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Project. Ne 

Project. t.it.le: 

Object.ive 

Dural.ion 

Conclusions 

ABST~ACT 

SJ /C':PR/92,"802 

To improve t.he environment.al impact. or t.he 

Guizhou Alumina Plant. wit.h special emphasis 

or red mud t.reat.ment. and dispos.:sl. reduc

t.ion or wast.es 

To provide CNNC and Guizhou Alumina Plant. 

wit.h high level consult.ancy service which 

will assist. CNNC and t.he Nat.ional Environ

ment. Commit.t.ee in evaluat.in~ dif'ferent. 

t.echnolOf;)' choice in red mud handling and 

processinr; 

2 weeks t.ot.al includin~ 1 week field work 

and l week service at. home base 

l. The t.echnological wat.er balance exhibit.s a serious non 

equilibrium st.at.e. t.he reasons or which are: 

The direct. st.eam heat.in~ syst.em applied in t.he Bayer 

alumina product.ion line dilut.es t.he sodium-aluminat.e

-solut.ion 

- Ot.her. not. measured amt known quant.i t.y of wat.er/i. e. 

.-anin~. cent.rif'ugal pump sealing- wat.er/may ;;olso dilut.e 

syst.em 

cle-

1.he 

2. The washing efficiency of red mud product.~d by bot.h in t.hP 

Baver and Roast.in~ pr·oduct.ion lines is ve1·y low due t.o 

t.hP f'OJ lowj O~S: 

- The;. component.s of wash W<lt.er· < i . e. rf:·cyc: I ed pond w.;

t.e1-, alr:al ine <.:on<if,nsat.<.> w;.t.er> <•r<• <:<•nt.aining high 

.-.:uist.ic concc·nt.rat.ion ran~ira~ from l~ t.0 -10 i; Na
2
0/I. 
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The oper'-~-ion of rc-d mud washint; lines exhibits an ir

regular st.at.e/i.e. t.he concent.rat.ion s~~es of' t..he red 

mud \o"ush,~rs are rh.JL showin1; t.he usual <required> valu-

es. 

3. Because of' point. l and 2 above. in t.he red mud lakes huge 

amount. of disposed w~t.er <approx. 1.5 million m3 ) has 

been .'1ccumu 1 at..ed. Ttae caust.ic c:ont.ent. or t.he· disposed 

wat.er is very hi~h Capprox. 12-15 g Na20/l) and has an 

adverse efTect. f'or bot.h t.he red mud washing and t.he envi-

ronrnent.. 

The environment.al impc.r.t. 01· t..his wast.e is harmf'ul since 

t.he high alk.:sline c<.mt.Pnt. wast.e has been penet.rat.ed int.o 

t.he ground and cont.aminat.ing t.he wat.er used f'or agricul

t.ure/inctust.ry and drinkinf; wat.er. The level of' cont..ami

nat..ion reaches t.hc- pll? level even l t.o 2 km f'al' f'rom 

t.he red mud lakes. 

.:l. Due t,o t..he Ion~ dist..-mce bet.ween t.he alumina plant. and 

t.he dispos;:-sl arf'a. and t..he coarse part.icle size of' t.he 

roast.Pd mud - t.h .. rP.d mud slurry is di lut..ed t..o a ver\.' 

low. ripprox. 25 \lit. :~. solict conLent. by recycled trat.er· . .\t. 

presc•nt .. t.hi!" f'.Kt. does not. int'luenc:e t.he equilibrium of 

ti.--.t.f">r t•;ilarir.r- OJf t.hr~ .:slumin<l plant .. hOWP.\'er. wit.hout. mu-

'1 i fy i ni; Uw rr.-d mud di sposa I s~·st.rm t.he quant.i t..,- of 10ast.t:· 

can not. be t·ec1ur:c-d. 

'). :-.· i nee or1 I~· 50 /. in a\'Pf a~e nf t.h~ EJ;1vP.r red murl : s pr·o-

cf.:ssed rurt.t1l··r i r1 t.he Ro<li:;t.i n~ 1 i ric- t.hr.:rP. is a 1 so a ht-><tv~· 

AI 2o3 Jnss 10tiich i~ pr·oJ.mr·t.ion.-.J t.o t.he mud qu;:;.nt.it.v 

<ii rect.J y p11mJ:>e11 t.n t.111· l."lkrs. 
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Recommendat.ions 

1. To preparA a Feasibilit.y St.udy wit.ht.he main object.ives 

bel o.,..: 

To improve t.he wat.er bJlance or t.he alumina plant. wi t.h 

special emphiasis of 

= modifyin~ t.he bauxit./liquor slurry prehea~in~ syst.em 

in order t.o increase 1.he recuperat.ion t.emperat.ure 

f"rom t.he present. t.emper·at.ure of 14.0°C t.o 1Q0-20o
0
c. 

