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IN\'ESTTG:\'fIO\"S TO L'.SE UW-GRADE ROCK PllOSPH:\TES FRC1'I :n:ssuu!\. l E 

ROCK PHOSPHATE m~POS ITS rN l \[) L\ 
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Pi I ~~-~l ~n ~=~c~_l_t~_~;:i_~i ~l_!_l__y__.-\c_ i 1!11 l ;i ty_•I 

Pho_sr!i-'~~--fi()_c!_ ( P:\~L~tudi ,.~ 

Summa rv 
---~--~-

The production of partially acidulatt>d phnsph.ite l"<)Ck lf',\Pf:) 11sin~ 

ground run-of-mine lRml) Mussoorie rock h.is beell illV('Sti~atcd liy IFDl: ill pll·•l-

plant scale. A •onccptua] process tlov-· schcmP had l>f'en d"vcl<']Wd durill~ •»!rlit'r' 

bench-scale research. 

Single-step acid11Lltion/gr.rnulatio11 lSS,\Gi uf '.'lu:;suorie !\•.1'.I r•ick •.>itli 

a blend of phJsphoric and sulfuric dcids to pniduce d pniduct collt.1illlll.S.: .!lJ<1tJL 

18/., by h'eight ot P
2

o
5

--app1oximc1tely 40";, of 1-·hid1 i:.; 1-..1t,·r sol1d>l1·--r 1.·:>i1lt1·d trl 

a weak product (crushing strength of U.4 kg/:.'..h-111111 .c:1·;rn1iJ,·, L'•;11i\·.d,·r1l l1• 

7 kg/cm2 ) duP to impurities pre:.;t>nt ill lhc <HI'. \o d1ttic·:ilit·:.; '.·•'!"" •'fl<"tlll-

tercd in using Mussoorie co11cPnlr.•le i.•1 t'1•· SS,\l; pr«H't•ss 

product for a period of about:.!. 1,·et'ks cu[!SJder;1bly i1npn1'v"t'd the qtL1lit:: <Jt llll' 

fertilizer (cr11shing strcnglh i<1cre;1scd ~u about l.4:J l:g/:..'.tr1m11 <r.1!lldt·, 0 1r1i-
'> 

valPnt to 27 kg/cm~). The SS:\G prod11ctioll uf p,\l'ti 11:;1r1)..: '.1!1.-;:;fJurit' t'<Jck .rnd ;1 

blend o::- acids rcr1uires close sllp('rvision, p.irlicul.1rly llw gr.rn1!L.1l1un lnntrol 

parameters. A high f•·pe-acid conl,.nt ,if Lhl' prrJdLJ(. c11:.d1.ir.l.'.t'd fr<)lll lhl' g1·.rn11-

lator (even if only for a short pf'riud) rt·o;ulls ill hl1Hk.1gc· ut lh,· scrc•·w;, 

chutes, and chairl mill. 

tcmperaltirf' and the frf'('-;1c1•! n>ntf'nt id the prod11ct.--i:; .1 rlt'cc·:;c;ily. 

In conlr.ist, thl' prr1d11llion of r•:n-ot-pil<' ;1;1l1') [',\Pl< 11sirlg 1.;1n 

Mussoor i e orP r('s11 l Ll'd in .i pn,,f11ct L h.it <011 l ii ht· t r.1:1:;p·, t'l ,·d t'dS i. l y .111d .1 ! I <>1>t·d 

pile curing. 

7 to 1), stl'arn gr:i1111lali<•rI •>t lht' c11rTd WJ!' prod11cl r1·:;11lt:; in 1 111on· 1·,·nno1ni1·;1J 

pl<lf1l opcr;ilion. 

the significant 1 y f'dS ier procf's:; ''f>er;1li011s. Th11s, l ti 1 :; I i rl.1 I rl'Jl'J rt n·cun111w11.!:; 
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the installation of an ROP PAPR plant and describes the e<1uipmt>nt for gr:rnuLltin.g 

the ROP PAPR if PPCL decides that gran11lation is economically feasible. ROP PAPR 

is made from ROM Mussoorie rock using a mixture of sulfta-ic .1nd phosphoric ;,icids. 

PPCL will investigate the most economical acid combinat~on. 

Introduction 

Much of India's fertilizer phosphate is impoi-tc'd due to th•· sm.dl 

amount of high-grade phosphate ores indigenous to the co1rntry. The dr.1in <Jll 

India's foreign exchange resources created by these imports can be JLii-ti.il ly 

alleviated if •,.;ays are found to process the available lo\..'t'r gr:1de o~es. iirtL' 

such ore is found in the Mussoorie ;irea (State of Ltt.1r Pr:1desh) .it lhf' toothtils 

of the Himalaya Mountains. As shown in Table 1 this ore is high 111 c1rh1rn.1tcs, 

silica, and other gangue materials. Pyrites, Phosph.1tf's ~{ Chcmicils Ltd. (!'!'(:Li. 

a Government of India undertaking, is presently mining, cn1sh1ng, ;ind grinding 

this rock for use as a direct-application phosphate fertilizer- on .1cid soils. 

The dustiness and dif:°icul tics in transpo1-t.1tion, and thus the inherl'nl lu:"St'<; 

that result in unfavorable response from tht• tanners, pru111pted f'f'CL lo st•.1rd1 

for alternative processing techniques that 1»011ld :1ro\·1dP .i mnrt' accq1t..d1le lonn 

of fertilizer. Also, they \o:antPd a pruduct that v.-011Jd ilt' .1grorwm1~·;1Lly .1t·1.:t·11t-

able on alkaline soils. 

In Janu:iry 1983 IFDC bf'gan .,.·ork on a p:-ojcct to pt'rform lahor:itury-

scale evaluatinn of minigranulation and p<irtial acid1d.1tion processes using 

phosphate rock from tlw Mussoorie :irea. As an extension of this project (UN[OO 

Contract No. 82/99; Project No. DP/I~D/81/019; ancl IFDC (ontract 0051~/83), IFDC 

conducted pilot-plant tests during September 1985 toll) co'lfirm laboratory t1'st 

results and (2) serve as a basis for defining cquipnwnt spf'dfications fen the 

demonstration plant to be built in [ndia. A draft fin.ii rqwrt 1,·;is submitted in 

November 1985. 

Minigran11L1lio11 prod11c1·:.; smal I gr.Hrnlt'S from J11wly ground phosplt.1lc 

r o c k w i thou t a n y ch c rn i c :i I p rrw l' s ~; i 11 g u tl II' r t h a n l hf' .1 d. I i t i n n o f .1 s 11 i t ;i I> lt

binder to impart s l rt'11gl h l() t hf' i'.L11111l1~s. The PAI'!\ !1 rol ··ss 11:;1·s a port i n11 11 t 

thl' sulfuric or phosphoric .icid riunn:illy requir('d to t11ll\· 1c1dul.1tl' pho:;pl1;ilt' 

r~Jck to :;inglf' s11pc·rphosph.1tt' (SSP) or triple supf'rphn:;ph:itt· (TS!') ;1wl yi,,Jds .i 



material that conL1ins ;1 mixture nt h·~1ter-soluble, ncut.ral .Jrnmonium citr-llt'

soluble, and insoluble P
2
o

5
. 1 Tiu:· n·sults from tlw h·or>~ perfunned under tht• 

ficst part of this contract 1-·erc reported to VHDO in tb<' Fi11,d Ted1:10lc·:~y 

Report in June 1985 C.U- These n·sults sho1,· that \>hen opt•r:iting 1,.;jtL gnnind Rt:i'-1 

ore in laboratory scale, both processes .1re lcchnic1ll\· lt•,1sihlt•, alL10•1..:;t1 t!lt' 

granule strength of the P.:\PR pri1d11ct 1-:as !oh· 1dwn 1i,;ed i!l the SS:\l; pn•ct·ss. The 

strongest product was obtained •.;hen :1ciduL1tion 1,·as C.Jt·ricd out in t'.:o steps. 

The first step decomposes some of the c1lcitt' prt:>st•nt .. u1d the sel·•.•nd :;tt·p 

mainly attacks the rock and forms P.:\PI{ gr:rnult•s. 

phosphate concentrates (one prepared at IFDC by attrition scrubbing tht• m.1tt·ri.d 

h·ith 5"/., HN0
3 

and the other one prepared liv Sa Li lnterr1<1t ion.i 1, Sv·.,den l :·dl<>\·:t•d 

the concentr;1tes to be suitable r:11,· m,1tcri,lls for thl' pr1>ducti,-,a ,J! i'.\i'I< ti\· th·· 

SS:\G proc(':;s. 

On the basis of the prelimin:1ry l:1boralory-sl·:ilc rt>s11lt:;, .1 c1:ncqittL1i 

estimates i..:ere give11 for Lhe haltery-li1111ts process v•111q•rnent (;! .1 11 il,,L t'l.1r1L 

th..it coul<l ht:> useo by PPCL for opt irniz.1l inn studies ut this pr<Kt•:;s. 

laboratory-scale oprr:1tion h.id been 1)('rfurrrwd. 

pilot plants) V.".1s performed to confirm tlw dtsign 111lk,1g1· prest'llLt«! .it lilt• 1·r1.i 

of the first phasr. 

It is the purpose of this report to CO!lV<'Y th1 1 irdurtt!.!lio!i oht.11rn·d 

d11ri!lg the pilot plant-sea](• opcr;1tinll .rnd l(J 1q1d.1t1• tht· dt·sigll p.itl:.1gt• :,o th.it ;i 

PAPR plant m;iy he procurer! hy f'l'CL. 

du r i n g J :Hu: a r y '2.. 7 - 2 r) , I <J 8 (, , t o r i fl :1 I i z c p I ; 111 t opt· r ;i t i nc: ·, p t 1 ' 1 !I s . 1 ll d t '> rt· v 1 s , · t tit· 

all v.·ork to he pt'fornwd 11:1<!('r U~f!)O C1rntr.1rt :;o. E:.'./<l·i; l'rnj('cl \o. IJl';l\!J/i-;J/01'1. 

1. ln this 
Association 
sol11hlc :ind 
P2 0;,. 

rf'pnrt 1w11t1-.il .1nm1r>ni111n •·itr;1lt·-sol11hl<· f':.:ll:. i:; d·,t1·rmirwd l1y thr· 
of Clffici.il :\n;ilyt1c;1l U11·mi•;t:; (:\(Ji\C) pron·d11n•; tlw : .. 11111 ol >·:.1tt•r 

rw11tro1l .1•11tr1<>llltl11I citrate-sol1il1l1· l':.-!l;, i•; n•f!•rr1·d lo .1s ''.1v.11l.H1l«" 
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Following more laburatory-sclle tests designed to determ111c lhc best 

arrangement for adding acid, t1>0 test nms 1..;ere perfllrmed in the IFDC gr<:nulation 

pilot plant based ('n the SSAG procPss using ROM ore. During these tests a total 

of 8 mt of PA.PR was produced du1·ing a tot;1l operating p::>riod oi 36 h ,1t ;111 

average production rale of 350 kg/h. !'he numi.Jer and duL.ition of thcst' t.t'sts 

were limited by the small amount of ~l11ssooric 1·ock avJi L1blc at rFDC .\ dL·scr·ip

tion of the IFDC granulation pilot plant follows. 

SSAG Process Description 

in both SSM~ tests ~lussoorie Rm! phosphate ore, ground to l~i'·:, 1i.1ssing 

a 0.075-mm opening screen (Table 2), was fed to a pug mill using :1 sc-rt",.·-type 

feeder. The feed rate 1•as control lt>d by adjusting the rot:ilion;d spc('d •)t tht' 

screi..". 

Sulfuric acid 1.·as fed into the pug mill to prt'c1ciduL1tc :ind decompose 

part of the calcite to obt1in stronger granular inateri.d. This ;1c1d (')l.J'', 

H
2
so

4
) was fed from a storage tank under air pre:'s11rc, metered by c1 magnetic 

floi..·meter, and dribbled into the fcpd end of the pug mdl inm1e<l1.1tf'ly .iiw:id ot 

the phosphate rock feed. The sulfuric acid feed rate >-:.is adi11stcd mdnu,dLy. 

The pug mill was 20 cm i..·ide, bl cm },mg, :11:1! ·w cm high, iriclu,ling 

head room for disengagement of gases, and 1;.1s eq11ippcd 1-:ith t·.,o hc1rtZ••nLil. 

variable-speed sh.1fts. The shaft:~ were fitted 1,.;;ll: Jb intc·rmt>shing l'ypc 3!(il. 

stainless steel paddles (18 on each shaft) "·hich 1,>crc J•J mm long, 2"> mm "' ide, 

and 3 mm thick with a 45° fori..·ard pitch Lo obtain the desired materi.d depth .rnd 

turbulence. Thf' tip-to-tip diameter of each shaft, inc!tlfling paddles, 1».1s 

100 mm; the cl~arance bet\·;ecn thf' paddles and the bottom of the p11g 111; 11 housing 

was about 12 mm. The rotation of the shatts (o'.le clock'.,ise, the othc1· co1111te..-

clockwise) was such that fcrti I izer mCJteri.ll i..·;is 1 i ft:>d .dong the center Ji ne ot 

the pug mill. The rotational speed of the sh:dts i..·:1s 400 rpm, i..·hic!; is 1'q11iv;1-

lent to a paddle tip s1wPd of 2.i m/s. The material disd1arg•·d frc•m tht> pug 

mill and flowed by gr:1vily into llH' dn1111 granuL1tor. 

The dn1m gran11];itor i..·as 92 cm in cliamf'ler (intl'rn:1J) hy 181 mt ll•ng 

and di·Jided into a granuLit ing section ( 120 cm 1011;.;) ()I! tilt' frl'd t•11d fol ln1-.·cd i>y 

a smooth section (61 cm long) on the di<;chargP t•nd. The~;" :.;t•ctions \..'Crt' scp:1rat1·d 

by a ret.Jrning ring (U cm high) lo rn:iint.1i11 a hntd11p of :tlio11l JO'; kg in th<' 

grMrnL1ting section. The rf'tf'ntion time in lht' gr:ir1t1l.1Li11g ;,cclinri r)f the drt1111 

granulator v.1r1crl bcl\..'f't•n 2.0 and ·L4 min, dqwndir:g 011 thf' prod11clion r.itP :ind 
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the recycle-to-product ratio. The drum, h'hich was located 1,-ith its lungitudinal 

axis at an angle of 2° from horizonLll (sloping toward the disd1:ir.ge t>ndj, v..·as 

roL1Led at 18 rpm. This is e<1uivalent to about 41~~ of the crilicd spet•d for· ,1 

drum of this diameter. 

The undersize material and a portion of the product-size rn.1Lt·t·i;1l from 

the product sizing step (screening and crushing, <lescribf'd Liter) 1"ere fed into 

the drum granulator by a separate system. The feed cite ot this recycle matcri;1l 

varied, depending upon the process conditions. The plwsphoric :1cid l.1s rc•p1ired 

hy the formulation), saturated steam l100"-150°C), .rnd h·.1ter h't:re .i[:.;n ted i11to 

the granulator when ~equired to control granulatio11. Ct•11tr:d Floi·id.i pltusphoric 

acid (54% P
2
o

5
) was used for all tests (T;ible 1). :\ cenlrifug;d p11mp .11~d a 

magnetic flo1.ineter 1\ere used to introduce the <Jcid inl<) the gram1l.1tor ,1bn11t 

31 cr.i from the feed end of the drum. 
1R1 

opening nozzle (Jae Air Atomizer') onto the bt·d of i·o!ling granulating m:iter·iil. 

The steam and the water v..·ere introduced into the grarrnlJtor thro11.d1 ;i pt·1-fur.1ll'<l 

stationary sparger (a 92-cm pipP v..•ith lJ equally spact'<l :3-mm lwll's J inscrtt'ci 1mdt•r 

the rolling bed of granulating material ,1bout 7 cm from the Y.·a!l rd the drll111. 

The off-gases from the pug 111ill and the drum gr;u111!.1Lo1· •,;ere d1 n·l·Lf·,· 

by induced draft into a reinforced poly2stt'1· vt•nturi-Lype scrutd>t'r 11s1n<; .1 

Type 3161 stainless st•·el fan located .1l tlu' ~:;lnil.t;"r 11iscl11rg('. 

v.·as used to remove acid fumes and dust trr>111 L,he cxh.111:;t .g.ises lwto(t' n·[, .. 1:,ing 

them into the atmosphere. ,\ Type 3 1 b L s t :i i n I e s s s t n, l l ,lll k 1;-, 1 s 11 s e d . 1 s .i rt· c 1 c -

cu]ation tank for the scrubbing process. 

concentration in the recirculation lank. \o attempt \,;is nndl' lo rt.·cnvcr the 

absorbed gases, fumes, or dust, nor t.o dett>rminc thc t':~tt·nt .-,f co11t.imir1.itior: or 

lo~ses from the pug mi 11 or rlrum gr;muL1toi-. 

The moist, plastic materi.il from the gr.11111!.itor v..·:1s ,;js(h;1rgt•d by 

gravity into a rotary dryPr. The rotary dryer (92 cm in diameter .ir1d 7rn cm 

long) was operated v.·ith ;i cocurrerit 1]0Y.' of .iir tl1;1t 1·:.1s lw.itt'd in ;i prop.1rw

fired comhustion lhamher loc1led at the iril1·l (m:iler·i;il ft'ed end) uf t!ll' dn·t·r. 

ThP operating tempt•r;1ture of thl' dryer ',·:.is controllt'<i rllclir~·clly hy c"r1lrollir1g 

t.hc temperaturP of lhP air 111 the dryer clisd1.Jrge hrt't'l·hir1g with .111tri111.1l1c 

adjustments of the amount of prop.Ill<' hurnl'd. 

located i ,1 the pnlcess ;ii r d11t t h1·t1>.·een the dr·yer di :;l'11;1r,1.~t· .1nd lhc (':<l1;i11:;t f .111. 

The flow of air through th(' dryer w;is nJ(';1s11red ii!ld contrnl It"! 11:;1ng .111 •>rificl'-

type t l ov.·1111: te r a!ld d<1r.lfH' r in the ex ha us l st ;ic k. Thi' clrv1·r 1,-;is 11·;11.it !y op('r;it('d 



at a rotational speed of 7 rpm, an airflow rate of 3,800-4.000 m
3
;h (meast!n'd at 

outlet conditions), and an air tempPrature which ranged from 110° to 125
8

C (dryer 

outlet). Under these conditions the superficial velocitv of the air titro11gh thP 

dryer was about 1.6 m/s (outlet conditions). 

A centrifugal discharge-type bucket elev3tor 1,.;as used to ti·ausfcr the 

material from the dryer to 1 double-deck, mechanically vibr;1ted (unb,11.rnn·d 
') 

fly.,.,·heel) screen with a screening area per deck e•1ual to 1.6 m~. The screen 
R• 

was fitted ...-ith Ty-rod~ oversize and undersize sieves. Tht:> screening \,·,1s du.it• 

using 2.36- and 1.18-mm openings during the first test run .rnd 4.7-:i- .rnd l.~-n·m 

openings during the second test run. Oversize material from the screen 1,,-.1s 

routed to a single-shaft chain mill. The material discharged from the ch.1in 

mill .,.,·as returned to the screen. The undcrsize mater-ial and ;1 controllt•d tr;H·tiun 

of the product wer~ returned (recycled) to the granuL1tor ;1L·cord1ng to thP 

requirements of the granulation operation. 

