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CG\1 Crystal gro\\1h modifier 

Hydrate Aluminium tri-hydro'.'<ide 
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ABSTRACT 

PROJECT TITLE: JA \V AHARLAL NEHRU ALUMINIUM RESEARCH 

DEVELOPME(\1 A~D DESIGN CENTRE 

r\UMBER: 

MISSION: 

OBJECTIVES: 

DP/IN0.'88.'0 I 5:'11-52 

Consultant in alumina production, especially in the beh;wiour 

and treatment of organics in the Bayer proces~ 

I. To n!\·iew the "organic impurities" situation in the Indian alumina industry and make 

recommendations for improvements . 

., To pro,·ide consulting and training services in the field of organic impurities in the 

Bayer process. 

DL:RATION: Three months 

CONCLU~IONS: 

The kvds of organic impurities in Indian bauxites and alumina refineries are in the low to 

medium range, by world standards. Plants \\ith older technology ~ay nonethdess ha,·e 

difficulty coping \\ith these levds. 

The industry has insufficient knowkdge of the nature of the organic impurities. their effects 

on the process and of how these problems have been tackkd elsewhere in the world. 

Inadequate analytical facilities are also a bar to effective identification of problems and 

solutions. 

J".-\RDDC must establish good faci!ities and develop its skills in the field of organic 

impuriti~s and of precipitation technology. 

The ~ompanies sh\luld support this Je\dl)pment hy entering into collaborati\e projects. 
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INTRODUCTION 

Bad:~round to the project 

The establishment of the JNARDDC is a joint project of the Government of India and 

UNIDO to assist the de,,·dopment of the Indian aluminium industry. Part of the UNIDO 

contribution to the project is the provision of foreign 'e:tperts' to provide consJlting and 

training in s~cialist fidds. One such field identified for attention is "The Beha\·iour and 

Treatment of Organics in the Bayer Process". The Job Description for the position is 

reproduced in Annex I. 

The position was taken up by Dr. P.J Cresswell for three months, commencing 11 January 

1993. 

This report was prepared by Dr. PJ. Cresswell. 

Objectives 

The initial objecti\·es are outlined in Annex I. The detailed prob'TilJllme arrived at after 

discussion with the Technical Adviser at JNARDDC is attached as Annex 2. The key points 

are: 

I. To review the "organic impurities" situation in the Indian alumina industry and make 

recommendations for improvements. 

2. To provide consulting and training services in the field of organic impurities in the 

Bayer process. 

3. T\l assist in the upgrading of the existing process mass balance model to allow 

\Jriabk temperature profiks in the precipit:uion area. 

This indudes some work on process modelling because of the author's experience in this 

tidd ;md irs rde\·;ince to the project and to the work of the Centn;. 

:\II ,1( th~ main 11oji:cti\\!s llf the pr,~il!ct wl!rl! attainc:J. Dl!taikJ analysis of the situation in 

1h1.: pb11h \\;b li111i1~d h~ bi.:k of ~utfubk: Jaca. lllliugh thi~ JiJ 11uc pr!.!\l.!nt th\! ti.1rmulJ1ion 11f 



' 

s 

I. ACTIVITIES 

• Visits to operations: BALCO. HINDALCO, NALCO 

• Oisn1ssions with industry rcpr.:.scntatin:s at JNARDDC: abo\\! companies and !~DAL 

• Assessment of the situation in the industry 

• Preparation of a caSI! study for the BALCO refinery 

• One day workshop at JNARDDC with staff ~nd industry representati\'es to discuss the 

findings of the mission 

• Preparation ofre\'iew report on 'Anal}1ical Ml!thoos for Organic Impurities' 

• Training of JNARDDC st:iffthrough infonn:il consulting and discussions 

• Pro\'ision of technical literature to the centre: about 150 items wen~ provided, including 

papers, patents and a 'Dialog' literature search. 

• Assistance with process modelling. particul~rly in the area of precipitation 

II. OVTLINE OF THE INDUSTRY 

Then~ are cl:rrently five companies active in alumina production in India: 

Bharat Aluminium Co. ( BALC01 

Ownership: Go\'t. of India 

Operation: Korba I Madhya Pradesh) - 200.000 t'y 

Hindustan Aluminium Co. (HINO..\f.(0) 

Ownership: Birla Group & other private investors 

Operatilm: Renulwot ! Unar Pradesh) - 300.000 t'y 

Indian Aluminium Co. llNDALl 

Ownership: ..\lean & other pri,·are in,·estors 

Opt!rations: Bdgaum I Kamataka 1 - 200.000 t y 

\luri 1 Bihari· 75.Ui.•;_, t y 

\ladr:is :\lumimum < \l. I .\l..\U () · 

\knur, T.unii '\Jdu - i111.iii1i: i ~ 1 ~urr~mi~ 11111in11p.:ra1i11111 
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\\'ith th~ t:xc~o!ion of Naku. most of the alumina aroduceJ is wnsum~J bv the local rmrk.::L . . . ... 

Thcr~ are plans for major expansiol'! of th~ industry ov~r the ;-1.::xt th~ years, focussing ~m the 

expo11 tradc. 

Ill. ORGANICS IN THE BA rER PROCESS 

A. lntr11dut1ion 

All bauxites from tropical deposits contain carbonac~us material , deri\·ed from soil or 

vegetation, which becomes incorporated in the minerals during the geological formation 

process. When the bauxite is dissolved in caustic soda, in the first 'digestion' stage of the 

Bayer process, some of the organic matter will react and pass into the liquor. With the 

constant recycling of the liquor, the concentration of dissolved organic compounds \\ill build 

up to some equilibrium levd, determined by the relative rates of addition and removal from 

the system. Also during the course of recycling, particularly where digestion is carried out at 

high temperature and.or high caustic concentration, there will be degradation of the organic 

compounds from the complex 'humic acids' to simpler aromatic and aliphatic compounds. 

O\'er a period of time. a complex mixture of organic compounds becomes established in the 

process liquor. T\\"O important end products of this degradation process are sodium carbonate 

and sodium oxalah:. 

The organic impurities have a number of effects in the process. such as: 

ln1.·reased density. viscl~sity and boiling point of the liquor. 

Increased solubility of alumina (causing reduced yieldl. 

• (u-prt!cipitarion of sodium oxalate with the product aluminium hydroxide ('hydrate'). 

• Cil!nt:r:uion t'f foam . 

.\II of these dTects impair rhe efficiency of the process and may reduce the quality of the 

product. 

Fr1lm th.: point 11f \ii!\\' ,,f impurity control. rhe prohll!ms can h..: plac~d in two categories: 

• The gt.'nl!ral ..:ff..:cts dul.! to the pres..:nc..: nf all org;rnic impurilil!s. 

• Thi.! -;p..:drii: .:ffl!r.:ts dL:..: io th.: formatilm and .:ry.;rallisation of sodium oular..:. 

Th.: -;rr;11..:gi..:s r..:1.Juir..:d rii 1kal wirh rh..:s..: t\\'ll is:>u~·s an: quit.: Jiffl!rl.!nt. 



B. A11n/11irnl ,tf etlwd.'i 

B..:forc mlking any irm.~stig:1tion of the issue cf org:mics, it is first necess:try to detennin~ the 

k,·els present in liquors anti raw materials using suitabk anal)1ical methods_ The;;e can be 

I. Methods for detennination of total carbon content (organic and.or carbonate)_ 

·; ~kt hods for d;!tennination of oxalate 

3. l\ikthuJs for the iucniifi~ation and determination of other inJi\·iJual organil'. species. 

4. l\kthods for determination of humates (high molecular weight). 

The first two are ~ssential, while the others are desirable for more detailed studies_ 

The analytical capabilities of the different laboratories ,·isited in India varied widely. 

JNARDDC currently has no procedures in place. There is a plan to purchase a gas 

chromatograph which will be appropriate for the third type of analysis_ Methods for the first 

two are also required_ A comprehensive review was prepared in conjunction with Dr. K_V_ 

Ramana Rao of JNARDDC to identify the most suitable procedures. 

Of the plants, some are well equipped while others have only inaccurate procedures. The 

methods used are mainly of the 'classical' type, though modern instrumental methods are 

staning to appear. There is a nl!\!d for the industry to work together with the JNARDDC to 

optimise its analytical capabilities. 

C. S11urce ... 11f 11r~anic inrpuritie ... 

The main source of organic impurities is the bauxite fed to the process. The data a'ailabk on 

the carbon content of Indian bauxite does not appear wry rdiabk It is summarised in the 

Tabll'! below. Data for some foreign bauxites an: included for comparison. 

Bauxite or Plant 

BAL CO 

111'.\DALCO 

,,.\[.('0 

Boke 1 Guinea l 

Wl!ipa i .-\U:)iralia; 

fhrlin:; Ran~t:s 1 .-\ustr:ili:il 

(' in bauxite 

" ... 
0.18 

0.25 

0.05-0.10 

0. 12 

0.2 

C input to process 

kg. t Alp, 

2.6 

' ' ...... 



.: 

By intl..'rn~llinnal statllfards. the carbon input to the older plants is in the medium range. The 

Panchpatm:illi bauxite (i\:\LCO) has n~ry low carbon content. Significantly, this styk of 

bauxite is expected to he tht! basis for future expansion of the industry in India. 

hnoth~r significant contributor to organics is the natural tlocculant (starch or similar) us~d in 

most Indian plants. This can be wholly or partiaJly eliminated by substitution with synthetic 

tlot·culants which are more stabk and u~d in much lower quantities. 

D. Impurities in the plant.'f 

Typical impurity levels in the different plants are indicated in the following Table. These 

data are obtained from the plants themselves and in some cases do not appear reliable. Some 

data for Queensland Alumina (Australia) are included for comparison. 

Plant Caustic soda Cart-onate Organic carbon Oxalate 

c.'I Na,O - - % of soda g.'IC g..'I Na~C!O~ 

BAL CO 140 11 4' gl 

HINDALCO 105 21 9 3.7 

INDAL 120 lO 3 

NALCO 145 13 3.6 0.55 1 

Q.-\L 120 17 25 2.5-3 

l\otes: 

I. This figure is too low: the author estim:nes the correct ,-:ilue to be in the range 15-20. 

2. This figure is impossibly high. 

3. This figure is unreasonably low. 

T wn l:nnclusions may bi: r.:achi:d: 

By wodJ stanJarJs. thl! fl!\ds ,1f ,1rganic impuritil!s in Indian alumina refineries arl! in thl! 

low ro medium rJngl.!. 