This i t.selr can reduce t.he live st.eam requirement. by 

approx.SO ~.<Fir;ure 2a> 

= improvin€ t.he whole dir;est.ion syst.em by usinr; incii

r-ect. heat.in~ syst.em f"or- t.he Bayer di~est.ion. 

= opt.imizi n~ t.he oper<-.Lional paramet.ers of t.he wash in~ 

lines <mud level. solids cnncent.rat.ion in underf'low. 

overflow clarit.y. usa~e of sr:t...t.linr; aid$. measurement, 

and cont.r-ol of opC'raLional paramet.ers> in order t.o 

minimize bot.h t.he caust.ic and Al 2 o3 lossf.'s or by 

nt.her words t.o minimize Lhe quanLit.y of wast~s ~' he 

disposed. 

2. To prepar<> a f"pasibiJ\t.y St.urly w1t.t1 Ute main .lJm .1t p.:--

duc i ne: t~hP. f: .. nv i rorimPnt,;.1 J 11.-.z.·,rrts fr·om Lhe r·f.'d mud po11rfs. 

In t.t.is st.uciy t.lu.• possibi J it.ies/condit.ions of 1.laF 

implcmt~nt .. 1t.ion of t.laP. rtry rr.:t mud st.ackini; s•;st.c·m aJ·f" t.o 

be invesLi~at.crt in 2 ways: 

pumpi n,.; of t.hr t.h ick murl <sol i rl <:ont.~nt. about. ~:;o "'t . ...:: > 

by hi ~h prcs~ur~ pumr• 
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pumpinf: or red mud slurry in t.he present. st.at.e 

disposal sit.e. and at. t.he spot. t.hickening 

slurry !.o about. 50 wt. ~ solid cont.ent. by usin~ 

concent.rat.ion/deep t.hickenin~ t.echnolo€ies. 

t.o t.he 

t,he mud 

hif;h 

3. The isolat.ion of' wast.e leaka~es t.hrouf:h t.he sealin~ layer 

or t..he red mud ponds has been already st.art.ed by hil-';'h 

pressure pumpin~ of concret.e int.o t.he under€round 

caves/chanels. By t.his act.ivit.y 90 % or lea~a~es is re

port.ed t.o be blocked, t.heref'ore. t.his kind of work is 

proposed t.o cont.inue in t.he t'ut.ure since at. present. t.his 

is t.he only solut.ion t.o avoid/rP.duce t.he environment.al 

hazar<1s. 
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INTRODUCTION 

The present. Final Mission Report. was prepared by J. St.einer 

and T. Kalman in connect.ion wi t,h Post. No 

SJ /CPIUV7./802/l l-52/_Jl 37.07 and Sl/CPR/92/802/l J-53/Jl 3207 

which are at.t.ached as AnnPx Ia and !b and based on t.he mis-

sion t.o Guizhou Alumina Plant. and Beijin~. 

The durat.ion of field mission was 6 workin~ davs. in China 

he~ inn i n1; on .:I t.h Oct.oLer illld c.'nd in~ on 11 t.h Oct.ober. 1993. 

t.han it. was fol lowe<t hy ••II<- WPek home base work. 

Durin' Lh~ field missior1. in accordance wit.h t..he ori~inal 

job rlescript.ions. t.hc:> consul t..ant.s reviewed/discussed t.he 

presPnt. st.at.e/condit.ion ot· t.he alumina t.echnolo~y and red 

mud disposal process in G1rizhou Alumina Plant.. 

Dut.ies fully at.t.ain~d arr: 

- review/advice on rcduct,ion ot' t.he amount. of red mud t.o be 

disposed and it.s soda cnnt.f'nt.; 

- revif'>w/advice on t.t1e imµrovement. of t.he mat.erial and wat.Pr 

balance; 

- review/a<ivic:•-- nr-. t.hP im1>r·ovf:>ment. of t.he alumina t.echnolo~y 

:~ppl ie<t; 

- adv ic•~ on research <1n t.11<· F.-nv i ronme>nt.a 1 i mpa<:t. fr·om rPd 

mu<I pumpin~ and est.ahlishment. of cln environm<mt. monit.orin1; 

syst.~m 

- advic<' on UH'· st.urly an<I analysis of' chf~mir..'ll and ;analysis 

pr(1pert. i f'S 01· r·e<1 m11d. 
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Dut.ies part.ly at.t.ained are: 

advice on red mud pump int; si f.e seler:t.ion and const.ruct.ion 

The possibi l i t.y of' t.he est.ab Ii shment. ot· a new red mud pond 

was said t.o he ma1·~inal. t.heref'ore t.h is quest.ion was 

pract.ically t.aken nut. f'rom t.hc det.ailed discussions. 

advice on select.ion of' equipment. 