The material handling equipment for the recycle system cr.Jnsisted of c1 

horizontal drag conveyor, a small (0.4-m)) live-bottom singe bin, d positivf' 

discharge-type bucket elevator, and an inclined drag-type t Ligi1t conveyor. In 

all tests the live-bottom surge bin t,.,·;1s operated i.n an uvcrfloh· 111,ide so th;1t rw 

rccyc le surge capacity was ac tuc1 I l y used. 

The pi lot plant 1,,·as c1111ippt>d v.·ith a fugitive dust col lt'l-tio11 systt·rn. 

This system consisted of zi net1\or·k of pickup ducts conm·ctcd tu .i li.ig-typl' rlw;t 

collector. The dust collector 1·:as fitted t,.,·ith polyester filtt•r hags. ,\ ct·ntri

tugal fan ext>auste<~ the filtP1·ed air i.nto the atmosphere. 

Except for the pug mill pziddles and the venturi scrubber, its rccircll

lation tank, and its exhaust fan (materials of construction have a I rc;1dy lwcn 

mentioned), other process equipment components werC' made from milt! steel coated 

on the outside with a zinc-epoxy corrosion-resist;rnt m;1teri;.d. The interior of 

the process equipment was not coated. 

The portion of product-sizl'd material not rct11r·ncd t;> the gra11ulatnr 

as recyclP was ro11ted out of the plant by a belt conveynr h'i thout further proc('s-

sing, cooling, or conditioning. [ t was co I If' c t t' d i n I - mt c ;i p .i c i. t y po rt .1 b l e b i n s . 

RPprcs('ntativc samples of the product from Pach test Y.'1'1t' l'V:tlllalcd in IFDC 

laboratories to dC'tcrmine chemical an;ilyses, physical propt>r·til's, ;ind storagP 

and handling propr.rtit:>s. 
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SS~G-PAPR Results 

T1;·0 tests were completed in the IFDC granuL1tiu11 pilot pLmt '.·:ith 

ground ROM Mussoorie rock in the SS:\G process using .1 m1:.;ed ;1cid-b;1sed ( '.!:\B) 

PAPR process (Tables 3 anti 4). The first run (7-4...'.')J '.·:;1s madt' tu delt:rmirw Uw 

operating parameters for i-·hich MAB-P:\PR production h'dS fr.1sihlt·. Ioiti.tl ''P'-'r

.1ting conditions Kere ;1s determined in eai-lier bench-scale tests ldt·scrihc·d in 

IFDC's Final Technology Report of June 1985) and during some e:.;plor-1tory ht'nl·h-

scale experiments performed prior to these pilot-pl.int t•:<pl'riml'nts. !lurirt~ 

these exploratory experiments, it was determined th;it .it the n•d1tL·t·d .tl·id con

sumption rate r~questecl by PPCL (see telex 09-12-1<!8')), pre;1cid1il.1tion ot the 

rock \·;ith sulfuric acid rn a pug mill granulator n'su! ted in an t•nd prod11<·t 1.;i th 

somev.·hat better physical properties as compared 1,-ith .1 product <Jht.11ncd thruugh 

preacidulat.ion using phosphoric acid. The pi lot-pl.int pr(ld11Ll otJt.iirlt'd through 

this variant had an initial crushing strength of ahollt 0.4 kg/...'..tJ-1rn11 gr.J!llli(• 
') 

(cquivillcnt to 7 kg/cm-) 1-;hcre;is .Jfter pre.JciduLitiun \·:tth J>hnsphoric ;icid, the 

product obL1Lned from previous laboratory tests had .i cnishill,\'. strength ,,f only ., 
z,hout 0.21 kg/2.G-mm granule (e<1uivalent to 3.9 kg/cm-). Tlt1.' '>·.t'.tker prod11cl 

obtained through preacidulalion 1,·ith phusphoric ac1d .,,·;1s 111 .ill pn.!>.1l>iJ1ty 

caused by grar1ulatiun ocetn-rirtg in tilt' pug mill dut· tu Utt' h1.1.,dwr .i1n<>1111t ,,1 

liquid phase \.;hen using pliusjihoric .1ci.l. The gran11!.1r p.1rticl•·S J,•;1\'tllg !.ft<' J<IL . .'. 

mill, which subseqt1t·ntly n·.icted v.·ilh :.;ulfuric .1cid ir1 tl;l· .Jri::n ..;r11111!.1t"r-• ;;.t';t• 

rise to nonhomogcneous rt'<1cLiun ot 1-ock and sulfuril· .1<1d, r•.·:.;11ll1r1g Ill .1 h't•;il;, 

easily fragmented end produce.. The opt'rating cortd1ti•m:; d11r1ng tht· ~;c<<Jlld nm 

(7-430) were such that granulation as \...~Jl as impr<,vi·d physic.ti propl'rti1·s <JI 

the end product was promoted. 

As mentiom·d earlier- all of the sulft1~-ic :icid in the p1ht-pl.111t lest:.; 

was mixed "'i th the phosph:i le rock i 11 the pug mi 11. Buth ft·t·<btucks · .. t·rc supplit>d 

at the feed (inlet) end of the pug mill. To cnsurl' ltomogvnc<>11:; 1111:<1ng, tlw pug 

mill was opcratPd at approxi111at,,ly 400 rpm (c<1uivaltr1t tu .i tip :-;p1·t•d ol ~-1 111/:;). 

With all paddles SP~ '.>ll fon>;ird thn1sL, the total rete11liuri Li111(' ., .. .i:-; :1ho11l ~ ~;. 

The mixing efficiency of the p11g mill 1:;is mo11itorr·cl liy lt'''tti .. ·nt .tri.ily:;1:; rd tlw 

free-acid content of Lht· pn·;i(· i dill ;itcd rock. 

free-ac i rl content was c J.isr· to Zt' ro. 

Tl1f' prc:icid11L1tcd rur·k, t(Jgcthcr 1-:ith tht' r('«yclc :;trr .. 1111 (<ow;i:;ting 

of fines ;rnd some recycled product-size material), v.·:1:; It'd into tht' dr11111 gr.11111-

lator. This rPslllted in a grarll!Ltr product that wa·-; lt':;s sticky ;111d strrJ11gcr. 
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To arrive at the required gr:.1nule qu:dity, a number of process conditions needed 

to be maintained. The main operating parameters were thr retention time, the 

granulator and dryer temp£'ratures, and the amount of \,•atL·r fed into the granu-

lator (~). By close control of the recycle ratio and the VJrious temprr:.1tures, 

the reciuired combin01tion of retention time and reaction r;1tc v>as obtained. This 

resulted in a satisfactory free-acid content of about 5%-6% in the granulator 

discharge product. Stable operation of the granulator was obtained, wh~ch 
resulted in the production of a nonsticky product. The 1wrformance of the firw 

screens and the crusher 1,·as largely dependent Oil the product being sufficiently 

nonsticky. It should be pointed out that th2 steam supplied to the drum granu

lator was basically us.~d to incre1se the temperature of the g::-anulator discharge. 

A granulator discharge temperature of about l)U°C in combin;1tion \\·ith a rccycle

to-product ratio of approximately 7 resulted in a frce-:!cid content of the 

product of less than 6%. 
In order to achievP good granulator perforrnarH't', it \\'as determined 

that waler and a sufficient amouut 0f phosp;10ric acid 1\ere n·qui red. During the 

IFDC pilot-plant tests, the granulator performance \\·as 1msatistactory \>hen using 

less phosphoric acid than 85 kg/mt product. f.ve11 at high \\·:1tt-r· feed r:it(·s, .rn 

excessive amount of tines »·as produced, \\'hich resulted in ,1 Vl'ry high recycle 

ratio. Good granu1:1tirJn was obtained using 86 kg of phosphuric ;1cid l't'r 111elr1l 

ton of product, and the rC'cycle-Lo-product ratio \\·as stabilized .it ;iliot1t 7. Tlw 

product-size material \\as rt>cycled to control the recyc!L'-to-product ritio. 

Special attl'ntion \·:as paid to the method used to add pb'J;;phoric acid 

to the granulator. By choosing tht• app::-opriate spray nozzle, the gr:rnules \\"('rl' 

contacted with a sma 11 amount u f a-:-i d (fine spray) duri 11g each passage through 

the granulator. Subseqt1ently, this acid was allowed to n·:1cl v:ith the rock in 

the recycle loop (toLsl rcll'ntion time was approximatl'ly l'J min ~1t <J0°C) to 

prevent the occurrence of local high-acid concentrations (c.iusing ~;ticky 

particles). This procedure re~;11ltcd in optimum pcrtun11.111ce of the fine s,:re<'n 

and the chain mill. This also irnproVt·d th(' qua] ily :Jf tlw ('lid product co11sidcr

ably since granules contaiuing Loo milch free acid art> t•;1'.;ily fragnwntcd anci very 

stick~', which promoll' bloLk.tg(' (Jf the :.;cTt>t~ns a;1d cri1:;llt'r. 

Th c SS i\ G p r o c (' :.; s co 11 d i t i on s lo r go u d g r a rn 1 f; 1 t i "n o f t h (' s u l I u r i c - ;i c i d 

preacidulated Mussoorit• !Wit rock in th(• fFDC pilot pLlllt "re :.;111111n;irizt'd d~; 

fo 11 O\\'S : 



--Phosphoric acid consumption: 86 kg 54'\ P.,LL /mt product - ,) 

- -h·a le r consumption: 

--Stearn consumption: 

1 ()0 kg/mt product 

36 kg/mt product 

--Recycle ratio: 7 to 1 

--Bed ternpe1«1ture: <J0°C 

The operation of the dryer 1-.·as mainly to 1nornntc a l'hf'micil i·'.'<1cliun 

rather than to evaporalc water. The retention time in the dryPr h·as approxi-

m~ilely 14 min, the air velocity 1-.·as 1.o m/s (outlet condiliuns), .ind the ir:lct 

temperature 1,•as about l~O''C. At the above-mentioned 1iron'ss t ond i l i <J!ls, the 

product leaving the dryer W'1~ free flowing but rel.1tively sufl (criislting stn·ra;lh 

about 0. 4 kg/2. 6-mm granule). No sli eking of the prod11l t 1-.·;is not iced un the 

lifting flights or on the dryer 1,·alls during either nm, c\'t'L h'ht>n Llw tn•t• 

acidity was as high as 10·~~. The free h'atei· content ol the scrt't'I!C'd prodtJCl 1\,1s 

about 0. 1'%. 

During the first run scrcenu1g 1-.·as occasiorL1lly ditlic11Jl. \'.lwn Llll' 

high free-acid conlf'nt of the drypr discharge 1,·as ii·::, .u1d hi.1d1l'r, Litt• sl1d:v 

product rPadi ly adht·n·d to Uw screens. The prodult scn'en • ... :1s p.1rt 1c11L1ciy 

sensitive to pl11ggiIJg. 

v.:as rather inaccessil;lc .rnd Lht'rcfore difficult Lo clt'.H1. 

Because of the Ji t fin!Ltit'S 1·:i th scn'clling d11ring th,· l i :·:;t r'tlll, , ':"·'ii'; "" 1 tii 

larger opellings l>'t :·l' 11:,;t>d l•)r Lhf· s1·cond nrn. 

second run 1-.·as coarsc1· 1rnir111s l./U mm insll'ad oi mir111s i.IS ::1111) ,rnd did flul 

cause plugging of the scrl't'II:;. 

It should lw pointed Dill, hu1,·t~Vt~r, that tuntr()l 1Jf tht· 11uill '']lt'r.1ting 

parameters in the IFDC pi lul pLrnt h'dS very strict .tIId "Il :1 fn·•p1t·ncy n"t l't'J>n'-

se.1tative of normal pLrnL <iper.ilion. Since a sligltt 1nt·n·:1st• 111 fr1·1· .Hid;ty 

(or in stickiness) of the m.1tt·rial m;iy lead to pluggir1g ,,f Lill' scri·r·ns, Lht~ 

operation was monitored closl'!y. T () Ill i !I i Ill i z c p 0 l ('I l l i . ii s (' l" < t.' II l' I ll g g i 11 g ' i l I s 

highly rccommPndPd that sillgle-d£'ck scrc£'11s he inst.ii l1·d .ind r1JH'r.1t 1 rig p.1r:111H•t1·r:; 

as well as sieve efficicllcy lw closely rnoniton·d. l'urttwrn1urt', tilt• :;cn·1·n:; !lt>f'd 

to be very accessible to f:iciliL1tc l leaning. 

tends lo stick lo ch11lcs ;ind d11cls, thf' t>q11ipm('lll l1.1ndlir1g th1• 1rndt·r::izt· 111.Jlt·ri.11 

sho11ld be easily iltTt·s:.;ihlc for l']P;rnjr1g. 

The oveo;ize material fr(JIJI the .'.;creens '""1s f<·d 1r1t" .i d1.11r1 1111 I l lo Ill' 

crushed. The cl1;iin mill wa:.; rather :;(•flsilive tu cl<>gg111;~ lit·c.111:;<· •Jf ~.w ::tic,ki-

llf'SS and ~;oftne•;s of the matr·ri.il. D11 r i I! g t lH' t i rs l r11 n t Ii(' d1 ;i i n 111 i I I h .id to 
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be cleaned several times. Because of the close control of the granuL1 ti on loop 

durin~ the second run, no problems were encountered 1-;ith the ch3in mill. H01-:evt>r, 

some (not serious) l::uildup of material was noticed after completion of this nm. 

Since cleaning of the crusher means temporary shutdov;n of the plant, it is 

recommended that the plant layout be designed so that a st>cond (p3rallel) crushf'r 

can be installed without major plant modifications. Fu1·thermon', the crusher 

should be very accessible to minimize cleaning difficulties. 

As mentioned earlier part of the product-size mate1·i;il 1>as recycled to 

balance the system. To recycle part of the product, a splitter (diverter) valve 

was installed in the product-lo-warehouse chute. Due to lt!f' stickiness of the 

product during the first run, pluggwg of the splitter valve ocrnrrcd from time 

to time. Because the product •flialily was improved during Uw sccnnd run. no 

problems were encountered with the splitter valve. 

A sample of the granulated produc-t produced in the lfl}C: pilot pLrnt 

1o;as stored under conditions that simulate pile curing of the material (tcmper;1-

ture ±60°C). A sample of this cured malt>rial was :rnalyzcd on ;i regular basis 

(Table 5). from these results it can lw st•en that rcat'ti<Jns \'l'rl' still pro

ceeding slowly after 7 days of c-uring, resulting in ;1 hight•r ;1v.iil.1hilitv of 

P
2

0
5

. Givt:'n the lower free-acid contPnt of the product, il 1:-; t•:qwctf•d thc1t 

curing the offsize material before recyclillg it \·:ii I r('si!ll in lwltt•r pr·ocess 

operations (lower recycle ratio and lowt'r fr,~·c-.1cid l·ontl'nl). 

The crushing strength ot thC' product w:is dclcnni11cd ;1t various inter

vals during the curing period (see Figure l). The initial crushing strl'ngth v.·as 

about 0.3-0.4 kg/2.6-mm granule (Table 5), but iL signific;!lltly incn•;1sed d11ring 

a 7-day curing period. After 7 days of C'IJrillg time, the crushing strl'ngth was 

about 0.8-1.1 kg/2.6-mm granule. As shown ;u Figun· l, t>q11ilibri111n 1,'.1s reach('d 

after about 14 days of curing. The PAl'R product hcis it~; !Jc~;t crnshillg strength 

2 (about 27 kg/cm or 1.45 kg/2.6-mm granule) after this curing period. 

Under the conditions nwntionf'd earlier, tlw SS,\G prucess rt•r111in·rl ;i 

high recycle ratio (about 7 to 1). Since only a sm:ill .irno1mt of phosph;ilt• rock 

was available, the main emphasis during tlw Sf'cond t>Xp('rimf'r1l.1l nm (l-4l0) \>':JS 

~o produce PAPR from Mussooric !WM rock r:ither thu:1 to l':;t;1hl ish "Pt i1111rn1 opt't«iting 

conditions. Tlwrf'fore, f11rther rt'st>arch on the SS,\(i pr()l(':;s to opti111iz(' tlw 

operating conditions is rcq11irf'd. 

I ' 
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SSAG- Versus ROP-PAPR Processes 

To evaluate the merits of th(' SSAG process, the process net•ds to he 

compared with the production scheme in 1-;hich ROP·,:urcd material is madt• ful!(Wt'd 

by steam granulation (douolc-step process). This comparison hc1s been nude for 

the sulfuric acid-based P:\PR prod11ction l~), not including phosptliir-ic :1,:id .rnd 

l·>ith a rock of low impurity content. fcom this process evaluation, it l-.rn be 

concluded that under optimum process conditions, the SS,\G process ofte1·s slightly 

bPtter process economics. Undt>r those conditions and for a partict1lc1r luc1ti•rn. 

the production costs for the SS,\G process amount to US '.)478. :20/mt ot P /ls vr·rs11s 

US $491.40/mt of P
2
o

5 
for the do:.ible-step precess. To dtTi\·e at t.!1cst' figures, 

full uL_lization of the heat of reaction released in sul furiL- :1c1d prod11ction 

and a product-to-recycle ratio of I to 2 in the SS:\G process 1\ere .issumcd. 

SincP sulfuric acid is not produced by PPCL, uti liz:1ti"n of stt•:1m 

obt.Jined from sulfuric acid prochction to heat the .ii 1· 11st'<1 ir1 the rot:1r-y dry,·1· 

in the SSAG-PAPR process is not possible. Therefore, the dry»r '.>ill lt.n-c to lw 

heated by fuel oil. Under the process conditions at l!DC's pilut pl.rnt, Lhc 

fuel oil consumption cstimalcd for the dcmonst~atlo11 11!.rnt LS .il1(111t 44 kg/int of 

product. Due to this high fuel oil consumption in co111hi1uti"r: ,_,ith Lht· high 

recycle ritio (_mentiuned ear-lier), the use of the SS:\G !'r<!ccss tiy f'f'CL is lC'ss 

attractive than :.he !\UP proces~; in v.-hich .i gr:rnul.ir p1·1ltl1ll t 10 <il1t:1irlt'd lttr-<J<1gh 

steam granuL1tiu11 of t.llC' l·tired !WI' 111.1tcrial. ,\ loc...· n·c·:cll' r-.1tiu (.1ppr<J:.:1111:1tely 

LS to 1) as \>'ell clS l(J\,'f'r fuel oil l"(JlJSlinlpti.011 is t':q11·llt'd tor ,gr.rnu!.1tion of 

ROP PAPR product. 

ROP-PAPR ;\e:rnlts 

Some preliminary v:<pcrimPnt:; 1-.-cre pertormed <Jll tl1t· l·JJf' 11rud11ct iu11 (Jf 

PAPR using RD:'! ;·tus:;oorif' roL·k ;rnd a cu111hi11:ition of s11lf11!'1<. .u1d pli<Jsphoric acids. 

The load on the p11g mi] l mi:·:er '.\:1s c 1p1.ii to the pn•\·j,,u:;!y dt·:-;lrihed SS,\l; "pcr-.1-

tions--100 kg/h rock, 84 kg/Ii :;1!lturi\ :icid ((Jl.3% li/i!I,), .rnd ;1J kg/Ii pliu:;ph(1ric 
~ ·• 

acid (53.9% P.
1
0_). 