In somt: i.::ist:s. l!g. f3ALCO. tht: 11f kn:ls impurities arc h~gh relarin: to thl! ahiliry of the 

rei.:hnol11µy f\1 i.:11rh: with thl!m. 

• 'iDrn~ r-;:tir11:ri..::"1. n1HJh!y I !!\iJ.-\Ll 0. lhl h;n.: high k\ds 1•f 11xala11.: anll or l:arhonatl!. 

E. Pmhh.•111.\ i11 the p/1111/.\ 

.. \.., rwr~d in th.: intr11d111.:ti11n. impurity .:ft°.:ch t<:nd 10 foll in 111 l\\11 i.:atl!~111·it:s. Thi! prorll!rns 

r..:;mrr.:d from :h.: rLmu r.:rl.:.:t :hi·;. 



-------------------------------

B.-\L(O has ditfo:ulties with liquor corKcntrarion (t'\·apor:1tilm) and s~raration of 

c:trbl10;1k' and \'an:td:tt~ salts. du~ to high \'iscosity. 

• All plants :m: lo a grt:at~r or ks:s~r ~xtcnt conct:meJ with oxaLt(' and its l.'ft~i:t l)ll 

pr~cipitation rrl)Juct yidd and quality. 

f: Ctmtrlll nre1 M!ft~~: 

Th~ c1.mtrol mt'asurt:s adopted by th~ different plants \'ary widdy: 

BAL(O uses salt separation to remo\'e carbonate and \'anadium sahs. This apparently 

remo,·i::s some organics, but only a small amount. 

• Hl\"DALCO uses 'wet oxidation' for general reduction of organic impurities together with 

seed washing and crystal h'TO\\'lh modifii::r (CGM) for oxalate control. 

f ~DAL currently has no controls but is looking for a suitable method to remo\·e oxalate. 

• :\.-\LCO has n~) controls and little apparent need at this time. 

G. Prec:ipitatfon 

In th~ Bayer process. 'precipitation' is the name gi\'en to the stage in the process in which 

pure aluminium hydroxide (commonly referred to ~s 'hydrate') is crystallised from the 

supersaturated sodium aluminate liquor. It is a key stage in the process. substantially 

determining the purity and quality of the product alumina and the overall producti\"ity of the 

plant. It is particularly sensiti,·e to the effects of organic impurities. The main effects of 

organics are to increase the solubility of alumina and to decrease the rate of crystal growth. 

Both of these effects reduce the yield obtainable from the process. Sodium oxalate in the 

liquor also crystallises during precipitation. This may intert"i:re with hydrak 1.nsiallisation 

and commonly causes an undesirably fii:e product. Correct particle size is a kev quality for 

alumina. 

The inJusrry in India uses a range of precipitation te<.:hnologies. including batch and 

cnntinunus . .-\merican and European. \fosr of it must be 1.:onsidt:red obsolete. 

/J ·. Ct SE STI "f> J' 

.\ (;h..: ,!ll,J~ f11r th~ Bak11 rdincr) was made hy the aurhnr in \.·11njun~:ri1m with 11.K. 

< 'b;md\\ ;1111 ;111d .I. /;1111011. This is allai.:hed ;is .-\nni.:.x (• 1 "Organic lrnpuririi.:s at Bako 

:\lurnina Rcrinery: Siruari1111 ;ind OpriPns for !mprmernent"l. Tht.' rindinp can he 

~ummart"il.'d :b fnllnw-;: 



• Th~ p!ant bhoratliry has inalkqu;1t~ a:ialyti~al fa~ilitics. As a rc;;sult, th~ r~al k\ ds tif 

or~·.ani~ impurities in th.: pn.iccss could nlll be prllperly ddin~J. 

• Th~ plant :Jpp~ars to be at equilibrium ,,·ith ;-t:spect to organic impurities. 

• The kvd of organic impurities appears to be at or abow that whid1 is hll~rabk by the 

instalkd t~chnoll)gy. 

• The main probkms with organic impuriti~s are: 

• lmpainnent of the operation of the salt separation unit, which mainly removes 

inorganic impurities. 

• This is a major impediment to ariy intensification of the O\·erall process. 

• These problems could b~ addressed by: 

• Replacement of starch flocculant by synthetic Oocculant. 

• Increasing the efficiency of the salt separation unit _for the remlwal of both inorganic 

and organic impurities. 

• Consideration shm.:ld be given to redevelopment of the precipitation stage to imprO\·e 

product quality. 

V. fO:\'CLCJSIO:VS 

Overall situation 

The levels of organic impurities in Indian bauxites and alumina refineries are in the low to 

medium range, by world standards. Plants with older tc:chnology may nonetheless ha\"e 

difficulty coping with these lc:vds. The situation will improve as the industry takes fu11her 

advantage of the low carbon bauxites of Orissa. 

Knnwled\:e of the prohlems 

The industry has insufficient knowledge of the nature of the organic impurities. their .:ffo.:ts 

on the process and of how these problems have bi;:en tackled elsewhere in thl.! world. One 

prohlcm hc:rl! ts that the: liti;:raturc: is full of ~mart ideas that arc! not ewnomi1:all~ \iahk. 

whik th;; sirnpkr :i;:drni'lu-:s that op~rators r~ally us.: ar.: rardy dis.:us,d .. \ morl.! criti1:al 

appn1ad1 tn tht• lit..:r:itur..: and p..:rsonal 1:onta1:ts with 11th..:r plant 11p..:ra1,1rs anJ ri.:scarchcr'> 

arc thl.!rdorc essential. 

!n:id...:quat...: :111:ilyti1:al faciliti..:s :m: also :1 har to l.!ff..:1:ti\...: idi.:ntifi(at11111 ,,f ;m1hknb .10d 

"'luti1111s. 
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C_um~nt approach to solution 

The current approaches have been either to do nothing ( BALCO, NALCO) t"'r tackk the 

problem head-on (HINDALCO). INDAL is now taking a more measured approach. In the 

case of HINDALCO, a d\!Cision was taken to reduce the owrali level of impurities using 

wet-oxidation (AluterY technology). This was effective in its primary purpose but had 

negative effects on the o:rnlate balance. Seed washing and, subsequently, CGM were 

i.ntroduced to control oxalate, but the situation is still unsatisfactory as the ~arious impurity 

control methods do not appear to be properly balanced. 

By contrast, the Australian industry operates with very high levels of impurities but makes 

little use of impurity reduction processes, which are not seen to be economic. Oxalate is 

carefully controlled, mainly by the simple mdhod of sec:d washing. These plants are mainly 

based on American technology, which uses lower caustic"concentrations and is less sensitive 

to impurity problems. 

Precipitation 

Most alumina refineries in the world now produce 'sandy' alumina. This is characterised by a 

low fines content, high strength, high surface activity and good flow properties. These 

properties arc all necessary for use in modem aluminium smelters, particularly where 'dry 

scrubbing' is used for fume control. Precipitation technologies have been developed to 

produce alumina of this quality at high yield: examples are the Alusuisse method and modem 

devdopments of traditional American technology. 

Recause these technologies make active use of particle agglomeration to achieve a suitable 

panide size distribution. they have the ability to counteract the fining effects of organics and 

ar.: :'Ill h:ss sensitive to impurities. Systems for oxalate removal are almost always included as 

par! of 1he tcd111ology. 

While inJi, idual companies have their proprietary technologies, the general principles 

underiyin~ them :m: now wdl known. The industry in India should be using this knowledge 

t.1 imprme its precipi1ation methods for better quality and less sensitivity to o:ganics. 

!<..:commended approach to solutiun 

• < ·ari.:ful analysis 11f thi.: r.:al natur.: nf the problems. 

Reduct inn nt" the amount of carbon input to the pn1cess. especially hy substitution of 

.,~nthc:tic 11 .. ccubnt:; t~;r :..larch. 
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• Optimisation of salt remo\'al systems (\\'ht~re arnilabk) to enhan\.\! the remo\'al of 

organics. 

• Careful attention to oxalate control by simple techniques, such as: 

• Prnduct wash 

• s~d wash 

• Use of CGM where appropriate and economically justifiable 

• The plants which are based on the American style of technology (HINDALCO & INDAL) 

should be able to take advantage of the many improvements to this technology which have 

been made in the past twenty years, examples of which are seen at QAL and Worsley. 

• The plants with European technology (BALCO & NALCO) will need to take a different 

approach. The Alusuisse I Gove technology shows how such technology can be adapted 

for the efficient production of sandy alumina. 

• In both cases, precipitation is a key area for development. 

RECOMMENDATIONS 

• JN ARD DC must rapidly establish analytical techniques in the following areas: 

• Routine methods for internal use. 

• Robust routine methods for use in plant laboratories. 

• State-of-the-art methods for internal use and as a service to the plants. 

The planned acquisition of a gas-chromatograph will fulfill some of this need. 

• As part of this process. JNARDDC should immediately move to organise inter-laboratory 

tests to determine the accuracy and precision of the analytical methods currently in use, as 

a basis for choosing which methods are most suitable for futi.re use. 

• J'ARDDC should den~lop a thorough knowledge: of organic impurities through literature 

studies and intc:raction with the plants. Special attention should be gi\'en to the chemistry 

and beha\ iour of oxalate in thc: Bayer process. 

• .1\.-\RODC should huild t:xpenist: in precipitation modelling and c:xpc:rimc:ntation as a 

ha sis for th.: de:\ dnpmc:nt of liettc:r precipitation technologies in the: industry. 

Th.: L"nmpanit:s sh11uhl suppon this dl!n:t,lpmt:nt by c:r:tl!ring into collaborari,·c: projects. 

Th..:s..: must ht! of suitahll! duration and properly funded. 

