers are Gevising shpicr and
foge ~ffestive dut rad (e cumirol equipaent, 8o prospeets for effe~tively
doal tag with envircamental prodlems are laprwing. 'me »f islective Later.
wdiateor ia locel gramaistion piante couud SRIfY the ma)r responaibilities
for poltution prudicme Lo tie Large complen vimpe iaved'sontis in capital ond

wngiseering persunrel cam be betteop afTurgd,

+ &

P

Sasrhls Tt
3. Toe enrly gruiniton plagts Ml 8 pri®ary e 30@ic Qirngtage 10 produte

lag lewerost “laglr Lapurphocpiels b sWapie facrilities ot U plant site and
weiag Whic comprecRt e the mamimem c vtent presticsl ie all grades. 1n gretes
swth 88 I0TUI0 Tombulelics o8 uedr ib), All of the phv sphate vas Serived
e the I'mmeeost, levally profuced dimple Superyh sphate iataruwdiote. As
Wriple superpimuginte b am wens. ab .-, 1L vas purehascd 88 & shippede ia
imtermodiote te wse wi'? Firiie soe PhouPhate t) Aliow Rigler welgsis gredes
S M Lmiletl ¢ miteltr, e wrioprocets phowet vic wrid and SmeRl®
Pherpintes le e feal .- Y . Lor stikl Righer arelysis e Lrereesed

wier soleedlity. With wee Hf tw gie - ama' yuls J.emedistes, forunlotion
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33. Bavtictic. iotung Phosphmte nagpll o the Undte s otarer for L9071
are tabulated teiow (21,

ViFe }
Oy L ..f
™ ‘ié\ tone :!)Laé

Bsmai ent onriched superphosphate 40 10.*
Concentraied supe. prosphate L0 a0
Ammonime phesphate? 1950 1.0
ALL Ahe: LA I3

T tal WO

S

® Lig:1d and 2114 smcnim phosphatis vxciuding those
eomiret with potacn sAlte in the procecs of
» mr&f?-ﬂn:

Inelodes ritreic phnsphater, sodium phosphate, wet

bas. 20rds, natural crganics, phoaphate rock,

coll3idal phosphat:, basl tiag, estimater 7 wet

al furnace phesptoric acid for Liquid end sol A

oind ferti'facy: mmi dircot application, and asmoe

riam phospiintes ~omtined with poteash saits in

proosca of mars e bore,
Tree ata show that irgle s .p rplospaste accounted for rnly 10 to 118 of
81l piwsphates for [srtiiteer purp s Lots mited Bt 2a In 197071, This
0 & bdetartial G e from the lavel of 154 41 1A 0. The extent of
We eclin: ts wmaresd - ir light Af (3 msies that showd  igle Supers
Phsaphete sugplying scoriy T8 o alt Tertlllzer prospnaicos L the United
Sates Ma LN, Pigerss for wor | produe tion show a deo!ine rom sbout 608
of total P 1a 19y, 0 about 8 iz 1) altlurah annusl tonnage = tayed
Beut thr rane (12). This percentage uec'In & the ~iult of m.oh larger
Euets of Liglsr ara.7iis paosphere trterwdint . L mitg Guailable.
M. Pe atpem mme way [rom Lingle sup-rghostiaie, particuiarly in the

Wited Btate: sl e wilice Lipe Iowlaty om0 Lsime substitute
]




intemediates myy ne increwscd wher prices (laniiize. Suifur present o &
secontary cat et in peducts ds deememccd o oL imimrog, wnd o CAMPArS-
tively Slwpl granslation cperation nay become more difficult. It seems
that 1n maly c97 ¢ 'he “xisting 310"~ Suporphorphate placts shou!ld be used
wnd verbaps conotra thoa of atwrc corgidered in the Loture. The proti.m of
controlilng paliution in tocel ~iaglc superpnosphate prodo~tior units s a
nJor.r&;!ar. Avuilability of spent sulfurle wlda ad pollutions problems
re.ated to it uce apparently are other facLors affceting the deciine In pro.
duction end use «f cing.e superphcuphate.

35 Por the firct several years in the 'nited Statec and in some other
countries, many of the granulation plants were locally owned. Theee people
vith sobctantial peroonal inve:*ment of soney, interest, md pride of ovaers
abip contributed very signifi mutly., Jith o greater (ntimate kinovledge of
local customers ad *their whin, or 1. cin, marketing n a prrsonal and mutual
econfidence bacls war proLfbl~, Ag sarger organizati-oac includling major oil
eamparics galnet controi of these faci)ities through serger and acquisition
some of the o edvan®ugur uppear 5 Lan bren sosl. Koosatiy timre 13 an
irdiraticn of ome movec away from centralization of wnership. The coopere.
tive orpunications, alithough centraitzed L. owerall artivities, retaln some
advaniages of lora; owner:hip and int.mete limison with customers who sre
actualiy eharehsiders. Cooperatives seem o he gererally faring quite well,
and the practice ir groving in other rountriet, Bome large cnoperatives
bave 8 -lassical setup nf the pattern of production of intermediates 12 ¢

lerge complex wn shipplus them to 1aeal rlants tor priducing and marketing

the final fertilizers for o fairly well entab! isled marzet.
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V. L.l oor e , ' .ol mefese ces bwe been con-

cernea vit. poxtie [ the iilted Coute o Gone coaments concerning local
Fremorctdc plord g S0 3 i Ue p ennutrles obtained from available
refeceices, vistii:, o2 poromal ccatacts tollow.