L ) 
To oh ta i n : 1 rt' :i ct i on s l 11 r r y th a t ;., : 1 '.; :; 11! l i c i t • 11 t l y I I 11 i cl , th t • 

addiLon of 66 kg/h of c...·atvr c....1s !lt'll'Ss:iry (T.iiil(' J). 

Following a rctr·ntion Lilli(' rJf 2 s .1l Wi°C, tilt' prod11ct lr•Jlll Liil' p11g 

mi I 1 was discharged onto a conveyor t1f'l t <1I1d tr:insport1·d l :; .i lir.pper (:; i11111 l<1t1·d 

curing pile). The total rdcr1tion ~i111(' on LllC' l1clt ;..·.i:; rJnly 1:2 :;. flt•:; pit f' t 11 i :-; 

short rf'action time, the pr(ld11cl cn1ild ll(' di:;d1arg1•d from tlw li{'ll f'.i:;ily ;ilthr111f~h 

tlw matcri:il was still :;0111(·1..·l1at sticky. To arrive :1t .i n«n:;ticky l\(JJ' pr11d11,-t, a 
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rc3ction time of about 8 min was required. The chemical analysis of the ;mp 

product is presented in Table 6. 

. ' 

As shown in these analyses, a curing period of ;1pproxim;itely 8 d.1ys is 

required to decrease the free-acid content of the m;:itcri a 1 to less th.-rn r::. (.Js 

The cured ROP product contained about 8.9% \\,1ter :rnd had ;1 tot:il l',,0-
..:. ) 

content of 18.5~~. The nonsticky material can be easily rPcbimed from the pile. 

No significant lump formation was noticed. The amount of R0'.-1 rock available for 

this ROP experiment was insufficient Lo operate the gr;iuubtion plant. B.ised on 

prior experience it is expected that the rccycle-to-prod11ct r;:it io in the grarrn

lation process for ROP material will he low (approximately 1-1.5:1). Additional 

experi.nents, which do include operation of the grarlllL1tion pLrnl, are rw,•dcd to 

confirm this expectation. 

Since the preacidulation ew1ironment may c.111se t>:<cessi\·p corn)' icrn of 

the equipment (i.e., erosion-corrosion), tht' corrosion rate 1:as measured on 

sPlected paddles during the lfDC pilo~-pLint oper;1tions. Si:~ pdddlcs frum the 

pug mill--two located at the feed end, t1;0 in the Ct'!llt>r, :rnd t1,.u loc1ted at the 

discharge end--were weighed before the pilot-pLrnt rims. h'ci,d1t lnss d11rLng tlw 

pilot-plant oper2.:ions was dC'termirwd li\· rt""'Pighing Llic· p.iddl('s ;J!tl'r L·umpll'tiun 

of the experiments. 

mi 11. 

Paddle Nv. Locatirrn \' .J h .,'\\/' ..'l!lrl .·.,, ' 
-·~------- ~ - ---~. ~----- ~ 

- - - - . I - - - - - - ( 111!11) 

1 Feed ('lid 42, l(J')') 40, -) :.'.(;') 1. ())<JO 2, 7J 
2 Feed end 42. 2cUO :l'J.'ior18 2. 7172 4. '.)3 

3 CentPr 43. 10'J0 42.4284 0, (J806 1. l:l 
4 Center 42. 4WJ 7 42. 2rJ42 0, 1555 0.26 
5 Disch;irge end 44. ') IHJO 44.1172 (). l+f>28 0. 77 
6 Discharge c 11d 42.68lb 41 . 'JO"J ) 0. 7763 1. 29 

a. Weight before piJot-pl.rnt nrn. 
b. Weight after pilot-pl rnt rnn. 
c. Weight loss rluri11g pi lot-:>l;rnt npcrati<rn'.;, ah011t :lb h. 
d. Length differf'fl((• d1H' lo erosion-currosion. 

As shown in the t.1hlf' thf'rP ;;as cunsider;ihl(' t'rosion-con·osiori lo tht• 

paddles on llw fePd .i11d disd1;irgt· ~·nds (severe dccn·asv in ll'ngth) d11rin,1.; thl' 

p i I o t - p 1 an t op f' r a t i u 11 s . Tl it· o r i g i 11 ;i l pa d d I es we re 3 O 111111 i 11 l t, 11 g t h ; a f t (' r a pp r o :< i -

ma t C' l y J 6 h o f op c r a t i on , o 1 w o I t Ii(' pad d l es (No . 2 ) w .J s on I y 2') mm I (J 11 >~ . 
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The paddles in the IFDC pug mill are fabric.1lt'd of Typt' Jlb st.1inlt·ss 

steel, ••hich is quite sensitive to erosion. I l is rccu1mnended Lu use t' nls i un-

resistant materi<ils to fab1-icale ttw paddles or tht' p:1ddle tip. 

special lining for the pug mill trough should be cu!lsidt>rt'd. 

Conclusions and Recommendations 

The SS,\G process using ground RO!-! ~ll1ssoorie r-nck :rnd .1 h!t?!ld ,,f 

sulfuric and phosphoric acids to produce p,\PR (cont.1inilll.'. .d)()11t JS'., r'y 1·.<·id1t 

P
2
o

5
, approximately 40'% of which is 1>·ate1· soluble .rnd tl'i'.. 1s .1vail.ildl') 1 s 

technically feasible Y.'he11 using the si!lfuric acid Ill .1 pre:1cid11L1tiun st.i.;.:c. [!I 

contrast, preacidulation with phosphoric acid prior to .1cidul.1tioll/.gr:rnulatiun 

1,·ith sulfuric acid results in a process th::it is diftic11lt u, "f'CL1te .ind \"il'lds 

a weak product Y.'ith a le'\\' initial crushing strength (.ihc111t 0.1 kg/~.o-mrn gr.rni:lt:). 

Use of sulfuric acid in the preacidulation step results in .1 h1;.:!wr illitial 

crushing strength (dbout 0.4 kg/2.6-mm gi-.:rnule). 

abng conditions evaluatAd ;it IFDC 1.·ere not optimum. 

the operating conJition!' cotdd result in production ot .1 gr;1n11l:1r pro.J11cl \,·iLh :i 

relatively higher crushing strength. The pr·oduct ohl.1 i rwd hy lht· SS,\l; prrH·t·ss 

is free f101.·ing and nonsticky, although lhe free-al id l"Cll1t•·11L 1s n·l.1L1vt·ly hi.c:h 

(ahout. 5% by 1.·pight). 

granulator disch:1rgc 1>·.i~; pile cured fur 14 d.iys dern1J11slrdlt>d th.it the physic.d 

properties of the granule· \·:t·rc considcrc1bly improV!"l. ,\tlt•r c:11r1ng, the nJ,Jlt'rial 

could be screened to remove tlw product and the ofl:;iz« 111.Jlt·r1.il rclllrtlt'd to lhc 

granulator as rccycJ('. Ttw return of the recycle l<J tht'. 1-'.r:1I111lator 1-:ould close 

the granulation 1 oop :l!ld n·su l t 111 a cont. i n1w11s pr"t·•·:;'.;. 

During the II-UC pilut-pl.int opcr;:itions u:;111g tht· '.)S,\l; prllccss h'ith 

ground RON ~!ussooric rock, it \;";•s notil·cd th:il clu:;..· c"nlr,,I 11! Llw frel'-.icid 

content of lhf• product is n·11111 n·d. 'lempor.iry npt·1-.1Li«ri •if tlw pl.111t .it .1 high 

free-acid content (+r;. L1 1-.1·iglil) n·s11lls in i11111wd1.it•· l1l,Hk.t).'.t' <Jf tlw pt'<Jd11cl 

screen, cr11:;hPr, :ind ch.iin mi 11. 

the scrf'ens and cr11sher sho11ld lw re.1dily acce'..;sil>l1· .incl '"1:;y t'' C'!1'.1I1. Till' 

layout of a pL:i11l shollld ht· s11d1 th;it in:.;l.1ll.1tior1 ,,r J»ir.illt·I :;cr·t·r·n1r11: .1rid 

crushing e'p1iprnent is p.1:;sililc 1,·ith1J11t major rnndif1<.1li()w;. 

Since pn·acid11lation is c.1rriPrl 011t in ;II! .i1 iclic 1·nvin1r11111·nt 1-.itli 

rcLllivf'ly large ;1rno11nt:; of q11arlz pres<'nt ;rnd in '"1111p11wnt 1,·ith ;1 hi~~h :;111'.ir 
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r:ite, it is recomnk'nded that the tips of the p:iddlcs and the tr-ough of tltt' 1>11g 

mill be protertrd hy using erosion-corrosion resistant material_ 

The SS . .\G proL·ess using ground ROM Mussoont• rock and ;1 blPnd uf s1il

furic and phosphoric acids (as operated in the IFDC pi.lot pL111t) required ;i high 

recycle-to-product ratio (7 to 1). 

Better process economics can be obtained using the douhle-stt'p process 

1n v;hich rock is mi:<ed ,;jth acid in a pug mill, and the resulting materi:il is 

granulated after curini:, in a pile for about 15 days. This v:1ri;rnt of the prol·c~ss 

is strongly recommended. From tlw first step, nong1::rnul.11· i',\l'l\ is pnJdticl'd :rnd 

marketed; in the second step, a granuL1tion plant is used to pruducP gr;rnuL1r 

product. 

IFDC is of the opinion that the SS:\G proc,•ss t<1r· !',\£'!{ from (!usscoric 

ROM roL:k is not. as attractive as the option to makt> kU!'-f',\l'I\, f1Jllo\,·ed liy c11r·in:.:; 

PPCL may choose to market HOP-P:\PR only or· to convl·rt it t<l .1 gr.rnuLH m.1ter i :1 l. 

Information on the ROP option is given in the subst''!llt'!lt secli1>rt. 

gascd on the results of the pilot-pl:rnt :;Li1di,·:-; .1I1d :;11k;l'q1wnl d1sc11:;

sions \,·ith PPCL engineers, the battery-limits pn>t·1·s:-, •«p1q111w11l •, .. 1:-; :;1z,"l tot· .1 

10-mtph plant using a double-step process for Lire J1t"nl11,·tiun d!1d gr.1n11l,1tiuil uf 

PAPR from ROM Mussoorie phosphate rock. This proc1•:.;:; 1r1v ilvt'S the prod11clion ut 

ROP-PAPR in step one, and the steam granuL1tion of t11n·d ){11]'-f',\PR in stl'p L1;0. 

Marketing of Pi\PR from either step one (ROP) or step t· .. 11 (gr.1r1uLtr prcid11l'l) is 

optional with this proc£>ss. In-depth discussions h.1\.t' l•1T11 hl'ld 1,·jth f'f'CL rl'pre-

sentatives lo rliscuss the options avai !able to thf'rn. llwy l"t'<jlH':;lt·d Llt;1L t'qtiip

ment specifications hf' <fr>veloped for the do11blc-stt·p pn.c1·:;:;. 

The origin:il equipment cor!liguration for the l'l"•l'll:;t·d S~:\(;-p,\f'f{ prott•s:; 

was similar to that 11serl in the TFDC 1kmonslr.1tio11 r11n:;. 1!"1,evt·r, the L1test 

pilot-plant tests rcve:1l!'d .1 marginal d1•f icit·r1cy ir1 gr.1n11lt• :;tn·ngth ;rnd :i 

relalivPly high recycl!'-to-produd r.itio 11s;ng thP SS,\(; il1t•llr1Jd :rnd HIJ>I :1i1s:;oori(' 

rock. Thi.-; cnntriln1ted to thf' dt·t·i:;iun th.it lh!' pr1Jt·1·:-;:; for :;L1•;1111 gr.1r111l;it111r1 

of HOP-P1\l'f< [)(' 11:;t·d. 
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The ground l75';~ passing 75-pm) phosphate rock is lr:rnspoi-tl'd tu .1 

distribution cone and c.:in be :it> rated by comprcsst'd ;iii· tu enstlrt' d stc·:idv fl o....-

of rock into the silo disch.irge sen'\\ conveyor. 

bucket elevator which rf'lurns the rock lo the top of lilt' stor·;ige silo .rnd com-

pletcs a recirculation loop. The proper amount of !1hosph;1lc rock is fed to the 

pug mill by a screw conveyor h'ith a vari;ible-speed drive .llld a ht'igh !t'l'<il'r. 

Tlw screv.· conveyor is fed with r·ock through ,1 small hoppl'r lo,-.1tt·d in tlw dis-

charge chute of the bucket c1ev.:itor. This ensures a stL'ady tlo1-.· of :it•r:1ted rock 

and prevents flooding of the screw conveyor. Adjt1st111ent of tht' rock flm" is 

obtained by .-.djusting the rotational speed of the sere\,· co11veyor. Till' i'OCk 

flov.·s by gravity from the \\'eigh belt to a spa] scn•1,,· .rnd tht'II intu lhe pt1g mill 

Using a flm,·-control system, stdturic acid (.ih,J1Jt ')l"~ ll ,S11,) .ind 
'-+ 

phosphoric acid (54(.~ P.,O,) are pumped :111d fed from stor:igt' Lllll;s to the pu,g mill 
~ ,) 

through separate Jines. In lhe pug mill the ground pl10sph.1lt' ruck is \·igr;ro'.1sly 

mixed v.·ith the acids and 1,·ater to ensure homogeneuus r,·.1l't.i•'II Lh1<•11glt cumplelt' 

mixing. The retcnl ion lime in the pug mi 1 I is about ') ,. -- . ., ' 

and vigorous mixing is rPquircd. The otf-gast'S from tlw pt1,:..; 11;1 l l .in· \'t'flLt'd trJ 

a v'.'nturi scr11bi1cr to n·movc fluorine :111d phr,sphalt' 1·,H·i~ dii:.t. 

The pug mill ;1cid11l:it(' discli:1rges unto ;i Lt•lt ·i··n th.!l tr.111:;t•·t·:; thl' 

m:ilerial to a Ctlf'ing shf'd using ;i cross l1elt. The l1·1t"th .llld tlw spt'f'd nf lrlt' 

convey';r belt (curing dt:n) :irP such thal the fi11id 111.1Lt·r1.il di:;cli.1rgiiig fl'CJfll tltt' 

pug mill solidifies br·for·p n·:1ching the e11d ot lh(' lwlL. 

rial to discharge onto tlw c111·ing pilt•. ,\fter thl' c11r1n.~ 1wri<id (:21 d.1\'s), tlw 

material is recl:1i11wd and tr:inslt·rred to the gr.1ntil.it iun pi.111t 1 .. llt'rl' tlw m;ilen:il 

is steam granul.iled .is ril·:;r·1·i!Jt'd in step t1>0. 

After curing, Lht• l\111' f',\Pf\ i:; n·cuv1-rcd ;111d It'd i11tu th" !11111p hr1·:ikcr 

which rlisch:irgl'S i11lo llic huppt·r tlul !t't'd~ . .1 v:iri:1hl .. -:.p•'t"l lit•lt thru11l',li .in 

adjustable clisch:irge g:ilc. 

feed elevator. Recyc1P malcri,1! ln>111 tlie scn·er1~; :ir1d tl1r· d11:;t lrc.im tltt· dry 

cyclonf's :ire also fed to tliis l'lt•v;itur. 

('lf'vator by mf'ans of a clllltc into tlw rotary-dn1m gr:11111l.1t"r \\·lwr1· ;i nil I i11g !It'd 

is formed. Gr.inuL1Linn rH·t·11n; in thi:; rolling lll'd :1itkd tiy .1 :;t1·.1111 :;p.1rg1·r 
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located beneath the bed. Cl;,irified \>atei· from lhe settling pond may be ;11lded 

with the steam as nPPded to aid gr:ullllation. 

The granulator dis,·h,irge (nintaining 4°~-6~~ frt·e watL·t·) feeds by 

gravity into the rotary dn···r. ! ,, lhe dryer the frce-•.·::1le1· eonteri_ of the 

granulator dischargP is rt' iuced t. about 1~6 free 1;;ater. The rnt;i.·y dryer· is 

operated with a cocurrcnt flo1-.· '· :1ir v.hich is heated in a comb11stion chamber 

using fuel oil. Dust losses in the ,-.,Lary dryer arc expected to be 4·~~-8'~ of the 

throughput. To recover this dust the off-gases are sent lo a dry cyclone 1;;here 

the dust is separated from tlw .11r and returned with the recyc-ll' material to the 

granulator. 

From the rotary dryer the fertilizer is discharge•! into a buck2t 

elevator for transfer to a vibrating, :.;ingle-deck, oversize sl·n·en. llt>rc the 

oversize (plus 4-mm) material is sepac:iled, sent to .i chain mill-tyµe crusher, 

and return~~d to the oversize screen. The material passing the ovr·rsize screen 

is transferred by gravity to the product screen 1,.;hen~ the product-size m;iterial 

(minus 4- plus 2-mmJ is separated. The undersize matl'ri,d (min11s 2-111111), ;in 

appropriate fraction of the screened product, and the dust from tht> cyclones .ire 

recycled to the granulalor as previously mentioned. The sr·n•t•ncd prod11cl is 

conveyed to storage. 

Gases containing tluorine and dust from the gr.1rtuL1t(Jr, ·lry•·r, cycl11rtt'S, 

screens, and othPr transfer points arc trPatcd in a h·ct-;;criddwr :.;ystcm llsiflg 

water (in a recycle loop) as the scrubbing medium . .Fnim tl11:.; sl·cutJl>l'r .i cunti11-

uous Lleed of scrubbing liquor is discharged into a st'ltling ;rnd treatment pond 

for treatment with lime O'" limestone. The clarified pur1d v."1ter is rclurnf'd lo 

the pug mill and granulatur for use as procPss 1-.·ater .rnd trJ tLe granulator and 

wooden wet scrubber ~1s makellp watPr. 

Pollution Control 

Si nee fluorine is a cornm(Jn cons l i ltwnt in ph(1:;1di.1 tt· rrJck, tlw .ic id1.l ;i

tion of these rocks n•std ts i r1 the re J t•ase of gasPous t l uor lfll' compo1rnds i nlo 

the atmosphere. Fluorine g;iscs, 1•ven in sm;sll 11u<1ntitil's, .1rl' vt•ry ln:<ic to 

plant and animal lifP. f\Pmov;iJ of fluorine from process g:1s strc.ims bt•fCJrP they 

are exhausted into the almo~;pherc is essenlL.d <11td 1~; closely 1111rn1tored hy 

pollution control authorities in many countries. 

Because of the rf'L1lively smal 1 flow rates and llH' I irni tl'd r111rn~n·r or 

experiments in pilot plant-sc.ile operations, act11al fl11orirw 111r·.1s1·rf'm(•rit:; during 

'' 
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aciduL1tion a:id subsequent processing steps 1:ere not possible. llo•.-"t·ver, analyses 

ur products (g1~anuL.ir and 110P) sho1' that ahout 40~~ of the fltwrinc conL1i1H·d in 

the rock is evolved during the production of p,\PR. 11f this <1muunt :drnut 40'~:',-80':,~ 

1;ould be evolved during denning (ROP process) rnd Utt' :·c·mainder 1-·01Jld lw t•voh·ed 

duri.t1g the initial aciduL1tion reactions. Hence, it is n·commt·ndcrl th:it ind 

demonstration-scale unit the off-gases from the pug mill :rnd uiring lwlt be 

treated in a venturi scrubber hefore they are exhausted into the .ilmosphere. 