This t.opic most.ly re!at.es t.o t.he Geho pump expert.. who has 

measured but. not. P.VaJ uaf.ed yet. t.he propert.ies of' t.he red 

mud t,o be handled. The select.ion cf' equipment, is possible 

art.er havinc t.he measuremt.s evaluat.ed. 

invest.ment. cost. and implf':>ment.at.ion t.imE- est.imat.e 
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l. INHWDUCTION OF GUIZHOIJ ALUHINA PLANT 

The Guizhou Alumina Plant. is basically a consecut.ively com

bined alumina plant. where t.he red mud ;->roduced by t.he ll;"t

yer Lechnology is a component. of t.he feedst.ock mat.erials for 

t.he roast.in~/sint.ering process: 

/Figure 1.,,. 

Main Pst.ablishmenLs relaLing t.o Lhe alumina plant. are: 

- 2 bauxit.c mines. From one of t.he mines good qualit.y of 

biluxit.f· is mined out. f'or t.he BayPT· ;"llumina ref'inery li-

ne. Bam-: i t,e orig i nat.es rrom t.he oLher one is used as a 

compon~nt. of feedst.ock mat.erials for t.he sint.erin~ pro-

cess. 

The chemical composit.ions of t.he hauxiLes are summarized 

in Table l. 

Main tlid1 e;rade bauxit,e 

Component.s <Dayer qualiLy) 

.\1203 

Fe2o3 

Ti02 

Sio2 

Cao 

L. 0. ]. 

wt,. :% 

2.4 

:l.5 

•• r;; 
; .. ) 

1. 3 

1-1. 6 

<~int.er f11J<11lit.y) 

")5.a 

4.0 

2.6 

J (J. 7 

-I. l. 

l ~ •. () 
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limest..one mine t'rom where t.he required quanLiLy of' lime

st..one is supplied t'or bot..h Lhe Bayer and SinLer processes. 

- al11mina P-lant, wi t..h rat..ed product, ion capaci t.y of' 400000 

t.py. This product.ion level has not, been achieverl t.o dat.e. 

The acLual producLion level is approx. 300.000 t.py. Aot.h 

sandy .:ind t'loury t.ype of a!umina are produced. 

The proport.ion of' alumina produced by Bayer and Si nLer 

t.echnoio~y is about. 55 Lo 45 % resp. 

- aluminium elect.rolysis [!_lant. wit.h t.he product.ion capaciLy 

of' 190. 000 t.py met.al in t,he form or ingot.s. 

- The number of employees are: 22.000 

The alumina works is sit.uat.ed in a very nice mount.ainous 

environment. where several lakes and rivers can also be fo

und. As far as t.he climat.e is considered, it. is a subt.ropi

cal climat.e, wit.h t.he lowest. t..emperat.ure of' about. o0 c and 

t.he highest. one or above 30°c. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 9 -

2. THE PRESENT STATE OF THE ALUMINA PLANT 

Bayer alumina ref'inery 

The buildinc or Lhe Bayer alumina ref'inery was st.art.ed in 

1958 and was puL int.o operaLion in 1978. 

The Bayer product.ion line includes t.he f'ollowing t.echnolo
gical st.eps: 

Bauxit.e grinding 

The crushed bauxit.e <averace grain size: 25 mm) is red int.o 

t.he grinding mills alon~ wit.h t.he burned lime and digesLing 

liquor having 220-230 gpl Na2o cont.ent. where t.he bauxit.e is 

ground below 100 /um. For grinding t.here are 3 mills out. or 

which I t.o 2 are in operat.ion and the rest. is st.andby. 

The main sizes or t.he mill are: 

Diamet.er: 3200 mm 

Lengt.h 3100 mm 

Capaci t.y: 44 t,ph each 

ThC' t.£>chnolol;ical f'Jow diagram is shown in Figure 2. 

Acr.ordiri~ t.0 t.he digest.ion f,f>chnology applil"d 4 dig-est,ion 

li11c.-s. ir1clu<1in~ 9 aut.ocJavns in f'>cich line, .ire usF_.d f'or t.hf> 

dig-est.ion of bauxit.e slurry. ThP. sizes or U1e aut.oclavf.>s arp 
t,hc· fol low i nt;s: 

- Oi amf.•1,pr·: l. 6 m 

- Height. : l :L 5 m 
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I 
Each digest.er line is connect.ed wit.h a prehpat.ing J ine inc

l ludin€ 8 pcs or t.wo ways preheat.ers. 

The preheat.ers are heat.ed by f'Jash st.eJm originat.ing f'rom 

I t.he rlash t.anks. 

