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ABSTRACT 

The second return mission was organised by UNIDO Vienna in the framewurk of the project to 

assist the Government of lrdia in setting up a functioning Aluminium Research Development and 

Oesign Centre (Project no_ DPllND/88/015/11-08). The second return mission is the continuation 

of the former two missions. During the fist mission of the expert during the period 13th 

September and 24th November 1993 preinvestment studies for the modernisation/expansion of 

alumina plants of BALCO, HINDALCO and NALCO were prepared h} the staff of JNARDDC 

with guidance of the consultant. During the first return mission between 7th November t 994 and 

21st January 1995 the main duties of the consultant were: guidance in preparation and fulfilment 

of follow-up activities covering above stdies, lalx>ratory simulation and guidance and preparation 

of training materi~ls. During the present second return mission the following main activities have 

hecn fulfilled by the consultant : 

• Guidance in the preparation of further follmv-up activities concerr.ing the prcinvestment 

studies prepared for BALCO, HINDALCO anJ NALCO in 1993-94 and related to co

operation with NALCO. 

• Co-operation/guidance in laboratory simulation and preparation of a working paper on 

··optimum process technology for Indian baUAites based on minern logy" 

• Guidance.1preparation of •raining materials. Organisat!on of the technical programrr.e and 

delivery of papers to a workshop on .. Emerging trends and novelties in alumina production"' 

held on JOth November and 1st December 1995 at JNARDDC. 

Altogether four papers have been prepared and delivered by the consultant dealing with the status 

of primary aluminium industries, competitiveness of the lnJian alumina rdinerics, prc~suri.: 

decantation and hyperharic filtration of red mud slurries. 

In order to achieve further progress in laboratory process simulation the implementation of an up

to-date digestion testing equipment, larger volume precipitators and a traditional red mud settling 

equipment arc rccommc::nded. The organisation of simultaneous digestion and precipitation tc~ts 

and systematic simulation and mathematical modelling of precipitation for all alumina plants ari.: 

advised. 
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Closer coopciation and regular contacts arc required with the companies in order to n:ach faster 

progress in implementation of process tcdmologics recommended by JNARDOC. 

Further de\·dopment of the good levd of mathematical muJdling is rceommcr.dcd \\lm.:h can he 

one of the strongest areas of the Ct!ntre in the future besides bauxite rescr\'e e\'aluatitin and 

energy auditing 

Cooperation with engmecnng company (e.g. Engineers India Limited) in preparatic•' of 

prdnvestment studies is highly recommended, with regard to instrumentation and proc•:::;s control 

thc Tata Rcscan.:h Devdopmcnt and Design Centre would be ar. adequate counterpart of the 

JNARDDC. 

Nag1mr. 18th December, 1'>95 
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l'~IDO Consultant 



INTRODUCTION 

The second return mission was also organised hy UNIDO, Vienna and hy the fawaharlal 

Nehnt Aluminium !Zcsearch Development and Design Centre (JNARDDC). Nagpur in the 

fr.1mework of UNIDO Project ''Assistance to the Government of India in setting up a 

functioning Aluminium Research Development and Design Centre" (Project No. 

DP/IND/88/015111-08). The second return mission was the continuation of the former 

ones fulfilled hctween 13th September and 24th November 1993 and llCtween 

7th Novemhcr 1994 and 21st January 1995. The mission was planned originally for 

2 months duration t-Jt it h<is been extendeu on the sile to 3 months on the request of 

national Director and CT A. 

The recommendations of the preinvestment studies are valid now-a-days yet and the 

expected intensification of the alumina plants need further laboratory simulation, computer 

modelling and techno-economic evaluation to be carried out hy JNARDDC. 

In the meantime HINDALCO decided to realise the plant expansion independently m 

cooperation with foreign aluminium ccmpany, while al BALCO urgent actions were 

necessary to stahilisc the plant operation because of the shortage in caustic soda and 

alumina in the cycle. The intensification of hoth BALCO .md NALCO plants arc very 

;.;ctual. furthermore, recently JNARDDC started the cooperation with MALCO where the 

capacity increase is also required. The report has hcen written hy Dr. K. Solymar as a 

result of his second return mission. The related job sescription is enclosed as j\nnexure-1. 

The activity at JNARDDC in Nagpur wa!' started on 23rd September and terminated 1m 

18th Decemhcr 1995. 
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ACTIVITIES 

The actualised tasks of the consultant have been dctem1ined hy Dr. T.R. Ramachantlran. 

Director am! Dr. J. Zamho. Chief Technical Adviser in agreement with the ah..we joh 

description. requests of the companies and the workplan of JNARlJDC for 1995. The 

work prgoramme of the consultant is enclosed as Annexure-11. 

According to this work progrnmme the activity of the consultant covers three main fields : 

• Follow-up actions concerning preinvestment studies pn~pared for BALCO and 

NALCO in 1993-94 and preparntion of the cooperation with MALCO. 

• Co-operatior. /guidance in laboratory simulation of digestion and precipitation. 

• Gu:dancc/preparation of trnining materials. organisation of a workshnp on alumina 

production and deliver papers. 

The companies related activity was focussed on the prohlem shutting of the RALCO 

Korha Alumina Plant caused hy the critical shortage in caustic soda and alumina in 

the cycle. 

In connection with laboratory simulation tests and development of the Indian alumina 

production a working paper was prepared on "Optimum process technologv for Indian 

bauxites h~sed on mineralf!n". 

The draft of the study on "Main development trends, lah..mllory simulation and mot.Idling 

of precipitatmn prepared hy the consultant during his first return mission has hccn finalisct1 

hy the experts of JN AR DOC in the main time. 

The following papers have been prepared and Jclivcred hy the consultant at the 

Workshop on hEmerging trends and novelties in alumina production" which was 

held at JNARDDC on 30th Novcmhcr and 1st Decemher 19()5: 

• The status of primary aluminium industries 

• Cornp:1titivcness of the Indian alumina refineries 

• Pressure decanter; a revolution for red section 

• I lycrharic filtration as means of si~nificant improvement in red mud disposal. 

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



I 
I 
I 

I 
I 
I 
I 
I 

The same experts of the Centre who have participated m the preparation of the 

prcinvcstmcnt studies in 1993-9..J, were mostly involved m the follow-up ..:ctions. 

discussions, consuhations and laboratory test work, too. The list of the cooperating 

experts (senior counterpart staff) is enclosed as Annexure-111. 

The dose and good coopcrntion with Dr. C. Misr.1., UNIDO consultant in all lahor.:tory 

and alumina plant related topics is also to be emphasized beside the valuable kind guidance 

of the Director and CrA. 

The detailed programme of the above mentioned workshop and the list of delegates arc 

enclosed as Annexure-IV. 

The schedule of the second return mission is given below : 

Departure from Budapest to Delhi Sept. 20 -
Visit UNDP Office Sept. 21-22 II 
Arrival to Na2our from Delhi 

>--
Sept. 22 'I 

E·:aluation and discussion of the alumina production 
related activity of Centre carried out in 1995. Guidance 
of lab tests 
Fact finding mbsion to Korba alumina plant of BALCO Oct. 8-14 
(Departure on 8th Oct, arrival hack on 14th Oct) 
Preparation of technical papers for the workshop and Oct. 15-Nov. 29 
forBALCO 
Workshop Nov. 30 - Dec. I 
Mcctin~ wi1h NALCO exoerts at JNARDDC Dec. 2 I 

>- 1 
Meeting with BALCO delegates in Naiwur Dec. 3 
Finalisation of the working paper on optimum Dec. 4-11 
processing (1f Indian bauxites 

at I Dec. 12 Departure from Nagpur to Bombay, meeting 
MALCO Office 
Departure from Bomhay to Mettur Alumina Plant of Dec. 13 
MALCO vi-;it of via Bangalore 
Departure from Mcttur to Nagpur via Bangalore- Dec. 14 
I l:tdcrahad 
P:-cparation of the report on second return mission Dec. 15-18 
Departure from Nagpur to Delhi Dec. 18 -
Dc~~rturc from Delhi to Bud<1rest Dec. 19 
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r-----------------~~~~~~~~--~· 

A/ Follow-up actions concern;ne tlu preinvestment studies prepared for HALC(1 

NALCO and HINDALCO in 199J-94 and cooperation wit:-S l\IALCO 

Extembl and successfull activity is going on in the Centre in t!ie field of the: c:vah1;!tion of 

the hauxite reserves and future hauxite supply for BALCO and HINDALCO indutling 

dctaibl studies on quantitative miner..ilogical composition and l<1h simulation of the.: 

grimlahility and digestihility of the selected bauxite samples. 

Encouraging results have been achieved relating to the optimal hencfo:iation of the 

Panchpatmali (NALCO) bauxite by means of the high intensity wet magnetic 

separation.This ore dressing seems to he viahlc if the long distance transportation of this 

hauxitc is required, e.g. to BALCO plant or to abroad. 

The energy auditing of BALCO Korha alumina plant has been carried out with great 

success and similar measurements arc expect~d soon at NALCO Damanjodi atu.nina 

plant, too. 

Unfortunately, no significant progress was achieved rclatirig to the intensification and 

alumina plant expansion at the. companies. 

I. Fact lindiru: mission and evaluation of the status of the RA I ,CO 

Korha Alumina plant 

We visited the Korha alumina plant during the period Octoher 9-13. 1995 together with 

Dr. A.K. N;indi, Mr. M.J. Chaddha and Mr. V.Vishwanathan. Dr. T.R. Ramachandran 

Din:ctor and Dr. J. Zambo CT A also were with our team for a couple of days. The 

•:v<1Ju;1tion and recommendations can he found in Anncxure-IV. 

The det;iiled sludy of the actual situation and that of the expected improved sl;itus which 

c;m he achieved after the stahilis<1tion of the plant operation by means of the rcfillmcnl or 

the caustic sod;1 and alumina shows that th~ target I H5 kt/a production can he acliie\·ed. In 

order to re;u:h 200 and 225 kt/a capacity MR control. hydrate slurry cooling. digestion 

lime d1<1rgc. thereafter process intensification hy p·1rallcl stream or s\veetening arl· 

required. 
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Based on the l~uther discussion on 3rd December with Mr. K.P. Paul JN ARD DC analysed 

the level of Na10 loss in function of the amount of the return water from the red mud 

pond. It was found that 2m31~ recycling is required to avoid extra loss which increases 

very rnpidly at 1.5 m 'It already (about +5 kg Na101t) and at I m 'It reaches a value of+ 9 

kg Na10lt. 

Furthcmmre. the laboratory modelling of the BALCO precipitation comhincd with 

computer simulation jL•stified .hat at an aluminate liquor concentration of 145-150 g/I as 

Na
1
0 caustic with ar. MR of J .f.2 and with 350 g/l seed 73-74 kg/m~ liquor producti\·ity 

can he achieved if 12 precipit1tor tanks are in operation (temperature profile: 60°C -50'T 

or 65°C-51°C). 

Further cooperation with NAI~CO 

A meeting was held in connection with the Workshop at JNARDDC ·n order to discuss 

the potential topics for cooperation between NALCO and the Centre. The minutes of 

meeting is encloo;ed as . .\nnexure-V. Although the only feasible intensification is 1he low 

pressure digestion, no decision has been made yet. The Centre should make furt;1er dfnrls 

in this direction. The regular contact and the projects mentioned with NALCO interest can 

strengthen the cooperation very significantly. 

3. MALCO Cooperation 

JNARDDC has already hcen involved in MALCO rcl<1ted activity in the lidd of lahor;itory 

simulation of digestion. 