In addition to the gaseous pollutJnts (fl11orine cornpullnds), p;irticu

L.1tes (du5t) generated during the handling of finely ground phosphate rock and 

the manufacturing and bagging operations are also of cunct•rn. l!t·nce, t>very 

effort should be made to design and operate the sys::.cm to minimize the t•sc:qH' of 

dust. Low speed-type positive or continuous disch.Jrgc l>ucket t•Jpv:1tors :1rP 

essential for h~rndling the dusty phosphate rock feed ,111<1 rccyclt> 111:1t£•ri.i!s. 

Totally enclosed scrpw-, chain drag-, {)r bt,lt-typP cor1v1·vors .ire .1lso \,eJ I 

suited for use in these proccssPs. 

In the P1\PR process a cyclofle-type dust col !t·clor is rccCJl!lllll'IJ!it'd tor 

rPmoving most of the particulate matter in the hot air c:dL111sled trurn the cJr\·t·r. 

Similar equipment is also recommended for the fugitivl .J11:,l l,,jJ,_·llt•Jll s\·:;Lcm. 

The drum grilnulalor off-gases do not pass through i1 cycl<..>flt' d11t' l« tltt·i 1· high 

moisture content, but .in· trt•.Jlcd in a column scrubber. ·i1w li1L;1t1v1_• cllJ',t 

pickup system for Lite pl:rnl shutild lw designed to vcnt1l.1l·~ tll'.' {,11tl:r·t ,.J,·v.itors, 

conveyors, screens, cn1sher:;, and all dry m.Jt.cri:d t.r.1n:;tr·r p11111t.:;. :\dt« !'Id t C 

ventilation of these 11ni ts ;ii:d m;itcrial Lransi<'r poi11t:; 1>1 J l t·r1:;11rr· th.it .1 

minimum of dust <1nd flllorifle l'S~«1pes into the plant .1rt»1. 

The dry collect i_<Jll ~,yst.t·ms an· treated in .i «>et :;cr11hlwr ht' fort• tltt' 

gases are exhausted into thl' ;itmusphcrl'. The m:111agt•11wnt .ind prcit·t·s:; i llf.; ut thf' 

liquor discharged fr<Jm the scruhlwr system usually dept·nd 11por1 Jue.ti l'CCJ11<i:ni~:.; 

(availability and cosl of 1·::1ter) and cft lul'nl cont.r"J 1t•g11l.it 1c,r1s. Ht·g11l.i~ iu11:> 

in India prohibit the di:;ch.1rge of contaminated 1-::1t1·r tl1.1t crJ11t.11!l:, .qipn·c·i.di]e 

amounts of dissolvt·d .ind s11spe11df'cl soi ids. llws, an "t l !11t·11t pond ! 1!lcl11dt·d in 

the auxi l i .Jry and s11ppo rt t .ic· i lit i es) is recommendt'd t "r :.r· t t l 111g _;11:,p1·11dt"I 

solids and for stor:igt> :ind n·circ11L1Lion of r. l:irif it•rf «-:.1tt'r !i.itk to tit£• :>c-r11hlwr. 

Addi'_ionally, the polld w;iler is :ilso 11scd Lo control '<',r.in1I!.iti1ill 111 !.lit· dn1111 

gr:rnulator or Lo provide l i<ptid phasf' ill the p11g mi J l (/:tlf'J. Tlii:; t•f fl11t·nt po!ld 

system is simplt>, p;1sy to control, :1!ld «nvi ronment:il ly :;.ilt• l1f•c:i11st• tlw 1•f I l1ll'rtl 

pond servp:; as a "saft·ty valvf'" in the 1•Vf•nl of a 111;i_j"1· pn1c1·:::; 11p:;et or ::pill 
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that co:.ild othen.-ise be detrime.1tal to tlw loc1l waterh·;iys .ind envirornnenl. 

This type of 1.·astewater management system alo.o usually affords the most econnmll· 

use of fresh makeup water. L: is ,rnlil·ipated that pt·riodic drC'dging of sett led 

solids would be required. These solids can be dispost>d of accol·ding lo <'rffiror1-

mentai regulations set by the Indian Government. 

A small f··::iction of the cl.1rif~ed water mav net'd tu tw diverted t,, the 

local waste1.·ater sLream for disposal. A pH control :;ystem :ind ;1 tre:itment 

system are recommended for this str·eam to ensure that this dischar·ge mc•'ts thL' 

acceptable criteria. A pH cont1·0 l system is a I so rec()mmendt'd tor tht' scn1bbcr· 

liquor system to protect the scrubber :ind related eq11ipnll'nt from tbe presence ot 

fluorosilicic acid. 

The principal process equipment items and ltw ;1hhrl'V1 .1tcd equipment 

specifications are shown in Table 7. The process e1p11pml•fll .rnd s11pporting 

facilities for the demonstr.Jtion llnit are described in lliis Sl'clion. The speci

fications given here assume an fWP and a granulation pl.rnt fur f':\f'I\ 1·:i th a l·apci

ci ty of 10 mlph at a recycle-tr1-product ratio of l .cJ: 1 (.'.'J-mtph thruu.ghput). 

It should be noted that sevt>re corrosion ;rnd l'!'usiurt 1•r1..fJll'lllc,, ,tlong 

with load surges during startups, rcqui re .;pecial earl' d111·ing design o1 fcrti 1-

izer plants sn that all equipment is constructed of l'r"pt·r m<1ttJ1dls ;i1~d is 

powered by heavy-rluty drives. Specifications Lor frrtili./.t•r pLrnt L'ljllipnwnt may 

appear excessive to ttw casual observer, 1.·hi le actuc1l t·:.;pl·r1cnce i1tdic1tt'.S lhc1t 

they are merely adequate. Costly <101.·ntime usually r1•:;iilt:. it inc1dt•1p1al.f' matc-

r1als or equipment arc installed in a fertilizer pl.rnl. 

General 

All eq11ipmcnt i tt·ms should be con~;tr11cled 1,f 111i Id :;tt'l'l urilt·ss olttl·r-

wise noted. All co11stn1ctiort :;li1J11ld I>(' designed for t·:·:tr.1 l1t•.ivy d11ty 1,ith 

maximum attention giVl'Il tri n·I i;1hll' operation and mirt111111111 111.1illtf'I1.1ncc. ,\] J 

systems should hf' rrr:ir111i!l ly opf'r:1tt·d 11sing :1 minr111urn u! :;pt·\·1.1! 1/r·d ()!" .J11tr,111.itic 

:;ystems. 

In the case of 1.·cJdcd L1hricalion, incl11ding :;1rpp<>rt :;lef'!, .t!J v:('ldirtg 

on external surfan•s sho1Jld tw solid or full. Skip 1,·1·ldirig 1Jf 1•;.;tcrn:il braces, 
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supports, and joints should nol be allowed. Full '.•el.ding of external joints is 

specified to prevent corrosiun and seep;:ige from joints that 1.;ill ·lecrc;1sP the 

service and appearance of the i1rotective coatiug system (described L1tPr). Like1.·ise, 

when bolted construction and fabrication techniques are used, all ~1et.1l surtJces 

(hidden or exposed) should he tre:iled ...,·ith the appropriate protective coating 

system after holes arc 1lrilled out before assembly. 

wben concrete is used (either above or bclm .. · ground), the reinforcing 

steel should be covered hy at lt'ast 7 .6 cm (J inches) of concrete. This co'.'"r:ige 

is recommr:nded to minimize corrosion of the reinforcing steel cJused by lhe pene

tration of moisture and corrosive salts (fertilizer) into the concrete structure. 

Fans--Fans are required to maintain a positive draft in rertain types 

of equipment, such as the (1) dryer, (2) pug mill., (J) drum gr:rnuL1toi-, and 

(4) fugitive dust system. Since the :iir pass~ng through Lhe Lrn might be laden 

with dust, an open material handling (rXIJIJ-type fan is required. To cruiJle 

inspect.ion and/or cleaning of the fan, 4uick acccs.; inspc,·tion doors .lre required 

in the housing. The housing of the various Lrns should be fl..rnged on the inlet 

;ind outlet sides and be equipped ...,·ith a bottom drain plug (minimum 25-mm di.imPler). 

All fans should be belt dri .en; thl' maximum rotational speed of Uw \·:heel should 

not exceed 2,800 rpm. 

Cyc19ne:-T)]1e _ _Qust Col lcctor--Thc primary sotirL·t·:; u1 dt-y d11st in ttw 

granulation plant are expectt•d to be the (1) roL1ry dryer, 1 . ..'.l h11ckt·t t'lL:Vdturs 

handling nongranular malcr·ial, (3) oversize cru~!it r, dnd (4j screens. These 

equipment systems are ventilated by :in induced drJ!t. flo1.· of air-. This ;_iir, 

which is laden with dust (average parliclt• size di.1111t•ler abo11t -/S fJJ:1), should be 

treated in a dust recovery system before being cxh:t11stcd into Lill' atmosphere. A 

dry cyclone-type dust collector system ..._·ith a separation t•fficiency of <JS/~ ur 

more is required. It is highly recommended lo provide Uw cyclunes ...,·ith a flail 

chain to prevent blockage of tl;c d11st disd1acge by sticky p;.irtit·le:,. fhe material 

of construction should be mild steel "''ilh a minimum thickness nl ')mm (3/16 inch). 

All exhaust air ducting should rie sized to m.1inlain an :i1r veiucily oi JG m/s. 

If possible, all duct elbows should h~vf' d radius of three d11ct di.1rnclr'rs. In 

ordPr to facilitate cleaning of Lhe ducts, all major duct b('nds :>ho1i!cl bt> fl.rnged. 

The length of unflanged straight sections of the d11( ts c;ho11ld not t>:<cct>d ] rn. 

All pickup points should be provided ;;ith butterfly v.ilvt'S to Pnahlt• lial.u1cing 

the system. The dust collcctf'd by lhP cyclont' is disch:1rgf'd :111lom;it1cally into 

the recycle system. To pn·vent air from leaking int!) thP cyclorw, a gravity 

operatf'd, flap-type valve is used at thP d11st outll't. 
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Conv~yors--Prefec1bly, horizontal or moderately inclined belt-type 

conveyors are used to transport the granules between the \·:irious 1rnits. 1,·ith 

the exception of handling ground phosphate rock, the use of sL-rc• . .;-type l·onveyors 

sho11ld be avoided because of the hygroscopic, plastic nature of the fertilizer. 

These units may fail because of internal buildup of m.:iterial (formation of .i 

rind) and excessive pm·;er consumption. Furthermore, unless spec1dlly de:.;igned ;i 

standard belt-type conveyor should not be used at an incline in excess uf 20° 

above horizontal. The speed of the conveyor belts should not e:.;ceed l 111/s to 

avoid excessive wear. The width of the belt-type conveyors should ht' st.rndardized 

to simplify spare part inventories as \>'ell as maintenaw·c. :\ll belts :.;lwuld be 

provided with troughing idlers h'ith an incline of 20°-35° t_, the axis ut ~ht~ 

belt. To minimize dust pollutior1, all belts .Jre to be t•nclose•l in miid :-;t,•el or 

\·:ood covers and connected to the fugitive dust collectior: system . .\mpl•· 1cct•ss 

doors should be provided for •.'.1e enc I osure. 

Pump__s_--Final cleaning of the air is done in a v:f'l scri1hlwr- hct•1r-e it. 

is released into the atmosphere. To promote the 1-.·ashing effect ot ·~111:0 •::·n1hht·r 

and to minimize the requirements of tr-csh 1-.·ater used in this unit, !'umps .1L·c 

used to recirculate 1-.·ater from the scn1bber sump and the settling pund. 

All pumps are centritug.il type provided 1,ith c1 stulftng gLrnd. The 

maximum r-otational speed is !SOU rpm. :\n in-line str.iiner should he pJ._1ced un 

al 1 pump inlets. The pumps shuiil d be con'.> t ructcd o t mild s tel' l .ind l'<[ll i ppl'd 

with a rubber-lined head and a rubber-coated impeller. 

f_!i_utes--The three materi.d lLJC'lions from the screening system--ovcrsizc, 

product, and undcrsize (fint•s)--car1 bf• r-outcd to the apprnpriatl' process location 

using chutes or convey<'rs, depending upon the layo11t of equipment. All chutes 

should be large and steeply inclined (60° minimum .1bove liorizonL1l). They 

~hould be fitte<l with numerous cle:rnoul doors to L1ciliL1tc easy inspection drtd 

cleaning. 

The dryer disd1.1rge chute should lie perpendicuJ.1r- to the end ol t!H· 

drye".' and entf'r- the dr-yer f']ev,1Lor boot trom lhe side. This 1-.·ill .ill<J',,· the 

option of washing sticky m.itf'ri;.I from Uw dr-yer 1,·ithn11t tlooding the l'lt·v:itor. 

Prote5__!-i ve Coat i r~,>,L_:_"i_;'_.~ tc1~1 

All mild stet•! itPms (t'xtern.d s11rf.1ccs) .;l101ild 1,,, :;,111dlilast('d tu :i 

nearly while color and coaled with a zinc primer (f10-7'i jlin [2.cJ-LO mi I J dry 

thickness) and with a chemic:d-resislant epoxy or si111il.1r cri.1t1ng (lllirt111111m ll'i j.Jlll 

.. 



~l 

[5.0 mil] dry thickness). The surface preparation (dt'grcasing .rnd sandbL1sti:1g), 

primer, and topcoat should be vie\,·ed ;:is a system. The co.1ting supplier should 

specify the material and procc>dural details specific to the ;1ppl icJtion of thf' 

coating system offered. 

The coating of stainless ~;teel and nonsteel items (concrPte, 1,·ood, .rnd 

reinforced plastic) is not required but can be done if desired (to improve 

appearance, as a color coding for safety, or to protect the concrete against 

absorption of moisture and co-rosive salts). These specialized coating systems 

should be clearly specified ~ith specific regard to expected service, cur1dition 

of substrate, and climatic conditions. 

Electrical 

All process equipment items should be furnished ~·ith cltt·rnic1l-pruof 

construction electric motors. The moturs should be dcsignl'd for threc-ph.is,', 

50-cycle, 220/440-volt electricai po\\·er unless othen,·ise specifit<d dtH' to a 

change in the local supply of po~·er. The service factor for .ii l motors sho11ld 

be at least. 1.15. The motors shuulcl be si''.Cd for continuous duly ;1t thP maximum 

instantaneous load that may ucc11r during normal batching or surgt• 1Jper.1tion. 

Totally enclosed fan-coult•d moturs ;in' r-equired. The l'Ooling f:rns 11111st i-e 

constructed of corrosiu11-rc:;i:;t.ir1t nr 11cH1metallic m:iteri,il. ,\l111nir111m ur lllild 

steel fans are not accl'.pLililt· lwc1usc seve1-e corrosion fiy tt·rtil1zer s;i!Ls 

occurs, resulting in imfJaL1rtu· .rnd vibration. Reinloru·d pla:;Lil· Lllls arc 

acceptable. 

All motor startt•r:;, incl11ding circuit hreaKers :ind start-stop stations, 

should be installed i.n tightly st•;ilt'd, corrusionproof (N.1tior1;1L E~ectric.d 

Manufacturers Association [~il:'.·l:\I 4X) crll·losures (or eq11.1I) ~·ith start-stop-reset 

buttons and stop/running indi•_'dlor light:; installed in the cover or ;1t ;1 nearby 

remote location. All st:irtf'rs should he ('!jllippcd with .i1i:<ili.1ry contact tilocks 

in the event a Sf'Cond st.1rt-slnp :;talion i'.; n«jliired. 

Rigid-type stPPl cnlld11it coated v:ilh polyvillyi chlor idt· (P\.CJ or otht>r 

corrosionproof co.iting shn1Jid lw 11:-;crl for .ill field (;>r•H•·s:; pl.rnl ;rnrl huilrlillg) 

wiring. Cable trays sho11id hi· 11:;erl 011ly ill t•nclo:;cd «i•·ctric.il s~·itch.[~t·ar :uid 

electrical distrdn1tior1 rooms ~·h('re tlw pos:;ihi I ity of n1tT<>:;ivt· •h1:;t .1I1d mcch.rn-

]cal damagf' is minimdl. fn llO t'V(•r1t :;hu11ld cable tr.iv:; I"' 11:;(«1 Ill Uw prqce:-;:;-

plant huildjng or fertilizer stor;igl' buildings dwrf' tlwr·1· is .1 high ri:;k of 

damage caused by corrosive fertilizer materi:il:; or by 111.ii1tlC'rJ,lf1l·e, h'P\dir1g, or 
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other activities that are routinely performed in the vicinity of the electrical 

cables and control ~iring. 

The location of the motor starters can be either centralized lmotor 

control center [MCC]) or localized (field mounted). If the ~ICC method is used, 

the center should be located in an air-conditioned (controlled relative humidity 

and temperature) room that is pressurized to exclude corrosive frt·ti l izer dust. 

The MCC should be constructed according to NHIA-12 (minimum) st:rndards. The 

NEMA-12 enclosure for the MCC i~; fitted with gaskets and is cs:;entially dustpro~,f, 

but it is not corrosionproof or comp.l.etely moistureproof (atmosplll'ri c and spi 11 s); 

therefore, it is essential that the MCl: tJe located inside a properly conditioned 

and dustproof room. 

In all cases, for the purpose of operator and machine safety, a motor 

start-stop station should be located within view of the drive motor. If needed 

for convenience, a r~mote (second) start-stop station may be located away from 

the view of the drive motor. In practice, all machines should be started by the 

operator who is actually viewing the machine. The practice of re.note or blind 

starting of machines shnuld be ;ivoided, and the control room-type start-stop 

control panel (if installed) should be u.c;ed only for emergency stopping uf Lht• 

machinery. 

Process Equipment 

The following equipment specifications and feat11res should be included 

in the tender documents. Although these specifications arc considered essential 

for durable construction and long-term operation of thP Pquipment, vendr,rs should 

be encouraeed to offer alteruativP specifications if, in their opinion, such 

alternatives would result in a more functional or cost-effective system. Refer 

to Figure 2 for location of each cquipnwnt item within the over;.i1J processing 

system. A surrmary of the esti;r.atcd capacity data (material throughput and pm»er 

requirements) for the major equipment items is shovm in T.1hle 7. 

_Item 1--P~l_()~pha~~~fi~ck_Ele\T!l_~~!--Thc duly of thi~; 11nit is to fed 

finely gr0und (75% minus 75-prn) phosphate rock to tlw phosph.1lf' rock storag(' 

silo. The load to this ·lt>v:itor will be (1) 10 mlph rock from the grinding mill 

and (2) 20 mtph from the storage silo disch.irgc sere\,· l·onveyor. There v.il 1 lw 

occasiona 1 surges in thf' rock load so that this e I cva tor shnu 1 cl have a 40-mtph 

capacity. The belt-driven gear rcd11cf'r should be Pquippt•d ;;j th a backstop 

ratchet to prevent elevator from running backwards in t!te PVcnt of a pov.t>r 

.. 
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failure. The power requirement is 15 kW (20 hp) TEFC electric motor. The 

elevator should be a continuous discharge type and a single-chaic ciesign. The 

continuous discharge-type buckets should be fabricated from malleable iron or 

mild st~el. If mild steel is used, the minimum thickness should be 3.2 mm 

(1/8 inch) for casing and 9.5 mm (3/8 inch) for head section and boot. The 

buckets should be sized to deliver the desired capacity witl1 an average fill of 
3 J 

40% and an average material bulk density o+ 644 kg/m (40 lb/ft ). The low fill 

is specified to account for the low bulk density of the highly aereated rock. 