Each digest.ion line is connecLed wit.h 3 Clash t.anks. 

I Hain reat.ures or di€CSLion or~rat.ion: 

t.he bauxi t.e/l iquor slurry is f'ed int.o U1e syst.em by 

I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 

high pressure pist.on pumps. There are 6 pumps (capa

cit.y: 60-85 m3 /hr slurry; end pressure: 65 bars) out. of" 

which 3 are in operat.ion and t.he rest. are st.andby or 

under maint.enance. 

t.he Na
2
o cont.ent. in t,his c:ondensat.e wat.er <ranging 

bet.ween 15 t.o 40 g-pl Na2o, while t.he same at. normal 

process condi t,i ons is 0. 5 t.o l g-pl Na2o> shows t.he 

f'lashing syst.em operat.ion is j;;-~~ and det.eriorat.es t.he 

red mud washing, t.oo. 

- t.he preheiJt.ed slurrv is sent. t.o t.he digest.er line where 

t.he slurry is rurt.her heat.ed t.o 2ao0 c using direct. Jive 

st.e;}m heat.in~. The JWC'ssurP. of' t,ht~ st.F.:am is 35 bars. 

- t.he dit;est.C'd slurn: gF.:f.s int.o t.he !'lashing unit,s where 

t.hf:' t.emfH"J·at.11re of t.l1r.: slurry drops down t.n t.hc requ i-

pl<int.). 
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Dilution. set..t.lin~ and red mud washin€ 

The digested, cooled slurry is diluted from the caustic 
content, or about. IQO gpJ Na2o t.o approx. 140 ~pl Na2 o con-
t,ent.. by using f,he overflew of' t,he t' i rst. washer. 

After dilution, Lhe slurry is fed int.o t.he t.hickeners f'or 
t.he sepilraLion or red mud from t.he pre~nant. 

sodium-aluminat.e-solut.ion. 

For t.he red mud separat.ion 2 sett.lers are used having t..he 

following reatures: 

5 chambers. conical bot.t..om t.ypes 

- Diamet.er: 16.0 m 

11 m 

The underf'Iow f'rom t,he set..t.lers is f'ed int..o t.he red mlld 

washer syst.em which includes 5 operating units feat.uring by 

the same p<iramet.ers as the set.t,,lers. 

One unit, serves as st>andby f'or bot,h set.t.lers and washers. 

The washing system applied is shown in Figure 3. while t.he 

Na2o concentrations characterizing the digestion, dilution 

and washing line are shown in Table 2. 

From dat,a or Tab le 2. it. is r. J ear t.hat, the oper.-:tt.i on ot' 

I t.he washers is f'ar away from a normal opera Li on sLafA~ and 

I 
I 
I 
I 
I 
I 

t,hc> washing eff'iciency is t-:.>st.im;.t.eci t,o he 50 % r:omparPd 

Lo a normal CopLimal> washin~ yield. 

Th~ reasons of ~his poor si1~aLion can be: 

bot.h the n~~t,J er::; ."lnd w.'lstwrs 

- 1,hf.> high caust.ir. cr.1r1t.r?nt. of f,hP wash """lt.r:•r· "'t1 i r:h 

originat,es from t.hp alkaliru~ c.on<iensa1.f> w.'lLer· anrt 

from t.lif? rcr. yr: J F·rl pnnrt w .t 1,r ?T'. 
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~ mud f'ilt.rat.io~ and disposal 

The underrJow f'rom t.he 5t.h washer is f'ilt.ered by 8 ~cs of 

vacuum drum f'ilt.ers having t.he f"ollowing t,echnical f"eat.u-
res: 

s~rf'ace 

capacit,y 

solids cont,ent, 

of f' i l t,e1· cake 

40 2 m 

7 t./hr dry mud 

50 wt,. % 

The f'ilt.er cake is washed on t.he surf'ace of" f'ilt.ers by hot. 

wash w;:it,er. howewer. t.he washing ef'f'iciency is very doubt.Sul 

as fresh wat.er can hardly be used and t.he ot.her component.s 

of t.he wash wat.er is he."'lvi lv r.ont.aminat.ed wit.Ii c;.:tust,ic. 

The f'ilt.ered cake t.han repulped by r-ecycled wat.er and 50 % 

or t.he red mud slurry <solids cont.ent.: 20 t.o 30 "'t. .%) is 

pumped t.hrough 3 pump st.at.ion t.o t.he red mud pond and t.he 

rest. is used up in 1,he sint.er process. 

The proport.ion above is changing t.ime t.o t.ime and depending 

on the operat.ion condit.ions,at. Limes 100 % or t.he slurry 

is pumped int.a Lhe lake. 