The meeting held in Bomhay at MALCO headquarter on 12th Dccemhr1 was the first iop 

level discussion hctwecn NALCO and JNARDDC. Dr. T.R. Ramachandran's prcsent;1tion 

indic<1tcd the capahility of the Centre and the potential fields of cooperation. MALC< > 

expressed his willingness to use the assistance of JNARDDC. The UNIDO consultant 

discussed lhc opportunities of the intensification and capac11y expansion of the alumina 

planl and emphasized the capahility of the Centre to prepare reh11~d tcchno-cconomic 

study. It has hcen agreed lhat the ncxl technical dis1:ussion will he held in Nagpur at 
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JNARODC on ~.;.ml IXcemhcr. In order t~• prepare this meeting accordingly the Agl·nda 

of the mcding with explanatory notes was prepared hy JN ARD DC hased on the plant \·isit 

t•1kcn hy JN.-\RDDC team (Dr. J. Zimho, Dr. K. Solymar. Dr. A.K. Nandi .. ~Ir. ILK. 

rh:mdwani). The Agenda is endoscl' ~'.s Annexure-VI. The recommended intensification 

is hascd upon the increase of the caustic soda concentration of precipitation and digestion 

with ahout 20 g/I Na:O caustic. 

n. Co-operation/guidance in lahoratorv simulation and preparation of a working 

material 

Between Fehmary arid Septemhcr 1995 the lahoratory technological tests were focussed 

on the digestion anJ evaluation of different bauxite sam:ilcs from tcdmological point 

of view. 

The precipitation equipment was investigated only related to the temperature profiles and 

no precipitation tests were carried out. 

The consultant made actions to prepare the laboratory modelling of '.lrecipitation until the 

arriv<1I of Dr. C. Misra. Thl!se tests have hcen guided by him. 

In order to promote the further development work and laboratory simulation a working 

material has hcen prepared by the consultant on "Optimum process tcchnologv for 

Indian bauxites hascd on mineralnc.y". 

This study emphasize~ the role of the mineral individualism and heterotypism in the 

hauxi:e~ with special regard to the high crystallinity of gihhsite. hoehmite ancl anatase in 

lndi•in lnuxitcs. This fact should he considered at the selection of the optimum prc.:e~s 

tedrnology. Jt is evident th.it the gihbsitic hauxites should he processed at low-pressure 

digestion Cl .t5- I 6ff'C) <md the monohydrate hauxitcs at high temperature digestion 

(optimally with lime d1arge) along with gibhsitic ore either in a parallel strc;1m or applying 

sweetening in order 10 re,Kh adequate s<il~1!'":1ti·'n nf the digestion cfnuent and pregnant 

liquor hy alumina which is the most important precondition of the high liquor productivity, 

tl1al is the competitiveness of the ;l111mina refinery in long tnrn. 

- A -
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1; .. s working paper can he used suc.:cssfully at the dahor.ition of R&D rrnJeci propo~.1ls 

as a basic information. 

C. Guidance/preparation of training materials, Organisation of Workshop on 

alumina process technology 

According to the workplan of JNARDDC for 1995 the activi~y of the consul'nat was also 

focussed on the elahJration of the tr.lining material and organisation at the technical 

programme of :he related Workshop. 

The training material on the "l\fain tendencies in the development of the world 

aluminium industries with special reference to alumina production" has hcen 

prepared hy the consultant dt:ring his first return missilins and was completed early 1995 

hy the staff of the Centre. 

The present activity was aimed to organise a workshop on "Emerging trends ~md 

novelties in alumina production". The technical programme of the Workshop has been 

recommended and finalised by the consultant with close cooper.ition with Director, CT:\, 

Dr. C. Misra and Dr. P.M. Prasad. The programme covered the fields of the prccipitaticm 

and chemical grade alumina hydrates and alumina and that of the red r:md dispos<il and 

utilis•1tion hcside of the analysis of the status of the aluminium industry at the end of 1995 

•md discussions of the status and future prospects of Indian hauxitcs and the main 

tendencies in process and equipment development as pressure decantation and hypcrharic 

fill ration of red mud. fhe mathematical modelling of the Bayer process. and especially that 

of the precipitation were also key topics of the workshop. Nat•;rally all the papers paid 

special attention to the Indian conditions. It was a great success that the scier.tists of the 

Cl·ntrc delivered excellent papers in different topics demonstrating the rrogrcss .1chicved 

also in this aspect during the past few years. the required contrihution of the Consultant to 

rhis activity was limited mostly to the selection of the scope of the pilpers and to advice of 

the presentation. Dr. A.K. l''andi, Mr. M.J. Chaddha, Mr. H.K. Chandwani and II. 

M;1hadcv•m justified their high technic1l level and capahility to teach their colleagues in 

India. The programme of the workshop and the list of Di:legati:s ;1ri: cndosi:d 

as Anncxurc-Vll. 
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The ronsullant should express his high apprecialion rdated to !he actual 1m·paral ion of 

;.llogether 8 papers on behalf of the scir11tists of JNARDDC to he prcsr..·n1t·d al H:\FX:\I. 

( 'onferenl'e nl'xt year. 

The consultant has prepared and delivered the following papers : 

• The status of primary aluminium industries 

• Compctilivcness of the lr.dian alumina refineries 

• Pressure decanter: a revolution for ret! section 

• 1 lypr..·rharic filtration as a means of significant improvement in red mllll disposal. 

The status of primary aluminium industries at the end of 1995 1s heahhv and 

encouraging. It is expecled that most probably 2.7 m tpy hrownfidd and 1.0 m lpy 

grel·nticld alumina capa<:ily will he cre<:led hy the end of !his decade. Based on the good 

rnmpetiliveness of the Indian alumina refineries, firs! of all NALCO and Orissa hauxile 

related projects, the expectations for the Indian alumina industry in the near futun: ar ... · 

very promising. lntcr.sitieation of Damanjodi Alumina Plan! to increase 1he cap;Kity hy O.S 

m tpy and the 1.0 m tpy lJTKAL greenfield projecls arc prime candidaks. 

The competitiveness of the Indian alumina refineries can he cvalualed on 1he basis of 

lhe det;1ilcd ;malysis of the alumina production costs. Although the NALCO Damanjod 

alumina refinery can he found among the most competitive alumina planls on the world. ii 

is to he considered tli:lt this advantage is the conscquenr..:.: of the availability of the hi~h 

grade ;ind VC!) cheap bauxite. (·IO US$ saving per ton of alumina in comparison wi1h lhc 

world average bauxite cosl) and the low cost of the manpower and owrhcad ( f11r1hcr 20 

I JS $/t advantage). 

The sum of these cost elements, that is 60 lJS $/t is the dilkrenrc in the production costs 

of Damanjod plant and world avc1.1gc. It should he drawn the rnnrlusion that .ill the 

cff11:-is arr..• to he madL' to increase the rompc111ivcness of the Indian alumina rdincril's. 

including NALCO operation, mostly hy ntr..•ans of the intcnsificalion in order lo rl'ach 

slahlc position on lhc world alumina and aluminium markl'I for long 1cm1. Fxporl oricntl'd 

alumina plants can he viable only on the basis of a state of the art proL·L·ss ll'cl!nology. 

thcrdon: the use of the low pressure digestion, parallel stH·a111 opcr;ition and '>\\'l'l't1·11i11g 

- I !I -
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are lhe only solulions as they have been recommended m the pre-investment studies 

prepared hy JNARDDC in 1993-9-t 

The pressure decanter : a revolution of rro section hecause this process technology 

<md equipment enables the ma~imum supersaturation of the pregnant liquor hy alumina 

without any danger of autoprecipitation. This is a key equipment to reach high liquor 

productivity up to 90 kg/m~ and beyond in any existing plant. Further advantage is that the 

amounts of stored NaOH and alumina in the liquor circuit (inventory), can significantly~ 

reduced. The equipment is 50 limes more effective relating to the surface area than the 

tradilional thickener. Finally, but not less important is the fact that the pressure decanter 

enables to develop and accO"nplish !lew processes whe1\! the pressure dccan!ation is a key 

unil operation, e.g. Counler-current double digestion, fast separation of the slurry after 

sweetening elc. 

Thi! first tests for pressure decantalion have been carried out in Ewarton (Jamaica) and 

Vaudreuil (Canada) lhen at Simizu (Japan). It is planr.•..:d that the transformation of the 

Ewarton plant to pressure decantation will be accomplished by the end of 1996. So 

ALCAN have cxpenences for processing Jamaican, Guinc11n (Sangarcdi. Boke) and 

blended Weipa/Bintan bauxites. The temperature limit of 150°C can be assumed, imposed • 

by llocculant degradation. 

The underflow mud of the Jamaican bauxite contained 25-30 ~ solids and the.: solid 

content in the overllow of the pressure decanter amounted to 30-80 mg/I at a tlocculant 

dosage of I 00 git red mud. The pressure decanter should he ccnsidcred as a qualitatiYc 

break-through in the separation of blow-off slurry. 

Hyperharic filtration as c. means of significant improvement in red mud disposal. 

The hyperharic filter comhines the continuous operating principle with an increase in 

filtration pressure of up to 6 har simply hy placing the entire disc or drum filler inside a 

pressure vessel. The hypcrharic pressure filters, mostly disc filters arc in operation \vorld

widc in coal and mineral dressing ind:istry. The filters arc huilt hy Andritr: A.G. ((iraz, 

Austria) in sizes from 6 m2 up to 120 m2 for the disc model and from 1.6 m
2 

up to 25 m
2 

for the drum model. 
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The lahorator_y simulation tests and the pilot plant tests carried out hy the .-\ndritz mohilc 

hypcrharic filter plant justified the great prospect of this new operation and equipment for 

the filtration of red mud slurries, first of all in red mud disposal. The hypcrharic filter 

enahles the red mud to he filtered and dried to a moisture content of less than 30 r:; 

(typica!ly to ahout 25%, in some cases \;\·en as low as 20 '7<-), it has comparatin!ly high 

productivity (300 to 6000 kg/m~h) and its operation is practically continuous. The 

hypcrh:rric pressure filtration produces a non-thix.otropic, dry cake of 75 % solids. ll1is 

red mud can he transported by truck or conveyor belt to the disposal area. Its caustic soda 

content c•m not he dmined off or reclaimed by rJin water which does not penetrate a mud 

deposit of this density after proper disposal and compaction. 

The application of hyperb;uic pressure filtration is fully justified for the alumina plants 

which are under critical conditions due to the huge amount of rain water accumulating 

continuously in red mud pond, e.g. at Interalumina Venezuela or NALCO at Damanjodi. 

One of the most promising further field of application may he the direct filtration of 

hlow-off slurry. The consultant contacted Andritz A.G. in order to supply the Centre and 

the Workshop's participants with relevant information and hasic literature. This request 

was fulfilled and the informative leaflets have been distributed. 

It can he forecasted that the pressure decanter and hypcrharic pressure filter will find wide 

application in the future alumina plants. 

The related work plan of JNARDDC for 1995 has also contained the task cf "Preparation 

of training material for the freshly recruited staff of the primary alumina and aluminium 

producers". 

Based on the availability of the adequate tr•1ining materials and Workshop proceedings in 

the Centre, the preparation of further training kit has not hccn required. The guideline of 

the recommended training programme and the sclectcc.I material to he sludied hy 1hc 

freshly recruited alumina experts is enclosed as Ann('xnre-VJll. It can he seen thal at 

least one month training (Group training) is to he organised al JNARDDC which conl;1ins 

the most important laboratory simuiarion tesls of the main unit opcra1ions or 1hc Bayer 

prm.:c~ s, toe. 
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D. Pmviding the Centre with copies of rele,·ant literature 

The list of rhe copies of rhc rdevanl hterature submitted lo the Centre is enclosed .is 

Annexure-IX. 

- 13 -



CO~CLUSION~ 

I. Extended and successful activity rs going on m the Centre in the tiled of the 

evaluation of the bauxite reserves and future hauxite supply for BALCQ and 

HINDALCO. Such kind of activity has heen recommended for NALCO, too. The 

recent negotiations se-em to be successful. 

'l Encouraging results have been acnieved relating to the optional heneficiation of the 

Panchpatmali bauxite tNALCO) by means of the high intensity wet magnetic 

sc;>aration. 