• L \I DO can assist these pr:icc:ss.:s by continuing to prn' id.: liv..:rs..:as tr:m:l opportunitic:s 

!11 thl." rl."scan:h staff. 
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UNITED NATIONS 
/ 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

UNIDO 

PROJECT IN INDIA 

DP/IND/88/015/U-52/::/13107-

JOB DESCRIPTION 

Consultant in aluaina production, especially in behaviour 
and tr~atment of organics in the Bayer process 

I • 

3 mon::hs 

As socn as possible 

Nagpur, India -vith"t~avel vichin the country 

of project The it:l!lediate objective of the project is to assist the Coverm:ient 
of Incia in setting up a functioning Aluminium Research, Development 
and Design Centre consisting of: 

a) Alumina Production Research Deparblent 
· b) Aluminium Electrolysis Departllent 

c) AI;alytical Research Department 
d) General Services, Instrumentation and Control 

Dep~rtment (incl. Vorksbop and Haintenance) 
e) General Administration and Finance Department 

The Centre vill develop capability of carrying out the following 
mo.in functions on behalf of and in co-operation vith the bauxite 
processing/alumina production and alU11inium smelter industries 
in the country: 

a) Assimilation and adaptation of available technologies 
b) Providing recommendations and ad hoc or applied and 

analytical research to local industries in process 
im:>rovement, tranffer of technology, etc. 

c) Se:ting up and operating a data bank 
d) Providing training of Indian engineers 

Applic:..:ions and communicatiot1s •egarding this Job Oncription should bf stnt to: 

Froject Personn,1 Recruitmtnt Section. lndunrial Operations Division 
Um CO VIENNA INTERNATIONAi r~MTAJ: D n o ••• .,_.. ••·. · · . . ........ _ ...... -.... --... ··-.. ,.. ........... ---·-.......... .... .. ,.,, 

.... / .. 
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The consultant will be required to provide consulting/advisory 
services on behaviour and treatment of organics in different 
stages of the Bayer process of alumina production and on methods 
of their removal from the production cycle. 

His main duties vill be to: 

1. Deliver lectures and provide consultancy to the specialists 
of the Centre and the industry on the relevant subjects of 
organics in the Bayer process of alumina production: origin 
of-organics in the process liquor, identification of organic~ 
in the bauxite and aluminate liquor, impact of organics on 
different stages of the process, methods of removal of organics 
from the production cycle. 

2. Prepare a case study (in co-operation with the specialists from 
the CeJttre and the industry) on "Organics in Process Liquor, , 
Impact on Production Efficiency and Possible Means of their 
Removal". The case study has to be fo.r one of the alumina 
plants in India, selected by the consultant and counterpart. 

3. Provide the Centre vith information on the latest relevant 
te~hnical literature and supply copies thereof. 

The consultant is expected to prepare and submit a technical 
report with attached case study upon completion of bis aission. 
The report should be pr~pared in line vith UHIDO requirements. 

University degree (preferably PhD) in chemical or aetallurgiczl 
engineering, vith extensive practical and research experience 
in study and treatment of organics in the Bayer process of 
alumina production. 

English 

I 

\ 

i 
' .. -
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A~'.'\EX 2 

WORK PROGRAMME FOR CONSULTANCY AT 
JNARDDC,NAGPUR 

DR.P .J .CRESSWELL 
19 Janwll)' 1993 

OBJECTIVES 

I. To review the "organic impurities• situation in the Indian alumina industry and make 

r~ommendations for impro,·~nts. 

2. To pro\ide consulting and training services in the field of organic impurities in the 

Bayer process. 

3. To assist in the upgr.tding of the existing process mass balance model to allow 

V3riable tem~rure profiles in the precipitation area. 

TIJllNG 

Commencing 18 Janu:iry 1993 for 11 weeks. All tasks are to be ~ompleted by the end of 

March 1993. 

WORK PROGRAMME 

ORGA.\'/C IJIPL'RIT/ES /.V THE l:\'DIA.'V ALUMl.VA INDUSTRY 

Contact: R.N.Goyal 

I. Obtain int\mnation on the situation in the industry from JNARDDC sraff and from plant 

visits. Topics to include: 

• Origin of organic impurities at the \'arious plants 

• (\imposition of pl:mt streJms. sufficient to J~ennine a mass balance for the organic 

impurities 

• Anal~tical me1h,1~ts. in use or prnpo~d 

• [ft;:(ts of impuriri~s ''" the proass. e:"<isting or foreseen 

• \k1h,1Js r,1r rem''' ai \If impuritie~. in u~ or comemriated 

.::. De\d,)p irnpurir:- l-iaian..:es t~1r th~ plant:; anJ \erify ;igJinst plant J;trJ. 

~. Re'. ii.:w the 1n erall ~i1ua1i11n JOU rnJk\! re~ommendations li.,r: 

• \\·a~ s 111 irnpn1\..: plant 11pl.'.'r:11mg dti(il!n~y 



• Proj~t arc;!JS for dewlopmc;!nt by J!'ARDOC 

4. Prqlar~ d~tailed case study for process in;pnwemt.'tll at one rdincry. 

CO.\"Slf l Tl.VG A:\'D TRAJ;\'/i\'G OF J:VARDOC STAFF 

Contact: R.N.Goy:?I, R.R:?o 

I. Prep:m: a bibliography of pertinait litera• .. r-: 

2. Prepare notes summarising the knowledge in ihe field 

3. Discussions with staff, both fonnal and infonnal 

4. Deeper investigation of areas of special i~terest 

5. Review analytical methods and make reco~dations for future directions.(R.Rao) 

HEAT/JUASS BAL.f,\'CE MODEL 

Conta.:t: \f.J.Chaddha. Sharma 

I. As:>c!ss e:'(isting prl!Cipitation modd 

2. Determine best method for moddling variable temperature profile 

3. Implement in modd 

4. Verify against plant data 



AN~EX 3 

Dr. T.R. R:im:ich:mdran 

Dr. J. Zambo 

R.1'.Goyal 

S.K. ChanJw:mi 

Dr. K.V. Raman Rao 

Dr. A.f.... Nandi 

Dr. K.V. Krishnan 

R.l.Sharma 

H. Mahade\"an 
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V. V1swanathan 

·~ 

coi\·r ACTS AT Ji\'ARRDC 

Director 

Technical Ad,·iser 

H~ad of Alumina lkpartm~t 



A!'iNEX 4 

BALCO 

P. R. Choudhury (Acting GM) 

O.N. Sham1a (Manager, R&D) 

li\'DliSTR r CO!\'T ACTS 

Kedarnath (Chief Manager, Alumina Technical) 

A. Mehrotra (Manager, Alumin:i. Technical) 

R.S. Singh (Sr. Manager, White side) 

HINDALCO 

D.B.Rishi. Joint President (Alumina Plant) 

T.A.Venugopalan, Joint President (R &. D) 

Raj Prakash Shah, Genera.I Manager (Alumina) 

Dr.K.Chowdhury. Managa Laboratory 

S.N.Gararia, Supaintendent (Energy), Alumina Plant 

INDAL 
. 

Dr. R.C. Kalbandkeri 

NALCO 

Dr.R.C.Mohanty, Addi. Gmeral Manager (M&R) 

P.Vidyasagar, Dy. General Manager (Operation) 

r.Das, Dy. Genaal ~tanager (Operation) 

V.K.Sood, ~fanager (Alumina> 

J.S.Bedi, Addi. Chief Engineer (Chem) 

R.K. Padhi 
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ANNEX 5 

SUMMARY OF COi\lPA~Y VISITS 

A. BALfO, KORBA REFINERY (MP> 

28 - 31 Janua1-y 1993 

P.J. Cresswdl accompanied by H.K. Chandwani (JNARDDC) 

• Tour of rhe- refinery and laboratories 

• Discussions with plant managem~nt, operations and research staff 

• Collection of data 

• Seminar pres~tation "Precipitation anJ Impurity Control at Queensland Alumina" 

The information gathered during this visit forms the basis for the Case Study (Annex 6). 

B. HINDALCO. RENUKOOT REFINERY fUPi 

18 - 20 February 1993 

P.J. Cresswell accompanied by R.N. Goyal (JNARDDC) 

• Tour of rdlnery and laboratories 

• uiscussions \\ith plant management, operations and reSc!arch staff 

There was sp~ial interest here in the problems of impurities and of the potential for 

improvements to precipiration. The obsen·ations were summarised in a report to JNARDDC. 

C. '.\ALCO. DA\1Ai\JODI REFINERY !ORISSAl 

23 - 25 F~bruary 1993 

P.J. Cri::sswdl accompanied by R.\. Goyai iJ'.\ARDDC) and YG. Sharma (NALCO) 

• Tour of mine. r~fincry and laboratoric:s 

• Disl.'.ussions wirh planr manag~ment, np~rations and r..:search staff 
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I Jf.i. \V Al-IARLAL I,1El:IRU ALlJl\'lINIUivl RESEARCI-I ~ 

· DEVELOPfviENT AND DESIGN CENTRE, I 
NAGPUR 

ORGANIC ll\IPURITIES AT BALCO ALUMINA REFINERY: 
SITUATION AND OPTIONS FOR IMPROVEl\IE~T 

Preparation of this case study has been part of tne work programme for consultant in 
organics in the Bayer process 

Prepared by Dr. P J. CRESSWELL 
UNIDO consultant 

APRIL 1993 
'--------
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ll'ROJF<T: l>J'//.\1>.·.'i8 1iJ/5:'/ l-5! 

< :-rs1:· sn 1> r 

ORGANIC iMPUKiTiES AT 8,t\LCO ALUMINJ-\ 
REFINERY: SITUATION AND OPTIONS FOR 

lf\tiPROVEMENT 

OBJECTIJ'ES 

• To assess 1he ~ft~cts of organic impuri1ics on the Bako alumina rdinery_ 

• To make recl1mmcndatil)ns for Clmtrol of impuritit's ;rnJ impro\·emcnt of th~ plani. 

ISTRODl.'CTIO.\' 

B.-\LCO f Bh:u:lt Aluminium (omp:myl opcrati: ;m alumina rdinery at Korba. \laJhya 

Pr:idc~h. Th~ pl:int was OFned in 1973, using the technology of Alutcrv-FKI. and has a rat~d 

capa1.:it) ,)f 200.GOO ionnes p~r annum 1.lf alumina_ ,\II ,)f ih~ alumina prndu..::cJ is cnthumeJ 

hy the adjacent aluminium smelter. The refinery uses traditiorial 'European' technology . 

..::haractcriscJ by high t;:mpi:rature and caustic concentration in diges!ion ::mJ high soliJs 

pre1.:ipitatiun. h> produce a \t!f) fine _alumina. lypically .JO"., liner than 45 mia\lns. 

The B.-\LCO smdter is ..::um:ntly upgruding its technoll'~Y to rcJuc~ energy ..::lHl:mmption. 

Thi:sc i.:hang~s may he incompariblc: with the present :1lumina quality. J\ARDDC has 

thi:rdi.m: bcen pn:p:aring proposals to imprm·c th~ rdin~ry technoll1gy l\l allo\\ ~m1Juction 11f 

:1 ..::oarscr product. .\s organic impuritii:s in rhc proc1:ss affect refinery op~r:1ti1ms anJ prndu..::t 

1.juali1y. 1his study \\as initiated to Jcknnini: the curri:nt sitt•ation in thi: plant and to make 

some r-:cl'rnrncndJti,ms for impnn·emi:nt. 