The chain should be combination Type C-111 with cast iron center 

links, high-tensile strength sidebars, and hardened steel cross pins. Bucket 

attachments (K-2 style links) should occur every second link. Buckets should be 

attached to the K-2 links using self-locking nuts to avoid subseyuent loosening. 

The head and boot sprockets should be fully split \bolt-together style) and 

constructed of either chilled-rim cast iron or cast steel; if c•1nstructed of 

cast steel the wearing s~rfaces should be hardened. The top (head section) 

bearings should be the heavy-duty, self-aligning, pillow-block type. The bottom 

(boot section) bearings should be double-seal takeup or hardened cast iron dry 

type, depending upon the manufacturer's specific takeup design and rF>commendation. 

I terns 2, 3, and 4- -Ground Pho_sl_l!l~!:e Rock Sto !:_ag~ _a_n_r_!_ I:ec i rc1!_1~1_0on 

System--The purpose of this unit is to provide a 20-mtph recirculating loop of 

phosphate rock fed from a rock storage silo through a discharge screw conveyor 

into d bucket elevator lltcm 1) that discharges into a gravity return cl1ute 

connected to the top of the silo. The gravity return chute will contain a bleed 

pocket-hopper that will supply rock to a variable-speed screw feeder. The screw 

feeder will discharge rock onto a weigh belt that discharges into a seal screw 

feeder which feeds the pug mill (Item 8). The recirculation of the phosphate 

rock is necessary in order to aerate (fluidize) the rock for accurate metering. 

The storage silo r'•ould have a capacity of 32 m3 (approximately 2.~ h 

of operation--21 mt) for phosph;itc rock and be fabricated of 6.4-mm (1/4-inch) 

thick mild steel plate with external bracing. The silo should be equipped with 

a mechanical-shaker baghouse vent system and have six side-entry (spaced at 120° 

intervals about the circumference of the silo just belo\o; the chine) air spargPrs 

(open-end pipes) of a mir.imum 12. 7-mm (1/2-inch) inside diameter- for initial 

fl!1idizalion of the rock by compressed air. The silo should have a r•Jtary vane 

discharge valve located in a 45° cone bottom with a fLrnged outlet. 
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The silo discharge screw conveyor should have a h.:irdened steel sere•.> 

measuring 35.6 cm (14 inches) in diameter with hardened steel (Ni-H.:ird, or 

equal), dry hanger bearings, and a 7.6-cm (3-inch) shaft diameter. The first 

1.2 m of the screw should be shrouded and half-pitch while the remainder of the 

screw should be unshrouded and full-pitch. The screw should be contained in a 

flanged U-trough fabricated of 6.4-mm (1/4-inch) mild steel with a 3.2-mm 

(1/8-inch) mild steel cover attached with quick release clamps. The drive 

should be a belt-driven steel gear reducer with a 6-kW (7.5-hp) motor. This 

unit should deliver 20 mtph (31.0 m
3
/h) of product. This conveyor should be 

slightly inclined to prevent flooding of the screw. 

The chute returning the rock from the elevator discharge (Item 1) by 

gravity to the top of the silo should have an inside diameter of ~'.1.4 cm 

(10 inches) and be fabricated of a 4.8-mm (3/16-inch) mild steel plate. 

A baghouse should vent from the top of the silo to eliminate a pressure 

buildup inside the silo while preventing the escape of dust into the atmosphere. 
') ') 

One bag (acrylic or polyester) of approximately 0.9 m (10 it-) equipped v:ith a 

mechanical shaker (or equal) should be provided with the silo. ThP po1>cr require

ments for the fan of this unit would be approximately I k\~· (I hp). 

~~_s ___ ~ ant!._§_- -G rotu1_1.l_Pho s pha Lt;_ Roe k_ Fee'. le r ___ Sy_s t~·111- -Tht> p11 cpu s e of 

this unit is to meter and control the ilov: of the fluidized phosphdlt· rnd~. 

The pocket-hopper/screw-freder ;.issembly should he 111u1rnted in the 
3 

midsection of the gravity return chute. The pocket hopper should havP a l .0-111 

(35.3-ft3 ) capacity and be fabricated of a 4.8-mm (3/16-incli) mild steel plate. 

The feeder screw should be 25.4 cm (IO inches) in di;uneter ;,ind be fabricated of 

hardened steel. The first half of the screw should be shrouded and half-pitch 

while the last half of the screw should he unshroudcd and full-pitch. The 

dry-hanger bearings should be constructed of Ni-Hard steel (or er4ual). The 

screw shaft should be 7 .6 cm (3 inches) in diameter. The feeder flanged Li-trough 

should be fabricated of 6.4-mm (1/4-inch) mild stef'J with a ].2-mm (1/8-inch) 
'3 

mild steel cover. This unit should deliver JO mtph (15.5 m· /h) at its maximum 

speed. The drive for this unit should hr· a variable-speed, direct-currf'nt motor 

with power furnished by a silicone current rectifier complete with n•mole speed 

control. The drive should be ;wtomatical ly controlled by a signzd from the 

weigh belt. The Pstimated power requirf'ment is 9 kW (7.5 hp). 

The weigh belt should he of load cell design with a remote readout 

located close to the feeder speed control for manual operation in the !'Vent of 

. . 
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instrument failure. The belt should be flat and have side skirts. The belting 

should be smooth rubber with a minimum of three plies and a thickness of 6.4 mm 

(1/4 inch). The belt width and ~peed ratio control should al1o~ accurate measure

ment at 8 (±2)-mtph rates. The estimated pm•er requirement is 2 kW (2.5 hp). 

Item 7--Phosphate Rock Seal Screw Feeder--The seal sere~ conveyor 

should have a hardened steel, full-pitch screw measuring J~.6 cm (14 inches) in 

diameter with hardened steel (Ni-Hard, or equal), dry hanger bearings, and a 

7.6-cm (3-inch) shaft diameter. The screw should be contained in a flanged 

U-trough fabricated of 6.4 mm (1/4 inch) mild steel \·;ith a 3.2-mm (1/8-inch) 

mild steel cover attached with quick-release clamps. The feeder sho11ld be 

equipped with a seal gate located at the discharge end to avoid .Jction from the 

pug mill hood draft. 

a 4-kW (5-hp) motor. 

The drive should be a belt-driven steel gear reducer with 
J 

This unit is to deliver 10 mtph (15.5 m /h) of material. 

This conv~yor should be inclined to avoid flooding of the sere~ and to ease 

washing operations. 

Item 8--Uouble-Shaft Pug Mill--The purpose of this unit is to provide 

thorough mixing of the phosphate rock and the acids before dt' livery to the !WP 

curing belt (Item 9). This pug mill should have a mi:<ing trough 0.6 m (2 ft) 

wide by 2.2 m (7 ft) Jong. The mixing paddles should be adjustable for ;1dvancing 

or reversing the pitch and be mounted on two shafts extcndirig the length of th~ 

trough. The trough should be fabricated of 12.7-111111 (1/2-inch) thick steel. The 

trough should be lined with erosion and corrosion protective material such as 

acid-resistant brick set with acid-proof mastic. The square shafts should be 

10.lb-cm minimum (4-inch) cold-rolled steel with one sl1aft turning clockwise and 

one turning counterclockwise to provide a lifting motion to the fertilizer down 

the center line of the trough. The mixing paddles should initially be set at 

45° to advance the fertilizer. Optimization of the mixing action of tl1e pug 

mill through adjustment of the paddles is to be investigatecl. The paddles 

should be fabricated of 12. 7-mm ( 1/2-inch) thick Ni-Hard steel (or cqua I). The 

drive Jssembly should consist of a 20-kW (25-hp) molo~ with :1 belt drive and a 

steel gear speed reducer. The output shaft of the sp~ed reducer should be 

connected by a steel gear drive to the mixing shafts. The shaft bearings mu~t 

be a heavy-duty, pillow-block design. The speed reducer should have a gear 

ratio that will result in a padrlle tip speed of 1.9 m/s. If variable-speed 

control is desired, a hydraulic-speed reducer may be used with this unit. 
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The pug mill should be equipped with an enclosed wooden fume removal 

hood 0.9 m (3 ft) high. 2.2 m (7 ft) long, and 0.6 m (2 ft) wide. The hood 

should be framed of 4.8-mm (3.'16-inch) thick mild steel plate and have wooden 

lift-off doors a]ong each side for easy access to the paddles. The hood frame 

should be flanged along the bottom for attachment to the pug mill trough flange. 

The pug mill and drive assembly should be mounted horizontally on a heavy-duty 

unitized structural steel frame. 

Due to the highly erosive and corrosive environment inside the pug 

mill, a spare set of mixing paddles and acid-resistant brick should be supplied 

with the mill. 

Item 9--Curing Belt--The purpose of this unit is to provide curing 

(set) time for the material discharged from the pug mill. This belt should be 

located under the pug mill discharge. 

The curing belt should be 122 cm (48 inches) wide (measured flat) by 

27.3 m (90 ft) long and troughed at 45° from horizontal. The belt should be 

made from high-temperature (200°C [400°F]), chemical-resistant material. The 

conveyor frame should be heavy-duty structural steel with chemical-resistant 

coating. All conveyor rollers should be constructed of plastic with treated 

wood (Argudo wood) bearings for resistance to a corrosive-type atmosphere. The 

drive should be a belt-driven, steel-gear speed reducer powered by a 6-kW (7.5-hp) 

motor. The drive should produce a belt speed of 1.8 m/min (6 fpm) for a 15-min 

belt curing time. A cutter wheel is not needed with this belt. 

The entire curing belt should be enclosed in a wooden den for fume 

control. The den should be vented for fume removal at the feed end, midsection, 

and discharge end. 

The exhaust gas ducting extending from the pug mill and curing den to 

the column scrubber should be square in shape and constructed of wood to resist 

fluorine attack. The sides, or tops, should be removable to facilitate cleaning 

the ducts. It will be necessary to clean these ducts often due to deposits of 

dust and other solids. The ducts from the pug mill (1) and the curing den (3) 

should be 20 cm square, and the main trunk line duct to the venturi scrubber 

should be 41 cm square. 

Item 10--Venturi Scrubber and Fan--Thc total air load to the venturi 

scrubber is about 10,895 m3/h (6,400 ft 3/min) at a temperature of approximately 

35°C. This air is laden with dust and fluorine from the pug mill and from the 

curing belt. Since effluents in general, and fluorine effluents in particular, 

can be harmful to the biosphere, treatment of the air streams is required. 
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Since the air coming from the pug mill and curing belt contains fluorine, 

a high efficiency air treatment system is required. A venturi scrubber is a 

high-efficiency scrubber which will strip the fluorine and dust before the air 

is exhausted into the atmosphere. The venturi scrubber syste1tt should he con

structed of fiberglass rainforced polyester with a fluorine resistant lining. 

The light material will avoid an expensive supporting structure. The approxi

mately 227 L/min scrubbing water flow will circulate through the scrubber by 

means of the recirculation pumps (see Item 45). 

An mm-type L~n will he installed downstre3m of the veuturi scrubber 

to create an induced draft. The fan should have at least a 75.J-cm (29-5/8-inch) 

wheel, with a 30-kW (40-BHP) TEFC electric motor at 50.8-cm (20-inch) static 

pressure. Fan must be constructed of type 3161 stainless strel, or other fluoriue

resistant material. 

The venturi scrubber tank ;;ill overflow by gravity into 3 trench that 

will dis::harge the liquor into the pollution treatment pit. The level \,:ill btc' 

controlled with fresh makeup water, depending on the lic1uor concentration. 

Item 11--Product (IWP-PAPR) Cross-Belt ConvPvor--This helt is used to 

transport product from the curing belt to the shuttle belt in the storage sht>d. 

The required capacity of this bell is 12 mlph. A belt \·;idth oi 60 cm \\'idc by 

approximately 32 rn long with a lift of 11 mat an 18° angle from the horizontal. 

The power requirement of this unit is estimated at 4 k\..' (5 hp). The ge:1r reducer 

on this conveyor should be equipped witl1 a ratcheted backstop Lo prevent the 

belt from running backwards in c3se of a power failure. The conveyor should 

meet the specifications as mentioned in the general section on convryors. 

Item 12--Shutlle Rel!.--It should lie a three-ply rubln•r belt, 60 cm 

wide (measured flat) by 33 m long, with reversible discharge. The speed reducer 

is to be belt driven hy a 4-kW (2-hp) TEFC electric motor. The belt should have 

a speed of 46 m/min and be troughed 20°-30°. The belt frame should be mounted 

on steel tracks with steel wheels. The tracks are to be 66 m long so that the 

belt can be discharged ;ilong the entire length of the storage shed. The drive 

for the wheels shall be reversible and powered by a 6-kW (7.5-lip), TEFC electric 

motor with suitable gear reducer or equ3l hydraulic power u11it. 

Item 13--LurIT_jl~t_:~ker=The duty of this unit is to crush lumps that 

normally form during piL:- curing. This type of lump formation is usually refcrrPd 

to as "pile set" (a mechanical bonding of cured materials). Some lumps may also 

form as a result of "crusting" of the pile surface, caking •aused by absorption 
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of atmospheric moisture, or other characteristics of the material. The lump 

breaker should be designed to gently crush (condition) 20 mtph of the lumpy 

material to about 6 mm or less. The feed hopper should be wide enough to accom

modate a small front-end loader bucket <about 2 m (6 ft) wide). Material dis

charges from the unit by gravity directly into the variable-speed belt feed 

hopper. The lump breaker feed hopper should be fitted with a removable top grid 

(cross-bars) to ensure that the material passing Lhrough the unit is completely 

delumped. The lump breaker does not contain a discharge screen. The openings 

in the grid should be 8 cm by 8 cm to ensure effective delumping. The drive unit 

is powered by a 5-kW (7.5-hp) TEFC electric motor. The drive is by roJler chain 

and steel gear reducer. 

Item 14--Variable-Speed~_lt Conveyor--This belt v;ill be fed by a 

hopper with an adjustable discharge gate. The hopper should be located under 

the lump breaker and be gravity fed. The belt will be constructed of three-ply 

rubber and be 60 cm wide (measu~ed flat) by 2.5 m long, with a 20° tro11gh from 

horizontal. The drive will be powered by silicon controlled rectifier (SCR) 

direct current, variable-speed, 2-hp, electric motor, and belt driven. The 

frame will be heavy duty and coated for corrosion protection. 

Item 15--Granulator Feed Bucket Elevator--This item is identical to 

Item 1 except for discharge height. 

Item 16--Rotary-Drum Granulator--Thc purpose of this unit is to granulate 

the PAPR with steam and water. The rotary-drum granulator should be 1.8 m (6 ft) 

in diameter by 3.7 m (12 ft) long complete with a retention ring (approximately 

75 cm high) at the feed end. There should also be one internal retention ring 

(30 cm high) located 1 m from the discharge end of the drum. The shell of the 

drum should be constructed of a 1.3-cm (1/2-inch) thick steel plate and lined 

with 1.3-cm thick (1/2-inch) rubber panels (at least three plies). The rubber 

panels should be constructed of chemically resistant material that can withstand 

a temperature of 200°C. The tires should be seamless, free floating, machined 

face, and fabricated of 1045 carbon steel (or equal). The 1-'heels should have 

machined faces and be fabricated of 1045 carbon steel (or equal). The wheel 

bearings should be a tapered, self-aligning, pillow-block type. The whrel shafts 

should be of cold-rolled steel. The drum should have a chain drive with steel 

cut-tooth girth and pinion sprockets. The girth sprocket sho11Jd be flanged, anrl 

the pinion sprocket should be flame hardened. The drum should havf' two thrust 

rollers on the high-rnd tire (feed encl of drum) to control axial movement. The 
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thrust rollers shoulJ have machined f:ices and be fabricated ot high-cadion steel, 

complete with double-roller bearings for longitudinal control of the drum. He.:ivy

Juty bi-directional adjusting scrch·s should be providt'd for alignment of ;ill 1-;hef'ls, 

drives, and thrust-roller assemblies. The drum discharge-end h"ud ;ind chute should 

be fabricated of 6-mm (1/4-inch) steel plate. Heavy structur;tl steel should be 

used to fabricate the support for the trunnions, the pinion sprocket ge.:ir, and tl1e 

drive unit. All trunnion 1,·heels should have nip-point guards Lthric1ted of 4-mm 

(3/16-inch) steel and graphite block (or equal) lubrication. The drum should he 

provided with a Type 316 stainless steel, under-bed ste;1m sparger and ht>,1vy-d11ty 

sparger support extending ;llong the axis of the drum. The drum should h.:n:e a 2°-3° 

inclination sloping toward tht• discharge end. The drum ,md drive sln1ctural steel 

frames should be unitized. 

The drum granu]dtor dr·ivc assembly should consist <it .in electric drive 

motor and heavy-duty speed reducer. The electric motor should he lot.illy enclosed 

and fan cooled for chemic a 1 duty, h.:!':P ;1 serv i cc factor ot 1. l'J, and ,1 P'''-'f'l- ot 

34 kW (45 hp). The motor should be top (or side) mo1mtcd with rcl.1tiu11 to thC' 

speed reducer and fitted i.,ith lwll-clrive for a speed rcdul·tiun ot .l (bOIJ rpm) t<J 

the input shaft of the speed rC'duccr. Tlw spC'ed reducer shoul•.l tit• gc.irt'<l lo 

produce a drum rotational speed of IL. rpm (39/~ critic.ti ~iwt·d). !ht· "11tp11l sh.t IL 

of the speed reducer should be co:rneclcd to the pini•Jn :.;pruckt·l ;~t»lr "' 1 lh d 

flexible coupling. The pinion sprocket gear should drive tltt' :c.:1rllt ;.:t»lr i1y 111t«111s 

of a heavy-duty roller chain. Thf' entire drive assrn1hly should lit• 11101mlcd un .i 

heavy-duty frame fabricated of structural steel att.1clted lo Lltl' sln1ct1ir.il ;:Lt·el 

drum frame. 