37, Im continental Tieore Yo b beoon ler practles of local granuiatlion
plant. ope et inr L i L Juide o Otetes, o thoag!s several plants of thic
general tyn: the' ure at lewst regLorn? n nntore are otllized 1o Prence,
Germmv, anl Spoine b ctter countrie, such as The Netherlands, Italy, an!
Relgdin, tie 1rcoul plart cance,t A o8 net appeer Lo be vory prevelent; pro-
duetinn of ceveral ara ot o% “Lashed §-0-% Zertilizers of complex types In
larger cenbrolizes »lants s nore commou. Nitrie phosphete plents of cor-
parativelr lnre <o npasc teon witod rather eytoaclvely and emronium
phorphitecba ed ryite=s arm 2o comirg into vie.  in the Scandinavian
eountrice, the nrowetiur - ¢ 1o be e aver=d Iln large tacilities produce
ing sever-1 craZes o) fertiio. s o eon o < Lypes Ly nitric phusphate or
amveniun phosyior -bao~Ll Toaceer es,

M, In the olvee Kap@in . e v Lo cuabstiabiel practice of the regional or
local yraralet.on piant - orocot althoagh Ltherys ure large major producers.
One of the rnjor producor: 4ps irterr aintes trom large predaction centers
to conpanv-cvrad roplonal promlution plaats of fairly large cepacity for a
iarpe poart of tdvu Jerlbilos proleetvn. In addition to the ucusl key
intermedites, Lhe shiionme t, storace, wd u-e of sxsonjum nicvrste solution
8 ap ttermediate i 4 comon pinciloe, At present;, there iz congiderable
practice LUy *his curpmay 7 Bleadop ranitne inteneldiates in preparation

of fina! ve et leo ~T pnites (n Jurze gruoid 25 len plants.  Fguipment 1s




provided for bicnding immediatsly before Logging or bulk loading. Granular
intermedinteos uned ined L0 wmmorion phoophat s and ammeonium nitrate - potash
cogranul~ted matorial. M ot of the int-rmedlates are prodaced by the parent
company. Thic pra-tice o0 biending in a praculation plant for preparation
of a variety <t finiched R-P-¥ grade: and for cpeclal gredes contalnirg
secondary and micronutrlents 15 saildl to comprise 60 to 0% of pruduction oute
put in come plants. High producticn rates {20-50 tonc/hr.) of dlfferant
grades ar> caild to be practical, wheress, full granulution would be diffi.
cult and low pruduction rates would result for some gredes. Tae writer has
se=n & list of at leact %0 formulations for a veriety of gradcs that can be
prepared in thic manner to suit local demands.

39. Another c¢f the major producers in the United Kingdom has acquired about
50% interest in several umali, previcusly independent, local granulation
plants. These lccal plants produce a varicty of grades using intermediates
supplied by the major production facilities ot the large affiliste. Advane
tages in flexibility of producin: grades referred to ac "uspecials” are
obtained, and l.r~al macicliug alvaniucces are achicved.

bOo. A few gmal! indcpendern® granulation piante of a particular type seem to
be prospering in Great dritain (i3). Formulatlous have been worked out that
permit uce of substanting amounte of single suporphosphate and ammonium
sulfate--usvally low-rost mateorials, Low-analysic grarular grades, such as
T=T=-T7 and -89, arc readily produced with routine formulatione. The mixe
tures are uperadcd by use of urea and ammonium phosphate as intermediates.
The urea may comprise about 25% of the welght of the formulatior, amd grades
of medlim-high analyeis, such as Uhalbdeis wad 10-20-10, have bee. produced.
1. Production In theco small plants i usually only € Lo i0 tone per hour

which {s concidered maryinal at best in eronomics. However, ihey reportedly




S

have been more suc-escful in recs~? yea s vren la=, ¢0, rmore O phisticated
plants. Some heve reported cubstar-ia’ profil. i a rerally depreseed
fertiliger indurtry. Docmase of interest in highsst prectical water solu
bility of vhuspbate (about Q0% comoniation by use of armonis Hr 1lams niue
phosphate in the formlacion: ic coctricted L0 neutraiizing any s id el and
ihe free acid i{a scuperphospaate.  Heat for gramuletion sometimes i Lupplied
or supplemented by use of 2 Clrecy tiame {n the granulator and by e Hf
steem. TVA has condue ted plloteplant studier of tnis method of sranuletion.
An impressive featuyre 1t the czsentia' abescnce of fimac from the graniistor

and dryer. Typical formulations for t4o grodei are given below,

Kilograms /metric ton

of f
LU T A )

fomonium sul fate, 20.5% N e

Urea, 5% N 230 130
Ammoniun phosphate (L8.14..0) - 228
Asmonium phocphate (L75-52-C) 17 -
Single supe.phosphate, 20% Pahy 320 h80
Potassium chloride, FOf KL 23k 168

k2. The Committer of Peiiill.cr AG ociatinn of India, at the wreting in
December 1969, recommended an sil-mut effort to use exizting single super.
phosphute plantc more effectively. The foilowing detailed recownendation
vas made.
It is 1in the rational inter-s* that the sinzle cup:rphosphate
industry, wvhouse mumerons unite are disporsed nver the country and
in wvhich a subctantial amounti of capita. has been invested, should
be enabind to hrld its owr and wake A& Fall eontribation to the total
supply of phrcpnatic Fertl’iser ‘n Lhe covntry. Por this purpose