Thi! da1:1 llf'Pll \\hid? rhc study is h;isc•I \\:lS 111ns1ly nrtain.:d during a \isit to rhc plant hy 

P.J. Crcs~\\cll and H.K. ChanJw;ini in January l'N3. 

l PLA.\T OBSERiAT/O.\"S 

:\. ,\nalnical :\lethod~ 



1..'\111\'-·,! ( ·l l. Ill;\\ k :1h11d'.:1I in 1.'x1·__.ss lt.1 Oi I). s11lu1i,,n ;rnJ d ... ·t;.:n:1;n,-.i t''. 1:1r;~:i,•a. ·i tk' 
. . . 

It is ckar fr,H11 th.: Jata l sec bdowl that ne!thcr of these methods giYes :11.:1.:urate results. The 

pbnt pc,1pk arc ;m·are of this anJ use the results only as indicah .. rs. 

The m..:tlh1,I ti.ir T11tal Organic Carhon appears to gros~ly under cstimat..: the real \aluc. Somi: 

tinder estimate is {(1 be cxpcctcJ as the Cllllditions arc mit sufficiently ,-!~111·11us Ill ,r~idisc all 

of th..: nr~anic impurities. :\cctate is particularly Jifticult to oxidise anJ t~ pi1.:a!ly :Kc1nirlls 

of hacl\ titration. This must mah.c s1Hne assumption about the sh1ichiom..:1ry of the 11\i1bti1lll 

r__.acti1111. pr;;.·sumabl: that it i:. et.jui\ aknt to the nxidatil'll ,1f sllJium 11\alatc. 

C 0 ~ - "'H 0 · "l('O ~ 1 ~ -lH - ") • .~ l - ~ - - l _t; 

be ..;uite diff..:r.:m. 

The rn.:tlhhl f11r •";:1bte appears h' grnssly 1l\er cstimar..: rhc true \alue .. .\~ain. s.11nc 

,,., ..:r.:stimat..: is 1,1 h.: .:xp..:cteJ h:causc the method is m11 fully sdectiY..: r~ir Px:Ibt..: and 11th.:r 

,_-;i:-il~ ,1\i.li~.1iik :-p..:(il!:. \\ill hi! tlctl!rminl!d ;1:. ,,di. Fknl!r ;llxura(y mi~ht h~ 11biain..:d h~ 

p\11..:nri,1111.:rric m;::bur.:m..:nt 11t" the .:nd p11inr instead 11r" th~ indic:1111r. 

H. Or:.:.anic Impurities 

Bau\ill' 



all arnw;d O. t..i·· ;._ 

Annual a\ cragc Yalucs ti.)r carbon in rcJ mull arc gin~n in Attachment 2. Tht: long knn 

a\·aagc is 0.27'!11 C "·ith no trend oth~r than a small drop in the past two Fars. 

The t) pil.'.al composition of the filtered mud is gi,·en in Attachment I. 

Liquors 

The current composition of plant liquors is gin~n in Attachment 3. Caustic and mok ratio 

values for a number of different streams are giYen in Attachment -t Annual :m~rage impurity 

lc\ ds in settler m·ertlow and 'thickener O\ ertlnw' (spent liquor) are gi\·en in Attachment 5. 

The organic carbon content of the liquor is said to range from :20 w :;o g ·1. (expressed as 

cqui\aknt 'a~CP,l and is currently 2-l g·L. This is dearly not accurate !sec hdow1 . 

. ·\nalytic:ll data for oxalate in liljuor appear scant. The current \:t!uc in sdtler llh.rtlow is 

gi,.:n as "about 8 g.L". Data from \fay 1991 slwweJ Yalucsof9.l7 and S.X-l ~'L forSOF 

and spent liquor. rcspl.!divdy. 

Analytical data for hydrate an: giYcn in .-\rrachmcnt h. Organic carbon in hydrate has hccn 

mca:-.urcd at (J.09" ... :1lumina hasis ( ..\ttachmc:nt 2 f. Th..: hyJratc: has s11mc: l'.11louratiun which 

may be Ju~ to c\1ntarnin;!lion with c:irhl!r irnn 10.0-Ul11
11 as F~.O.: or nr!!aniLs . .. ' ....... 

.-\lumina 

.-\naly:-.;,;s nf proJu.:t l.'.akinl!d alumina arc gi,c:n in :\tt;JLhm.:nt -. The: k\cb \lf ~ilrl'.a. lrlln 

anJ S\1JJ ar;: hi~h hy worlJ stanJanb. 

Salr Cake 

.\'' ... Or~anil l'.arb,1n k\.:1-, ha\..: f--c.:n ,\..:1..:rrnin.:.i in :h..: :-:in'.:!..:''.:-. - !. :",. \tta1.."hm..:r11 :'. 

Th..: \ana,!i11m j,, ... ai,i (\) rr..:i..:1pi1;1tl! ;t~ .1 i.:111npk\ -.,;lit \\itil nh\1..,!'':;11.: .1:1d tluPridc. Th..: 
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O:\al;rh: l'l\llt~11t of th-.· cal-.: ha:; not b1..·1.·11 dl't~rmi11.:J. On~ woukl cxp1.·rt pr.:cipilatilm of 

ll\al:11 ... • in the t'\·:1pnratnr tn b1.· quilt' significant, parti\.·ubrly if th~ kh·b in th1..· liquor ;ir-: 

a11ywh ... ·1\~ near tho:;;: cbimt'd. 

lndh·idual organics 

A range of t'rganic impuritit's in bauxik and liquor has b.:cn determined by Alutt'rv, 

presumably by gas chromatography (see Attachment 8). The main components in liquor arc, 

in order: m::~tate. formatt', be1m.·ne polycarboxylates, succinare and oxalate. The 

composition was judged to be similar to Hungarian plant liquor. It was observed by this 

author that the Bako liquor was odourless. 

This is in contrast to liquors from Australian bauxites, which have a strong odour. possibly 

due to the presence of volatile amines. This indicates some qualitati•.'e differences between 

the org;mic species present in Indian and Australian bauxites. ( A 'nonnal 'oJour was noted 

in subsequent ,-isits !l• Hindalco and ;\alco ). 

C. lnor;,:anic lmpurilics 

The inorgani( impurity contl!nt of the SOl7 and spent liquors on:r thl! p;ist fin: yi:ars are 

gi\ ~n in :\1tad1mi:nt 5. All \':tlui:s an: rdati,·c to a caustic conci:ntr:uion of 1-tO g L ;\a~(). 

Carbonat~ 

The sndium carbnnatl! ..:onc::nfrJtion is in the rangl! 25-."lO g. L. Total salt concentration 

f mainly 1:arhonate1 is about IO"",,,- caustic. In "American" terminology this rnm:sponJs to a 

< · S ral ill ahout 0 .90. The 1.:arbonate k\·el is cnntrnfli:J bn1h by caustici:;ation and by salting 

out. The tlgurl!s indicate that this is sufficknt hl maintain ;1 low carhonatl! le,·d. 

Silica 

Silic1 ...:11Jh.:..-111r:lii11Jh i11 li1.junr ;m: in 1hc ran~c q_~-11.h g L ,,·hid1 is what 1lllc would cxpcc1 

f .. 11· liqu11rs l1r"1hi~ ..:onc.:ntr:Hion. 

inJi..:atin'.,! th:H rh.: ~ili...:a ...:.inuminatiP11 ari~c) in rrc...:ipitati\'n. rwt 111 ..:akination. The datJ in 

.\tt;1l:i11111.:nt ~ irhii..:;1r..· ;1,!i.ip11r°'1. 1:4 -1: 1.!S;.: ! SiO h.;t\\c..-n SOF and ~pcnc liljlh'L 

.\nlt111111~ ;1 ;.1c!.: .;(11~ :; !. \1.0 i11 pr-.·l'ipiuti,111. ,f...::iPsir1(1n ,,,·this anh1unt 11f :\ili1:a \\11uld 



llUlk a hy~Irat(' \\ith {)_{l(l-0.12 ";. SiO:· This is wdl afio\ \.'th(' \ihs..:-n -.·.i kn~I. indi...-~1ting th:it 

m,ist t'f th-: silica is llllt pr~l.'.ipitat-.·J ,m tht: hydrat-:. 

Iron 

lwn in Bayc-r liquor:-; may b·~ solubk. Clllloid:1l or as suspC'ndeJ matk'r ( r('d mm.I> ;mll thC' 

Jisrindion b('tWC'en th~-se forms is ,,f'kn difficult. OnC' must assumC' th;1t th~ impurity 

analyses ( .-\nadunent 5) ar(' mad(' on wdl filtered liquor so that only Sl)!ubk and colloidal 

iron is dC'tC'nnin('d. ThC' obsC'n·ed concC'nrrations arl! aboul 40 m~·L FC'.0. in SOF and 20 
~ - . 

mg. "L in spC'nt Iiqullr, indicating precipitation of 20 mg 1.. Again, assuming 65 g L yidd this 

would m:id.: a hvdrate with 0.031% Fe,O., or 0.0-17 % on a calcinl!d alumina basis. A receni - - , 

hydrate analysis was som~what higher than thi:> 10.0-l6 ~;. Fe10 1• Atta('hment 6) but a\"erag.e 

le,·els in alumina are in the range 0.049 - 0.055°0, in general agreement with this estimate. 

This indicates that the bulk of the iron in alumina ari,51!S by precipitation of soluble or 

t:l1lloiJal iwn. with prnb;ibly only :i small contribution from suspended solids. 

T11 han~ i.:1'nfiJencc in these estimates ir is real!y necessary to ha,·e d:ita on impurity k,·ds in 

liquor frcd to precipitarion as therl! may be remlwal of solubk or colloidal iron at the Kdly 

filtl!rs. Thl!sc JatJ :m: not cum.:ntly :n·ailabk 

\'anadium 

Thi! \anaJium kwl in plant liquors is ah1rnt Li {L ;1s \·p,. (\mtrol nf this impurity is 

...-ritii:al and is achie\ ed by salting out as a 1.:omplex ,·anadiurn. phosphorus. tluoride salt. Thi! 

prm:l!~S of crystallisation and separation nf the salt appeJrs to be quite sensiti,·e to 1.:hanges 

dsl!whl!re in the pwcl!ss. Because it is such an important part of impurity control al the 

Bairn plant. th!! chemistry of this unit process should be hem:r understood. 

D. Precipitation 

rl1-: precipir;uinn are.1 at Bak11 folhm s :\luten t~dmollig~. using high caustic. high solid~. 