Item !.Z.::-:_Co~!_lI_s_t_i!>f_l__~_<2r1trol_.5y~tc·~n--Thc puqiost' of tlti:; 1rnil i:; lo 

safely provide the coatrollcd comb11stim1 of furl oil l""JIIirl'd in the drying 

process of the rotary dryer (Item 18). The trnit should lJf' .in ir1ducl'd dr,1ft 

comhustion chamber mounted on the inl-:'t end of the ,!J·yt•r to pr<>';1dt' .1 coc11rrent 

flow of heated air through the dryer shell. ft should n:ivt' .ill .111tom.1tic (1-·itl1 

manual override) valve t() meter the flo1> of nil lo tlw l(irnll1Jsl1un d1.1mht•r. Tile 

valve should be controlled hy tlH~ dryf'r exit g.is tcmpt·r.1t1ir1·. It ~;hr>nld .i!so 

have an oil hurncr :.;afcty control syst('m lo a11tomatic.il ly :;h11t off tlw f1ll'i 

supply on flame L1iJun· or loss of draft :i11d to ens11rr· propt·r <1irtlu1·: .rnd p11r).:i11g 

of the system prior to st.1rt11p. It :.;hould h:1vc ;in .i11d1lilc .ii.inn ~;ign.11 riri 

failure. 
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Item 18--Rotary Dryer--The purpose of this unit is to reduce the 

moisture content of the granulator discharge to less then l~~- The dryer shell 

should be 1.52 m (5 ft) in diameter by 10.67 m (35 ft) long. The shell should 

be fabricated of 9 .53-mm (3/8-inch) steel plates. The ti res should be seamless, 

free floating, have machined faces, and be constructed of 1045 carbon steel (or 

equal). The wheels should have machined faces and be constructed of 1045 carbon 

steel. The wheel bearings should be a tapered, self-aligning, pillow-block 

type. The thrust rollers should have machined faces of high-carbon steel with 

double roller bearings for longitudinal control of the drum. ..\11 1,·heels :rnd 

driver and thrust rollers should have heavy-duty, bidirectiona I, adjusting 

',. 

screws for alignment. Luhn.cation should be furnished to all 1,·heels and tires 

by graphite blocks (or equal). The dryer drive is provided by chain-driven 

girth and pinion sprockets. The girth gear sprocket is fLrngc-mo11ntcd, cut

tooth steel. The pinion gear sprocket is flame-hardcrwd, cut-tooth steel. The 

flighting should be full-curtain (compound bend) formed-sti·el flights 1-;ith 

advancing flights at the inlet end. The shell should be equipped 1,·ith si:' 

gravity-operated knockers on the inlet end. The dryPr drive should be a J8-k\,

(50-hp) motor and gear-type speed reducer connected to the pinion sprocr~et. The 

dryer rotational speed should be 6 rpm, with an inclination of ar•proxima~ely 2° 

toward the discharge end. 

The oil-fired combustion chamber should have a 1,900,000 kcal/h 

(7,500,000-Btu/h) burner for an operational demand of 1,600,000 kcal/11 

(6,500,000 Btu/h). 

Item___!2_:~_1_)_r:yer Discharg_~_Cy_~lonP an'!__X:J_!!--The air dischargf'd from the 

dryer contains dust <.·•hich must be separated from thf' air and subsequently 

recycled to the process to improvP process efficiency as Wf'll as to minimizf' air 

pollution. The total capacity of the dust recovery system is 20,000 m
3
/h 

(12,000 n 3 /min) of dust-laden air at a tf'mperat11re o: abo11t !20°C ;rnd .1 prpssure 

of about 960 cm (378 inches) We (absolute). 

The dimensions of the cyclone are approxim;1tely: 

Jn]pt opening: 610 mm f I u t t ) 

Air outlet opl'n i ng: 760 mm 1) ( . ' '" -~.) ft ) 

Dust outlet: 150 mm I~ ( () • '"i ft) 

Cylindrical height: 2,590 mm ( 8. ') I tl 

Conical height: 3,500 nun ( I I . 'i ft) 



' . 
31 

Since the air is rel.:1tively hot, insulation of all ducts and the cyclone 

is required for safety reasons. This will also avoid cold spots wl1ich could cause 

condensation, resulting in plugging of the system. The cyclone should meet the 

specifications as mentioned in the general section on cyclones. 

The dryer cyclone draft \\ill be induced by a mild steel Lin C<jUipped 

\\ith an open material handling wheel. The wheel diameter should be ;1bo11t 115 cm 

(45 inches). The fan capacity must be 20,000 m
3 

/h at 120°C and C.O cm pn·ssure 

differential. Rotational speed should not exceed 2,800 rpm. The p01>er require

ment should be about 35 kW (50 hp). 

Item 20--Cyclone and Fan for the fugitive 011~t S~:_stc_~1--To remove pos

sible dust at various points (bucket elevators, screens. ;rnd conveyor bcl ts) in 

the plant, a fugitive dust collecti:1g system should he installed. Tn improve 

plant efficiency, this dust is separated by means of a eye lune ~l!ld rccyc l t•d to 

the process by the recycle system. The capacity of the fugiti·;e dust collecting 

system is 9,000 m3/h (5,400 tt 3/min) ;1t a temperature ot :_d1011t ;:r)c .rnd .1 pressun· 

of 960 cm (378 inches) We (absolute). 

The approximate dimensions c)f the cyclone :trl': 

In1 et opening: 460 mm L1 (I.:) ft) 

Air outlet opening: 460 mm I~ ( l. j t L) 

Dust outlet: 90 mm I) l 0. j j t ) 

Cylindrical height: 1, :no mm ( .'+. 5 ft) 

Conical height: 1 • l)g() mm (6.5 ft ) 

To avoid condensation of \\atcr during cold .rnd h11m1d 1.;p;ithcr ctJnditions, 

it is recommended that ;1 stcam-01wratt·d air-heating LH·J!ity he inst.J!l,•d in thf' 

inlet to the cyclone. The cyclone should mct•t the sp1•cilil·:1t1un:> :is 11wnti1Jncd 

in the general section Oil cyclones. 

A fan is nt·eded to inducf' a continuous p11:;itive dr.1fl ill thi:; :;yst1•111, 

and should bf' constructed of mild steel. TIH' r·ap:1city of this 1rnit rweds to he 

about 9,000 m3/h (5,400 ft:l/m;il) of dust-1.iden air .it ,d11i11t J0°l: .rnd :1 prt'ss11r·c 

differential of abo11t 40 cm (HJ inch('s) V.'c. The f.1n 1>hf't•I sho11ld lw opt>n matcri;1l 

handling type. The v;hcel di:rnwter should bf' .ibout -;"J 1m ( )() indlC's); the Pslim:1tcd 

power requirement is .1ppro;<im.1Lf'ly 18 kW U.5 hp). Thf' fan :;hould n·:-:f~t the 

specifications as mentiorwd in tlH' gr·neral sectioll nil f.1n:;. 
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Item 21--Wet Scrubber for Dust and Fluorine Recove~y--The total air 
3 3 

load on the scrubbing system is 29,000 m /h (17,400 ft /min) at a temperat11re of 

approximately 60°C. This air is laden with dust and fluorine, mainly from the 

rotary-drum granulator, and slippage from the cyclones in the dryer and fugitive 

dust collecting systems. Since effluents, in general, and fluorine effluents, 

in particular, can be harmful to the biosphere, treatment of the air streams is 

required. 

Since the air coming from the granulator may be moist, any dry-type 

dust collecting system could be prone to plugging. Therefore, because uf the 

required fluorine removal, passing the air through a 1-.·et scrublwr is recommended 

before exhausting it into the atmosphere. 

A low-pressure, spray-type wet scrubber is recommended. The scrubber 

is constructed of wood and consists of two separate sections (an inlet downflow 

section and an outlet upflow section), each having a cross-sectional ar~a of 

2 5 m . The overall outside dimensions of the scrubber are J m by 3 m square. 

All bolts, nails, and fasteners used in construction must be stainless steel. 

All nonwood must be either stainless stc:>L or plastic. clild steel is uuacn·pL1bJe 

for this unit. Internally, both the downflow and the uptlo1-.· sections ;tre pruvided 

with staggered, wooden slats having a free surface are;1 of .qJpn,:<i111.1telv :>o··~. 

Liquor is recycled from the seal sump to the scn1hlier through t".,o 

operating centrifuga 1 pumps and three spray banks. One l;.111k is loci tcd dbovt· 

the wooden slats in the dvwnflow section, the second b .. rnk twlo1-.· the slats in the 

upward flow section, and the third bank above the wooden :;Lits in the upt.·:arc' 

flow section. Recycled pond water is used in the third :;pr-.:iy hank to scrub tht> 

air before it is exhausted into the atmosphere. The spr;1yers used in the scrubber 

banks are a full-cone typt>. The pressure drop across the spr;1yct-s should not 

exceed 2.0 atmospheres. The total capacity of each spr:1yrr b;rnk is 25 m
3
/h 

(110 gpm). The sprayers should he constructed of Typt' .H6L sti1inless steel. 

Fresh 1-.ater is continuously fed to the scruhlwr se.11 s11mp in order to 

prevent excessive b11i1d11p of solids or high-fluorine conct>r1trations. A freshwat ?r 

flow of about 2 m3/h (8.8 gpm) is requirf'd. Th£' sump ov1·rflo1-.·s to an op<'n 

concrete trench thro_1gh which the scruhher liquor flm's Lo the sf'ttling pond. 

The sump should he ronslructed of concrete. 

Ite~_22--2_r:y_i-:.~ __ IJi_~_l~h.1rgP B11cket_J~!C?_~at~r--Thi:; itl'm is identical to 

Item 1 except for di'icharge height. 
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Item 23--0versize and Product Screens--The duty of these units is to 

continuously separate the total material throughput into three fractions--oversize 

material in excess of aoout 4 mm; product in the size range of approxim3tely 

2-4 mm; and undersize or fine material less than about 2 mm. The m:1ximum feed 

rate to the oversize screen is expected to be about 32 mtph if the process 

(primarily the crushers) performs as indicated. At these conditions the feed to 

the product screen would be approximately 25 mtph. The required scre~n surface 

at this load is 1.8 m
2 

for the oversize screen. The screening machines should 

be identical (except for mesh of screen cloth) to simplify inventory of sp;ire 

parts and maintenance. 

The screen cloth for each 1•nit should be ;i slotted design made of 

Type 316 stainless steel. A vibr3ling, incline<!, unbal3ncrd fly .... herl-typr 

screen is recommenc'ed. 

Single-deck screening machines are recommended over the double-deck 

units because the single-deck 1;nils can be easily observed and clt'arwd v.·hi IP they 

are fully assembled and in oper.Jtion. The double-deck units .ire more cump:ict .ind 

less costly but are more difficult to observe and clean v.·hilc lully dssemblcd .ind 

in operation. The pov•er require(J to operate a single-dPrk, vihr.1ting-typt: scH•t•n 

is about 5 kW (7.5 hp). 

Item 24--Chain Mill l:_!"_lls~fLr--Th<' purpose of this 11111t i:; lo nll,,h the 

oversize material from the screcr•s. This chain mill should be .1 si11,;lt·-stult 

design capable of crushing 10 mtph of 4- lo 20-mm (.16-.7'J inch) oversize mc1terial. 

A crushing efficiency of 60'/o or 1110;-p i.s rer111ired. The rotatitm;il :>p<'C'd of the 

chain mill shaft should be 600-800 rpm. The housing of this mi 11 should hdVP 

the maximum area possible designed ;1s access doors because the :;I ightly stirky 

nature of the fertilizer to bP crushed may require fn·qucnt cleaning of the 

mill. The mill should be belt driven by a l-kW (IO-hp) motor. l!t•avy-duty 

roller bearing.; of pillow-block dcsigu should be used on the ('h;iin shaft. The 

chains should be equipped v.·i th impact hammers of flame-hardcnl'd stetd. 

_!!.~~?S--Ht~~Y._C::~_B_c~_!_~--The rcl'y le bd t. is used to transport the re eye I t>d 

material from the product scrceu and the various dust collectors to the rotary 

drum granulator. The required (',;pacity of this twit is 30 mtph. ,\bell width of 

approximately 60 cm (24 inclies) i:, required for this c<1pacity. The l('ngth of this 

belt-type conveyor should fit thr: layout of the equipm('nl. A pov.·er n•q11i1·(·mcnt 

of 4 kW (5 hp) is estimated for the convr·yor. The conveyor should meet tlw 

specifications as mcntionC'd in tl!e gPneral section on conveyors. 
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Item 26--The Product Cross-Belt Convevor--This belt is used to tr;rn.;port 

product from the product screen to storage. The required capacity of this belt is 

12 mtph. To effect standardization of the equipment, a belt width of approximately 

60 cm (24 inches) is re~ommended. The length of the belt should fit the layout 

of the equipment. The power requirement of this unit is estimated at 4 kW (5 hp). 

The gear reducer on this conveyor should be equipped with a backstop to prevent 

running backwards in case of power failure. The conveyor should meet the speci

fications as mentioned in the general section on conveyors. 

Item 27--Shuttle Belt--It should be a three-ply rubber belt, 60 cm 

wide (measured flat) by 33 m long with reversible discharge. The speed reducer 

is to be belt driven by a 4-kW (5-hp) TEFC electric motor. The belt should have 

a speed of 46 m/min and be troughed 20°-35° from horizontal. The belt frame is 

to be mounted on steel tracks with steel wheels. The tracks are to lie 66 m long 

so that the belt can be discharged along the entire length of the storage shed. 

The drive for the wheels shall be reversible and pov:ered by a 6-kw' (7 .5-hp) 

TEFC electric motor with suitable gear reducer or equal hydraulic power unit. 

Jtem 28--Package _~_()iler--The duty of this unit is to supply s,1turatcd 

steam for granulation, heating of the fuel tank, and general st,rViL·es. ,\ 100-hp 
') 

boiler with a capacity of 1.8 mtph of saturated steam at 7 kg/cm~ should meet 

the requirements of the plant. The package boiler supplied by the vt•11d0r shuuld 

include (1) boiler and trim; (2) burner for either oil, n;1tuLtl g.is, or t<J111bination 

of both; (3) windbox; (4) forced-draft fan assembly; (5) control systt·m lL"lectric 

or pneumatic, single point); (6) flame safety system; ;rnd (7) 1-:ater tre:1tmcnt 

unit. 

Item 29--Boi I er F~£c:!_J{ate~_f~.!_n~--These pumps '.·;i 11 be 11st"d to feed 

water (boiler feed water) into the boiler for steam generation. UnC' pump v.·ill 

be operational and one will serve as standby. Usually lhese pumps arc specified 

by the boiler vendor to fulfill the required specifications of llw boiler. The 

pumps should be centrifugal and constructed of mild steel with ;rn approximate 

capacity of 2 m3 /h at a pressure of 10 kg/crn
2

. The pumps wi I I lw direct coupled 

to a 3-kW (4-hp), 1,800-rpm, TEFC elPctric motor. 

_!._~em ]__Q_:_--Ai_l'"_~_()f!l.£res.s_~r--The duty of this unit is to provide comprcss('d 

air for (1) the boiler and dryer •omhustion systems, (2) the rock stor:igP recir

culation silo, anci (])general purposes. i\ packaged air compressor 1mit is .:i 

factory engineered and assPml>led unit consisting of: 

1. Compressor, water cooled with instrumf'ntation. 
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2. V-belt drive, including compressor sheave, motor she;1ve, ;1nd nen·ssary 

V-belts with provision for adjusting tensinn. 

3. Totally enclosed V-belt guard. 

4. Nema "T" frame (208,230 or 460 volt) 3-phase, 50-cy<le, l. IS-st•1·'.·in· factor 

motor. 

5. ASME stamped air receiver and combination moisture sep.1rator \'1th s.1felv 

valve and automatic condensate trap. 

6. Water cooler, filter, silencer, and all air piping plus \>.1tl'r c"oling 

piping from inlet to outlet ot the compre:,sor 1111tl f.1clun· inst.11 lt•d. 

The unit should deliver 7 m3/h (247 ft
3

/min) .it ;i prt•ss11n~ of 7 kg/cm
2 

(100 psig). The unit should be nonlubricated type for nil-free sPrvict'. 

Item 31--Water Storage Tank--This tank .._.i LL :.;t•r·ve .1:> .1 n·st•rvoi1· to 

supply process water to the granulation unit as .,.,·ell dS 11:akL'11p 1-.all't" tu the 

scrubbers and the boiler-feed water treatment unit. This t.rnk 1>.1s dt·s 1 gned to 

meet the process requirements of the ROP and granuL1r [',\f'R pl.rnts .l!ld tu provide 

general purpose water for cleaning and wz.ishing the procl11cl iu11 ~> 1 tl'. This t:rnk 

could be increased in size if some olht>r U!Ses are c1nticip.1lt•d !lt'fore n'i1:>lruclion. 

h k t ld l 10 3 . . I I l T is tan s110u lave a 0-rn capacity, an .ipen ruol, .111< "' ccJ11:;tnJL·tt·• <>t 

mild steel with 6.35-mm (0.25-inch) \\'ail ,rnd floor thid:ne:-;s. 

l_telll_ __ l_2--\·:ater:__f~~rnps_--The duly of lhcSL' [lll111ps i'.; tu ~;i1pply ·.,.ilt-r lti 

the drum granuL1lor, boiler feed '.>';1lcr ti-calmt'lll llfli l, \'t'llluri .111d '.<l'l :-;c riililwrs 

(makeup), air con1pcessor (cooling ..._.dll'r), and for gt•IH'l«ll purpusl'e::.. T!tesl' 

pumps (one operational an<l one standby) :.;lto1ild be n·ntrif11gc1l Lype, cor1slrucled 
') 

of mild steel, and have a c:1pacity of :ilio11t 7 mJ/11 (Jl gpmJ dl .1 pressure of 

5 kg/cm2 (71 psig). These pumps .,_-il1 be direct coupil'd to a .'.-k\..' (:J-hp), 1,800-rpm 

TEFC electric motor. In case of :in elevated "'"1lcr tank thes1· pumps \,·j 11 not be 

needed if the tank has enough el{'v:1tion lo provide 1,-,1ter .,.,·it!t the flu'.>· and head 

required. 

!_!-_e_IT!__)}-_- f~11f'.L S ~~!.;1_ g~' :r a_n k - -Tltc p u r- po s r u f L111 ~> 1rn 1 t i s tu s Lorr a 

L,O-day supply (200 rn
3

) of fuel oil for firing the boiler .ind dn·1·r crm1ln1~.;lion 
systems. The tank should he fa!Jricdlcd of 6.4-rnm (0 . ..'.'i-inlh) • ... all .111d tluor 

thickness approximz.itf'ly 6 m (20 fl) in diameter by r) Ill 1:~ l ft) high .!lid mo1rnlt•d 

on a concrete base. The lank should be equipped .,.,·itli .1n intt·rn.il oi l-h1·;iting 

steam coil approximately 4 m in diamPlcr (minimum of lldJ l11r11:-;) .rnd f.ihricatt>d 

from Schedule 80 (heavy-duty) black iron pipP. Tlw design of thP Link l>;is bas1·d 

on an average fuel oil consumption of 100 gph for both com!JtJstion systl'ms. An 
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option will be to insLall two smaller tanks 4.9 m (lb ft) in diameter by 5.5 m 

(18 ft) in height. 

Item 34--Fuel Oil Pun_II>~--These pumps (one operational and one standby) 

will transfer the fuel oil from the fuel oil storage tank to the combustion 

systems of the boiler and dryer. These gear-type pumps should be constructed of 

mild steel and brass gears, and with a capacity of 400 L/h at the pressure 

required by the boiler and dryer burner manufacturers. The pipeline connecting 

the discharge of these pumps with the combustion system should be fabricated of 

black iron and fitted with a relief valve. These pumps should he direct:. co11plet1 

to a 1.5-kW (2-hp) TEFC electric motor. 

Item 35--Fuel Oil Receiving Pump--This pump will be used to unload 

fuel oil from tankers or tank cars to the storage tank. If a reliable alternative 

for unloading can be established (by means of air pressure), this pump will not 

be needed. This pump should be a brass gear type with a capacity of 5 m
3
/h. 

The discharge pressure will depend on whether the fuel oil will arrive by rail 

or truck. It should be direct coupled to a 4-kW (5-hp), 1,800-rpm TEFC electric 

motor. 