the industry suouird re blped to upgrade 1ts bacic producte by




compoundire thew wit, ke mei2d: (ot rewdoa’ss wrd Certiliisers

fol me MR, b HIOPL w L L, Wy el ph s prate, 1inemralel

phosphate, .rea, W potecsl s8its. Ldigennas research and

exprrierce abromt My Rowe tiw oornjoal fes (B ity & perduc ing

granulat.-l vich acaiy. e o ompesnd: A e 0 phe cphat. . T wabe

such prodacts ooy o wlea l, wepe iidve, 1Y 18 zeeatial Lhat e

materiais fgilred rhviogd be gl let A mec.aery, oy WPorting

thel ) L cuperpho phats mas.Port .rere a2 Ml rateg,
9. Uee of lewnily probued cingic soperptorphate Y th fu les' estent
praciical aml puredirg 'y e of uea sd e alam piv.sphaties ay o gawd
precijce for an interim or Lwger period in Lrdts [1b),
M. ladis has twn mejr farming swesors, "Rk 1" (@ry or vinter season) and
"Wartf” (vt o monsoon reascn). Cropping wd tillage prectices for Ue
two sear~ne are diffarent Q3 are *hose f fe-tillamtion. Also, there are o
veriety of zols types, 1ifferent limmtie comtitioms, sl LiNoly widely
differcat wecds for rompliote ferti'iz-rs. T lorel gramilotion plant cons
coPpt ol Ll Phe'p e’ > o o o1 e b (ndia AT P opetly lopleaented,
A major pecesaity for Dull g ieesiation wili be improvement of inlapd
trameportation ayitens apd use of - motal bares: for andl ire inteverd fotes
ia Silk.
05, Doshi gov & good detalled srent ~f the aised fertillser todustry I8
Indis In Ris bok pRideded i V /Y (13): W prdnted omt that 12 the lote
1960°s there was & total (! wore thar ¥ aieed fertiliser plamts of al}
Ypes in the pidvats i v purktive so tors,  Leation of m.8t of the plapte
€43 pt agpear to B ~'ated Loy cvers.l planalay ©f Prodertion of reveipt
Nf materials wd socen Bty fo the mahot.  Bis sarvey indlicoted thad (04

of the piants p Ay 4 .. by D WD Loss e vear, @ P, £,000 4,




1C,0M, am aly L remes. 0 OO0, A Cotrer pohotes ot thal the
equipme .’ il pooeise b i sea o piwt. e oY Ha desl cin b Lhe
Tiaee € prectees in tw Imivos ¥ ghce erl nk et tates In the late 19th
comtuly, M estaled VAt @but @ t tne 0w ulort simpae racaRl proCenses
ablng emtivel © owe a0 tamt i, by womiee nentow proecss, and
wBly Sbovt 28 5 *r 1y moctactoug proosa. Mr. Bshl oomed t make A pood
case for mre pupha.is i picpuiny 70 Lorter cpiippel and ®ore efflcient
leeai grom iut loe piants ut.ry el dRZle Supe rphorpmate and intcermediates
i lured in "o of Lho lacgy cWtaeacu ow heleg plano d, e 't o
aperetial. W sstimaiw ctetamtinlly hagter oporutin: coof. TYor prodaction
of ehamicaiiy grom. ated O- woohaflcally graulated fertliizers over the
ervle Mani-Mitilg operetione. Wwwer, Saxng intr sccount higher aalysis
d more @PTopriots qrades, detier hadlirg, WBplication, vte., he ascumed
finnl soviigs to tie fawmer afid s tier BEaurs: e 0F poud fertillaation
praxtices by uor of ‘be vellogruwmlated fertiilizer. Nie studlecs apprar to
ostahiioh & ~ d et T jroper gplication f loea! compound lertil iser
Pimats 18 Laaid ueiig lrdbtet o wime abigo el anlermodiates,

M. Br. Awn . A, 1n e Cue rErERSive dosription 2t the Mited States
Pertiliser smusty Wuad Tt » (o 17/ »f prectio s in yramistion of cale
wwl fertiiager: b Jupui, polited il maty tntewutle faets () M
roported et vis o~ s rudgtt fertiliser: Ma ri-ent.ally ~cosed v past
W yoars 1n Jagu.. a2t thet €1 cat 2% 7 Al fert) laerr are mv premier
camPuuid Tertliis . B inti sted predatim of granuler fretlligere
Wlailay dove 4.0 wMilew s ric Lo i LUB. dign-wma'yiis srates (Y98
W aores LARL Par (voml) aew grreacer markedly aim e | A0 sod v

prediom i nate .