3. Energy auditing of BALCO Korba Alurr.ina Plant has been carried out with great 

success. Similar activity is expected in the near future at NALCO, too. 

4. Unfortunately, no sigr-ificant progress was achieved relating to the intensification and 

alumina plant expansions at the companies, although the recommended process 

technologies elaborated in the pre-inwstment studies are feasible and justified hy 

world-wide practice. 

5. Significant efforts were made to stabilize the BALCO Korba Alumina Plant operation 

to solve the problems caused mostly by the shortage in caustic soda and alumina in 

the cycle. Proper evaluation and recommendations have been elaborated hy 

JNARDDC based on a fact finding mission and measures made already hy BALCO 

suddenly resulted in some improvement. 

6. The lanrirntory simulation and mathematical modelling of the precipitation processes 

of BALCO and NALCO is in good progress, which was prepared hy the consultant 

during his first return mission and now in coop-:ration with Dr. C. Misra. then the 

activity was performed hy the staff under the guidance of Dr. C. Misra. 

Similar activity is to he started re!Jting to MALCO and HINDALCO precipitation, too. 

The lirst results have been validated and applied for different variants of BALCO 

precipitation. 

- 14 -
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7. C't)\>pcration with NALCO is expec cd to he restarted as a resul~ of a meeti:lg held in 

N<tgpur on 2nd of December. 

8. As a new alumina producer, MALCO was contach.:d in 1995 and further cxrended 

activity relating to the intensification of the Mettur plant is expected based on the 

discussions made in Bombay on 12th December and plant \'isit taken in l\kttur on 

13th December. 

9. A wo1king 111aterial prepared by the consultant on "Optimum process technology for 

Indian bauxites based on mincr.tlogy" justifies the recommended process technologies 

in the prcinvcstmcnt techno-er.onomic studies for BALCO, HINDALCO and 

NALCO. They arc : low pressur.! digestion at NALCO, parnllel ~;trcam operation 

and/or sweetening at BALCO and HINDALCO. 

IO. The workshop on .. Emerging trends and novelties tr: alumina production .. 

concentrated on the most actual tasks of the technical d~vclopment on the one hand 

as future bauxite supply, physical and mathematical modelling of precipitation in 

order to increase liquor productivity, mathematical modelling and advanced control of 

Bayer process. competitiveness of the Indian alumina refineries. ~asic development 

options (keynote address), production of chemical grade alumina hydrates and 

alumina, red m.td disposal and utilisation on the one hand and on the most important 

novelties as pressure decantation and hypcrbaric filtration on the other hand. 

The significant contribution of the JNARDDC Scientists (especially Dr. A.K. Nandi, 

Mr. M.J. Chaddha. Mr. V. Vishwanathan, Mr. H.K. Chandwani and Mr. II. 

Mahadevan as excdlent authors and lectur, furthermore lhe highest level organisation 

made hy Mr. R.N. Goyal) to the great success c,f the Workshop justified further 

significant progress achieved since the former workshop. 

11. The Ccnlrc has well !rained personnel (at a world standard level) in hauxitc geology 

and evaluation (dirccled hy Dr. A.K. Nand;), furthermore in lahoralory simulation. 

material te~tin~ and mathematical modcllin£. 

- ls -



I. 

3. 

4. 

5. 

RECOl\IME~DA TIONS 

Although some pwgre~.~ \, .. ," achieved in the implementation of few more adcqu~11c 

lahor.ttory equipment fo1 ;'.1c simulation of the Bayer process, further actitm: an: 

required to implemcnl proper digestion testing equipment. larger rnl.mK 

prccipitators and red mud .:.cttling equipment (more small size tuhc". with 

temperature control in water hath). 

The performance ot simultaneous dig~stion tests and precipitation tests i·. required 

where detailed studies should be carried out to dc1crmine the chara.:teri .... tic 

digestion curves (alumina yield in function of MR or NC) at different caustic soda 

concentrations, salt levels and retention times, at different temperatures. The effect 

of digestion lime charge is also to be studied related to amount, preparation of the 

slurry and feeding points. These lahoratory simulation tests should he performed 

for each alumina plant in order to select the optimum process parameters for 

intensification. 

The systematic simulation and mathematical modelling of the precipitation 

processes for each plant is required under 1he varying parameters of starting 

caustic soda and MR, temperature (temperature profile), seed amount and salt 

level. These data are also required for the studies on intensification. 

le is recommended to collect representative hauxitc samples form the mo~t 

significant and characteristic hau.\ite deposits of the world (e.g. Weipa, Gove. 

Wcstcrn-AustraliJ, Tromhetas, Jamaica, Boke. Sangaredi. Venezuela. ell.:. l in 

order to carry ont comparative tests and studies with special regard to the 

crystallinity and reactivity of the bauxite minerals related to the typical lndi;m 

hauxitcs. 

Further efforts are needed on hehalf of JNARDDC and companies to introduce the 

recommenclcd technical development measures and to intensity the alumina plant 

operations at NALCO, BAI.CO and MALCO focused on the digcsti.m and 

precipitation. 

- l (, -
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6. Closer coopcr.ition is required with the companies. At least twice in a year. once ~11 

JNARDDC. once at the alumina plant detailed technical discussions is 

recommended heside the every day contacts. 

7. Further development of the good level of mathematical modelling is recommended 

which can he one of the strongest areas of the Centre in the future along with the 

energy auditing and bauxite reserve evaluation. 

8. The coopcr.ition with an engineering company (e.g. Engineers India Limited) in 

preparation of preinvestmcnt studies is highly recommended. Relating to the 

instmmcntarion and process control the Tata Research Development and Design 

Centre is recommended as counterpart of the JNARDDC. 
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Annexure - I. 

UNITED NATIONS INDUSTRIAL D~..J.OPHENT ORGANIZATION 

JOB DESCRIPTION 

DP/INllj88/015/ll-08 I;" 

Post Title: Expert in alumina process engineering 

Duration: 2 ra/m 

Date required: August 1995 

".ity Station: Hagpur, India with travel in the country 

Purpose of 
project: 

(a) 
(b) 
(c) 
(d) 

(e) 

The immediate objective of the project is to assist 
the Government of India in setting up a functioning 
Aluminium Research, Development and Design Centre 
consisting of: 

Alumina Production Research Department 
Aluminium electrolysis Department 
Analytical Research Department 
General Services, instrumentation and Control 
Department (incl. Workshop and Maintenance) 
General Administration and Finance Department 

The Centre wiil develop capability of carrying o~t 
the following ~ain functions on behalf of and in 
cooperation with the bauxite processing/alumirla 
production and aluminium 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 
improvement, transfer of technology, etc. 

(c) Setting up and operating a data bank 
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(d) Providing training of Indian engineers. 

Duties: The expert will be required to ao.vi.se on the 
improvement of alumina production technology and on 
basic engineering of alumina plants. He will 
assist in the setting up of the alumina produ~tion 
research department of the Centre and in 
mathematical modelling and preparation/application 
of energy and material balances of aluroina 

1. 

2. 

) . 

4. 

refineries. 

His main d,1ties will be: 

To assist in starting up activities in alumina process 
engineering, provide training to scientists of the centre in 
the techno-economic justification of R & D projects, 
calculation of benefits of recommendations of changes in 
technology, modification of processes, development of 
equipment, process control etc. 

To deliver a series of lectures on preparation of feasibility 
reports, conceptual design and basic engineering packages for 
modernization of existing alumina plant and establishment ot 
new ones. 

To gJide in the preparation of a case study for the 
modernization of one of the existing alumina plants and 
anoth2r on the expansion of an alumina plant with new 
p.t"oduction 1 ine. 

Provide the centre with information related to the economics 
and international competitiveness of alumina produ~tion. 

Qualification: 

University degree (preferably Ph.D.) in chemical or 
metallurgical engineering. Well conversant and experienced with 
the operation of all alumina production units/phases and process 
parameters as well as with mathematical modelling and basic 
engineering of alumina production plants. 

I,anguage: English 

nackqround Inf ormat.ion: 

The Indian aluminium industry looks back to a history of 4~ 
yeilrs. The first aluminium smelter (in Alumpars, Keralil) was put 
into operation in 1943. At present there are five aluminii plants 

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



- 3 -

about 587,000 and 580,000 tonnes per year, respectively. These 
facilities belong to five aluminium companies, namely Bharat 
Aluminium Company Ltd. (Balco), Hindustan Aluminium Corporation 
Ltd. (HINDALCO), the Indian Aluminium Company Ltd. (INDAL), the 
Madras Aluminium Company Ltd. (MALCO) and the National Aluminium 
Company Ltd. (NALCO). 

With the commissioning of NALCO the share of the public sector 
in aluminium smelting is more than half of. the total installed 
capacity of India. This indicates the decisive influence of the 
public sector on the future ot the industry. The sustained growth 
and development of the aluminium industry in India, a po.rt from 
requiring the adoption of suitable long term policies in relation 
to pro~uction management, output, pricing, and fiscal levies, is 
also in need for technology and :rr:arket deuelopoent, wnich will 
gradually be handled by the proposed Centre. 

During the past years, India became one of the leading 
countries ~n the world having substantial bauxite resources, after 
the discovery of large deposits in the Eastern Coast in the nearly 
1970s. The total bauxite reserves of India are estiPated to be of 
the order of 2,650 million tonnes, which places India on the fifth 
place in the world list. 

With the vast reserves of bauxite ::ind coal in India, the 
aluminium industry fias ambitious plans for a faster growth rate 
keeping in view the futur-= demand in the foundry and export 
potentials. 

The existing alumina/aluminium plants in India are based 
almost entirely on technology imported from various sources. Both 
in the areas of prcduction of alumina and aluminium, a number of 
technological improvements have taken place in advanced aluminium 
producing countries. Import of improved technology is not always 
possible, also its introduction is not feasible in the existing 
plants. Import of technology necessitates proper assessments to 
determine its suitability under Indian conditions, the available 
raw materials, product demands, state of engineering developments, 
etc. Though research and development work is being carried out by 
the major aluminium producers in the country, these are rnainlv 
directed towards solving their day to day process problems in th~ 
plants. No work is done for the development Of process know-how 
and basic engine~- ing. The technologies followed in the existing 
plants are from various countries/suppliers - KAISER, ALUTSRV-FKI, 
VAMI, ALCAN, MONTECATINI and ALUMINIUM PECHINEY. Apart from the 
strategic irnportunce of having an indigenous Research, Development 
and Oe~ign Centre for Aluminium, the Centre is expected to save 
~mb!;tantia l har.d currency p;:iyments to the foreign partners. 

For meeting the estimated demand of aluminium by the turn of 
the cc!ntury, !;Ub!;tantial ndditional capac5.ties for alumina anc! 
ulumi:dum wi 1 I have lo be ~;et up in the 1990s. Additional demand 
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for aluminium by the turn of the century, which is in excess of the 
currently available capacity would be of the order of 440 ,000 
tonnes per annum. Considering the payment for know-how, basic 
engineering and royalti~s for this additional follow-up stage this 
would ffiean an expenditure of at least US$ 95 million. 

It is to be pointed out that the cost for Establishment of the 
Aluminium Centre in Nagpur (both Indian Goverm:ient and UNDP 
contribution) is of the order of US$ 12.5 million. The financing 
of operations and furth<:!r development of the Ce.1tre is envisaged by 
the Government to be secured through a collection of Rs. 100 per 
ton of aluminium for aluminium research and develGpment, added to 
the price of aluminium (established now by the State in India). 
The funds so generated would serve as financial basis for operation 
and further extension of the Centre. 

When the new aluminium capacity will be established the Centre 
will b~ fully functioning and if it contributes to savings of only 
ten per cent of the expected expenditure for project engineering 
and royalties, apart from rendering other usefJl s~rvices, its 
e~tablishment would be fully justified. 