This fact,, apart. from t.he he.'lvy caust.ic losses causes also a 

signif'icant AI 2 o3 losses bot.h in solid and liquid phases 

present.ing an addit.ional mud loading on t.he red mud reser

voir. The part.icle size dist.ribut.ion of' t.he red muds are 
shown jn Table 3. 
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Alumina product.ion Qy_ sint.er process 

The sint.er product.ion line was put. int.o operat.ion in 1988. 

The main t.echnological st.eps or t.his p1·ocess are: 

Sint.ering. grinding/leaching 

The principal or t.his t.echnology is shown in Figure 1. 

According t.o t.his. t.he red mud slurry f'rom t.he Bayer line is 

mixed wit.h low grade bauxit.e. limcst.one and sodium carbona

t.e solut.ion. 

The mixture is red int.o t.he sint.ering kilns f'ired wit.h con 

cent.rat.ed coal. The desired react.ions t.ake place at. about. 

ll00-1200°c. 

There are 3 pcs of' kilns at. disposal wit.h t.he parameLers 

below: 

Oiamet.er: 

Lengt.h 

Capacit,y: 

4 m 

90 m 

1080 t.ph 

Aft.er sint.ering, t.he sint.ered material is fed int.o t.he 

t.ack mills where t.he grinding and decomposit.ion of the 

t.ered mat.erial t.ake place at. t.he same t.ime. 

The paramef,ers of t.hese mil ls are: 

Diameter: 2.4 m 

Lengt.h 13.0 m 

Capacit~y: 31 t,ph 

at.-

sin-
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~arat.ion. red ~u~ washin~ ~nd disposal 

For Lhe separat.ion ol' red mud and f'or t.he washinf; of' t.he 

same 6 pcs. sin~le chamber equipment. wit.h conical bot.t.om are 

at. disposal_ In t;eneral 5 uni ts are in operat.ion and one is 

~t.andby. 

The equipment. exhibit.s Lhe follo~inf; reat.ures: 

- DiameLer: 24.0 m 

Heif;hL 4.5 m 

The dischar1;ed red mud slurr)' from t.he separat.or unit. is red 

int.o t.he 5 sLages washing line where t.he caust.ic cont.ent. or 

t.he red mud is cont.ercurrFmt.l y w<=tshed out.. 

The selecLed operat.ion dat.a ot· t.he washin~ line are shown 

in Table 4. 

The main operat,ion problems or t.he washing syst.em here are 

pract.ically Lhe same as or t.he Bayer red mud washin~ line. 

There is a significanL difference bet.ween t.he t.wo Lypes of 

mud namely t,t.e rti1'ference in t.he part.icle sizes and par

Licle size rlis~ribut.ion <See: Table 3.). 

This above. det.eriorat.in~ Lhe pumpin~ out. condiLions. namely 

t.h is mud can he t.rr.tnsff:•rred t.o t.he lake Lhrour;h 5 pump st.a

t.ions even at.. 15 t.o 20 wt. /. sol ids cont.ent .. 

Evaporat.ion 

In orrtf'r· t.o maint.ain Use wat,er balance r_,f 1,h~ alumina plant. 

<i.e. t,o conc~rsf.rat.e t.hf' various dilut.~d sodium-alumin~t.e

-1 i <p1ors) 
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t.here are 4 pcs of evaporat.•'lr unit.sat. disposal. 

The capac i t.y of' eact1 u11 it. is ~o t.ph e\·;1porat.r>d wat.er. 

Based on t.hP. d.'lt.a e.;iven hv t.hr .1lumina plant, mana~ement» by 

t.he built. in evaporat.ion c;.,p •• c::it.v <i.f->. 200 t.ph evapo1·at.ed 

wat.c-r) t.he required q11ant,i t,y of wat.er .-:.'ln not. h'• t.dk.:-n 

out. f'rom t.he alumina pl:-1rit. r.ircuit .. 

This abovf.'> means t.hat, U1c- ar..-:umul:-.,t.inn of wat.£>r in t.he 1-ed 

mud ponds is hein~ conLinued. 

Red mud disposal 

The t,wo red mud ponds ar·P si t,u.:.l.f•d on a karst,ic ground and 

valleys. One of t.he ponds sr:·t·n:s t.o receive t.he red mud 

produced by t.he Bayer t.echrwlo~y anci oUu:·r is i·or dispo-

sine.; t.he red mud rrom t.he s i nt.eT p1·or.ess. 

The dist.ancc> aud level rlifTf=-J·t=-nr.e bP.t.tleen U1f"> alumina plant. 

and t.he di sposa I a re as <t re shown in Fi .;u re 4. 

The ponds are heavily loadf'd tlJt.h hi1;h :Jlkaline cont.aininf.: 

wat.er t.he quant.it.y or wt1icl1 is rou~hly 1.5 million m3 
having 

t.he caust.ic cont.ent. or 12 t.<:. 15 ~pl !'ia7.0 almae.; wit.h 6-8 ~pl 

soluble ..\l 2o3 cont.ent •. 