47. Materialc commoniy uscd includ> iLne usual onec--wmmonia, amonium sul-

fate, cingle superphosphate, sSmatl amovnts of triple suporphouvhate:, and
potascium ch’oride Yo wmdhes ; ceqn $otermediate 10 aancoiam chloride
that is used In substantiial quertit’cs. Large anounts of phogphoric acid
nov ere belng uced especially an larmger plantc to produce fertilizere based
on smwonium phosphates. Special controlled-relzase orpanic nitrogen materi-
alr are being used in mixtures Lo sume extent. Most popular lov-anulysis
grades are 8-8-8 and 8-3.5, but they are declinings in impertance. Higher
enalycis grades that are taking over are based on ammonlum phoephates,
amsonium sulfate, and potassium chloride; popular ones are 1halhalh,
18-10=13, and stiil higher grades 5f 16-16-10, 12-18-18, ete., using some
ures in the asmoniam ploapbatc formalations. Although e number of plants
for complex fertilizers of amxnium phosphate and nitric phosphate types
are operated und belng buiit for production ot 60,000 to 200,000 tons per
year of the higher anulysic yrades, scveral small local granulation plants
using intermediates still arc quite widely uced. The smaller plants pro-
duce grades such as 8-8-8, B-f.9, md 09« using single superphosphate,
amonium culfate, and potas.lium chloride. Seversl producers substitute
emponium hloride for smmuaium caifate and increase grades to 9«9-9,
10-7=9, etc. A step “urther ia higher analysis vy use of moderate smountis
of ures allows production of grades, such as 10-10-7, 12-8-7, and 10-10-10,
by accepting 10 to 0% l'over production ratec in the comparatively small
regional or local granulation plants uslag recycle ratios of less than 1.
It is epparcnt tbai, in genorsl, ‘ne concept of small-to-medium sized local
or regional granniution planty produclag o variety of needed grades of final

fertilizers it an important purt of the total pattern in Japau.




Productiorn ot granutar compound fortilize-u io proctde i galte widony
in several Ceatral and Souti Amcric: a counirien, coch 2o b bombing scusdor,
Peru, Brazil, Vencziels, acd Costa Rica. Peveral years ago, the Firich pan
cranulator wac introduced, and tnis erutem prolrterated ior mochwiical mranu-
lation with moisture. In modernlzetisn programs asd new pounte, rotary drom-
type granulators, in vom: cases utilizing wmonielion, arc Leilng tastalled.
in larger complex plents, the spray drum prapululor i used qulte evteasively.
49, TVA visiltors to Scuth Americen countrivs on assignments have reported

some of the present proctices and plans for the tulure o interan reportss.

V. BULK BLENDING

History and Growih

50. A blended fertilizer moy be simply described as one corsisting of a
mechanical mixture of fertilizer materials. Bulk blendiny es referred to in
this paper is deflned as a mixing process for granalar tertillzers (s imple or

binary) in cmall plarts, that wsvally recelve thelr intermedlotes in balk and

are located very near the polnt of nse of the blended products. The practice

of bulk blending of granular fertilizers hac grown rapidly in the United
States, particulurly in the pasi dacades The rivst known practice of blend-
ing granular fertilizers wae at Davicon Chemleal Compauy plach ncar baltimore,
Maryland, in 19%. A few grades wure prodiaced ln granular form and cther
varicties were prepared by bliending base grades cuch as T-f-7 and 0-13-20 (17).
51. The practice of bulk bLlending as Lt ic krown toduy in the United States
is believed tc have originated in 11linois. Pulverized ph ophate rock for
autwan "plowing-in" wa: distributed in vehiecles equipped with limegtone

spreaders. In tne late L9l0O's, some operator: started including potassium




chloride mized with the phocphat. = K3 later emeon bl Culfate whe added to
provide RePeK grades. Four ciond roower  oo1niig b3 way be L 'laois 1A
1967. From this cmede o orart with o frsodar material., o prectice of blend.
ing granular materisic that nas prolifersted spe v iarly nes deve opod.
The very rapld growth f tnis practice ba the tmdted States bs pelnted ot
in Pigure 2 that chows the total of bulkebiending pists for yearss A\

roune ¢
CSTIMATED MUMBLR OF CNpNg
mummt

52. Information concerning the artual peduction from varlbus bulk-blending
plants 1is difficult Lo obtein., However, mcet of them oave romparat ively
small annuel production wid serve a small area. Prodw.tion mwy range frue

leAs than 1000 tani to A000 Lons per yesr, Labh the average 1r Likely to be
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QlpleT. Ay cou. & B e LN N0, Akdl i m el jmwertawa? L Dulk
Wpreadess ol cther applienti + egiipment woeily e sabotertial, Most of

the ey equipment Le profabricated W & mamber f ogulPrat panufeeturer:s
& variety of types. The t.wa. yrise L. J.ite simpir & indicwted by (W
diagrem in Figure % Typl al iy, 't irv lver mocafpt  F the ipteraedinte
gramalar mposwnts A bulk oy ralirost car or Riyeee vehi-le, storage of
fov or ceveral of Ve lrniermetinte. separdt iy ii Birs, W ighing of the granue
ler c~mpon-n'.: itu fesired propur-lors, ww mixine te b b ssential anifee.
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Ay There sre Bay varind arreigament: uf equaipment in the thousands of
plasts 'hroughou’. the Yslter! 3tates. 'No popular types of blendlng plant
legowts arv shown An Pigurcs b s %, The Clrst (Pi~. Al has a hurisontal
retery miner at ground love'. 'n & var'etion of thie geneval type, the
retary siser 1L 10 an clovated pocition that allowe dicchasge directly into
sprevder trucki., Plgire © shows & ritbon velghemixer tn an unusual but

Pparently convenlert hoexagunal !ayocui.
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FIGURE 5
BULK BLENDING PLANI USING RIBBON MIXER

BLK BLENDING 1.