~\l\\. r.:mperaum: con.litions to pr111lu...-i: a tine h~,lr:ui.: 1al11mina typically -Hl " .. - 45 microns I. 

f'r..:cipitari,,n is cnntinuous. with aluminare liqu1lr 1C:\L1 and recyckd sl!.:J hein:; mi:\ed and 

:lien pas:-.cd h> J sl!rics of tiftt'.en air-agir;ued tanks 1 typically 12 1in lin~1. Som\! of 1h1:s~ :ir..: 

.:qurprcd '.\ llh 1."\ICrnal ht."al t."\-.·hangt:rs hl (lfll\ 1,k rn11lin~. rht." pr1i.luc1 frpm th.: Lisi 

;ir.:cipir:111·r h ·-rlit into :-.c.:J anJ rm•h!(I -.tr.::ims. Th.:-;.:;.:,( is til:.:r.:d ,•n ,fi:-.c filt...:r:- and rh.:n 



k"t:yckJ_ The: proJuct is filt<~reJ, wash-:d :md sent for cakinJtion_ The pbm do~s h;l\-e one \1r 

hrn con.: classifiers but these are not in uS\:_ 

lkn:lopments at the Bako Smdter require that the alumina~ coarscned t'l about 20·~;. 

fines_ In the longer tenn it may~ desirable is to produce a sandy alumina with less than 

IO~~ - 45 microns_ The problem facing the pl.mt is how to achie\·e this coarsening_ Trials in 

the past h~l\-e shown that coarsening to 20% fin~ is possible by raising the precipitation 

temperature about 4T, thus encouraging agglomeration_ However, the trials showed that 

precipitation efficiency dropped about 5~9 and the process became unstabk. Simply raising 

temperature is not an acceptable solut~.Jn to the ct'arsening problem. 

E. Process Problems due to oceanic Impurities 

Foaming is an intennittent problem. High liquor viscosity causes a number of riroblems in 

evaporation and salt separation: 

I. The high boiling point and viscosity reduce th( efficiency of e\"aporation_ 

2. This results in lower caustic concentration in the digestion liquor, reducing yield. 

3. Sc:paration of impurity salts is impaired, so these tend to remain in the circuit. 

Product quality is a major issue (excessive fines, high Si02 and Fe20;) but this is probably 

not directly related to organics. 

IL ASSESSMENT 

A. Comments on the data 

As mentioned in Section 2. I, the Balco laboratory does not appear to have adequate methods 

to acrnratdy determine organic carbon and malate in process liquors. The values for carbon 

in bauxite anJ mud in Attachment 2a appear reasonable. Those for bauxite carbon in 

.·\ttachment .2b are significantly lower. but consistent with the most recent data in 

.-\ttachment .2J. This may reflect a real change or be an anJlytical anefact. 

The cum:nt \'Jlue for org:mic carbon in liquor is given as 2~ g,·L t as \a:C:011 which is 

..:1.jui,aknt II' ..Jg L :1s C. Fnr Cl'mparison. the (iovr: rr:tin.:ry. which has a rdati\'dy low kvel 

,1f nrganics. ha-; l 0-12 g L C whik <)AL has about 15 g L C. ..J g L \n,uld be: taken to he a 



n-:gli~ibk nmtcnl \lf org;mi.: impuriti~.s. I low~' .:r th~ liqu,,rs an.· hi~hly Ci.llourcJ anJ from 

this lln~ might juJgc the real car1'l'll con11..·nt to be in th.: range 20 -! i-5 g.'i [ _ 

Some alicmph ha,-c ~~n m;1Jt: at Uako to J~,-dl'P a mcthlxl for d~tcnuining l·a1-lwn in 

liquor using a L~-o carbon anJly~r. The wa.s appak-ntly unsatisfactory, but \'alues up to 17 

gl. C Wffe l"•btain~J in trials_ This is Cl'nsistent with the abow \."Slimatc ba~d on colour. 

With oxalate, the situation is rewrsed. The conc~tration i.> liquor is quoted at about 8 g.'L 

';'\a!C!O~. Now the solubility of oxalate in Bayer liquor is quite wdl known_ At 140 g'L 

i\a
2
0 the equilibrium solubility will b\! kss than 2 g,'L and the 'crit!cal oxalate concentration' 

(the metastable limit) will be around 3 gtL (about 2.8 g/L in QAL liquor). Hence a le,·el of 8 

g.'L is a thermodynamic impossibility. 

The k,·ds of organic carbon and oxalate in Balco liquors must therefore be considered to ~ 

'unknown'. Without this information, no serious discussion. Of the probkms of organic 

impuritil!S in the plant can be undertaken. The first priority for JNARDDC and the plant 

labllr.ttlll). must be to l!Stablish reliable methods anJ to carry out an accurJte survey of the 

organic impurilil!S in the \·arious plant streams. 

B. Or::.anic Carbon Balance 

An estimate for the organic carbon balance in the plant can be made using ·~t available 

data'. 

The balance is reasonably good. considering the uncertainty in the input data. Some of the 

Jifforem:e must be assigned to carbonah: produced by de-~rradation of organics in digestion 

and in thl! recirculating liquor. This will be removed by causticis.1tion and in the salt cake. 

The carbnnate conrent of the salt cake is OJ kg ·t Al~O; as C. It is notabk that the balance is 

Jominated by c:irbon ente:-ing in the bauxite and kaving in the red muJ. 

The balance suggests that organic impurities in the plant an: at or near equilibrium. This is 

confirmed by Jata in Attachment 5. which gi\·es k\·ds of organic and other impurities for 

the last the years. Whik the ab:;olute \'Jlues for organic C cannot be accepted. the Jara do 

inJic;uc .;rahility hetwecn i9X7 and 1990. The le\d ap~:irs ro h:l\·I! increased by ahour 10"·,. 

tn er the period 1990-199~. However. the data for January ( 99:l I .-\nachment -' 1 indi..:Jtc J 

return tn the earlier k\el. 



curno\ RALY\Ct: FOR lUtCO RU-T\E~Y 

IN Pl.TS 

Bauxitl;'.' 

Flocculant {Starch i 

Toul inputs 

Ot:TPt'TS 

R.:J mud 

Liquor 

Alumina 

Tot;1l outputs 

'\ct input - \llltput 

Sp~cific Consumpti\.m O.o (' 

~r to1u1~ Al~O, 

2.6 t't O. IS 

2.2 k~:t 35 

0.27 

0.05 g I 

l .0 t t ()_()\) 

22 k!! t 

C. Ralco in the World Context 

C input 'ln1tput 

k{t Al~O, 

-t6~ 

0.77 

:' ..t5 

:; -~') 

0.05 

U.9 

0.22 

5.06 

()_3l) 

l. ntil r..:,.:ntly. Ba~~r pnic~ss h:chnoiogy follow~J tw1l Jistinct practi..:~s. thl! Etm•p1:·1n anJ 

!h~ Allll!fi(;IO. 

European 

This \\;\S ..:haract'-'ri..;d hy high caustic .,;,)m:cntration in Ji~csti1m tll 1.':lari.: high ;'r,·,iu.::;\ 11: 

anJ hi\\ heat ..:11n.,ump1i11n. i>rl!cipi1;11i11n was .1b11 ..:arrid •'l'I ;!I n1111i.:rat.:!~ ::1~h ... :H11.· 

1.·,1nc.:mra1i1111:-.. ''"' :-:mp..:r:itur..:s anJ :1i:,!h s..:l!J ra1i1i:.. !"111:. :,:..:nl!r;11..:d .1 r::1..: ;•r.•,:· ..• ' -.u1;.1rk 



l!ffi'-·i~rh.·y ,,f I!\ apt.~rarion ;m,I of thl.." scparatiltn of th~ pr\.'l.'ipitak'll salts. Tra,fiti1.lnally. 

Eur,1~an rdin\.'ri\.'S pro~·l!ss~J local b:mxik-s whi'h haJ low k\ds ,1f ''r.=!.:mic impuriti'"·~-

American 

Thi." .-\m.:riGm pr.tcricl! wJs ba~J on tropical t'IJuxit~s whidi coulJ hi! tf\.'Jll!J at lowl!r 

tl!mpl!ratur\.'S and caustic ct.tncl!ntrations_ Th~ low~r causti\.' in pr~ipitation crcatcd 

c,mJitions famurabk for gc-n~ation of a coarxr proJm.·t which was lightly cakinl!,I h1 mJk~ 

sandy alumina suirabk for pr~bJk~ smdt~r cl!lls. En.:rgy consumpri,m in Jigl!stion and 

~' aporation was not ~1 m~jor conc~m ~cause of th~ low cost of ~ncrgy. Ct.1ntrul of carbonat~ 

in this sysh:m w;is mainly by intcmal causticisation (adJiriun of lirn.:I. .-\s thl! st.1url.'.: of 

alkali \\·as 1.1ftl!n snJ:1 ash. it was in fact not possibk tt.1 achil!\·c high causti1.: 1.:1mccn•r:uions. 

Thi! trnpiGtl hauxitl!S conl;1in highl!r k\·ds or organic impuritil!s. Th.: .-\ml!rican 11.."chnolugy 

is l.:ss ~nsiti\'~ to this. th~ main ~tl~ct ~ing a r~duction in pr~cipit:ttinn yidlf _ b·:iporation 

,if liquors lt.1 high c,mc.:1uration is not r~quirl!J. Oxalatl! control is nl!i.:l!ss.1ry 111 maintain 

\lodern T echnolog~-

In th.: past twl!nty y~:irs. a numb~r of factors ha,·I! ch:mg~d thl! fal.'I! of th~ alumin:i industry 

\,.,,rlJwid~. f>rincip:il amongsr thl!se ar~: 

Thi! .:m.:rgl.."r.\.'.I! of cu:trsl! s.1nJy :tlumina as thl! standard proJu,1. Jul." to thl! ~\\llution nf 
smdtt:r t1.."i.:hn,1logy. 

\\"iJ;:.;pr.:;iJ us~ of tropi,:tl h:1ux1t~s. with \\ i,k r:tnging ch:tr:11.:1.:ristics r.:quiring r11rh 
hi~h .mJ !nw r~mp~ra1ur~ 1r~:ttm~nts. 

\,. .! r.:-.uit. ;1hyrriJ11:d11111l11gy has l!mcrgcJ which J!ll.."mpts to hring rhc high rn1du1.:t1\·i1y 

.w,f l..."n.:r::~ .:t"tici.:1i.:y of thl.'.' Europc:m 11.:d111,1l,l:_!Y Ill thl! pn1dui.:1i,in nt' .;anJy alumina. 