It is to be noted that all the leading aluminium producing 
countries have their own Rand D centres. Close interactions amonc 
these Centres' Research and educational institutions and industr~ 
has enabled numerous technological advances - this example i~ 
needed to be followed in India. 

In the light of the above, a coordinated effort in R and c 
will be essential for the dev2lopment of know-how and basic 
engineering to self-reliance in alumina and aluminiur.1 technology 
needed for the establishment of future plants without need to go 
for foreign consul~ancy. Future development of aluminium industry 
in the country based on indigenous expertise demands the immediate 
establishment of a self-reliance full-fledged and independent 
researc.;h, d0velopment and design centre for aluminium at the 
national level. 

The development objective of the project is to aim ilt 
self-reliance in alumina and aluninium production technology and ta 
achieve faster growth of the Indian aluminiun industry to meet the 
domestic demand for aluminium products. This goal will be achievcJ 
by setting up of an Aluminium Research, Development and Desig:i 
Centre at the national level which will be in a position to c~rrv 
out rEsearch and development in the field of bauxite processing: 
a 1 umi na and aluminium production leading to improvement in th·. 
existing plants and creating new production facilities. Thus, th~ 
output of the project will be physical facilities of an Aluniniu:·i 
He:.;l~arch Development and Dm;ign Centre, adequately equi ppcd wit!: 
specialized research and testing equipment and trained professiona 1 
!~Laf t to render research and developmunt technology in the cxi:;ti nr; 
plant:; and for setting up of new ulumina/aJuminiun ~>roduclion 
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facilities based on indigenous raw materials and r.atural resources. 

In addition, the Centre will handle related projects such as 
dealing with the use of by-products, design improvements for savin~ 
of energy and materials, development of new products and alloys. 
Another particular problem that the Centre is expected to address 
is emanating from t:r.e lack of adequate and. uninterrupted power 
supplies which has led to poor utilization of capacities in the 
recent past. Investigations into energy saving technologies of 
alumina and aluminium production will be one of the important tasks 
that the Centre Nill have to tackle. 

It is expected thct once the Centre is established it will 
meet the fast growing tecLnological service needs of the aluminiun 
industry in India. The Centre will consist of the following 
departments: 

Alumina production research department ~ith four laboratories 
and one pilot plant; 

Al uminiu.n electrolysis 
laboratories; 

research department with 

Analytical research department with three laboratorie5; 

four 

General services, instrumentations and control department with 
four secl:.ions; 

General administration and finance department with three 
units. 

The civil construction works for the Centre started in Nagpur 
in 1990 and will be finished by 1992-1993. The centre is planned 
lo fully operate/function by 1994-1995. 

'I'he assignment of the national staff and procurement of 
equipment started in 1989-1990. The first R/D works have started 
in 1991-1992. Training of the staff is being carried out in Inrlia 
c.ind abroad. 

For a more detailed information reference could be made to tth~ 
Project Doct:ment and the Detailed Centre Design. 



Annexure - II 

\\'ORK PROGRAMME 

For Dr. K. Solymar UNIDO Expert 
22" September 1995-181h December 1995 at JNARDDC at Nagpur. 

The following main fields of activity are planned in connection with the related job 
description : 

I. Follow-u1 actions concerning the preinvestment S\udics prepared for BALCO, 
lllNDALCO and NALCO in 1993-94 and cooperation with MALCO 

I. I Fact finding mission and evaluation of the status of OALCO Korba Alumina Plant. 

1.2. Elaboration of recommendations relating to the further co-operation with NALCO. 
1.3 Determination of the 'llain fields of the cooperation with MALCO based on discussions 

and plant visit. 

J Cooperation/guidance in laboratory simulation of digestion, red mud settling and 
precipitation. Preparation of a working material concerning the selection of optimum 
process technolOb'Y for Indian bauxites based on mineralogy. 

J. 1..luidance!preparation of training materials. Organisation of the technical programme of a 
workshop on .. Emerging Trends and Novelties in Alumina Production'· at JNARDDC. 
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Anncxurc III 

List of the Co-operating Experts ( Senior Counterpart Stam 

Name of Participants Designation Field 

Dr. T.R.Ramachandran Director Over.iii Supervision 

Dr. J. Zambo Chief Technical advisor Co-ordination & Guidance 

Dr. C. Mishra Consultant (UNIDO) Alumina Technology 

Dr. P.M.Prasad Professor, Consultant Red Mud Disposal and 
Utilisation 

Mr. RN.Goyal HOD (Alumina) Alumina Technology 

Mr. 11 Mahadcvan Scientist Alumina Technology and 
Lah. Simulation 

Mr. H.K.Chandwani Scientist Alumina Technology and 
-Lah. Simulation 

Mr. V.Vishwanathan Scientist Mass & I lcat Balam:c 

Mr.M.J.Chaddha Scientist Alumina Technology & 
Mass and Heat Balance 

Mr.K.V.Krishnan Scientist XRD Analysis 

Mr.Ramana Murthy Scientist Alumina Technology and 
Lah. Simulation 

Mr.K.J.Kulkarni Scientific Assistant Lah. Simulation 

Mr. R.K.Mcshram Steno-cum-Assistant Preparation of Rcpor!s 
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Annexure - I V . 

I . 21/.HlhRDllC/OJll/95 
October 24, '95 
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l\tr. Divakar Dev 
Chairman-Managing Director 
Bharat Aluminium Company Limited 
Scope Complex, Lodi Road 
New Delhi l l 0 003 
Sub: Visit of lllO JNA\UlllC team to Korba to evaluate the alumim• plant and 

smelter pcrfonuance 

A team of experts from our Centre (consisting of Drs. Solymar, Horvath and Nandi 
and Messrs Agarwal, Basu, Viswanathan and Chadda) visited the Korba alumina plant 
and smelter during the period October 9 -13, '95 and discussed with the plant personnel 
about the performance of the plants. Dr. Z.ambo, our Chief Techncial Adviser and I 
were with the team for a couple of days. We had collected extensive data on plant 
parameters and analysed them. Based on these inputs, we ~ave prepared a report, a 

copy of which is enclosed herewith for your kind information. 
It may be noted th•l some steps are to be taken urgently al both Delhi and Korba to 
normalise the operations at the alumina plant and the smelter. We have already faxed 
this information to you. In addition, we have indicated the areas where further work is 
to be taken up by our Cer.tre. We would submit detailed proposals for carrying out 
these tasks in a phased manner in the next three to four weeks. Once we obtain the 
approval of the BALCO mwagement, we could initiate investigations in these areas 

Dear Mr. Dev: 

immediately. I would be pleased to make a presentation al Delhi on the problem areas as we foresee 

them. Looking forward to the pleasure of hearing from you and with best regards, 
Yours sincerely, 

-\~\\,._ --

(T.R. Ramachandran) 
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l. 

ALUMINA PLANT 

Fi1ulin;;s 

The total alumin:t production in 1994 - 95 was 168,660 tonnes which is 16,3-tO 

h.mnes less than the target of 185,000 tonnes 
Ffllnl April '95 the caustic consumption has incrc;lse<l and the production of 
alumina decreased - lklails are given in Tab!.: l. The soda losses were not 
properly replaced by input of fresh caustic, therefore the volume of the process 
liquor has shrunk significantly. This has resulted in the use of only 9 precipit=nors 
in stead of the normal 13 units. In addition a large quantity of seed hydrate was 

taken out of the system. 
The total reduction of caustic in the production liquor is 1831 tonnes of NaOH 
( l 00 fa). ·111e shortage of alumina trihydrate (A TH) in the production cycle is 
4,767 tonnes expressed in terms of Al203. This includes 3,000 tonnes of ATH 
stock (2,000 in terms of alumina) which was consumed totally. The caustic and 
alumina requirements to fill up the plant and achieve the normal operating 
conditions are det:i.ilcd in Table 2. The reason for higher caustic consumption 1s 

analysed in Annexurc I. 

3. Due to the significant reduction of caustic and alumina in the production .:ycle the 
alumina plant is unable to operate to the rated production capacity (185,000 tonnes 

per year) 

4. The alumina quality is poor, the Na20 content is close to 0.6 % and t!'e - 45 µm 
fraction is about 65 % . The reason is that in order to achieve higher production 
figures and thereby meet the target, the end temperature of precipitation is set 
about 52oc, which may result in higher liquor productivity, but the product is 
very fine and the agglomerates contain considerable amount of occluded caustic. 

5. The normal stock of 3000 tons of ATH has to be restored. For this immediate 

purchase of 2000 tons of alumina is to be made. 

6. Presently only 1000 tons of alumina are avilable as inventory. This implies that 
the rest of earlier existing stock (about 8,000 tonnes) was also consumed. 

l 

' I ' 



lnuncdiatc Measures : 

To ad1icvc the normal capacity of thc alumina pt.mt ( l SS ,000 tpy) the following 

immediate actions arc required: 

1. 

3. 

..\. 

UA LCO lleacl<1uarlcrs 

Procure as a one time action an additional 1,831 tons of caustii.: (100% NaOII) to 
fill up all the 13 precipitators and increase the overall process concentration of 

caustic. Purchase of 2767 tons of alumina in order to replenish the seed level in 

prccipitators ( in all the 13) to th~ earlier lcvd of 350 gpl. 
Purchase of 2000 alumina to fill up the ATH stock ( in the alumina plant for 

calcination) upto the earlier level of 3000 tonnes of A TH 
Purchase of another 6800 tons of alumina for building up the alumina stock to the 
desired level of 15 days requirements l(l5*520) -(1000)} i.e. 6800 tonnes. 

Calculations of the immediately required (a one time action) caustic and alumina arc 
given in Table 2. IT MAY BE NOTED THAT 1831 TONNES OF CAUSTIC (!00%) 
ANO 11,567 TONNES OF ALUMlN ARE TO BE rROCURED IMMEDIATELY. 

i1 lanl Management 

Increase the digestion yield in order to reduce the specific consumption of bauxite 
and all other utilities, including caustic soda by means of increase caustic soda 
concentration of the digestion liquor upto 171 gpl as Na20, by keeping six 

l. 

3. 

4. 

5. 

autoclaves in operation in both lines 
With the present manual control system the target MR is to be increased to 1.SS. 
By maintaining the Main pat bauxite content to no more than 3 3 % (I 13) of feed, 
the caustic consumption level can be kept below 90 kg N ... _')H/ton of alumir.a. 
The justified level of soda consumption in case ot of Mainpat bauxite will be 

determined on the basis of study to be conducted by JNARDDC. 
To decrease Na20 content and coarsening the product, it is necessary to increase 

the end temperature of the precipitation pro.:ess above SS °C 
To discuss the quality of lime with the suppliers and elaborate I agree with them a 
new price scale offering more than the linear component for each percent of CaO 
content above 70 % and more penalty if the CaO content less than 70 % . 

2 
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SPECIFIC C0NSlThlPTION 1995-96 

Mor.th Producuon, Tons &:Jxilll (Ill) SoJa Lou Oi11ribu1ion Recoveriu Net Lime F.Oil, Stum Power Bau)(ile Qu1li1y 

Soda II I/I Ill ~ 

loll 70 ~ 
CaO 

Hy drat& Calcined (..U is) (Dry) Bound Sol. With Sall C1u11n. R.W. 1:111 1:1/t Hyd. Cal. Al203 Si02 

ProJ, + 
Phv1. 

Apr'9S lSOOO 14300 2 . .S9 2 . .SS 17.6 ll.I S.4 l.S. I 26.1 . !IS.I 2.30 103.0 3.33 361 S7 47.93 3.70 

May 16000 160'20 2.62 2.SI 90.2 14.0 5.4 IS.I 21.0 96.7 2.31 102 . .S 3.3S 370 S9 41.JO 3.57. 