55. The entire sycle of wciohlng, nixing, wud llechareiny may Y sutomated
(20). The weight of earh componen® of the bFlond Lo ponched on a card vhich
1 fed into a controd mechanism thay ie set 10 repcat the cycle for the
decired number of batehes., Cace ctarted by @8 pust. button, cperation eone
tinaes until the nilire colie irament hos bheen prepared. Timing of the warie
rnus operation. 18 overiapped, and the outpt, even with & l-ton miner, ®ay
be 15 tu 20 ‘on. per hour.

€6, Rotary mixers ar: avallable with capacity of 1 *¢ , tons per batch and
ridbon blenders 1 to b ton:, co quite birgh hourly rapacity can be obtaincd
with simple but ingenlous arrangemcnls.

87. Storage bins for the intermediate granulsr components used in the blend
may provide storage of 100 to 150 tous cach,and £ix or wmore often are
includeds Cost of @ cimply cons Lruched storaye building vith six Sims of
this size runge is reported to be nnly stout $10,000 (19:.

58. Most product blende arc tandled in bulk to the Tarm in spreader truchs
or other conveyances, but the practice of baging the finiched blends
apparently ic increas ine in some parts of tne countrye

9. The entire blending plant opceration ususlly requéires only one or WO

men who need to be only gemlskllicd. Operatlon 18 bighly ceascmal.

Problexs 1in Bulk Plending
60. bulk blending Lr o simple type of prectice and can provide unifore

sixtures in almoe. 8y des ireqa proportions. Blendc can be prepared Lo Ppro-
vide a given welght ol &, P, al K rathe, than cpecitic grises. However,
uniess propir mat rialc siv aced wd cortain practices are followed, SEETes

gation ¢con oo r ad ponaniform blends v ld be delivered and appiied to M

tarm. The f{wctors dwvolvel and precantions Lhat are nece.cary have been




thoroughly descrihed by W rfmeia.er ot ni., 31 TVA (237, Tor maln roquiree
gents are ase O rAnuiar mate. o of et ematoned CRRey O partacle Lsige
and hendling the mirt.re .fter visnulrg T ways b minimise segregatinn. it
{s quite eazy Lo “bialn 2 v P tirt o, ane of proper materiale, tut
saintaining *his ucifomity touhs Carm mme o tro o well iy lves precdue
tionc. OShepe s wenolty of "o g” e are mueh ieco Ampe ruinct factors
than perticie lze mairhly 1 obiminkme unlformiy in b.enfing. Waniling
procedures thal may chiic 8 gregatl n e Lt e (& eear. wheu ‘he
biend if aliowed o dinp wio slopire pl.ec), vibratson in hau ! 12 veRiclien,
and dallistic artion lapertcd Ly dumw Lypes ¢ _presders. The TVA recearches
4 give data W show th effes of weversl verisble: that emphasises the iapore
wamce of particle slss matebing. 3.ep ~ prooedures that can decrease SegTV-

gaticm in hadl ing s eepent t~ blendlng arc po'ated mit.

61. Seguin (. g' he .iven m tnterestiow arcount of ® Jronciman's first
ssQuaiatance vith the surprizimy, prectijce of Sulk dieading in the United
Stetes of mrics. . viiiting the United Stat s 1n 1A o stwly |iquid
fertiliser proctice, ‘v vas suipriced to find such o presalence of clending
of gremlar saterisle. M 2aid in port:

T™he progress of ball Liewding in tROL couwilry, waere path great

tportante 18 given w \he gastiom ¥ pertiruiarly dwe W0 the

foct that it 13 the meams ‘of the FRFECPE 0 bowe: the aet prire

of their fertiliger vithout 2wy involved manipuistion. A seviam

on the order of N8 is realiged.
62. T. P, Rigett of T¥A nas glvea & thor g dese ript lom of the preriises

and prodlems of ™l blending ir Rir paper t~ T Pertilioer vorlety of Lerden

‘1]). Be als: gave some cat compETir_n: that al the ¢l trdicated 10 L

209 coet advantage (7 Llemis o Framiar comyrund fertilizers de L fvered




tn the farm. buiix clardine wan posated ot an pertapo the major factor in

promoting incrvaced 1 Ptice. ¢ aoce bn o Unitod states in the 100°'c,

Iaserncdistes Osed b Jon Burding

63, Tre Interweliate. mw! mwonly usid in bulkel rnding plants in the

United States are ssmonlim nltrete, Jiammec nioam phorpoai. (i0='%-0), triple
superphoaphats, ard potassinm chloride. Lesoer amon'e of urea, eamon Luk
sulfete, graailar ~rdinary & iperphnocphate s, wd woinchooride potash sateriale
are &d. Some nitric phaoophate praet, rn s e .0 and X e1%-0, wd
SEoniud sitratc solfatc arw aede Operating vaperiente ait TVA ludies
(Z3) wove pointes out 5@ ~ombinations of EBte7iall thet are incompatidle
and shoild be svoldrd. Theoe taclude wrea vith unammonisted supe rphosphste
sad, of couree, urt ¢i'n o onbm nitrete, Becondary and aicronutriosts
ean be pron ded suirtably s ik hlends, bt there are some proviens that
Rave been outlined by Giiverbery ot al. (RR): Pquipmrst wiwd for \remsport

of the imtermediates \r Wil must heep the saterial dry and e id pililage.