Item 36- -Sulf u ri c~~i_l~ S ~-o ra_g_e _ _T,1~s ( 2 )--The purpose o t these tanks 

is to hold a 2-\·:eek supply of sulf11ric acid (91% u
2
so4 ). These t:lllks should be 

5.2 m (17 ft) in diameter by 3.7 111 (lL ft) high, have cone-roof t.lllks, a11d be 

constructed of mild steel 111uu11tcJ on a t·oncrete bas!'. The top of the co11crele 

base should have grooves for acid lPak df'tection. They should have a w:ill and 

floor thickness of 6.4-mm (1/2-1nch) and 4.8-mm (3/16-inch) roof. Tanks should 

be equipped with shell manv.·ay, Lidder, roof manway, vent, liquid level indicator, 

and inlet and outlet pipelines. Tl1ese tanks should be surrounded by an earthen 

embankment to hold the total volume of both tanks in the event of a t:rnk leak. 

The earth embankment is shm.;n in the gt>neral plant layout ;.111d detailed sketches 

in Appendix A. An alternative to installing these tanks v.·oidd he to install one 

tank that would be 7. 7 m (25 ft) in diameter by 7 .3 m (24 ft) in ht>ight. 

I te111__3]_-_-:~~1_1J f11 ~i c A~ji_L_!~~~~-~ j __ v_l_!1g~~mp- -This p11mp w i 11 he used lo 

unload sulfuric acid (fJJ% 11
2
so

4
) from railcar or tank tr11cks to stor:1ge t.lllk. 

If a reliable alternative for unloading can be established (hy means of ai.r 

pressure), this pump 1;ill not be ncf'<kd. This pump should b(' ,lfl .1lloy 20 stair-
3 2 

less steel centrifugal type with a capacity of 5 m /h .it a pn·s'.;LJrf' of 5 kg/cm . 

It should be direct coupled to a 4-kW (5-hp), 1,800-rpm TEFC electric motor. 
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Item_38--Sul furi£~~i(l _ _f_L1_n1p~_j_2)--These pumps 1-.;il 1 be used to tr;rnsport 

sulfuric acid fror1 the storage tanks to the pug mill. One pump v.·il l he opera

tional and or:e will serve as spare. These pumps should be identical to Itt'm J7 

(sulfuric acid receiving pump) for inventory purpose. 

Item 39--Phosphoric_~cid Storage Tan_k~j:'.Ll_--The purpose of tht>se tanks 

is to hold a 14- to 20-day (depending on acid concentration) supply. These 

open-top tanks should be 6.1 m (20 ft) in diameter by 5.5 m (18 ft) high and lw 

constructed of 9.5-mm (3/8-inch) mild steel (wall and bottom). Tlwv should be 

protected with a 60-mil P\'C liner. They should be equipped v.·ith !.1ddt'l", liqui.d 

level indicator, and inlet and outlet lines. The outlet line should be :is close 

to the bottom as possible and constructed of ::l16L stainless steel. Dl'pending on 

acid quality, the tanks v.·ill need to be cleaned about once a yt><1r. ,\ dt'L1iled 

sketch of these tanks is sho\\·n in Appendix A. As an altt'rnative to thest' t..rnks, 

an API cone roof-type tank can be i nsla l led. These tanks will h.1vt· the same 

dimensions as the open tanks, but they 1\ill include a swecprn~. g1tator Lo keep 

the acid and solids in motion. The wall will be 9.5-mm (3/8-ind1J mild steel 

lined with 13-mm (1/2-inch) neoprene, and the bottom of the t.rnks .... ·ill be rn:ide 

of acid-brick liner. These tanks "·i 11 have an earthen-cont..1inmt'nt surrou11Ji11g 

bank similar to the one descrilwd in ltem 36. 

For both alternatives (upt''.l -irui closed tanks) ;rnothcr· opl1on is tu 

install one tank only, with 6.1 111 (LO ft) in diameter by 5.5 m (IS ft) high. 

Item_~O--Phosp_h_f!Li_£__:\c_-i~l !{cceivi!JF_J~l1'1!1J--This pump v.·ill be ust·d to 

unload phosphoric acid (mercltar1i_ gr;ideJ from tht• railc.ir or Lrnk tn1cks to tht> 

storage tanks. If a reliable altl'rnativc for 1mloading c . .r1 be cst.1blished (by 

means of air pressure), this item may he deletPd. This should he ;i C:t'lltrifug;d 
1 ., 

pump constructed of alloy 20 v.·itlt a capacity of 5 m /It at 5 kg/cm-. This pump 

will be direct coupled to a 5-hp, 1,800-rpm TEFC elt>ctr;c motor (power consumption 

4 kW). 

Ile;i; ~l_:_:_f1~osJ>t!_<?._rJr:.__'.\C:i_~l_!:~t-'P<i~f~~1nf.'._::'>_J?2--Tltt•st• pumps 1-i 11 hP 11st>d lo 

transport phospl.oric <icid from lhl' storage Lrnk to till' p11g mill. CJ11c pump v.·iil 

be operational, and cm<' will serve as sparP. Tltt>se p11111p:; 1-·iJI lit• idPntic.il to 

Item 40 of this list. 

ltf'rn _ _!~2-.:}.~«_'.:!_lr_llc_nt Pit Z!_f1~l __ ~''?_il_11t_ion l'ond--Th1· sm.1 I l t rt" ·t111t•nl pit 

(3 m wide by 6 rn lung liy 1 m deep) rf'cPives the scnilibcr elf llll·nt I iq11or from 

the venturi scrubber (Item 10) and the wet sc:rulihPr (fLC'm 21). This 1 iquor 

cont a i n s du s l all d h yd r o f 1 u o r o s i l i c a c i d ,111 d ha s ;1 I ow p II . T It i ~> I i 'J 11 o r 111 u s L b P 
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treated by the addition of powdered calcium hydroxide in order to neutralize the 

hydrofluorosilic acid and thereby raise the pl! to an acccptahle level (assumed 

to be in the range of 6.0-9.0). The calcium hydroxide is a1lded to the pithy 

hand at the rate of 25 kg every 15 min (assuming 10 mtph production rate). 

Mixing is provided by the recirculation of the liquor ~see sketch in Appendix A). 

The liquor from the treatment pit overflo~s by gravity ir1to the settling 

pond (20 m wide by 40 m long by 2 m deep). This pond has a plastic (P\'C) liner 

under a 30-cm backfill to prevent seepagP into the ground 1-;ater (see sketch in 

Appendix A). The clarified liquor is removpJ from this pond hy a crnti·ifugal 

pump positioned at the side opposite the inlet ;:ind returned to the pug mill, 

granulator, and wooden wet scrubber. The venturi scn1hlll'r 11sPs 011lv fresh ;;ater 

makeup feed. 

Item 43--Pollution. Pond Trea~mf'~t-~'i_~ __ l~nl!_~ _ ( ..'. )--Tlwse p11mps ;;ill be 

used to recirculate the scrubber effluent liquor from the L"1>t>r lt'Vt>l of the 

treatment pit to the upper level on thf' opposite side ol the p1l (sec skt'tch of 

treatment pit in Appendix:\). The purpose of this 1-pcin·11l.1litir1 is l1J c1id in 

mixing a.e approximately 100 kg/h feed of calcium hydro:<1de hi th Lill' scrubber 

effluent for pH control. when properly mixed, the hydrofluuro:,;1lic ~Hid in the 

scrubber effluent will react 1-:ith the calcium hydrox1dt· Lu lur1n 1.ilL:ium 1l110ride 

and thus increase tl1t pl!. Um· pump ...,.i 11 operate <,,'hi le the ()thl'r :;Prvt's .is 

spare. The pumps are centrifugal type, conslr11ctcJ of mild slct•i \·:1th rnhtwr 

lining, with rubber-coaled impellers. Tlicy .,,·ill p11111p al a r;itc ()f 7 111'/h .1l 

2 4 kg/cm. They are direct co11pled 1,·ith 4-kh (5-hp), 1,800-rpm lf.FC elt·L·tr-ic 

motors. 

Item 44--Pol_l_~1:_~~r~_por~'.!__l~~l_'.1ll~~-Jcn--Thc purpose of these p111ups ...,·i 11 be 

to transport clarified pond ii quor to the ~et scrubbers, pug mi 11, and drum 

granulator. The incorporation of tlJi~; li< 1110r into the fertilizl'r .,,·ill closP the 

effluent liquor loop under norm;i] operating conditions. 

These centrifugal-type p11mp!; ar(' constructed of mild sl<'l'l ...,·ith rublwr 

lining and ruhher-coatf'd impelll'rs. They ;ir£• direct coupled ...,·ith 1,r;oo rpm, 
'l ') 

4 kW (5 hp) TEFC elt>ctric motor driVt's. Th!'y <,,·ill pump 14 m· /h al 4 kg/rnt. 

One pump wil 1 serve as sp.1r(' .,,·hi[£' ttw other one opcrates. 

ltef'l!_~__:_:Y('IJ~llr_i_ S_c:_r:_u_hlwr P11mps _(2)--Thc purposP of tht'sc p111nps 1o.i l I 

be to spray scrubbing liquor into the venturi throat. These centrifugal-typt' 

pumps are constructe·I of mild steel with rubber lining and rublier-co;itcd impel lt·r·s. 
3 2 

Th<='y will pump 14 m /h at 4 kg/cm . The pumps wi 11 be di red coupled to ;1n 
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1,800-rpm, 4-kW (5 hp) TEFC electric motor drive. One pump '.>i 11 opcratt:> ;ind one 

\•;ill be used as spare. These units arf' identical "·ith those of l tern 44 ot this 

list. 

Item 46--Wet (Wood(:'r_1LJ)cr~_~l"l_t::l'."__Pumps (3)--Thcse ccnt1·ifllgal-type pumps 

are used to recirculate scrubbing liquor from the scrubber sump to the spray 

banks at the top of the downflow and upflow sections and at the bottom of the 

upflow section. The capacity of the pumps is 40 m
3 

/h delivf'red at 4 kg/cm~ TDH 

(total dynamic head). The power requirement of the pumps amounts to about 11 k\•; 

(15 hp). Three pumps are requireJ--t1,·o in operation and one ~1s standbv. These 

three pumps must be interconnected by piping so that the do1>rn,·ard flo"· section 

spray bank can be operated in case of failure of ;my two pumps. The pumps 

should be direct coupled to TEFC electric motors. They sho:dd be constructed of 

mild steel with rubber lining and rubber-coated impellers. 

Item 47--Granulator Scrubber--Thc purpose ot this sprJy column scrubber 

is to treat the dust and moisture-laden air from the drum granuL1lur (ltt•m lb). 

The air is transported Lo the scrubber by a 40.6-cm (16-inch) round duct con

strucLed of 3.2-mm (l/8-inch) thick mild steel. The total lu.1d tu the scrniJlll'r· 

is 8,994 m
3
/h (5,000 tt

3
/min). The spray column scrubber should he l.J 111 in 

diameter by 2.9 min height 1,·itll tangential entry nf till' c1ir d11ct u·llt«r1·d cJli rn1 

above the flat bottom. The ~;l-rublier should be constructed ul type ilt,L "t.1illlt·ss 

steel or other fluorir1t'-resist.1nt 111:1tt'rial. The scruhht'r sl1uuld l'>llt.1in ~ d<>\·;n-

ward spraying, centrifugal, liullu"·-cont' nuzzles constructed ut typt' 3!1i ·;t.1inlt'ss 

steel. Th~'se sprays should he mo1rntcd in the center of the scnitiht'r on the 

vertical axis about JO cm apart. The tn'ated air 1-·i 11 disch;irgt' thro11gh ;1 40.ti-cm 

round duct in the top of the scrubber after passing through the spr:1yt·d scrubber 

medium (clarified pond I iq1wr). 

The scrubber liquor fped Lrnk should be constructed of type Jiu sL1in

less steel and be 1.0 111 in di;nncter hy 2.0 rn in !wight. Thf' Lmk ~.ho1ild h.1vc 

sloping (o:- corw) h(Jltrim \>'ith ;i 7.6-cm ovl'rflow line disd1:irgi11g hy gr.1vity l<J 

the trench feeding the pol lulion trc.itlll('llt pit. It sho11ld lit' lu1.,1lccl .1dj;iu·nt. 

to the scrubber. A frt'sh makeup 1,·att'r !inf' should bl' s11pplit·d tu Lhi:; t-ink fur 

control of the scn1hlH'r I i111wr cor1centralion. 

!!:_~·r11__~~-:-.:_<~r.1n11];ilur Scrnlihf'r Fan--The purpost' of this f.rn 1:, Lo cre.1tc 

an induced draft in Lile gr:1n11!:1lor scruhhPr (ltcm 47). This :;h1i11ld fw .1!1 mtll-

t yp e fan and ha v f' a l L c .1 ~; t a 7 ') . ] - nn ( 2 <J - ') / 8 - i n ch ) .._.ht, t, I , 1,· i l h :1 l O - k 1,.,· ( 4 () - B 11 l' J 

TEFC motor at 50.8 r·m (20 inch) st;1tic pressure. ThP f.rn n111sl lw l'Ollslrucle.t of 

type 316L stainless stc<'1 or other f l1rnrirl('-rf'sist;111t 111;it('ri:il. 
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Item 49--Granulator Scrubber Pumps (2)--The purpose of tl1ese pumps is 

to supply scrubbing liquor to the scrubber sprays. Thesr pumps are idrnticil 

to those of Items 44 and 45 listed previously. The po\.>er consumption 1>i 11 lw 

4 kW. One pump ~ill operate and one will be used as a sparr. 
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Table 1. Chemical Analysis of Grounrl Run-of-Mine ~l~1_:;_s_o~rie PJ1~~ph.1_~ _ _B_?ck 
and c~ntral Florida Phosphoric Acirl Usrd in Pilot Plant-Scale 
PAPR Production Tests 

P205 
Cao 
F 
MgO 
Fe 20 3 
Al 20 3 
C0 2 
Si02 
s 
H2 0 
Organic C 
Na 20 
K20 
S0 4 
Loss on ignition 

Mussoorie Rock 
(wt %) 

18.6 
4J.8 
l. 8 
I . L1 

4.0 
1. 7 

13.6 
15.4 
2.J 
0. 17 
1. 4 
0.26 
0.45 
7. 12 

10.8 

a. NA= not analyzed. 

Centr.il Florid:i :\cid 
---·------------

l ,,·t ·~~) 

53.9 
0.07 
0.5 
0.58 
U.88 
:). 8 

\,\,I 

\:\ 
l. 2 

21. 2 
0. :3 
0. 1 

<U.01 
J.6 

\,\ 

.. 



Table 2. Particle-Sizc> Distribution of Run-of-Mine Mussoorie _Pl~(~~phate _!t_o_ck 
Used in Pilot Plant-Scale PAPR Production TPsls 

Opening of Sieve Retained Cumu l.1 ti ve 
-~-·· ·-----

Mesh-Tvler mm Oil Sieve Rt•L1 ined P.1s~i ng 
--------- ~-------

l \,·t ~~) - - - - -(\·:t ~~) - -

65 0.212 4.3 4.3 <)'). 7 

100 0.150 4.3 8.6 91.4 
150 0 .106 5.2 13.8 86.2 
200 0.075 12.7 26.5 73. 5 

270 0.053 10.8 .i 7. 3 b') -
- • I 

400 0.038 9. 1 46.4 5J.6 



Table 3. Formulations Used in Pilot Plant-Scale PAPR 
--------

Production Tests--SSAG and ROP Proc2~ses 

First SS.-\G Test Run (7-429) 

Mussoorie phosphate rock 
Phosphoric acid, 53.9% P20 5 
Sulfuric aci<l, 91. :n, 11:.:S0.1 

Second SSAG Test Run (7-430) 

Mussoorie phosphate rock 
Phosphoric acid, 53.9% P2 0 5 
Sulfuric acid, <) 1. l 0

'., H:.:S0.1 

First ROP Test Run (7-4i!J 

Mussoorie phosphate rock 
Phosphoric acid, 53. 9·:~ P 2 ll~, 

Sulfuric acid, 91.3'/~ 11 2 Su.1 
Water 

Amount l 1sPd 
- -----------

l kg; h) 

300 
JO 
84 

?..,~ 

~l:J 

30 
8' l '4 

270 
37 
75 
iJb 

~ni ~-~o_n~~mpt ion 
lkg/mt) 

750 
75 

210 

78b 
Sb 

2.'.+0 

725 
I 0 0 
202 
!IS 



Table 4. Summary of Data Obtained_J_ri_~i~ot _ _f_!_~!1t-Sca le PAPR Product ion Tests-
SSAG Process 

Date 
Test number 
Granulation duration. h 
Production rate, kg/h 

Pug mill 
Phosphate rock feed rate, kg/h 
Sulfuric acid concentration, % H2S0 4 
Sulfuric acid feed rate, kg acid/h 
Shafts rotational speed, rpm 
Paddle tip speed, m/s 
Calculated retention time, s 
Discharge conditions 

Free acid content, % P20 5 
C02 content, % C02 

Recycle 
Feed rate, kg/h 
Temperature, °C 
~ecycle-to-product ratio, kg/kg 
Size distribution (% retained) 

Screen opening 
4.75 mm 
3.35 mm 
2.36 mm 
I. 70 mm 
I. 18 mm 
850 µm 
600 µm 
425 µn; 
Pan 

Drum granulator 
Phosphoric acid concentration,% 
Phosphoric acid fcerl rate, kg/h 
Steam feed rate, kg/h 
Rotational speed, rpm 
Rotational speed, % of critical 
Discharge conditions 

Temperature, °C 
Free acid content, % P 2 0~ 
C0 2 content, % 

(Cont. i 1111cd) 

9 / 18/ l 1J85 9 I 23/l ns 
7-429 7-430 

24'
1 

12 
400 350 

JOO 275 
<J I . 3 IJ I . 3 
84 84 

400 400 
2. I 2. I 
2 •) -
l. 3 I 4 
t). 3 \ :\ [1 

I , .'t5 0 2,800 
-·) ,_ g5 

4-1 7.5-1 

N:\ I .4 
\ :\ s ) < • -

0.5 12. I 
3.0 21. 2 

4). 5 27. I 
50.2 15.3 

2 . .3 \:\ 
0.6 \,\ 
0. I 14. 7 

53.9 5:3. 9 
30 30 

7.5 12.5 
18 18 
41 41 

86 91 
5.7 4.8 
S.8 N,\ 

------· ----. ---



Table 4. Summary of Data Obtained in Pilot Plant-Sc.:ile P:\PR Production Tests-
SSAG Process (Continued) 

Date 
Test number 

Dryer 
Temperature of air from combustion chamber 

(dryer inlet), °C 
Air temperature at outlet, °C 
Air through dryer shell, m3 /h 
Air velocity in dryer (outlet conditions, 

empty dryer), m/s 
Total throughput, kg/h 
Propane used, kg/h 
Discharge conditions 

Temperature, °C 
Free acid content, % P20 5 

Screl"nsc 
Top screen opening, mm 
Bottom screen opening, mm 

Ambient conditions 
Dry bulb temperature, °C 
Wet bulb temperature, °C 
Relative humidity, % 
Weather conditions 

a. Intermittent operation. 
b. NA = not availabl~. 
c. Inclined at an 18° angle. 