This hue.;e .amount. of' <1i l11t •• ~d 1 iq11nr. ''n oraP han<t is very 

harmfu I for U1e .-~nv i ror.mP.nt.. however. on t.hP ot.hPr hand it. 

rou~hly 6 mi 11 ion USO. On 1.he t •• -.~i:; nr 1.hP present. dat.a Uw 

year I y i nc1·e;ss1; nf t.laf· h•ss<.·s is ;.1ppr. O. 5 mi i 1 ion u.sn. 
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The ext.ent. or t.he cont.aminat.ion is si~nif"icant. which can be 

charact.erized by pH values. This pH value is appr. 9 

even at. I t.o 2 km di st.ance rrom t.t.e mud 1-"lkes. 

The quant.i t.y or t.he wat.er c1 isposec:t is f"urt.tu=·r i ncreasf'd by 

t.he rain f'al L:~ t.he amount. of' which r.."ln not.. he est.imat.ed as 

dat.a on t.he yearly avera~~ rain f'alls have not. been ;"iVai

lable at. t.he si t.e. 

These problems above can be reduced by t.he rol lowint; wa·rs: 

t.he cont.aminat.ie:n or und~,r~round wat.er can only be> reduced 

by sw~c i a I post. sea 1 in~ met.hods. namely by pump in~ sea I in~ 

mat.eri.""ll int.o t.he ~round where t.h~ cont..""lmi r1at.ion is ot>

s<.•rved. 

Tt.is kind ot' seal i 11:.; has beera st.art.ed b}· pump int; r.oru:rr:-t.<_• 

int.o the undert;round caves/channels. 

The t~frect.ivPness or t.his work is said t.o be 90 %. 

- it. would be import.ant. t.o eliminat.£' t.he rain wat.er ir.c<1min~ 

t.o r·<'d mud punds at. Uae earliest •. 

The solut.ions shoulc1 bf':' direc:t.ec1 boUa t.o Pl imiraat.e of' I"~in 

wat.e1· riowin~ down on t.hf':' hi I ls slopes a11<f UaP rain w.-:tt ·,•r 

penet.rat.P.d i nt.o t.he under~r·oun<1 uf t.h,_. hi I ls s I ope .u1d is 

i nt.er·connect.P.d "i t.h t.hE.· undcrt;rrnmrl wat,.-:-1· or 1.hf• l ak£·s. 

The c·liminat.ion of rain wat.e1· r.:.u1 i,.-, 1·p;tJized hy t.f1P 

f.>l"Pr.;f..iora or f1;lmS whict1 bctS f.r. hr· (1J'c·cr>f1p,j by a C·"ll"f'f"u) 

~P.o J 01; i c;, 1 s111·vf"Y arid d."lm rks i t;n '" ·J·k. 

- t,o redur.P t,tu:- f';;-.7.0 cont.r->nt. r_,1· t.ta.-- t1 i SJ•OSf•d slurry hv 

d<'r:rf:;)sj n~ Lhc N."l 20 cr1nf.Pnt, 01· r·i:·d m1111 1"';1sl1 1"'.'lt.cr· <111rl t.y 

opt.im.'~in~ t.hf· opr-rat.ion p;1r.1mf•f.r_·rs ,.,,. rf'd m•lff w.-.std11i.; 

lint's 
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- t.he decrease of t.he disposed wast.e wat.er quant.it.y is al$O 

crucially import.arat. since U1e hir;her wast.e wat.er le·vel 

promot.es t.he penet.rat.ion or wast.es int.o t.he r;round wat.er. 

This above can only be achieved if t.he evaporat.ion capa

cit.y was increased ~.nd t.he present. direct. st.eam heat.in~ 

syst.em or t.he dir;est.ion was chanr;ed int.o an indiret. hea

t.in~ syst.em. 

By t.hese modificat.ions. more wast.e wat.er could recycled 

int.o t.he plant. t.han t.he quant.i t.y of wat.er t.o be disposed 

t.he realizat.ion of red mud dry st.akinr; can also ease t.he 

sit.uat.ion t.hrou~h t.he ract. t.hat. once t.he red mud is st.ored 

in dry rorm it. will not. cont.aminat.e t.he underr;round vat.er 

reserves any more. 

More det.ails on t.his can he found ira G. van Rijswick's 

report. who was mainly responsible t.o invest.ir;at.e t.his qu

est.ion. 

3. Miscellaneous 

Dur i OI;' t.he fie Id work we request.erf t.o r i 11 in a Quest. i onary 

prepared for t.he col lec't.ion of input. dat.a of our maUaPm:it~i

ca.1 model by which t.he plant. problems C<ln bP. evaluat.<:-d. 