6h, Althragh bR viending has Lor resas.d sgertaculariy in \be tnited Poleoe
ol nv erceiats for 2 large part At the total fimdriwsd feriilbzets, this
prastice Pas mt been v.T) wit iy slhopted a0 far b othe aaatrirs. Cunnl®
whes thir system g itc extencively (Z'e Thre is Lisitee proetice of RIS
comrept An the hited Kingdm wd tr Brezl: sl other B ta Aprrican ~OmAriot
Srversl Pirndine | imats were B dlboAn tiw: Caritbean acrca. Oty developing
countriee inluding India anl Phal . mwd spparonlly Afe rmivet ing pronpretd
for Lisnding arsl . 8» are cajerimenting vith it fu et loat e L amited vy,

Is Eovea, moni® phvsphate vl polash ere cograca et | apd sdd it bonal

pitroges A provid- | oy el milug with prillcd 7@




4. Ir ono Litkeblerdie tosAblon ir crecLmed, o anzoaw o tput of aboat
15,000 Lor o o dodee o b 17w e . e s f e simle wiie
located paant. Plant s ivopre are 100 adc va are Lhe wwtpul for \hie
singlie plant to k0,000 to 50,000 Wond Do yeare T Lingiv boretiom with
shipment cf tinisted » el v oWl pmer AL S amer T T LT weud

2 miles ‘MG Em) maximow Lr o twe a4 Siaboo e il A apm after &
logistical sty 4 an alt mattse of chree Lxaldone. ™ sanager bdi-
cated that sbiilty '~ prepers plast oo ®ixtam 8 ary proportions, end
particularly cpecini ¢ wiee Lortabning s eoontary st orlorongtriente, 8P
primery reasomé of Lls sur ook Ottt 5,00 toss glve: A it
favorsble ecomrmic mtlook, am MO, (VD Lons ur WY certainly wouild be @
prise enmmple of \ov Pital lavostarnt and operating ~uets. The fature of
this vemture cortalaly vii! pe [nilowed wilh taterest,

66, 14 1° drwdbtfel et & combimmsion T facturs shat i=d to the pagpelarily
and repit g2 WAk of wulk bicndug In the Wited Stater will be repueted to
his evieat ¢ ther coumtrles. Wwever, this sysiom vith itr classical
ofagtability ‘o *he ~omept of 0oL Wating the temi-al proressing a
hands of prime producers, ard 3Pl iTyeng Us fiaai fertiliser preparedion
with ot temdamt flewibillty wa ecommy of F lerrding plasts, ertainly will
be taden 1ntn sccoua’. T o Miendlag ogeTatiiR F ARG Insermed ot o ¢l iniastos

cne steP i the marfetlyy : il m W the ~mperse 1 barging wamen 1y 18

avelded .

V1. LIGD MIKFD MeTlLILE PRUYI'SD

re nf Py v cthin
£7. Perhaps e best ccmmp o o f the ol Be comecpt Af use of irtermsdistes

tr stmpie inral plamt. o preparmtion the [inmi mined Tortiilcers is




et > prod . taor f L fabd o TH Liguat o fiilacr ceymeat LT the imdat >y
i the afir, State - sered os' oatarsty on probe b e £ intermed ftes
Ly large peobacers ant tripment f thece ‘o smal! plants 7.2 Ve fisel ~oB-
prasding of mised grados.  Like Lulsebicmbing plac's, 'hese mtiets ferve 8
1imited aree. Thr ar di-fere: patterss of aerchip.  Ir rome cates the
el paamtc are Tered 1y 8 g grismte F on perative reantisation Lhet
proguces a 1oy part OF the inte redintes .sed. ir ather cases the amil
Iigeid plants are indcperdentiy owned o Sopoad n perchase of 81l 'helr
matorials fre nual~ilia'rd cmparies. Tw | bpid v fn-turer caunl ty
coumbine. Bam.fa ture mx! retall wales, ad bn many cases provides ke ogudpe
aset for and serviv of mppiicetion of the fertiliser fur the farters.

8. The prafur ' ier of |igeid sined fertilisers in the Ualted States hae
larveased Jiite rapidly. The estimats of 2.9 willice mirie tens of |iquid
oined grades L (PO O (that irely ja onservative) vas shou! 129 of oll
campouet Tertilisery. FPigure © shaws the rapid growih is msber of Liquid
fortiiiser plants Siring the past Secade (|8). The approsisately 20 plents
cpereting in LY70 reprveent wn oo tive, ageressive, and dynnic segumot of
the frrilliser indistry. Bome have :sa)d LWt the atmcsphere ot & naticedl
mveting of Lig.id fertiliser muufarturers io sclevast 1ihe thet ot
ovangel istis mligious crasade. During the past 2 to 3 years, tbe 1iquid
tallustry he: remained qiite vishie, apd BAGL] O tuless appear o have prose

pored w=1l in 4 greerall; Geprecsed citustion for the imdnstry & & vhole.
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W’ LIBVD PERTILISEN
B W7 STre