, ..... J40SO 12200 2.6S 2.60 1).1 16.0 6.0 19.2 26.0 . 99.0 2.31 107.0 3.lS Jn 77 4~.00 J.47 

July ISJSS lSollO 2.71 2.SI au IS.6 6.1 16.6 21.0 . !IS.I 2S2 102.S 3.37 369 S! 48.70 3.39 
":I' 

Au1 16100 17000 2.69 2..16 17.9 IS . .S 6.1 16.6 27.0 . 99.1 lSS 111.0 J.JS . . 49.16 JJ-l 
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Short term actions ( 1-2 years) 

Afli:r successful completion of the first phase of modernisation of the smelter the 
;11111u;tl aluminium production is expected to be about 100,000 tons per annum. In 
oilier Ill incn~~lSI! the production capacity of alumina pbnt tu the: level of '.200,000 
llms/p:ar, following ;1ctions arc required: 

1. lm:rc.:;1sc of liquor productivity by increasing Na20 concentration upto 175 gpl anJ 
seed concentration upto 400 gpl in the aluminate liquor , 
Introduction of instrumental l\IR contro~ system at blow-off srage and setting up 
the blow off MR as 1.50 

3. Alumina quality improvement and intensification of prcc1p1tation process by 
changing temperature profile through introduction of more heJt exchangers 
interstage coolers - the start and end temperatures have to be over 70°C and 55°C 
respectively) 

4. Lime addition lo the digestor. 

JN:\RDDC will elaborate and prepare proposals on a contract basis for the above 
mentioned tasks. The proposal will be submitted by JNARDDC within 2 lo 3 weeks. 

Medium Term Actions (3-5 years} 

110,000 - 115,000 tons of aluminium per annum production capacity is expected to be 
ad1iC\'C:d after the second phase of modernisation of the smelter. Annual production of 
22ll,UUU - 230,000 tons of alumina can be achieved by intensification of production 
pn.x:esscs through intensive uses of gibbsitic bauxite such as Panchpatmali and/or other 
bauxite resources. Pre-feasibility study analysisng the optimum bauxite supply, 
in1wduction of medium temperature C 150 °C) digestion temperature in one of the 
existing digestion line or implementation of the so called sweetening technology could 
be prepared by JNARDDC on a contract basis. 

3 



SPECIFIC CONSUMPTION 1994-95 

Mon:..'I Produ:tion, ton.s B~u:..ite (lit) Soda Lou Di1tribu1ion 

llydra~ C1!:ir>eJ (A.I i1) (Dry) Bound Sol. Wilh Sall 
Prod. + 

Phv1. 

Apr'94 13600 10700 2.SI 2 . .so as 13.2 S.4 15.t 

May 16010 14000 2.59 2.5) 71 I 1.3 S.6 14.6 

Ju:>e 12.SOO 14500 :uo 2.St 19.5 IU S.6 IS.I 

July 14500 moo 2.6S 2 .. n n.o 11.0 S.6 14.0 

Aul 14200 14300 2.69 2.53 79.0 1.S.2 S.6 IS.I 

Sepe 13.SOO 14600 2.75 2.58 14.3 17.S .S.5 17.6 

0.:1 14500 13400 2.63 2.54 13.0 12.1 6.0 16.6 

Nov 15000 14600 2.60 2.54 76,Q 12.6 S.7 14.6 

Dec 13100 t.SJOO 2.60 2.H 74.1 16.S 5.6 14.6 

Jan'9S IJJOO 13:?00 2.60 2.53 10.1 16.3 5.6 15.6 

Feb 127~0 12!00 2.60 2.53 10.6 16.0 5.6 16.6 

~hr 15700 14300 2.51 2JJ 86.2 12.0 S.6 14.6 

16!~60 16S200 2.03 2.53 80.-1 13.7 S.6 I S.3 

Recoveries Nee 
Soda 
Lo11 

Cau"n. R. W. k1/1 

31.2 6.S 74.0 

29.4 6.1 74.0 

31.7 5.0 15.0 

lS.O 5.6 77.0 

22.7 2.2 90.9 

12.6 2.3 110.0 

26.~ 6.0 15.1 

2S.7 6.0 71.1 

20.1 s.o 15.0 

29.3 5.0 14.0 

33.0 2.0 13.1' 

21.S 4.0 IS.6 

26.9 4.6 BJJ 

Lime 
II 

70 $ 
Cao 
k1/1 

298 

270 

270 

200 

180 

F.Oil, Steam 
l/1 111 

IOS.S 3.42 

103.0 3.3.S 

107.0 3.45 

IOS .0 1.4-1 

110.0 3.35 

130 110.0 3.30 

220 103.0 3.30 

237 103.0 3.JO 

212.6 IOU 3.32 

255.0 104.0 3.32 

260.0 103.5 3.JJ 

21U 102.S 3.33 

229 104 s 3.JS 

1\1l>1 i: 1 (Contd • ) 

Power 

Hyd. Cal. 

401.2 70.7 

311.4 S6.9 

413.4 S4.6 

410.1 64.7 

404.6 6l .9 

41~.6 60.8 

400.2 62.5 

377.S 6J..4 

•14.4 59.4 

•22.1 67.0 

422.1 70. 7 

HU 6l.1 

400.9 63. I 

Bau~il~ Quali1y 
$ 

Al203 Si02 

4~.9 J .) 

4U 3.3S 

-19.J J .47 

49.S J.35 

49.6 l.26 

-11.6 3.70 

•l.!J J,i7 

49.0J 3.61 

49.10 l.71 

41UI L'J 

"'.5 J.90 

4S J l ~'1 

48.86 UJ 

vi 



- - - - - - - -
Mcn~'I Pr<>-!u;:1on Turu B1u>U1e (\/I) 

- - - - - -
SPECIFIC CONSUMPTION 1993-94 

Soda Lon Dis1ribu1ion Recovery Lim• F. 
11 Oil 
70~ I/I 
Cao 

-
S1e1m, 
VI 

H)dnic Calcined (Aa i1) (Dry) Bound Sol Wilh Sall Cau11. R.W. Ne1 

A,'>i'.1 
'93 

May 

J1.ona 

July 

I 51))() 

IS500 

15130 

15300 

Aul 14&:0 

Scpl 14300 

0.:1 IH2~ 

Nov !S400 

Dec \~)10 

hn"9.& IS7i";Q 

Fcl> 14Sl0 

Mar I S•)SO 

I S:(\.ICJ 

!HOO 2.61 2.SJ 11.2 

17)00 l.61 l.53 10.1 

rnno 2.73 l.57 16.2 

16200 l.17 2Sl 16.2 

10500 2.n l.57 93.0 

1177S 2.70 2.B n.o 

14100 2 .57 2.49 10.0 

14200 l.H l.46 79.1 

14&!0 :U4 2.46 79.2 

IS200 2.60 2.Sl sa.o 

16030 l.58 2.50 16.0 

IS2JS 2.~~ 2.SO SS. I 

1&19-10 :?b) 252 ll.9 

prod. ~ysic. Lou 

10.9 4.0 14.6 l9.7 6.0 7S. 220 102 US 

10.6 4.5 14.6 ?.9.1 6.0 74.0 220 101 3.21 

10.7 4.1 \4.1 30.l 6.5 79.0 190 102 3.30 

10.7 5.0 14.1 ) l.S 6.5 71.0 203 102 3.JS 

12.1 5.0 15.I 36.l 7.0 12.0 235 102 J.JS 

13.5 5.0 IS.6 Jl.4 4.7 79.0 230 101 J.34 

11.5 S.2 14.1\ 28.3 6.0 77.0 220 101 3.ll 

12.0 6.0 14.6 21.7 6.7 77.0 215 101 J.40 

IJ.0 6 0 IS.6 29.l 6.5 71.0 215 101 3.40 

1.0 5.6 14.6 33.l 7.0 1-4.0 l!S JOJ J.H 

13.7 s.s 14.6 JS.3 6.S 71.0 29S 100 us 

IJ. l S.J 14.6 ) .6 6.5 n.o 297 101 JJS 

12.J S.2 14.7 lU 6.J n.o 229 101. ).J4 
.j 

-
Power 

.. - -'!':sh I,. ( ~cr.t-!,) 

lhu\stc f/Jllily 
~ 

tlyd' C:al Al:OJ SiOl 

380 SI 49.22 J.72 

374 41 .ius J.62 

316 63 .is.:o H6 

407 41 -11.:0 J.70 

399 66 4UO .i.:o 

401l 46 017.~0 HO 

"405 57 .is.2 JJS 

310 57 47.9 J.90 

424 SS 4U ).70 

36S (iQ olfl,') J ~o 

3'9 4? -I? 2 l.JO 

J6S ol6 H•l l ,lil 

388 ~4 HJ! ) 65 

-

~ 



Tabl-c 1 (Contd.) 

BAUXITE RECEIPT AT BALCO PLANT (QTY IN LAKH TONNES) 

YEAR C:\PTIVE MINES OF BALCO PliRCHASE GRAND PECENTAGF. 
TOTAL 

Amarbnu.k Phutkapahar Mainpat Total Captive J>"JrCbL'le 
Mines 

1984-35 3.31 1.2·• - 4.55 0.33 4.88 93.3 6.7 

I 9S5-S6 3.03 1.56 - 4.59 0.18 4.77 96.2 3.8 

1ns.31 3.00 2.12 - S.12 0.36 S.48 93.4 6.6 

19S7-SS 2.12 1.43 - :us 0.43 4.00 89.2 10.8 I' 

1983-89 2.10 l.53 - 3.63 1.64 S.27 68.9 31.1 

1989-90 1.86 0.70 - 2.56 2.22 4.78 53.6 46.4 

1990-91 1.52 I.OS - 2.57 2.75 S.32 48.3 Sl.7 

199l·Q2 1.12 0.72 - 1.84 3.72 5.59 33.S 66.S 

1992-93 1.09 0.83 -· 1.92 2.97 4.89 39.3 60.7 

1993-94 12.5 0.75 0.64 2.64 1. 71 3.35 60. 7 39.3 

1994-95 1.32 0.68 1.00 3.00 1.76 4. 76 63.0 37.0 

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



T.ild ,. - ., 

Rc<1uirrmcnt of ~iddiliona! cmstic soda mid alumina to normalise the 
Ualco alumim1 phmt 

1. Caustic Soda Requirement 

Existing conditions dur .ng precipitation : 

No of precipitators in line 9 (Volume 2151 m3 each) 

Caustic concentration 138 gpl (as Na20) 

Alumina concentration 80 gpl 

Solids content 300 gpl 

(a) Additional caustic soda requirement to increase the caustic 

concentrati~m to 142 gpl. 

(b) 

(c) 

19359 x 0.004 x 1.29 100 tons 

To take into line 4 additional precipitators 

860-l x 0.142 x 1.29 1576 tons 

For entire plant process liquor (To reach 171 gpl caustic Na20 in 

digestion liquor from 168 gpl). 

40000 x 0.003 x 1.29 155 tons 

Total Caustic Socia Require1nrn1 : 

(a) + (h) + (c) 1831 tons as NaOll (100%) 
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T.il.t1· ( «• •11 l d . ) 

...., 

(a) 'f o fill the existing line of prccipitalors from a solids content of 300 

to 350 gpL 

(b) 

2151 x 9 x 0.050 968 tons hydrate 

For filling '-! additional precipitators 

2151 x 4 x 0.350 

Total for precipitators 
(a) + (b) 

3011 tons hydrate 

3979 tons hydrate 

2602 tons as Al203 

(c) To increase the Al203 concentration by 3 gpl for the entire process 

55000 x 0.003 165 tons Al203 

(d) Additional 3000 t hydrate (around 2000 t as Al203) are required to 

replenish the stock. 

Total Alumina Requirement 
(a) + (b) + (c) + (d) 

4767 tons as AI203 

3. Alumina requiremnts for filling up the plant stock 

Desired level is to meet requirements of 15 days alumina consumption. 
Considering that the present stock is 1000 tonnes, the total requirment is 
(15x520) - (IOCO) = 6800 tonnes to be purchased immediately. 