9/18/1985 
7-429 

130 
125 

4,000 

1. 6 
2,000 

11 

110 
~5.0 

2.J6 
1. 18 

N,\ 
NA 
~,\ 

Dry 

9/23/1985 
7-430 

119 
115 

4,000 

1. G 
3,000 

10 

115 
?:'.5 .4 

4.75 
1. 70 

')' 
-'+ 

85 
F!;1 i ny 
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Table 5. Chemical and Physical Analyses of Products Obtained in Pilot Plant
Scale PAPR Production Tests--SSAG Process 

Date 
Test number 

Size distribution (% retain~d) 
Sieve opening 

4. 75 mm 
3.35 mm 
2.36 mm 
1.70 mm 
1. 18 mm 
850 µm 
600 µm 
425 µm 
Pan 

Chemical analysis (as made) 
Total P205, % 
Water-soluble P2 05 , % 
Neutral ammonium citrate-soluble P20 5 , %h 
Available P20 5 , % of total P20s 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation),% 
F, % 
C0 2 , % 

Crushing strength, kg/2.6-mrn granule 

Chemical analysis (after curing 1 day at 60°C) 
Total P20 5 , % 
Water-soluble P205, % 
Neutral ammonium citrate-soluLle P20 5 , 

0/ob 
Available P20 5 , % of total Pz05 
Free acid, % as Pz0 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation), % 
F, % 
C0 2 , % 

Crushing strength, kg/2.6-mrn granule 

Chemical analysis (after curing 4 days al 60°C) 
Total P20 5 , % 
Water-soluble P205, % 
Neutral ammonium citrate-soluble P20 5 , %b 
Available P205, % of total P20s 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation), % 
F' % 
C02 , % 

Crushing strength, kg/2.6-mm granule 

9/18/1985 
7-429 

NA 
NA 

7.9 
26.7 
45.7 
i9.3 
0.3 
0.0 
0.0 

18. 1 
6.5 
1. 0 

41. 6 
5.7 

21. 7 
<O. 1 

1 ') . ~ 
'.) . (; 

X,\ 

18 .tJ 
7.2 
0.5 

41. 4 
5.4 

21. 5 
<O. 1 

NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 

9/23/1985 
7-430 

7.5 
18.2 
32.1 
41. 1 

0.9 
0. 1 

NA 
NA 

0 .1 

19.0 
7.7 
0.4 

42.6 
5.2 

21.0 
<O. 1 

1. 2 
5.0 

0.3-0.4 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

~o. i 

19.0 
7.9 
0.7 

45.3 
3.7 

21. 9 
0.6 
1. 3 
4.3 

~0.7 
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Table 5. Chemical and Physical Analyses of Products Obtained in Pilot Plant
Scale PAPR Production Tests--SSAG Process (Continued) 

Date 
Test number 

Chemical analys~s (after curing 7 days at 60°C) 
Total P20 5 , % 
Water-soluble P205, ~ 
Neutral ammonium citrate-soluble P2 0 5 , %b 
Available P2 0 5 , % of total P2 0 5 

Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation),% 
F, % 
C0 2 , % 

Crushing strength, kg/2.b-mm granul~ 
(after curing 7 days at 60°C) 

Crushing strength, kg/2.6-mm granule 
(after curing 14 days at 60°C) 

a. NA= not available. 
b. Does not include water-soluble fraction. 

9 /18/1985 
7-429 

19.0 
6 " ..... 
2 ) 

I I •) 
44.~ 

2.8 
22.7 

2.3 
1 ') 
-~ 

4.7 

~:\ 

NA 

9/23/1985 
7-.'dO 

19. 1 
6. () 
3 ') 

48.2 
2. () 

21. 1 
0.5 
I. 2 
4. 1 

0.8-1.1 

1.30-1.55 
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Table 6. Chemical Analyses of Product Obtained in Pilot Plant-Scale PAPR 
Production Tests--ROP Process 

Date 
Test number 

Chemical analysis (as made) 
Total P20 5 , % 
Water-soluble P20 5 , % 
Neutral anunonium citrate-soluble P20c,, /~3 

Available P20 5 , % of total P20 5 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation), % 
F, % 
C02 , % 

Chemical analysis (after curing 
Total P20s, % 

I 0 ') b < ay ;1 t bO L 

Water-soluble P20 5 , % 
Neutral ammonium citrate-soluble P20 5 , ·;~c1 
Available P205 , % of total P20 5 
Free acid, % as P20 5 
Total sulfur, % as S04 
Free water (by vacuum desiccation), % 
F, % 
C02 , % 

Chemical analysis (after curing 2 Jays at !JU°CJ 
Total P20 5 , % 
Water-soluble P2 0 5 , % 
Neutral ammonium citrate-soluble P2 0c,, ;~:J 
Available P20 5 , % of total P20s 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation), % 
F, % 
C0 2 , % 

(Continued) 

10/2/1985 
7-431 

16.6 
7.3 
1. 1 

50.6 
2.2 

18.2 
16.0 

1. 6 
1. 8 

16.5 
5.4 
2.4 

47.3 
0. CJ 

17.6 
15. 4 

1. 4 
]. CJ 

I (1. 6 
c). 4 
2.7 

48.8 
1. 2 

17.8 
15.2 
1.6 
I. 5 



Table 6. Chemical Analyses of Produc:!_.Qbtained j n Pi I o~ _ _fl__;11i_t_~~C:~!~ PAPR 
Production Tcsts--ROP Process (Continued) 

.. 

Date 10/2/1985 
Test number 

Chemical analysis (after curing 8 days at 60°C) 
Total P20 5 , % 
Water-soluble P20 5 , % 
Neutral ammonium citrate-soluble P20 5 , °/0 a 
Available P20 5 , % of total P20 5 
Free acid, % as P2 0 5 
Total sulfur, % as S04 
Free water (by vacuum desiccation),% 
F, % 
COz, % 

I 1 1 ( I · 0 .b C1emica ana ysis after curing 14 day al bO CJ 
Total P20 5 , % 
Water-soluble P2 0 5 , % 
Neutral ammonium citrate-so tulde p.,Q, 01a 

.... ~' /o 

Available P20 5 , % of total P20 5 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation), '% 
F, °lo 
C0 2 , % 

Chemical analysis (after curing 21 days :it fJ0°C) 

Total P20 5 , % 

a. 
b. 

Water-soluble P2 0 5 , % 
Neutral ammonium citrate-soluble PLU;,, ·;~' 1 

Available P20 5 , % of total P20 5 
Free acid, % as P20 5 
Total sulfur, % as S0 4 
Free water (by vacuum desiccation),·;;, 

F' % 
C0 2 , % 

-------~--- ---- -··---------- -

Does not include v.·ater-solublt· traction. 
Product containPr in al I probability not completely seJlt•d. 

7-431 

18.5 
4.2 
J.5 

41. 6 
0.6 

16. () 
9.5 
1. (i 
1. 9 

20. I 
5.G 
:l. 9 

47.3 
0. :l 

I 9 . <J 

() . 1 
l. 7 ,, ') 

I;-;._) 
!; . 1 

'• t: 
.) • t) 

() . ~) 
20.0 

7.:.. 
1 • ti 
I. ti 



Table 7. El1uipment List--10 m~_OP/Gr-:inulation P.\PR Plant 

Equipment 
Item Number 
(Refer to 
Figure 1) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

___ D_e_scription and Approximate Size or ~~~_t~_i_!::;_~-

Phosphate rock feed bucket elevator--continuous 
discharge single chain, low speed to recirculate 
phosphate rock to storage silo. Bucket elevator 
must he sized to transport 40 mtph of aercatPd 
finely powdered phosphate rock (bulk density ,,f 
about 644 kg/m 3 ) at 40% bucket fill. 

Phosphate rock pocket hopper--designed to hold 
of material (.5 min supply), 1 m x 1 m :< 1 111 

Phosphate rock silo--designed to hold 32 m3 0f 
materiall2.5 h supply), 3 min diameter by 6.1 111 

high with a 45° hot tom cone, equippPd 1-;i th h,ig 

house vent system. 

Discharge screw conveyor--to recirculate phosph.1te 
rock from silo to bucket elevator with a cap.ici Ly of 
20 mtph fixed speed e] '·ctr ic motor driven. 

Variable speed screw fre<ler--equippPd ;;ith var1.ihlt' 
speed electric motor controlled by 1>eigh hell \dlh 
interlock with weigh belt electric motor. Dc:.;igrwd 
for 10 mtph capaci Ly. 

Phosphate rock 1>eigh belt feeder--c;q1;1city ul 

8(±2) mtph of po1>der0d phosphate rock. Elt~clr1c 
motor driven with interlock with seal scrc1,· fl·edcr 
electric motor. 

Phosphate rock seal sere~· feeder--c;1pacity of 
10 mtph of powcJercd phosphate rock with seal gate. 
Electric motor driven with interlock "·ith pug mill 
drive. 

Pug mill--do11ble shaft 0.6 m wide and 2.2 m long 
(mixing trough), "''ilh a padd1e tip spePd of I.CJ rn/s. 
Complete 1-;ilh enclosed vent hood. Electric motor 
with hclt drivf' and slPe1 gear reducer (vari;ibJe 
speed drive optional). 

Curing hell convPyor--lo handle hol and ;icidil 
product from the pug mi 11 discharge. Be I l lo !J(' 

made from high-Lemp('ralure chemical resistant 
material, 122 cm 1,·ide by 27 m long ""ilh idl1·rs 
positioned on 45° to form a trough; ri1r111ing .it .1 

speed of 1.8 m/min. 

Venturi scrublwr--rPinforced polycstt·r pL1:.;tic typf' 
with an efficiency of 1J5'/o. Fan should lw LypP 
3 I 6 L SS or r f' i n force cl , poly est c r p Li s L i c , 0 rrn 
13,GOO m3 /h al 50.8 cm static prcss11n·. 

---- --------------------------- ------------ ----------------

He qui red 
PO\·:e r I Ln it 

-- -- ------- -
lkh) 

1.5 

6 

..'. 

6 

20 

30 



Equipment 
Iteii! Number 
(Refer to 
~ure 1) 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Product (ROP-PAPR) cross belt conveyor--60 cm ~idc 
by approximately 32 m long with a lift of 11 m dt 
at 18° degree angle fro:n the horizontal. 

ROP-PAPR storJge ctistribntor shuttle be! t convt•yor--
60 cm wide by 33 m long, reversible, track mounted 

electric motor driven. 

Lump hreakcr--designed for big 1 umps ( +2 cm). 

Capacity 20 mtph maximum throughput 1-;i th 18 cm by 
8 cm open area grid top mounted. 

Variable speed belt conveyor--to handle reclai111l'd 
ROP-PAPR, 60 cm wide by 2. 5 m 1 ong ;;ith a cap:1c i ty 

of :o rntph. 

Granulator feed bucket elevator--contiruwus 
discharge, single chain, sized to tr:rnsport 40 111lph 
of reclaimed f\OP-PAPR and recycle mJtcri.d 
(identical to item 1). 

Drum granulator--1.83 m irt di;imctt>r !iy J.fJtJ m l11rtg, 
with a retention ring 30 cm high loc.1lt«l l 1n ln1rn 
discharge end, rubber panl'l-type liner .111d fillt·d 
with a spa r g c r and supp o rt for steam .ind I u r "' .1 t '· r . 

Dryer combustion chamber--to operate !J11rnl'r 
automatically or manually based on tc111p<·r:1tu1T of 
air discharged from dryer. Combustion d1:1mhe1· tu 
furnish 7.5 x 10 1> Btu/h. Complete with inslnunenL1-
tion controls, safety devices, combustiun air Lrn, 
and ope rat i n g i 11 s tr 11 c Li on s to be supp 1 i t · d by \' t • 11 do r . 

Rotary dryer--1.52 m in diameter by 10.t)7 1n l"11g, 
ring gear and pinion spro•ket drive 1-.'ith :i 

rotational speed of 6 rpm and an in•linc.1lio11 ,if 

2° lo;;;ird the discharge end. 

Dryer cyclon•·-type dust collf'ctor systt·111--
20 ,000 m::/h air at !20°C. Exhaust f:rn 11~!1! typt', 
20,000 111:0/h ;it LW°C, 40 cm pressurt' difft·r1·11ti.1l. 

Fugitive du:;l cyclone-lypt• dust col !t·ct<i( :;y:;tt·m--
9,000 m;:/h al J0°C. Exhaust fan O~lfl typt·, 
9,000 111;;/h at J0°C, 40 cm pressure diff1·rt'11t1.1!. 

Wet scru!Jber--.,.,·ood construction \..'ilh s!.1t p.icklrq~, 
10 rn 2 total C"ross st>ction ar('a, two comp;irllllt'!lls, 
5 m~ f'ach (do\..·nflow and upf]ol-.') \..'ith concretr> 

sump . 

' . 

l\cq11 i rt•d 
!'Ol·:t• r I l n i t 

l kh') 

10 

5 

15 

:l8 



Equipment 
Item Number 
(Refer to 
Figure 1) 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Dryer discharge bucket elevator--contilluo11s 
discharge, single chain sizPd to transport 40 mtph 
granular PAPR (idP11tical to item 1). 

Oversize and product screens--single deck iriclillcd, 
mechanical vibr~trd, 60 cm wide by l.8J m long 
screen area. 

Oversize crusher--chainmill type, sirigle sh,1ft 1-·ith 
10 mtph, 4-10 mm oversize crushing capacity. 

Recycle belt cPnvcyor--to handle undcrs1zc m.1teri,il 
from product screen and dust collector, JO mtph 
capacity, troughing idlers, 60 cm wide by 14.')() 111 

long, •'rtclosed lo minimize dusting. 

Granular product c1-oss belt conveyor--t)O cm '.>idc !iv 

approximately :LO m Jong 1-:ith a lift <Jf tJ.5 m .it an l8° 
angle toward the horizontal. 

Granular P,\PR product distrdn1tor shuttle twl t 
conveyor--60 cm h·ide by JJ 111 long (idl'nlic.tl tu 
item 12). 

Package boilcr--IUO hp boilf'r, 1.8 mtph slf'dlll :it 
7 kg/cm 2 pressure. ,\ccessory equipment illstriJIIJ('llts 
and safety dt~vices should be supplied by vendor. 

Boiler teed 1-:atcr prnnps (2)--centrifugal, 2.0 m:'/h 
'l 

at 10 kg/cm- toLil discharge ht>ad. 

Air compressor--pack:igcd air compressor unit typt' 
to dt>l ivPr 7 m:~/111in at 7 kg/cm 2 prcss11re. '.fon-
lubricatPd type for oil fr('c service. Instruments, 
control, and safely dcvicf's to be provided by vendor. 

Waler storage Link--opPn roof type, constructt>d of 
mild steel 6.:JS-mm wall :111d floor thickness 1-:ith .i 

capacity of 100 m~. 

Water pumps (2)--rcnt,·ifug;t] with a c1p.1city of 
7 rn~1 /h at S kg/cm;;. 

Fuel oil stor;ige Lrnk--(1.l m diameter hy 7 111 hi~~h, 
approxi111.1tely 200 m:; (40-ddy supply) including oil 
heating stPam coi I. T.rnk 1-.'.1] ls should he 6.:>S 111111 

mild steel and lhc coi I :ippruxim;ilely 4 m in 
diameter (minimum of ti-.«) t11rns) black iron pipc>. 

Ftwl oi I p11rnps U)--mi Id slt>el gear p11111ps 1-.·ith ;1 

capacity ot 400 I.I'll. 

Required 
Po1,·p r I L'r1 i t 
------------
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Equipment 
Item Number 
(Refer to 
_F~gure 1) 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

___ D_e_s_cr_i_pt ion :rnd ,\pprox)m.:ite Size or C~~pan ty __ 

Fuel oil receiving pump--mild steel gear pump with 
a capacity of 5 m3 /h. 

Sulfuric acid storage tanks (2)--AP1 conr roof, 
constructed of mild steel, mounted on :i concrete 
base. Wall and floor thickness of 6.35 mm and 
4.76 mm roof. Tanks should be 5.2 m in diameter 
by 3.7 m high to hold about a 2-week acid supply. 

Sulfuric acid receiving pump--centri fuga 1, al Loy ,,,. 
stainless steel, 5 m3 /h at 5 kg/cm 2 . 

Sulfuric acid pumps (2)--centrifugal, alloy 20 
stainless steel, 2 m3 /h at 5 kg/cm 2 . 

Phosphate acid storage tanks (2)--open root L.rnks 
constructed of mild steel 1>ith a 60 miil P\'C liner. 
Tanks will he 6.1 min diameter by 5.5 m high to 
hold about :1 14- to 20-d:iy supply, depl·ndirig un .Jcid 
concentration. 

Phosphoric :1cid rcceivjng Jllllllp--centritug.11, .ii l11y 
20, 5 nr;/h :it 4 kg;crn:.:. 

Phosphoric ,1cid pump:-; (2)--u'ntrifug.1!, dlh·Y ..'.lJ, 

1 m:~/h al 5 kg/cm:.:. 

Pollution pond and tre;itn!('nt pit--

Pollution pond treatment pit pumps l2J--centu111g:d, 
rubber lined, 7 m:3/h at 4 kg/cm:.:. 

Pollution pond pumps (2)--ccntrifugal, rubber liIH'<l, 
14 m3 /h at 4 kg/cm~. 

Venturi scrubber pumps (2)--ccnlr i fug.1 l, ruhh(·r 
lined, 14 m3 /h at 4 kg/cm 2 . 

Wooden v.-et scrublwr pllmps (:l)--centrif11g.il, nitit,(·r 

lined, 40 m3 /h at 4 kg/cm 2 . 

Granulator spray scrublwr--1.5-m didnlf'lt>r by .'..'J-111 

height, constructed of st.1inless slf·[·l or pl.1stic, 
containing 2 stainless steel sprays. 

Granulator scrubl>Pr fan--Lrn should he typC' l lbl. 
SS or reinforced, polyestp1· plastic, ()~If[ 84<J4 111:',/h 

al 50.8 cm static pressure. 

Granulator scruhht·r pump~; (2)--ct'lllri f11g.il, nihh(·r
lined, 14 m:1/h at 4 kg/cm 2 . 

Re qui red 
l'oi--e r / L'n it 
-------
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1.61- Sample Period During Test Run: 7-430 (!] 
[!] 

[!] 
8 Sample Period 1: 4:00-5:00 p.m. 0 

® Sample Period 2: 5:00-6:00 p.m. 
(!] 

1.4l-
& Sample Period 3: 6:00-7:00 p.m. 

/ (!] [!) & & 
... & 
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c 1.2 ... e;. 
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I [!] E 
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;;; 
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J l!l 

0.4 & 
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Curing Period, Days 

Figure 1. Crushing Strength of MAB-PAPA Product Made by SSAG Process Versus Curing Time. 
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Sketch No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

PPCL-PAPR Plant--Preliminary L~~ketche_~ 
(Step 1 and Step 2) 

Site layout--plan 
ROP plant (Step 1)--plan 
ROP plant (Step 1)--elevation 
Granulation plant (Step 2)--plan 
Granulation plant (Step 2)--elevation 
P and l (piping and instrumentation)--scl1ematic 
ROP/granulation storage shed--Pnd elevatioa 
ROP/granulation storage shed--side elevation 
Pollution effluent treatment pit--cross section 
Pollution settlement pond--cross section 

. . 
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Weather-proof wooden 
enclosure for fume 
control of curing belt 
(removable sides). This 
enclosure ventllated 
by Venturi scrubber 
(lli!m 10). 
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SKETCH NO. 10 

POLLUTION CONTROL SETTLEMENT POND--- PPCL PLANT 
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