_;;:ince t.he request.F~O '1at.a were not . .-:tvai};"ttde we could not. 

conducL such analysis. 
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We also request.ed for various samples which were prepared 

by t.he plant. st.aft:' and •e • , t.aken t.o ALUTERV-FKI Lt.d. • Cor 

invest.~gat.ion. The chemical and phase composit.ion of samples 

were det.ermined and t.he resul~ are given in Table 5. and 6. 

Since t.he samples were not. represent.at.ive/collect.ed ones. 

only qualit.at.ive conclusions may be drawn from t.he result.s 

of analysis. 

These are t.he followings: 

t.he quant.it.y of diaspore remained undigest.ed is 

changing in t.he mud samples depending on where t.he 

sample was t.aken Crom. 

This at. t.he same t.ime means t.hat. t.he operat.ion of 

digest.ion line is not. st.able. 

t.he quant.it.y of lime used for t.he bauxit.e digest.ion 

seems t.o be t.oo high and it. can cause a hi~h Al2o3 

losses specially when t.he Bayer red mud is not. pro

cessed furt.her in t.he sint.er line. 

Therefore. t.he revision on digest.inc t.echnology 

might. be very useful. 

Budapest.. 22 Oct.ober. 1993 
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Bayer proc-ess 

Requested concentration data 

• 
' 

Feed slurry 201.37 

Discharged slurry 196.06 

Dilution Ka~Oc (gpl) 

Diluted slurry (d~r> 5.07 

Dilution ~ater 75.1 

SPttlina and washing 

Feed o! 

1. Thickeners 

2. 1st Washer 

3. 2nd Washer 

4. 3rd Washer 

5. 4th Washer 

6. 5th Jo;asher 

7. Filters 

142.83 

75.1 

65.0 

53.61 

47.65 

42.2~< 

40.20 

107.42 

199.41 

Al .203 ( gpl ) 

28.06 

65.94 

138.23 

65.94 

60.91 

46.99 

43.03 

37.42 

35.15 

Table: 2 

molar ralio 

3.08 

1.62 

molar ratio 

molar ratio 

1.70 

1.67 

1.76 

I.SA 

1.82 

1.87 

1.88 
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Granulomet ry of muds (~ wt) 

Bayer procesR 

+150 JI 1 

-150+100 JI 2 

-100+60 Jl 3 

-60+40 J.l 4 

-40+20 JJ 19 

-20+10 JJ 26 

-10 JJ 45 

Table: 3 

Sinter process 

9 

2 

5 

11 

33 

27 

13 
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Roasting (Sinter) process 

Requested concentration data 

Feed of Na20c (gpl) 

1. Separator 89.] 8 

2. 1st Washer 37.1 

3. 2nd Washer 28.0 

4. 3rd Washer 24.0 

5. 4th Washer 18.0 

6. 5th Washer 16.0 

Table: 4 

Al:z03 (gpl) molar ratio 

101.34 1.45 

48.35 1.26 

38.42 1.20 

32.17 1.23 

26.31 1.13 

20.72 1.27 



--------------------
• . 5 

Tah.1.P.: ••••• 

Oat~ of ~~mplP. annlvsi~ 

Moii:;ture LOI Si02 A\203 f'P.:;!03 TiO:i Cao MgO Nn20 

lligh qu-'\lity bauxite ( * ) - ] q, " r;, 2 ()(), l 2 I 1 3 I 1 n I I) n ' I) N 

Sl11rry .'lft.cr grinding 0 I 5 l fl I 7 5. '.\ 5fl,3 , ' fl 2,65 14,5 0,4 N 

s 111 ,. r y n rt.pr Q i l u t. i () n o,a 13,7 is,n 22,9 5,0 7,4 2 !i I 7 n,n ()I 0 

Slurry aft.er f i l t.r.'\t ion n, fl 14,0 1 4 ' fl 26,Cl 4' fl I)' 3 2 3 I () 0,7 ~.q 

SintPr ~lurry aft.Pr washing 3. 2 A,7 22,2 11. n 5,6 4,3 39,7 l I , 4 I 1 

( * ) calculated 
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I 
Table: 6 