9. Ligid fertiliesrs & waiiy Mavr been srouwd therngiuet the entime
RASVery of the taluetry. T wee ~f 1ig+id orgenie Varies & mirisst fur
erepe @eos fur dark Lo sariiest Mistnry. Oame of ‘he firet pregared
Cortil laers vere aetusily \bquids or slurriec. 12 1800 Lisbig (Jf) wwte!
The et cany @l prectical ende of effreting their divisien 48
0 pour over L» Yomes, 1A 8 200t of fim powder, Malf Uwir
woigt of sulphuric acid dilated with 3 or b parts of voter, el
after thay have digested for sametine, to adf 100 parts of weler,
and sprishle the mixture ~ver the fleld bl .re the plogh.
0. 1u sofern timrs, liguid ferciliscr manufectur- iu the Unit~d SRetes

started o8 carly as 1925 L California (2]). The prectice grow slowly wmtil




48

the aiddls 190's when it spread 110 the Midwest and Southwest. HNov pro-
guction of 'iquidc is oigrificant 1. esrentiolily all parts of the country.
7i. Methods and eguiipwrnt are oixpile, plant investment 1is low, and it ls
comparatively cusy ' &2 Wb the Luoiness. A largn-scale operation is not
Mo eseary {nr A w1 resr il yrnture. Annua: prodction from & cirgle plant
any renge from iecs thes P00 tons to v much a8 29,000 tons in a fev large
piasts. T sveras- plon? iikely wili produce 2000 to OO0 tcns per year.
As 15 the case with buin blenders, ‘he 1iquid manufecturer ofteu has suppie-
asetary sideline busines. a.tivities in LArm s=ivice.
72. T. P. Rignett, ia his Gixth Frircls Nev Mworial Lecture (28), gsve &
good essesement of wlrantages for liquids.

Liguid ferti.isers are dependab |y free-fioving. ‘hey are vell

esdagted to hamdiing and applicstion by mechenized, labor-saving

aethods. Precisc wetering s placement and uniform distribution

are easier vith Lig ids than vith solids. Liguids are homogeneous,

free from dusiimess or caking., and snaffected bv hygroscoplcity.

They are fully water scinhis. With Viquide, there are ro sacks

to 1ift, open, and dispoce Of; there if little delay in refilling

agplicators. Liquid fertil iss'.ion may be combined with irrigation

or with agplicatlon of herbicldes or pesticides.
$a efdition, the samifactore of liquids involves l1ittle or rno prodblems of
pollution of air or vater as (ar a8 the fina: production units are concerned.
Moet of these prodlems are shifted to the besic production complexss where
\he intermedistes ase produced and vhere sucn problemc can be more adequately

copad vith. As has been puinted out cariler, dost and fume problems are

sajor econcerts in most granulation plants. Lossec can be essentially
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nonexistent in liquid manufacture. Oontro! of chemiral composition 1is
easier--in N-P liquids such as 10-74=0 ov Li=;1=0, ~1lmply through measure-
ments of specific gravity, temperature, and pii. Pumps, piping, storagc
tanke, end feed tarkc usually are lesg ~ostly and more converlent than
equipment tor handiing, conveying, and storcins of woildo.
7%, This is an lupressive llct of edvontages, and 1t 1o quite easy to
accept another statement of Mr. Hignett in hioc Sixth Frannis New Memcrial
Lecture (28).

In my opinion, liquids wili become an importent, perhap: a

dominant form of fertiliser in many countries in Lhe future.

However, there are reasons why the (rovth is likely to be clow.
He goes on to point out that the nature and establiched patierns of produc-
tion in somc countries will tend to deter liquids as will lack of supmnly of
some key intermediates.
4. The main dicedveatages of iLiquids are the lower analysic of K-P-K grades
than for granular fertilizers or bulk blends, and the usually higher price
for the phosphate and potash components. Maximum clear liquid grades are
9-9-9 and 8-16-8 due largely to limited solubility of potassium chloride,
the lovest cost and moit widely used sourte of potach. The problem of lower
grade of E-P-X compound 1iguids is being nverrome by production of suspen-
sions (29, 30) th.t can be prepared in grades as high as 15-15-15 and
12-24-12. £/ large part of che Flant food ic held in the fluid es small sus-
pended crystals; therofore, solubility is not s controiling factor. Specinl
types of clay sre used os cuspsnding agents. Productioa of suspensions i
groving steadily despite some greater precautions required in handl ing, store
age, and spplicetion. Increased production of suitable phosphatic intcrmedi.

ates ir tending to lower formulation cost for clear l1iquids and cuspensione.
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Igteruediutes Used in Liguid
Pertilizer Manufacture

75. The principal ln*ermediates ased Lu production of mized 1iquid fertil-
{zers are phosphoric aclds and asmoniuw phosphates (ortho sad polyphrs-
phates), urea - amnonium nitrate soluticn, f1lly solubie (viiite] potassium
chloride, and roiid urea. The phocpbate materials mag be suppiled ar 10w 340
or 11-37-0 ssmonium polyphcsphate colution or &8 nerchant-grade (4% PoOy)
ortho and superphosphoric aclids (72-70€ PgOg). TVA has deveioped and wede
available s granular ssmonium polyphocphate (15-60-0) that has deen woll
received as an intermrdiate in demonstration programs vits the industry (1))
7. 1n the past, there has not been & fully adequate supply of good quality
phosphatic materials. This situation is bdeing remedied by improved tech-
pology and increaced production capecity, particularly for wet.process upere
phosphoric acid and 10= 34=0 solution. Mlyphosphetes, developed and pio-
neered by TVA and carried W0 commercial importamce by the iadustiry, have Yool

s Rey factor in grovth of liquidse ().

T1. The principal types of liquid or Juspensioa fertilizer plants are 0o
cold-mix and hotesls operations. Another hybrid variety sometises is
referred to a8 the "seml hot-wis” type. F. P. Achore hes given & rether
compredensive description of these types of plemts snd their cperetiag
practices (33).