::-.;unrl.:~ ,;;111 !-.: .;.:.:n in rh.: <i11\I.'.' and \\",1rsll!y rdinl.."ril!s in _.\usir:tlia. Th!.!sl.'.' pbnts lhl.'.' 



Balco 

/ ..... 
(... 

The prl'ICl!ss usnl at B:ik,l cmhl'dics dassical Euro~3n k-chnoll'gy. I lom:wr. in tr1:..-ating. a 

b3uxite with mcJium kn:! of carbt'n (say 0.15"·;. ), it ap~ars to ~ at llr ocyonJ thl! limit of 

this ta:hnolog.y's ability to co~ with impurities. This poses both immediate anJ long tcrm 

probkms. 

D. Future Denlopmenf at Baka 

Technological Je,·dopment at Bako ~an take one of two directions: 

Maintain current product quality (or slight impro\'emeno but increa~ prnJucti,·ity. 

• l\lo\·I! tow:uds production of a world standard product. 

ln\.'.rc:tsc in prnducti,·ity requires the intensification of both digestion and precipit:ition. There 

;ire three key process p3rameh:rs to consider: 

• Caustic concentr3tion in digestion. 

:\lobr ratio in digestion lat blow-off!. 

:'\.fol;1r ratio in the prccipit:ition feed I aluminate liquor I. 

The first of these may be directly limited by e,·aporation efficiency. The oth;:r t\\\) are 

iimit~d 1'y 1he dliciency of alumina extraction in digestion and the stability of the r'--suhing 

liquor. 

It is wdl known that both extraction efficiency and liquor stability can be increased by the 

aJJition of lime. Lime addition at Bako has also been proposed for control llf iron in liquor. 

Howe,·er lime also reduces phosphorus in the liquor. which is required for formation of the 

.:P.npk\ 'anadium s.1it in the e:o<isting salting ,iut process. Thus. c\·ery attempt to introduce 

!im;: ll' the digc:stinn or darifo.:atiun ;m~as upsets impurity rcmO\·al and has hl be :ib:mJonc:J. 

~~ is abslllutdy nc:~essary. ther.:forc. to mnJiiy th.: sahin!:! ,iut pro~;;:ss tn g-:t arnunJ this 

:~11pa::.s~. 1'1,~·;ibk m~th11Js ar•: l'.PnsiJ~reJ lld1m-. 



II 

Ill. POTJ::STl.·11 .. \11-:Tl/OJ>S 1-·on JJIPl "RllT ( ·o.\1ROI. 

• To incrca~ the effo:icnq l)f c\·ap ... lrJtil'll and sail Sl:pJrJti ... m. 

• (\,ntwl of oxalate to assist the pwJuct c~trsening pr~)j1..-ct. 

The basi\.· srrat.:~,. in the first cast: can be based around: . -· 
Reduction of impurity input tn the process. 

Enham:.:m;:nt of impurity remo,·al. 

The ti.1!10\\ing sections examine the potential impa.:t of se\·eral options on the impurity 

situation. 

A. Floccuh•nl 

The pbnt cum:ntlv uses starch tlocculant I maize) which introduces about 0.8 k~ Ct .-\1.0,. ... . .... -

\lost llf this will b\! remO\·ed with the red mud .. .\change to synthetic tloc.:ulant, which is 

uscJ at much lower dl,SC rate, would almost eliminate this source of carhnn input. It has ab\' 

been obs.:m:J that r.:J mud tlocculltcd with synthetic tl1JCcul~mt has gr..:at.:r su:-1":11.:e acti\·ity 

for absorption of organics. The removal of C from the plant in red mud c;in therefore be 

expected to be maintained or increased. Hence we can exp~t a negati\·e cft~ct on the carhon 

babncc amounting lll 0.5 - I kg C 't Alp; ( I 0 - 20 ";,of the total). Q\·er time this will kad to 

reduction in the carbon inventory in th.: liquor. The data are insufficient w predict what the 

new equilibrium bd might b.:. 

8. Lime 

.-\Jditil'n ,1f lime hl digestion is proposed to imprn,·e extraction efficiency and increase 

lil.Jm'r :-.tarility. alhiwing J significant r.:Juctilin in SOF :nok ratio. This is a kl!y issue in 

Jn(r.::i:-.in:: pw,im:ti' ity at ihe plant f sc.: abo\·e 1. .-\Jdition r1f lime will als,) affi::1.:t impuriti1.·s. 

rhi:: main ..:xpl.'.1.:t.:,I -:rt"i:ct is reJm:tion lit Fe. P. Ti anJ \.'.:1rbonatl! in liquor. One can 1.!xpi::ct 

.. ,1111-: r.:.iu.:tii1n in l1r~:mi1.:s by ahsl1rptillll lU the prt:cipitatd calcium salts. Tht: main 

p!"l ·rkrn _;,,m.::-. in !hi.! .:ff.:ct 11n (nntrol l1i \anaJium in th>! :>alt '.'11.!paratinn plant. 

C Sall Separation. 



tL 

l'f th-: pbnL Th.: s;1h c~1l.: ~tlsll contains Sl'nl.! St\Jium cirb,,nall.: I 12" .. ) an,f l1r~;mi.:s { ai'l 'Ut I 

<~ ... C )_Thi' nrganic nmt.:nt s.:1.."ms rath~r low anJ it shnuld b.: (hlssibk t,l incr.:as\.· it. m;!king 

th.: sah s.:par;lhlr a llllll"C dkctin: cnntrihutcr t,l th,; lW\.'rall carbon halan.:c \ curr.:ntly only 

0.2 k~ Ct Alp,l. 

A pr,lbkm with th.: salt remo,·al system is that th.: presenc-.: of organic impuriti~s, by r.1i~ing 
th~ ,-iscosi1y. miuc~ the liquor concentrati0n achi~,-abk by the e,·aporawrs and impairs the 

se1 aratillfl of the pruipitated s:ilts. Alxwe some Jl!,·d ( unddineJ in this case) this may kaJ 

to a \"icious cirde of increasing org:mics and diminishing df ecti,·eness l)f the impurity 

control system. There may be a need to reduce the organics to a kn~I where s."lh separation 

can again be effective. This may be dor.e on a 'once off basis using absorbents. such as 

acti,·ated carbon. or by imprO\·ements to the equipment. The concentration prohkm may b;: 

addressed by modification of the e,·apo1ators to include forced circulation. 

The incompatibility with lime may be fixed by changing the chemistry of the salt. In the 

absence of phosphorus. vanadium can be pr.:cipitated as a sodium tluoro-,·anaJate. This 

occurs at lower h:mperatures ( 20-25 '"() so that it is necessary first to chill the liquor. Thus 

thl! bendits of lime use can be l!njoyed wit~out compromising impurity control. 

Thi! b:isic physics and chemistry of the s.ih separation stagl! needs to be bl!tter miJer:-.tooJ. 

both to ensure: effective: control of V in the face of process changes and tn Je,·dnp its 

potential for removal of organics. 

D. Seed or Product Wash 

H}"llrate washing is wdl established as the simplest anJ mllSt dTective methoJ f1.lf oxalatl! 

Clllllrnl. The oxalate bearing hydrate is first Jdi'-tuon:d anJ given J displlcc:ment w.:ish with 

col1.I water to sdectin:ly remove adherent li'-tu1.ir. whik minimising thl! Jissoluti1.'n of o\alate 

at this stage. It is then washl!d with iwt \\atcr ll' 1.iissoh-1! thl! sodium ti\al:lle. Thi! aim is h' 

pnlduce a wash liquor with a high con.:cn:r:ition 1.'f oxalate anJ (pw conc..:n1ra1i1.1n ,1! caustic. 

which can hi! causticiseJ with liml! to prccipitat;: c~1kium l1\al:itc anJ r.:cll\ er .,1.1J.1. Thi! 

11pcratil'n c;m b-: carri.:J t.lUt ,,n 1.irum ,,r beit riit.:rs. Pcrm:in.:nt dispnsai 11r" th.: .,;;iicium 

11\;l(all.! j, a rr11hkm which must he tal-..:n inll\ ~·,•n-.1derati,•n. 



In th\'.' Kais,:r t.:~h1wll1~y. th.: ttrg.:t str.:.un fo;· s.:~J wa~hin~ is th.: h.'i1iary thid:.:n.:r 

und.:rlhm·. whid1 m:ty n1ntain up to Y~ o snJium ox:ilat.:. 

rrodud washing is an ~tttracti,·.: Jhcmativc bccaus.: this str.:am will b.: washc:d in any t:asc 

and th.: pn1~css can be adapt~d for oxalate Cllntrol with minimal altditilmal equipm~nt or 

water usage. 

In any particubr pkmt. it is first of all necessary to establish the concentrJtil1n of oxalate in 

the various streams to dctennine the most cost dfecti,·c method for control. 

E.CGM 

Crystal g.nm1h modifiers {CG'.\ 1; arc bl!i:ommg a stand:ud pa11 llf the llpcratilm uf B:iyl!r 

process precipit:nion circuits. Hnm!\·er their mode of action. optim:il fomml:nion and 

method llf use ;ire still not \\·di understood. They do not ha,·e a direct effect on impurity 

k\·ds. The main effrct seems to modify the interaction lh!tween the crystallis.1tion of sodium 

oxal.He ;mJ hydrate. This results in a stabilisation of crystalliser oper~1tions by enhancement 

of agglomeration and reJm:tion in fines. 

CG\I tends to be seen as a 'magical' cure for plant probkms. It is a rdati\dy expensive 

aJditi\e. but the re;il benefits arc difficult to quantify. Assessment nf the effects of CC i\I at 

Bakl1 :.lhmlJ be based lin a comprehensi,·e research prllgramme l1f labllratl1ry batch 

precipit;itilm trials. The "bnttk" procedure in most suitable for this. The tests should 

i refrrahly he Jlrne at the plant to ensure that the liquor and seed used are fresh. 

F. Liquor burning and wet oxidation. 

Whnksak reduction llf 1lrganic impurities can tie achie\·eJ by techniques such as liquor 

burning i I!:; . .-\kna. K winana 1 and wet llxidation 1 Hindakn l. In practice. such methods are 

r:m.:ly u ... .:,i Jue to th~ l.'.'\pl.'.ns~ and complexities nf the operations. 

< ii,·.:n th\'.' .1,·aibbiiity 1ir· a cor.centr:ned iiquM stream from rhe salt separator I 280 g I :\a:f> 1. 