Phnse an.~ J ys is 

I Slurry Slurr:r Slurry Sinter slurry 
l'hase after after after after 

I 
grinding dilution filtration washing 

Al -.0 3' di.:sspore 44.2 2.1 6.4 
boehmite 0.5 

I kaolinite 3.7 
CAS 7.9 13.4 11. 7 4.2 
gibbsite l. 5 

I !\AS 7.4 7.3 3.3 
3cao·Al::03·3Si02 3.5 

I 
r 56.3 22.9 26.9 11. 0 

cao CAS 13.0 22.0 19.3 6.9 
Ca(OH)2 0.5 

I CaC03 l.O 0.9 l.O 2.5 
CaTi03 2.8 3.3 3.0 
3CaO·Al203·)Si02 5.8 

I 2CaO·SiO:z 21. 5 

23.6 'I' 14.5 25.7 39.7 '-

I SjQ.., kaolinite 4.4 
CAS 0.9 7.1 6.2 O.G 
N.:\S 8.7 8.6 3.9 

I 2cao·sio2 11. 5 
3Ca0 · .l\l 203 · 3Si02 6.2 

I I: 5.3 15.8 14.8 22.2 

2.4 3.4 l.6 Ti02 anatase 

I 
rutile 0.3 
CaTi03 4.0 4.7 4.3 

I: 2.7 7.4 6.3 4.3 

I fe..,0 3 hematite l.3 4.3 4. J 0.4 
goelhite 0.5 0.7 0.7 

I 
Na20·Fe203 5.2 

I: l.8 5.0 4.8 5.6 

t\aO .... N.Z\S 6.0 5.9 2.7 
N<t20 · f P20.:1 2.0 

6.0 5.9 4.7 
---------- -------
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ALUMINA PROCESS FLOWSHEET-SCHEMATIC 

or THE GUiZHOU ALUMINA REFINERY 

flg.1 

Boyer pror.ess Sinter process 

high quality bou1dte,lime low quollty bauxite Jlmelfont,soda 
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PROCESS f'LOW OIAGRAW OF DIGESTING LINES 
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sluny 

80-to'C 

plsfoll pump 
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PROCESS FLOW DIAGRAM Of DIGESTING LINES 
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PROCESS rLO\Y DIAGRAM or RED MUD SETTLING.WASHING AND rlLTRATION 
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Annex Ia 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Post Title: 

Durat;ion: 

JOB DESCRIPTION 

SI/CPR/92/802/11-52/Jl3207 

Consultant in red mud treatment and disposal 
technology 

2 weeks total, which includes 1 week in the field 
and 1 week service at home base for collection of 
information and preparation of final mission 
report. 

Date required: Septe!llber 1993 

Dut;y Station: Beijing and Guizhou Alumina Plant 

Purpose of 
project: 

Duties: 

To provide CNNC and Guizhou Alumina Plant with 
high level consultancy service, which will assist 
CNNC and the National Environment Committee in 
evaluating different technology choice in red mud 
handling and processing. 

During his field mission, the expert will make an in-depth 
assessment/analysis of the alumina technology and red mud 
disposal p:t:"ocess in Guizhou Alumina Plant and present 
proposals for its iaprovement including: 

- advice on red mud dumping site selection and construction 
technology; 

- advice on red mud treatment and disposal technology; 

- advice on selection of equipment; 

- investment cost and implementation time estimate; 

- advice on establishment of an environment monitoring 
system; and, 

- advice on the study and analysis of chemical and physical 
properties of red mud. 

Applications and co11J1Dunications regarding this Job Description 
should be sent to: 

Project Personnel Recruitm~nt Section, Industrial Operations Division 
U?'\IOO, VIENNA INTERNATIO~ CENTRE, P.O. BOX 300, Vienna, Austria 
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Annex lb 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

Post '1'itle: 

.Duration: 

JOB DESCRIP'I'ION 

SI/CPR/92/802/ll-53/Jl3207 

Consultant in alumina technology 

2 weeks total, which includes 1 week in the field 
and 1 week service at home base for collection of 
information and preparation of final mission 
report. 

Date required: ~eptember 1993 

Dut;y station: 

Purpose of 
project: 

Duties: 

Beijing and Guizhou Alwnina Plant 

To provide CNNC and Guizhou Alumina Plant with high 
level consultancy service, which will assist CNNC 
and the National Enviromaent Committee in 
evaluating different technology choice in red mud 
handling and processing. 

During his field mission, the expert will make an in-depth 
assessment/analysis of the alwnina technology and red mud 
disposal process in Guizhou Alumina Plant and present 
proposals for its improvement including: 

- advice on reduction of the amount of red mud to be disposed 
and its soda content; 

- advice on the study and analysis of chemical and physical 
properties of red mud; 

- advice on the improvement of the material and water balance; 

- advice on the improvement of the alumina technology applied; 
and, · 

- advise on research on the environmental impact from red mud 
dumping and establishment of an environment monitoring 
system. 

Applic~cions and cotlllDunications regarding this Job Description 
should be sent to: 

Project P£rsonnel Recruitment Section, Industrial Operations Division 
UNIDO, VIENNA INTERNATIONAL CENTRE, P.O. BOX 300, Vienna, Austria 
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