78. The hot-six type plant mmcnistes superphosphorie arid or nistures of

superphosphoric acid aad iower cnst merchant-grede arthophoeptoris wets

proceos arid. Euch plante may preparc finished B-P.K grebes or 10- 30




for shipment * he b h el e maumy wite thor smbocisle Yo
prepare the [iri! #rwdh ~.

9. Coid-@ia piav: M i Tiewd riwdei Ln 6 SLAp.e feshion by physieal
sixing of figald cteowe tin Wil o clath o oy s rpecka of snidde,
They Qre simpler O o g bpres irv tmert 17 weer  Lewe L o mp@catively
large requiremn: 7 ihrg v gt F atarls plants L At neebed, A

dlagrem of & tyvl a. o ldemir pomt L show i Figare /.
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80. otal inw-ctmat i o v oAx Fegiid fertiils 7 nanfmtarer N Doon
regoried % oot $n O, ™. total Tewe Wment is 8 eqialiy 4dividnd

aeag Mildings end § aat ~ i t, L Lorage tmahs Tor lBtsroelishes and




prodacti, &l wur-€ LAmkE ana apy b o bon cquimeent (). investment for the
sapfastring pleant &l o ayy -a

- o001 $50,000 ToF coldemix and
$%0,000 to 0,000 Tor hoter (x cpers Las.

Bi. The siepiest Bethni oo @ | ¢ that haw beom raiorred e, @6 the
"rertdlizrr TLilAWerlutic " comrept  since Operstion 1z scewwhal |1lke goso-
Aae relall utltt Blatiuai,.

i & “~lewl Hperation for cnopens fons, the

egipment At 2D 't Pl o sunet vs sieply of atormgs tankn of wode rate

capar ity o1 10%Lmmdiater ook as i0e40-0 poisphosphate &d te15-30 potash-
’ %, A1 rer o aondin nitrate solution.

T Y oS




The samc type of operation 1 & ites e for lear iiyalds. In the very simple

operation, the tngredient,  are metered to ad wivd direct ly in the farver's

purse tank. Simple air sparging is used ¢cr mining. MNerbicides and micro-

nutrients have been included in s.&penslon pixtores preparca in tule <ay.

ctice ip Countries Other Than
the United Stat:s

682. Reports the past fuw years show that liguil fertilicers are Luecoming

quite popular in the United Kinrdom. Production by abtout 14 conpanies 1s
reportad to have toteled about 200,000 metrle tons nf nutrients, or slightiy
mors than 3$ of the total plaat food conuumpticn in 19/0. Sumewhat differ-
ent materisls sl techaique are used and some unique and economical
expedients for storage have been employed.

83. Liquid fertilizer production slso is & groving practice in Fraace and
Pelgium. Folyphosphate materials are aced contlideraply in both countries.
It is estimated that more than k00,000 metric tous of 13quid fertilizers
was consumed in France in 1970.

84, T. P. Hignett in hlc peper, "Tiquid Par’

dbution,” at this meeting points out that future prospects for Liquids in
developing countries ghould not be amderest imated., Ne stresses the wany
potential advaniages that may be expected to compel the imdustry to over-
come problems in uee of this sys’-a in the longer term. We predicts that
ultimately liquids 1ikcly will became . major part of LAl rompound

fertiligzers for the world.
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VII. ANAKRTAGFS (R LOGISTICS AND FOONOMICS
Fou il OMALL TOCALL LANY UNCATY

85. The previour discussinn has o :tlined + number ¢ potentisl advantager
for preparation of final compound lertilizers in local plants, Theec msdvan-
tagec have Scen demonstrated In the United (tates and some nther countries.
There should be potential for griater appiication of thic type system at
other locations, including developing countries in which the fertilizer
industry 1is being planned or cnwrelog.

8. T™e Alagrams in Plpoure f; shov a comparicson of patterns of the produce

tion, distridution, and marketing syctem for granular compound fertilisers

Wby Cont
o0k Ao Matertem ¢ Protge o v O *00 e o S @ - 40000

.

POR SRANVLAR CONPOUND FERTILIZENS

Coot: Bow Mutevints ¢+ Preight + Gulb Qlanding + Galve © 98 - §18
$3-00 W3-00

POR DULK-BLENDED FERTIZENS

FIGURE 9
COMPARISON OF PRODUCTION AND DISTRIDUTION CHANNEL S




and Lulk dlends. Ore step poneraliy ic climinmted, with polontial cavines
for the bulk-blending prectice.  FLiquid fortitizer. follow a cirdlar pattern
to that of bulk biending. T[he couveulence, flexibility, and economy thet
are afforded have been major factcrs in the rapld growth of thece practices
in the Unitcd Btates and some other countries.

87. Although granular compound fertilizer production 18 not so ideally
suited to the systsm of small locai planis, the at-least regionsl plant
concept using intcrmediater ic widely used. It has been shown Lhat very
simple and inexpensive local ‘rranulation plants, by using certain formula=
tions, could function quite effectively and economicully. Tacy would serve
8 limited area and could climinate a full step in the production ad market-
ing pattern (35). This is shown in the diagram of Pigure 10.

l"

FISURE 10
GRANULATION - BULK NHANDLING MARKETING SYSTEM
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Rrhap. we snall see more practice uf the c.orept of lural plants using

sultable and economical intermdistes, This syt.em pypeare o of fepr best

prospeets for providing farmers the varietics of fertiiisers lihely to Mo

needed fur effoctive and cconomlicsl tertilization praciicea,
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