1.?iihl!r ,.,f ihe:.e, pii~lns ~·HJIJ be cl·,nsillercJ Jt B.ikl). Effccti\e remo,·al 1lf 1wg;ini..:s would he 

,,i,t1ir...:,! i,\ tr.::Hing '"1ly :1 fr:!cti,,n ,if th.: strnng liquor "itrl!Jm 1 prnhahly less than 5"i•l. Th~ 

.:1 1"ih .ind "'-'rh:!ih dr° ..:ith.:r .1( 1h.:s..: appniai:hes \\llUIJ rl.'.quire careful analysis bdore a tim1 

r..:i:1imm..::hi.111":1 .:11ui,l f"-·.: mad..:. 
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/11.J>OTl:".\"Tl.·fl. .Jll::TJJODS FOR /'RECl/'IT.-ITJON IMPROJ 't:.\IE.\'T 

Thi! prl!\.·ipitatillll unit at Bako prodm.·es a \·cry fine prllJud HG";, finl!s) at a yidd of 65-6S 

g l Thi~ may hi! cnmpar\.'J to 'world st:mdard' ~'p~rations producing kss than I 0" ~ finl!s at 

on.~r 70 g ·1 yidd. 

Two areas can be identified for impnwement: 

• 'Yidd and or production 

• Quality 

A. OPTIMISING THE YIELD OF THE EXISTING OPERATION 

The options for increasing the yield were in\'estigated using a simple modd 1 "PP JN" written 

by P.J. Cresswdll. Plant performance data for ~...;owmber 1992 were used to establish a base 

case for the cakubtions. The effects of varying indi,:idual process parameters were then 

detem1ineJ. to identify those which haw greatest potential to bendit productivity. The 

results are summarised in the following Table. 

C.-\L 

T emperaturc. ··c 
Last tank solids 

BASE CASE: .\'OVEJIBER 91 

1-l 1.0 gl 1.68 MR 

Stan 67. Finish 50 

370g,1 



l:FFE<'IS OF PROCESS />AK.-UIETER l'J/.-f.\'(;J:·s O.\' rIEU>: 

CASE 

Bas(' (as aho\(') 

Dccr(':ts(' fr('d ratio 1.65 

1.6 

D('creas(' stan temp. 58 -- 50 .. C 

CGM: lncrt:as(' gro\\1h rate 20"·o 

40°u 

Increase solids 

Decrease solids 

Coarsen snlids 

460 ... , 
;:::' 

JOOg.'I 

20" .. 

I m:reas..: Sl!~J filter solids ( 1388-1600 g.'l) 

Increase flow rate 

YIELD 

g/I 

68.3 

70.7 

75.1 

68.6 

70.0 

71.4 

69.9 

66J 

66.3 

68.8 

66.I 

GAi:\ 

g!I 

2.-l 

6.8 

0.3 

1.7 

3.1 

1.6 

-2.0 

-2.0 

0.5 

-2.2 

PROD 

f/h 

38.0 

39.5 

38.I 

39.2 

40.2 

39.0 

36.9 

36.8 

38..J 

44.0 ( .-J 6~· .. ) 

Clearly. the greatest scope for inaeasing productivity comes from a decrease in the molar 

ratio of the t't!ed liquor ( ie. increasing rhe alumina conrent l. This rario is currcnrly \·ery high 

du(' to dilution \1f the blow-off slurry with spent liquor. 

The d'fccts nf other parameh!r:> such as remperature and s.:ed contenr are small. rhis comt:s 

as no surprise. as the plant alr!!ady operates ar low temperature and high seed content. so 

thl!rc is littk room for impron:menr. There may be scope for optimisation of rhe h:mperature 

profik 

R.Product Coarsening 

I. !':··.~dud 20-.'0"n finc.:~;: !his should O(' :ichi(''.·abh: using the hydros.:p:ir:itor nnly with 

11,1j,,~s11t' yidd. lmpkm;:nt:ition could Iii! similar tn th~ Pl!~hiney m~thoJ used ar 



- - ----~---------------------------------------

l'rudlh:! 'I U"" fin.:s: lo 1..·llll\ crt th..- pbnt hl \\\1rld standard pn1Juct would r1..'quirc full 

classifi1:ation anJ at-:gllltn;.'r:tti1.m. JS typ!fid by the Alusuissc k-chnolo~y. This 

c11::rscns the s.:.:d and Gill lie c:xp.:ctd tn result in S1llllC l<1ss of yidJ ( s:t y 2-> g l 1. 

Pechinl'\. 

Th.: Pechincy appro:t1~h to the pmbkn1 h:ts been tkscribelt by Cristo! and ;\lordini_ They use 

a special high solids dassifier (Turbitlux \ tre~tting a portion of the product stream to scparah: 

a proJ1Jct with ;ow fines (7-10"., - -15 mi.:mns). This type of classification has the cfkct of 

dca('asing the stability of the process, increasing the amplitude of fine - coarse swings. This 

has been controlled by carefully monitl)ring nucleation in the process and m:mipulating the 

st:irting ~emperaturc to ensure that nucleation :ind agglomeration remain in balance. 

This technology is currently in use at NALCO I Damanjodi). Experience there indicates that 

ir is not the ide:il solution as this plant has also some problems with yidd and pr0Juc1 

quality . 

.\lusuisse Technology 

The Alusuissc ti:chnology has hi:i:n describt:d in numerous publications and pati:nts. It was 

d~\·dopl!d during th~ lat~ 1970's for the \aliako-(io\'i: rctincry in Auslralia in order In 

(1mv~11 that refinery's l1Utput from tfoury 111 :>andy alumina. The original plant design 

t~aturcd traditional Europi:an prl!cipitation technology, c.;sentially the same as tha1 now u~i:d 

al Bairn. Thi! essemi:il changes werl! : 

al inslallation of classification for prndU1.:ls and se~ds 

fl l separate agglomeration of tines. 

Th;: classification area uses hyJrncycloncs. 1hickcners and s~cJ tilti:rs . ..\ggloml!ration is 

tightly contrnlkd Ill maintain a Cl1arsc partick size. Liyul1r rn,ducti\ity at the plant is \cry 

high. 80-90 g L _.\l:CL but rhis is mainly due to rhc \cry high conccnrr:11i11n nt" alumina in thi: 

i11t··1·~t·1·•. "'1111·n .. 11·1 r-•t···ntl\· h··-·n 1'n ·1-111··I 111 ·1!!1n\· ... ,,. ··xn·111..:i 1n ,,· 1h. nl·111r ···r.a··ir,-••• ... ·'. :=\.: L , , :: • ~, ""\,..... . ........ , ~ .. \:.... • , • •• .... t , •. ,.\ t .• ,i;,,:: r .. \. ..... '"'' •. 



prob km a-; it r·.'nuin:; in th ... ' p1ind \\";Her ( whi.:h is recy.:L.:d) and .nay l\:ad1 quill..· hi_:'.:1 

corh:cntratinns during the dry season. 

RECO.l!J! E.YIJA T/O.\'S 

• J\.-\RDDC Sh1.1uld ~stablish rdiabk rnctlwds for the d..:t..:rminatit,n l,f organi.: carbon 
and n\alate in B:1y~r liquors for use at the centre anJ for transkr hi Hako. The range t'f 
rnL'ihods a\'ail:tbk is cmTently under reYicw by Dr Ramana Ran. 

• Lsing these methods, J~.-\RDDC and Bako should determine organi1.: carb,m and 
1.l\abtc in the \·ariou.s plant streams anJ Jc, dopa mass balance for th(' org:1nic 
impurities_ 

• J\:\RDDC and Bako .should establish a .:ollaborati\·e project to determine th~ cause of 
the high iron content of the product alumina and to den!lop and implement a .solution. 

• J?\.-\RDDC and Balco should establish a collaborati\·e project to im·estigate the 
fundamental chemistry of the salt .separatitm unit with the fi.1ilowing aims: 

• T1' ma\imisc the effi1.:ien..:y of the unit for rei:no\";11 of ,·anadium and organic 
impurities 

• T 1.) maintain cftit:icnt operation of the unit whl!n ch:mges ar(' m;1dc l!IS~\\"hl!rl! in thl! 
cir..:uit. 



l.i~t of Attachments 

I. "lnformatil)n on Korba Rdin~ry" compiled by Bako Staff in .-~spons(' to requ.::;t by 

PJ. Crcsswdl. 

2. al Org:mic (in Rrnxite and Mud (Annual Averages). 

bl Organic C in \';uious Samples fSeptcmbcr, 1993) 

3. Composition of Plant Liquor (January 1993). 

4. Composition of \"arious Plant Streams ( ~lonthly A\·cragcs July-DeLember. 1992). 

5. Liquor Impurities (Annual Averages). 

6. Analysis of Bakl) Hydrate (January 199.3 ). 

7. Quality of Alumina (Annual .-\wragcs). 

8. D~t~rmin:ttion nf [mli\'idu:il Org:mi~s in Bauxite ;md Liquor. 
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I. Bauxite - Bauxit~ is prncurcJ fnim 20-22 difft"r~nt mines. Dctaikd an:llysis of 
bau:xi!c so pro\'.urcd is not a\·~1ilabk. Hnwc\·cr \\hen hkndcd thi: b~1uxit~ quality range 
is as unJ('r : 

LOI 22 -24% 

SiO. 25 -4.0 ~·;, 

h:.0. 15 - IS"u " . 
TiO, 6-9% 

Al.:01 46 - 48 °·o 

P:O, 0.15-0.19 1}11 

V.O. 0.16-0.20% 

C-or~ 0.10 - 0.12 1~'11 

Thi: wmposirion range: is fairly unifonn all thcs\! years and apprm. annual 
('onsumption rate is 5.0 lakh tonnes. 

1 Dii:estion: A slurry tlowrate to a maximum of :no M1/Hr. is maintained. The slurry 
('l1ntains around 170 gpl Na:O,. and 87 gpl Al~O, with a solid contc:nt of 200 gpl at 
chi: inkt of desili\'.ation. Impurity h:n:I before and afkr digc:stion is tal-ulal\!d and 
i:ndosed. 

Dc:sili('ation is a series of tanks where slurry is hdd for 6-8 hrs. at 95 T. 

~ C~larificafion : \taizt! starch is th~ tlu~culant us~J at a rat~ of J .5 kg. ·r of mud. f\o 
n1hi:r additive is usc:d. 

:\round 30 t hr mud is filten:d out wi1h 1hc composition being as under. 

LOI 11 - ,.., ii 

- " 
SiO. 7 - 8 °1 • 

Fi:J>, .13 - 36 O,O 

TiO. 1-' - I Cl "" 

;\ 1.0. 1-' - 16 ·• .. 

f>.( >. 0.22 - 0.15 11 
II 

\' () 0.22 - o.~5 ·· .. 