TOT AL ALUtv!INA TO BE PURCHASED iS 11,567 TONNES. 



Tnhle - 2 (Contd.} 

Short tcrrn measures 

Requirement of additional caustic soda and alumina in llalco Plant to 
reach caustic concentration of 175 gpl as Na20 in digestion liquor and 

solids content in prcdpitators as 400 gpl 

I. Caustic Soda Requirement 

For entire plant process liquor (To reach 175 gpl caustic Na20 in 
digestion liquor from 171 gpl) 

40000 x 0.004 x 1.29 206 tons as NaOH (100 %) 

2. Alumina Requirement 

To fill all the 13 precipitators from a solids content of 350 to 400 gpl 
(Seed) 

2151 x 13 x 0.050 - 1398 tons hydrate (914 tons as Al203) 

• 

JO 
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E,·aluation of incn:awd caustic soda loss 

The distribution of caustic soda losess, the caustic soda rccovcrv and net loss in the ; 

time period April 93 to S~ptember 95 can be seen in Table I along with th! alumina 
pw.hu.:tion. The yearly average caustic soda loss in 1993-9-t amounted to 7Skg/ton and 
in 199-1-95 it went upto 83.5kg/ton, while in the last 6 months between 95-99 kg/ton. 
Based on analysis of blow-off-mud, the average Na20 content increased from 5.2~ 
( 199-t-95) to 6.0 ~ (April to Scptcmber'95), while silica content remain almost 
unchanged (7.75-7.87%) respectively. It means that Na20/Si02 ratio increased from 
0.67 to 0.76 probably due to higher reactivity and conversion yield of titanium 
minerals present in the process bauxite. The same difference i.e. 0.8% as Na20 was 
maintained in the related average values of the causticizcd red muds. This increase in 
the bound soda content in the causticizcd mud has caused 12.Skg/ton additional NaOH 
loss in the given period. The reason for same is required to be investigated by 

JN:\RDDC. 
Due to the increased undigested alumina losess (boehmite and diaspore) the spcci fie 
b~mxite consumption has a!so increased from about 2.60 ton/ton to 2.70 ton/ton. The 
soluble NaOH loscss increased from 13.2 kg/ton to 15 kg/ton during this period. Slight 
increase (2 kg/ton) was measured with product alumina and salt removal. Altogether 

th~ increase of these losses reached about 16.3 kgs NaOH per ton. 

furthermore no return water was recycled during the past half year, which resulted in a 

dl!crcase of about 6 kg/t in caustic soda recovery. 
Finally the red mud causticisation should be mentioned. While the recovered NaOH by 
causticisation reached about 35 kg/t under optimum conditions and the average in 1993-
9~ was also 31. 8 kg NaOH/t alumina, this value decreased to a level of 26-27 kg/t in 
the last half year due to changed chemical and mineralogical composition of red mud to 
be causticiscd. The level of efficiency of causticisation reduced on account of increase 
in quantum of bound soda. In addition the quality of lime used is always below the 

accepted international practice. 
It can be stated that two main reasons for the increase in soda consumption are: 

1. The low level of caustic soda in the circuit 
'"> Intensive use (I/3rd of feed bauxite) of Mainpat bauxite - although the detailed 

effects nl!cd to be investigated 

11 



Alumina 

SOME COMMENTS ON RESPONSES OF MR. K. 
CHATTOPADHYAY, GM KORBA ON STABILISATION 

SUGGESTIONS OF JNARDDC 

• 
The present problems in the· alumina plant are associated with the rC;dui;tion of 
production liquor and hydrate in the process_ The plant can not operate o, the rated 
capacity of 185,000 t/a with a depleted system. Concentration of the process liquor, the 
duration of precipitation and the seed ratio are still significantly lower then normal_ The 
effect of these factors were analysed by mathematical modelling of the Dalco's 
precipitation process and the results are summarised in the enclosed table. If the plant 
operates ac\:ording to the designed parameters (case No 1) the liquor productivity is 67.69 
g/l and production capacity of 195,000 t/a can be easily achieved by the normal llow 
rate of360 m3/h aluminate liquor (8,000x3600x67.67 = 194,890). The effect of decline ~n 
any main parameter was also shown in the table and it can be summarised as follows: 
I. The Na20 concentration in the dig'!stion and aluminate liquor is about 4-5 g/1 lower 

then the normal. Due to this the liquor productivity and the production capacity of the 
whole plant is lower by about 2 g/1-

2. Due tu the empty prec!piiator tanks the retention time is shorter, therefore the 
precipitation yiel<.! an<! consequently the liquor productivity is also lower. Normally 
12/13 tanks could be operational o-ut of the total 14_ Presently I I is in line, i.e. the 
precipitation time is about 15 % shorter than possible (earlier 9 tanks were operational 
only). If the number of operational tanks is reduced from 12 to 11 the liquor 
productivity i' decreasing from 67.69 git to 64.26g/I, and there is another 3 g/I 
additional reduction in production capacity when the operational tanks are 9 only. 

J_ The seed ratio in the precipitation were also reduced from 350 g/I to 300 (in the last 
precipitation tank). The model indicates, that the effect of this action on the liquor 
productivity is also another 3 - 3.5 g/I provided that al! other parameters are 
unchanged. · 

4. Increase in .he end temperature of digestion up to 55 °C was suggested because of 
the very roor quality of the alumina produced. It is true, that the liquor pro<iuctivity 
may be decreased by about 6 g/l compcred to 50 °C, but on the other hand, according 
to the smelter people the fine was over 60 % and the Na20 concentration was above 
0.5%. If our information is not correct (the mentioned in the l<'ller data arc not 
enclosed), the practice of low end tempera·:Jre can be continued. until the .equircd 
quality allows it. However, it is worthy to not.;: that the annual production of 185,000 
can be achieved by the suggested parameters as well as it can be sec in case of I I in 
the table (8000x3600x64.66:;:186,221) 

5. One more factor, men·ioncd in the letter of Mr. C,hallopadhyay concerns the 
production capacity namely the target MR. It is true that increase of MR in blow off 
liquor from 1.52 to 1.55 wili reduce the liquor productivity by about 2g/I (case 6 in the 
table), hut our earlier study has shown, that by manual control the wide fluctuation in 

12 
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the blow off MR can nol be eliminated, and in lll<'llY cases - especially when the 
production is forced by charging more bauxite - the actual MR is much bellow the 
target and considerable pmt of the available alumina lcll undigested. That is one of the 

main reason of the higher bauxite and caustic consumption. 
6. In addition, hydrate and alumina stock in the plant is not exist at all. Smooth operation 

can not be organised I maintained without buffer stock before the calcincr (hydrate) 

anJ between the alumina plant and the smelter. 
7. The effect oflime quality on the causticisation efficiency is crucial. It is felt, that effort 

in this direction is worthwhile action. 

Aluminium 

The aim of tl-.e ongoing programme is to achieve the stable pot operation 
Action pre6ramme prepared by the plant management is in the right direction, however, it 

is felt, that the goal will not be achieved till the target date due to: 
Time requirement for repairing of the studs is much longer than anticipated (20 studs per 

day is the present capacity of repairing). 
The eficct of the actions for improvement of the anode repairing procedure is not 

controlle:d due to the lack of proper facilities. 
Alumina feeding system can not be normalised unless the wheel crust breakers and short 
side breakers are not procured. It is true, that the wheel crust breakers are not required 
atler the second phase of modernisation is completed, however without the procurement 
of wheel breakers the goals of the first phase - which arc the precondition of the second 

phase - can not b" achieved. 
Lack of crane weighting system the aluminium tapping is not controlled. 
More effort and longer time period is required for maintaining the standard operation 

practice i.e.: 
• uniform metal and bath height 
• uniform alumina thickness on the crust 
• uniform anode and cathode current distribution 
In the material it is mentioned that the results of addition of little bit of anthraccne oil in 
the binder were not encouraging, but the test results are not given and not known by us. 

l 3 
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COl\IPARISON OF LIQUOR PHODUCTIVITY OF BALCO ALUlVIINA PLANT \\TITH 
VARYING PARAl\,IETERS 

' S.~o I Aluminate ' Aluminate i 1'o. of Blow-Off Forst Last - p,e,-;p;t.to;- -spe~,- - Liquor - - -R-;;n1urks I' \; I Liquor. Liquor. 
1

, precipitators Liquor Precipitator Precipitator Solids, gpl Liquor Producti\'ity 1

1 1; I Na~Oc ~1R in line MR Temp. "C Temp. °C Na20c 
!! 1 1' 141.0 I 1.67 l 12 1.55 64 50 350 3.258 67 .69 I In normal I 
Ii o:icrauon h 

ii 2 I 135.7 1.67 12 1.55 M I 50 I 330 I 3.270 I 65.51 I 1; 

~ 3 1 1-+t.o I i.s1 11 I t.55 6-+ I 50 I 336 I 3.1os I 64.26 1 11 

11 4 ! 141.0 I 1.67 9 I 1.55 64 50 332 2.951 60.26 I II 

II 5 I 141.o i.61 12 i.55 10 55 334 3.011 61.81 I !! 

'I 6 i 141.0 1.63 I 12 1.55 64 50 346 3. 194 69.69 : i; 
I 1.67 I 12 l 1.52 I . 6~ I 50 I 337 3.170 b5.73 ! -----;: 

----
l-H.O 

I 1.67 I 12 1.55 64 50 300 3.137 64.94 I II 

·: 9 1

1 

135.7 1.63 II 9 1.52 62 I 50 300 3.036 I 63.42 1· li,'.·.t'r'.''.'r;.;: i: 
:' ... 1 .. 1.11,j''·'1 I ii " 1111\~ - i 

\i 10 135.7 I 1.63 i--11 1.52 62 50 299 3.217 67.57 ,:\,per j 
~ prc·~nt ! 
l. I ..:ondi1iom I 

i 11 ! 1-l l.O I 1.67 13 J 1.55 70 55 350 3. 125 6-L66 I As su~gc~t~d j
1 

- - "- ,...........™ . ..,. -=--- ':;;"-=~:=.... 

s : 141.0 

- - - - - ------- - - - - - - - - -
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PRESENTS FINDINGS 

111c critical situation of the caustic soda shortage has been investigated in 
<lctail in the pcrio<l of 29 Novcmbcr-3 December at JNARDDC with the 
participation of Mr. K.P. Paul and Mr. A.K. Roy from BALCO. 

It was found that that the traditional method used to make monthly 
balances by BALCO is not adequate because the change in liquor and 
stock is not in agreement with the amount of NaOH procured and used for 
production. 1l1e reason is the unaccounted losses caused by the heavy 
rainfalls in the monsoon period which resulted in extra losses due to the 
common system (1l1e rain water caal not be separated!) on the one hand 
and the hlocl\.cd amount of the caustic soda in reJ mud lake on the other 

hand. 

It is clear that new method should be developed and used to determine the 

real inventory. 

It has been calculated that The caustic soda consumption would be 95 kg 
NaOll/t in average now, considering the extra consumption caused by the 
limited amount of return water from the lake, the lower efficiency of the 
cycle an<l the liquor losses caused by increasing supply of Mainpat 
Bauxite. Normal conditions can justify 90 kg NaOl l/t consumption. 

In the last year however, the caustic soda losses can be estimated as high 
as 110 kg/t. The difference in comparison with the accounted value 
exceeded 2000 t/a NaOH which should be found in red mud lake. This 
amount is missing from the cycle and should be fed into the plant circuit 
along with the related alumina in order to normalise the operation. The 
adjustment of the pregnant liquor concentration to 141 gpl (from 136) as 
Na

2
0 and the digestion liquor concentration to 174 gpl Na20 (from 167) 

will result in a production capacity of, 185 kt/a. 

The actions laken by the alumina plant management arc in the right 
direction, so recently the 12th precipitator tank has been taken im~ 
operation and the filling of caustic soda and ah.:mina (seed) is in good 

progress. 