'\;1 0, .+ -5 °u 

( . ;1( ) I() - ,., .. 
- " 



·1 h,: r~:urn \\ali:r fi\llll thi: ptlllJ is :malysi:J for l1nly Na~0 1 (\.lnk"nl - 4 h' 5 ~pl 
d..:p:n,lin~ upllll th..: wat...·r k\d in ponlt. Th.: pond \\"<lt..:r c,msumptil'll is 30 - 40 ~(hr. 
appnn:. 

4. Pn~ci11itation : Aluminate liqll'.':· ffowr;th.' is in the range of 350-370 l\t':hr 
nmtaining 140-141 gp! Nap, & 13~-IJ9 gpl Alp,. Facility fl'r mi:asuri:m..:nt tlf 

s..:..:J streams d,1 not exist. 

Temperature profik and performance date is enclosed. 

T ..:mperature profile is n:gulatc-d by cooling of slurry through interstag..: cookrs, with 
industrial water being the- cooling medium. 

5. lmpurih· Control : Simple causticisation consists of a series of pasS-O\"C'r tanks, 
generally four in line, where last washer mud, with a 20 gpl Na10c concentration and 
around 350 gpl solid content, is fed along with lime slurry. Li\·e steam,.tlashed steam 
is used for maintaining the temperature abo\'e 95•c_ No lime is added at liigestion 
stage. 

For sail separation, strong liquor from evaporation is cookd by heat exchangers :md 
led to a thickener where a holding time of ..J-5 hrs. is anilable. The settled salt is centrifuged 
and marketred. Salt contains approx. 7-8% vp, & f0-12 ~.1;, Na~CO;. 

6. Problems : 

a I Precipitation ,·ield : It is poor if we try to generate a coarse product -

(-) 325 mesh around 25% 

bl Precinitation control : Lack of analytical facilities for determination of ~ed 
area, no segregation·classification facility of seed. 

c I Product qualih· : off white colour and fine grain size. 

di Foaming: Very dominant at times in pptr. circuit. 

el Oxalate Control : Nor much of a problem as the len~I of oxalare is low. 



Oq:3nic C in Rau\ile :and Mud_i.-\nnual Awr"Y!c~ 

Yc~ir Bam.itl! 0
• Mud% 

83 - 8.J 0.172 0.271 

8-1 - 85 0.176 0.277 

85 - 86 0.221 0.27.J 

86 - 87 0.189 0.298 

87 -88 0.182 0.267 

88 -89 0.204 0.165 

89 -90 0.157 0.170 

90-91 0.152 0.140 

91 -92 0.1.JS 0.233 

On:rall An~ragl! 0.178 0.266 

Pr::anic C in Various Samples <September. 1991} 

~-.. c 
Bauxitl!s: Amark:intak 0.140 

Phutkapahar 0.137 

Lohar Daga 0.1.J.J 

Kl!silkal 0.133 

Prncl!ss bauxitl! 0.1.JO 

1'\ako bauxite 0.15} 

Pr11ducr hyJrar..: I alumina h:isisl 0.09 

Filtl!r 1.:aus111:is..:J mud 0.22 

S111.fa Salt 1 ~l!nrrifugl! l IUCS 

S11da S;1lt 1n~11h:..:nrrifugl!l 1.127 

S11da Salt f m11nthl~ \:O!nposit..:l o:n 
f>Pnd r..:rurn w:11.:r t '\a.O 2..J I ~pi 1 0.0 I 2S g L. 

'i;:rr l.:r '1\\.:rtl1 m 1 '-aJ > I~~.-:- ~;ii, .~2.16 :; L as \a.<'. 0 ;· 



l\~1.P (Caustic> 

Al:O: 

MR (mole ratio; 

1 l. 

t·~·_IJ:!Lh~ifion ~J 1>;:!!.V_lj_Ql!~!r:o. Ll=!Q_U~I.1..J 99~J 

All g/I. t1ct1>t as oth~n,ist notrd 

Seltkr On~rtlow Spent Liquor 

1-t.2.6 I )3.3 

l.l2.6 65 . .29 

1.77 3.30 

Impurities - rdatin! to caustic at 140 \;'L. 

!\a.CO, 28.0 27.1 

'.'.;a:CO, (as ;..;ap1 16..t 15.9 

Salt k,·d, " .. IO.-H I0.18 

V,O, 1.72 1.65 

P.O. 1.58 1.53 

Organic C 1 as ~\a:C":0,1 2-i.34 23.53 

SiO. 0.5..J OAS 

Fe:O,. m~ I ..J6J U.99 

~a:C:O, s 



ATTACHMENT - • 

BAI.CO LIQUO& ANALYSES (JULY - DEC 19921 

--·- --·-------------
~·- :. := . .) i'I~: •. iqi.~r 8.0. SOF CAL l11t Preclpltator Last Precipltator Spent Liquor Strong Liquor 

--- -·---~-·--- .... -- --------
~'"·r.~1 •. !\1 k Svncn. H/k ~oncn HIR Concn. H/R Concn. H/R Solid Concn. H/k Solid Concn. HI~ Concn. 
5:1 s!l g/l &II 111 111 £/} g/l g/l g/l 

----- -·- ·----------------

. _; ~· !ill.~ J.~li 192.5 1.57 140.5 1. 69 W>.l 1. 10 140.4 2.09 281 142.9 3.27 345 135.7 3.27 241.2 ~ 
II~ 

~ J 
·-·~. ld.4 :J. Jj ld5.~ I. 56 140.5 1.69 140 .1 1. 69 138.9 2:13 260 139.7 3.33 343 134.0 3.31 235.2 

..... 

... - : . l~t-. ii ~I. 4 i lti~.2 U3 133.9 l. 66 139. 4 1.66 138.4 2.21 293 139.2 3. 45 355 132.9 3.45 236.9 

.. • .. 1 ~-J. il J.4~ lil~.J I. 55 140.3 l.67 140.u 1.67 140.1 2.19 322 141.0 3.H 380 135.0 3.41 322.0 

~. ; . i ~ ~. ~ J.JJ W.4 l. 55 140. l l.63 140.1 1.68 139.4 2.1~ 322 140.6 3.37 398 135.0 3.39 240,0 

·' ~: j. 1 i.L 1n·1. u U4 l. 4ll. ~ l.ti8 140. 7 l. 61 139.9 2.12 29~ 141.0 3.00 382 135.8 3.12 236.0 

- - - . -·- ----



Attach1cnt - 5 

LIQUOR IMPURITIES, 1/l (Annual lver11ee) 

~. l L icr Uveri low SPENT LIQUOR 
. --·--· --

: :' ~: ! S:i/t' 1 N;~G 
> Pj05 V205 C-ors. Fe203 Si02 

-- --- --- --- SalU I Na2C03 Na2~ P205 V205 C-Ore. Fe203 Si02 ~~.: ~ x 

~~=!·-~,~ J..'..::, l~ .11 0.&·1 2.10 25. 44 33.45 0.58 12.02 32.24 19.51 0.82 2.03 25.38 12.e 0. 5(1 1r..r 
j ~·:,3 ~J ... ~i • t .: 16.Bu 1.41 l. 95 24.08 41.6 0.65 10.67 28.42 16.64 1. 41 1.66 23.41 19.0 O.CI !0.!5 
l :' .. J. :J• ... ~: .. il~ l~.12 1.50 1.83 25 .14 37.37 0.56 9.71 25.90 15 .11 1.50 1. 75 24.78 i.2.31 0.50 9.i2 
,-;.1: - J! ::~. l~ 15. 31) I. 4~ l. 78 26.59 40.50 0.60 9.85 25.49 14 .91 1. 47 1. 76 24.74 19.0 0.55 ~.~5 

! ~· J ~ - 'J !. :~.i~ I~.~~ 1 53 1.70 28.21 37.52 0.55 10.07 26.31 15.33 1. 48 1. 63 27.33 15. 91 o.~s 9.3~ 

·----- -----· 



Attachment 6 

Analysis of Balco hydrate 

A\·erage of daily composites. 1-15 January 1993. 

% 

Moisture 8.5 

Si01 
0.024 

Fe10 1 
0.046 

Na10 (Soluble) 0.083 

Na20 (Total) 0.35 

Size. mesh + 150 ) J.6 

- 150 +200 22.0 

-200 + 325 28.0 

-325 38.5 

• 

Bulk density, kglm1 1254 



• 

Athchtent - 7 

• QUALITY OF ALUlf IHA • 

~ 

Hai.Cl--T BIT 0(, + 15~ • J.50 
iftJIN-' *' • 

H 1-2 T 200 

- 200 - 325 

Yecr Adh. LOI 
H.iist. 

Si02 Fet.O J TiOl- Pz.P~ VL.fi-S-

. 
+ 325 l'\ICf'OI\.$ 

19aa-1s l.01 0.57 0.037 0.055 0.013 0.003 0.007 0.48 1028 32 26 5.1 15.0 47.9 32.0 
!9d£MI) l.12 0.63 0.035 0.052 0.011 0.0035 0.008 0.47 1028 31 26 3.9 13.8 40.2 42.1 

~ 
t;"'· 

1S~1Ht I. 37 0.71 0.036 0.051 0.013 0.004 0.009 0. 49 1093 31 29 5.6 15.8 40.0 38.8 
i~3l·:l.! I. It\ 0.87 0.033 0.049 0.013 0.003 0.008 0.44 1087 33" 28 3.5 13.2 39.4 43.6 
-- ---·~- -------·--·~ 



• 

• 

'7"3. 
L--f 

J>_<:: ~n;1 ~w~ i io_n_~Un!H~i!h•al .!_)r!!arri~s. 

Aiut~rv, 19'/7 

Compon.:nt Bau·..:it._-_,_nrun Liquor. C'L 

Fonnat~ 92.3 0.7 

An~tatc 149 1.7S 

Prupimut~ 2.1 0.09 

Butyrate 1.5 0.025 

i-Vakrat~ 0.6 0.005 

n Valerat;: LI 0.015 

O.xal;itc 187 0.16 

Succinatc 9 0.26 

Benzoate 0 0.008 

Glutarat.: 0 0.022 

Phthalare 1.6 0.03 

Benzene tri-carboxylate 10-1 0.23 

Benzene tctra-carboxylatc 23.9 0.19 

Bc:nlc:nt: pc:nla-l:arboxylatc: 15.3 0.13 

Benzene hi::xa-carbm:ylate D.8 0.007 