I 5 



A further rise of caustic soda cono:nlrat!on of pregnant liquor up to 145, 
then 150 gpl Na!O caustic and the seed amount to 350 gpl hydrate (dry 

basis) is highly rccon11nendcd. 

These actions should be completed by the following measures, to he 
started immediately in onlcr lo reach 200 kl/a production rate : 

MR Control System installation (to run at 1.50 target molar ratio) 

Further interstage co~>ling units in precipitation to optimize the 
temperature profile (liquor productivity and alumina quality) 

Side stream causticization to control the Na2C03 level in the liquor. 

16 
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The results of BALCO precipitator simulation (based on computer simulation and validation by laboratory modelling and 
plant data) are the following : 

SI.No. 

l. 

.., 

3. 

~ 4. 

Result of BALCO Precipitator Simulation 

Based on laboratory modelling and computer simulation 
conducted by Dr. C. Misra at JNARDDC. 

Aluminate No.of Seed g/l Temperature°C Spent Liquor 
Liquor Precipitators of Preclpltators 

in Line 

Na~Oc MR First Last Na20c MR 
145 

I 
1.62 12 350 60 50 146.52 3.23 

145 1.62 12 350 65 54 146.45 3.21 

150 1.62 12 350 60 50 150.00 3.18 

150 1.62 12 350 65 54 150.00 3. 11 

Liquor 
Productivity 
AhOJKg/M3 

147.25 
• 73.85 74.40 
147.25 I 
. 74.21 73.04 
152.33 
-77.60 74.73 
152.33 
• 79.34 72.98 



Q. 
m 
0 
N .. 
z 

5.2 

5 

4.8 

4.6 

4.4 

4.2 

4 

3.8 

3.6 

3.4 

3.2 

3 

Pond Na20 Cone (gpl) as a function of return water from pond 

0 2 4 6. 8 10 12 14 16 18 20 22 24 

FortNigl,(S 

1 A 

I 

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



I 

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

-M 

g 
0 
> 
er 
::i 

Pond Liquor volume (m3) as a function of return water from pond 
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Pond Na20 Quantity (t) as a function of :-etum water from pond 
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Return Water (tit) 



.... t•.1..·. i 

ror!Nrghts ;Pond Vol (rn3) 

1! 857351.63 
2; - 86112326 
3~ 864894.89 

Pond Socia Cone (gpl) · Pond Soda Qty (t) Return Soda Qty (Kg/hr) 

3 2'. 2740 67 35.9G 
3 28! 2826.66: 36.93 
3.3/. 2912.63 37.89 

38 83 
39.79 
40.75 
41.71 

. 
1 656329 32 
51 647763.75 
5! 

! 
839198.18 

1; 630632 61 
-

51 822067.04 

9i 613501.47 
10i 804935.9 
11 ! 796370 33 

2 4j: 2955.98 
3 54; 2998.25 
362: - 303945:· 

-·---- ----- r----------- ··- - -
3 71: 3079 55: 
3.79 
3 66: 

311858: 
31565: 

397[ ------ - 3193.32! 
. ----- ---

405' 322904: 
- - - -- -----· - - ----

4268 
43.65 
44.6:) 
45.62 

-- I 
12i 616647.76 4.14) 3391.411 46.61 

! - I-------- . -- ------------ --- -
13i 840925.19 4 231 3555.321 47.56 
14! 663202 62 - 4 21 ,--·- - -- 3720.72! -- ---- -- - - ---48.49 
15! 885480.05 439i _____ ---3887.56i - - -- - ------4939 

~ I --- ---~- . 

16: 907757.48 4_471 4055.19:- --- ----- -- --50.26 
· 11t 930034.91 -- ---- -----4.54,---- --422s.39r----- --- ------51.11 

t-- -------- ·------ ---- t--------- ... ·------· - --·----- .. 

~:1 :~~~~~-~~ ·--- --- ---·--· :~~1------:~~~:~~1----- ----~~:~: 
~~1--~9:~~~~~~1 ~---_:~- ~---~- ~ ::~~1~--==-=-:~~~:~~! --: ~~:--=-=~-- ~~:~~ 
221 985904.661 - - 4891 ---------482469: - ---- -- ----5505 

23 -_ 989676291 ~~~-----:=~---~_:_ ~ 4.96[==--491~03!! =:=:::_~:-_ ~=-=----=55.81 
241 - ·.· 993447 ~211 --- ---- --- __ 5 03f---------~~9_5.35 - -- ---- - -·- 56 5! 

Return Water= 1.0 tit i 1 ; 

. 11 _ . 853234. ~3 -----~--=--=~=~ 318! =--=---=-=-~2714.-7[ ~-~----·-=-=-:-=: _11.59 

~! -- :~~::~:~~ ---- --------------~~~1------2·7!2~~~f------- ----~!:;~ I .. . ----- -------- ---- t ------------ - • ---- ------------

4!. - - 839859.321
1 

- ----------- - 3.39\ _______ 2849 391 _ -- --- - - _____ 76.34 
5 -- 827176.25 --- -- ------- 3.46, _____ 2864:31i _____________ 7791 

!I· -~~m~ ~r1- ~ -~ :~:1-~ -~J:: rn :_ ~~~· -~ ~ :~
9

~~ 
91 776443971 375: 2909.221 84.3 

I . ,----·-- 1 ---------- 1---- -------------. --
10' 763160.9 3.82, 291671i 85.92 - I -- -- -- ·--- .. --- -------- , --- -------- --- ----
11 
12 
13 
14 
15 
1G 
17 
18 

-~~~~~;-~~! . ------ --~ ~:1 --~-~ ~- -~-~~~~ :~1 -~ -~--~---~ -- ~~:~~ 
787397 69 4.031 3176 82! 90.76 

:~~~~~~~ --- ·- ----- --~ /;;!-:~~~~~--~!~~:~~[-------·· ----·- :~-~~ 

841877.48· - - -_ _4.231 ~~--~ - -=-- 3562.881 · - - - _-

860037.41 -- . 4 29, --- -- - . -3692.761 . -· - . -
878197.34 - - . -- 4.351- - . - - 3823.26: -
8~~~~~-1~~ - :·:;1 --------- -4~~;~~1 ·. 
89566553 - 4521_ -- ~---4051631 ___ _ 

895319 66 4 581 . 4099 SB! 
894973.79 4 631 4147.05\ 

95.22 
96.61 
97.95 
9926 
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104 26 
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I Sheett 

I Heturn Water= 1 5 Ut ' ' 
FortNights 

1

Pond Vol (m3) ; Pond Soda Condgpl)- j Pond-SOdaOtY lt) - Return Soda Qty (Kg/hr) 
,; 849116.63;, 3_17\ -- 2668.86; - 10687 I 21 844653 26: - - - - :: ~- 3 22\ _::::--~~ 2722 ,.: 108 77 
3\ 840189 891 3.28; 2754-48'. 110.65 
4! - 823J89 32! --- 3_3ji 274d 76: 112_51 

- 5\ 80658875\ - -~-=~_3:39\===~=27~3_4(_~---_-_ - --~--~~1~4_37 
6\1 789788.18'. - ----~-44[ ____ 2~20.48; - - - - ----- __ 11625 
7_ 77298761\_ --· ______ 3:51 27059'._ - ____ 11814 
89\ 756187 04[ - - -- __ 3.56\------ 2689.68: - - -- _______ 120.05 

\ __ 739386.47\ - - - ______ 3_61\ _____ 267!.81\_ ------- - ~2!-96 
~~\ 7~~~~:53~\- - --- --- ~:~; 2~~~-1~~\- -- -- -- -- ---4~~-:~ 

' 12\ 719827.76] - - :-~==-3?9!1 :2724.99\ ~~--------- -- --- 127-76 
13\ - 733870_19'..1 - - 3_84 2818.951 - -- - - ---129.64 
14\ 747912.62\ - ------3_89\ ___ ---:2912.971-------- -----131-45 

15\ ---161955_051 - -- - i9s! 3001_06i---- -------133_19 

:~\ : ~~:~~:t _ ---:~ --~~1--==:J:~~!~\ _----:~- --:~~~ 
181 ___ 804082.34\ _ _ _ _ _____ 4_09 -------~289:69[ ___________ 13a_q8 
19! - - _818124.771 -- ---- -- _____ 4~141 _______ 3384.02[ ______ - _____ 139.6 

~~\ - s~!~~~~~\---------::~~1·----~:~;:~~\---- -----------1:~--~~ 
- ~~I =:~~~~~-~~!.=-=--~--==~~;~ -----;:!~:;~\=~~=--

1

1!:.~ 
24\ ___ -795807.92\--------4~351 346f°93\ ___________ 146.82 

. . ------------------ -- r------ ---- -- ·------------ - -

. Return Water = 2 0 Ut i 1 I 
_ 1 I--~~ s44g99_ 13 ~~~-~--~=--~---=~~i1s1=-~=-2~6i15\-=~-=--=-=--=--==:1~10~ 

- 21 - -- 836418.26 ----- - ------~-191 -~67Q.62[ -- -__ 143 68 
3 827837.39 3.23 2677.071 145.52 I --- -- - ------------ ~----- - - --- - 1--------- ------ -- -
41 806919.32 3-27 2642.09\ 147.34 
51- - 786001.25 ~:-_-_·:-=-~~~--3j2 ------2605_.6\_-=~=----::-~-=~=14~L18 

!I -~~~!;~ ~! --=~~ =-:3~ ---- ~~E~il-~~-= ~=: ~= ~iH~ 
9 102328.97 -- ---------i48\ i444 28\ _____ -----.156_61 

10 551410_9 - -- -----3~52 24oo:o6i ___________ 158.5 
11 - - -660492 83 . - -- - --- --------3_56\ ________ 2354:21i - ----- ------------ "160-4 

~~I ----:~~~!~:~~ -~~- ---=-- -~~!i===-~:~~~~~-=:=~=:=:-=1:!~~ 
141 -690267 621 . _-_- ~-:--~ 3 591 _ -- --254502\- . --- -_~:_:::-_ 165 92 
1165! 700192.551 - -- - --- - 3._72\ ________ 260804\ -- ----- ____ 16761 

710117-48 - 3 76 -- - - - - 2670:81 -- - -- -- - - - 169 25 
11 120042.41 3_01

1 
________ 2133_32\ _ _ _ 110_82 

:: ~~~:~ ~' -~:!I:::::: :_ ~~~~~~I -
1

~;~ 
20 731311-4 3.89 2847.38\ 175.21 
21 722730 53 3.92 --- 2836.36\ 176.6 

221 714149 66 3 96 - -2824.571 177.98 
2~i 705568 79\ 3 99 2812 01, 179 35 
24\ 69698792\ -~! 279869\ 18069 
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2 5 



Sheetl 

Return Water= 2.5 Ut : , . . .. : . I . . -· . . . -
FortN1ghts /Pond Vol (rn3) \ Por.d Soda Cone (gpl) , Pond Soda Qty (t) Return_Soda Qty (Kg/hr) 

1i 840881.n3[ 3_14[ 2637.56 17644 
i ; ! -

2! 828183.2G, 3.16, 2619.6 177.92 
31 815484.89]- ·---- - . --- 319\ -- 2G00.76\- -- - . --------179.39 

4;- 790449 ~2\. :. . . 322; ·--. 2541.39 1 . ----. _· ---~-:~~--180.85 

Si 765413 15 1 .. _ 3.24; _ 2480.83! 182 32 
6! . 740378.18[ ----- 3.27; 241909[-~.- . ---- - 183.79 
7\ 715342.611 329\ 2356.14\ 185.27 
a[ · _ 690307.04 1 _____ -_ -=-· _ 1_32[·--~--- 2291_99i _____________ 186.76 
9i . 665271.471 3.35: _______ 22?6.62! - __________ 18826 

10; 640235 9! 3.37i 2160 03; 189 78 
11i 61520033i .. ----- 3.4l _________ 209221i --------- - ----191.3 

:;I -=~~~~~ ~:! ------ :~ ~ ~ :~1-- ~----- ~:~: ~:j : _----- ~ _: ,~~.s~ ::/ -=~~;~~~, ----- -33•:1- - .. -;;~~;! - - - 1~~~~ 

:~1 E~~~~!' ---- --- -~ rn1=-~-----: ~tqrn _- =- --=- i~rn 
~~I - 6~~::,7~ -~-~ ~: : ~=~- ~ ~~I~=---:: : -2~~~20~ I =~= ~--=~--~ · ;~~ ~: 
~~ ---- :~~~~!:~~! --. ----------- ~::~~------~~~::~~! ----· -------· ~~~:~~ 

.. ~!, -. ~~~~~~-~~ l ~: -~~-:--~-----=--:~ ~-~~ 1=~==~ ;~~~::~ l :-_-_~-~~=-~=:~~-~~~:~~ 
Return W~ter = 3 0 Vt. ; I ----~----~- ~~-~--- ---1-=-=: ~-:~ ~-- l-~-----~:-~~~~-~-:-

1 --836764.131. - . -- ·3121-------261209:·· ---------210.71 
2 --819948.20! - --------- ----3131--------2569.06!- ------------21149 
3

1 
--803132.39! - -------- - 3.14:----------2525.56'.-- ··--------- --------212.26 

4 I __ -773!l79.321 . - - - - -- 3.16! ~~~:~:-=~=-2442.64. - -· --~=- ~ --~:-==- ~ _213.03 
51 74482625, 3.17[ ____________ 2359.12 -- ____________ 2138 

~!-:-~~~~~~-~~! -~-~~l=-:- ----~~~~:~~ -------- ------~~~-~~ 
B! 65736704[ - 321 2104.84 ------------216.13 

9) __ 628213971- 3.211·-==·: __ 2019.83! :~-~----------~--=~-~21692 
10, -·. 5990£30.911 3 23 1932.191 217.71 
111 569907.83 3.24! ~----- ~-- -1841.91! ---· .. - . - 218.51 
12! 5715!rl76! 3 251 - .. . 1857.21 · 219.32 
131 . 573287.691 3 26i 1869 23 220 09 
14( 57497Hi2! 3 27( 1880.98 220 82 
15! 576667 551 3.28l. 1892.49, 221.52 
1511 578357.481 3 29i. 1903 761 222.19 

17 580047.411 3 31 H.114.81 222.82 
18[ 581737.34 3311 1925 62 22343 

1. 

19'1 583427 21, 3 321 1936 231 224 01 
20. 5666114· 3.33 188507) 224.57 
21 54979553j 3.34[ 183358(_ 225.11 
72 532979 6£3 3 341 1781 761 225.65 
2J 511316:379 335 17296: 22£3.18 
241 499347.92 3 36 1677 121 22G.71 
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JAWAHARLAL NEHRU ALUMINIUM 

RESEARCH DEVELOPMENT &. DESIGN 

CENTRE 

HALCO ALUMINA PLANT PERFORMANCE 
MONITORING 

(REGULAR WORK) 

Al l\1ATERIAL BALANCE : JNARDDC can conduct monthly material 
balance of alumina plant by sperial computer sothvare. JNARDDC will 
provide basic document/format for required data/information from plant 
and based on analysis suggest measures for improvement. 

HI LABOR.A TORY \VORK: JNARDDC may undertake detailed 
laboratory work on following lines: 

• Chemical and mineralogical. composition of monthly bauxite of 
various sources supplied to Korba (cross-checking). 

• Chemical - mineralogical composition and digestion test on monthly 
process bauxite (cross-checking). 

• Analysis of red muds at various stages (Blow-off muds, settler, 
washer and causticised mud~) and account loss of alumina along the 

Bayer line. 

• Monthly complete liquor analysis including impurities and organics. 

Cl Bl-ANNUAL PltOCESS INVENTORY: JNARDDC in cooperation 
with plant can undertake/estimate process inventory of causitc sod· and 
alumina based on volumes of various process tanks/pond, caustic and 
alumina concentrations at various places nnd stocks/receipts . .JNt\RDDC 

25 



can dcvclop a computer model l(x monitoring process inventory a1HI 

provide future forecast. 

DI .JNAIUlDC will prepare monthly report on overall perli.mnance of 

alumina plant and submit the same to the management. 

.JNARRDC will submit detailed project proposal on above aspects. 
Apart from above specific plant problems can be studied by JNARDDC 

time to time in cooperation with Korba. 

26 
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Annexure V. 

nND between NALCO and JNARDDC on 2/11/95 nt 
Nu~1n r. 

PARTICI •ANTS 

NALCO JNARDDC 
l\lr. ~t.~t. Seth, DGl\1 (R&D). Bhuh:mcshwar Dr. J. Zambo. CTA. UNIDO 

I Dr. K. Solymar. UNIDO Expert l\lr. P. \'idy:L'\agar. DGM (R&D). Damanjo<li l 

Dr. O.K. Satpathy. Manager (R&O), Dhubancs~1w;\1 Dr. C. Mishra. UNIDO E'.'<pcrt 
I 

Mis. H. Mahatlc\'an, Coordinator (GS) 

Dr. A.K. Nantli, Scientist 
Mr. 11.K. Chandwani. Scientist 
Dr. G. Bala..'\ubramanian. Scientist 

~DDC team wi~hed to know the \'iews 
\t the outset CTA wclcomctl the guests. The JNAF 

.ind !.tarns of the following projects :uul proposals st,hmiuccJ 10 Nalco m:111ai;cmcn1 during 

the p:ist t~\T ye:1rs. I 
I. 

'1 

J. 

·I. 

5. 

(1. 

I 
Cap:u:ity impro\'emcnt of Nalco Alumina Pla!1t hy process intcnsificmion. 

Red mml pond prohkm nml tcchnulof ic:il op ion~ 11\';1il:1hlc for sulvins the same. I . 
('urrcl:11iun of pl:mt d;1t;1 on CGM ;u.tditiun :\nd prccipit:1tion muddin~. 

l'rc-Dc~ilir;1ti(1n ·-. ~tmlic~ C1f J>:1m:hpatm:1li1

1 

h:mxitc with LP digci-lion and 

lksilic:1titlll mrnlclin~. 

Encrl,!)' ;1ud1 t1f Alumina and ~team plant al Damanjl1di. 

EnerH audil of Foundry ,hop ;md Anode B..Ln~ Furnace al Nalco. 

7. Characterisation and utilisation of ~pent pol lining. 

l\. Co-opcrationi in the field of t!cvelopmcnt of special aluminas. 

;\ako Team i11formcd that ;111 official reply to JNARDDC intimating the status of the first 
t\\ o projects would be co11\·eye<l by f\lr. P. \'idyasagar after discussions with his 
c111lca~m:s. Regarding third to fifth projects. :-.Ir. P.Vidyas;1gar expressed his willinp1css 
lO i:li-operatc. however he wi~hed that a copy of the propos;ils be sent to him immedi:itcly 
<.(1 that he would get the n~cessary approval etc.. Regarding sixth and se\-cnth pr0jects 
\tr. \ 1.\ 1. Seth had ;:greed to gel the necessary approval from his man;1gcmen1. A wpy 
pf tin: prcipos;il <111 SPL sent earlier wa., handed O\Cr to him. i-cgarding the eighth pni_iect 
l>r. S:itpathy apccd tc1 write to J~:\RDDC immediately requesting to de\·clop <.t;111dard 
pr;1uice lor the first four products mentioned in their proposal to S & Ton this suhjcct. 



--~ 
.. -"~ 

.·: 

~h•t!t J:'\:\RDDC and :'\r\LCO a~rn·d 1h;1t the fl"llt>r;1I n1111mtmic11ion rrquin.:s 

i1111'C11n·m•:nl. In thi-. cl11me(tiu11 the fullowin~ w;is ;1~recd to. 

I 
,' 

Tcd111ic1I Conference ll\:lWet:n JNARDDC aml N:\LCO tc;un j, to t;1kc place uncc in 
cn:ry six mu111h-.. !he \-cm1c 111.:in!! om:c :11 ~;'!'. pur :uul once al Bhuham:-.hwar. ll1c 
lir-.t sui:h confcrem:c i-. pmpmnl for fanu:iry 1996 al Bhuh.111cshw:1r. Tiu: meeting 

woulJ discuss problems and pro:-.pccts with Nalco. 

J~,\RDDC ;1ftr:r suhmilling a proposal must foliow up the s:une and m:1kc a 
prcsent:1tion to the Nalco team. as and when requin:J, so that the proposal can he 

fin:11ised inuni:di:11t:ly. 

J~ARDDC woulJ send its proposals sep:iratdy with covcring letter to the conccrncd 
Executive Director al D:1m:mjodi or Angul and mark a copy of the letter to Mr. M.M. 
Sc1h. DGM (R & D) at Hhuh:incshw;ir, for necessary follow up. 

.,-..:r\RDDC Tc:11n abo lliscu-.si:J ahout the propos:1ls under making on Geological 
.·c\';1luation of Panc:hpa11n:ili Bauxite, Ikndlci:1tion smJies on Panchp:iunali b:1uxitc, 

. ·'•orim: h:1l;1m:e in N:1ko's c:dl house mul pcrioJical performance c\•;1lu:i1ion of ;1lumin:1· 
,!; 1111i11iu111 pbnts c1c .. N:1ko 's 1c;1m showed keen in1crc~1 and wi-.hcJ 1h;it :t tklllil proposal 

•. ·'Y he m;1dc ;ind -.cnt 101hcm for 1hcir funhcr ncccs!\;1ry uction. 

II ''·'' 11'.·,n arrccd 1hal -.dcc:1cd b:1u:\ilc sample" will he ;1n:1lpcJ hy JNARDDC hy mc:1ns 
111 li111h :\ 1'1> :11111 XRF whid1 <.':tll he con-.idcml ns rdcrcn<.·c s:unplcs ft1r NALCO which 
1f111 ... t 11f the h;1m.itc .. ample" will llt" invc .. tigatctl by mc:111" llf the chc:1pcr trmlititmal wcl 

dir111ir;1I a11;1lpi" :11 lllhcr in,tit11ti1111(") 

N.1lu• 1c;1111 i11 .. 1..inl 1h;1t ;ill j11\ls hcing undertaken hy JNARDDC he l1nly analytical or 
p111_1n.·1 .. mu .. 1 be n1mplc1ed in the specific time frame and certain ca .. cs as quickly ;L'i 

pn .... ihlc .. o that 1hc j11h \\.t)uld be highly u .. cf ul to the plant. 

The meeting was nlllclmlcd with an ;ig.rcemcnl to pcrsue 1he projects with more 
umkr~tanding fl1r 1hc mutual bcncfil of both the instilutions. CT A !hanked !he participanls 

fl•r 1h1.:ir fn:c and frank lfocu .... io'lS. 

'.\l.'.\I. Seth 
J>G'.\I I J{ & I» 

'.\ako. Hhuh:im:.-.h\\ :1r 

p. \l~~'.\'"so')o:<, 
06.m (_l;Ll l)J, 
~\~. 'i)a.t'YIO"~ • .J....: 

-1 \·f1~~--;u..-~, 
11. :'\lah:idcrnr1 ~ l•"\-1 ~ • ., 

Co-ordin:1tor !General Scnicc.'i) 
.f:\;\RDDC, :\ai!1nir. 
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Annexure VI. 

JAWAHARLAL NEHRU ALUMINIUM RESEARCH 
DEVELOPMENT AND DESIGN CENTRE 

REE NO.: Jl\.3/JNARDDCffECll/95 
DATE : DECEMBER 18, 1995. 

FAX MESSAGE 

Opp Wadi Police Station. 
Near Wena Water Works 
Arnravati qoad. Wadi. · 
NAGPUR • 4 4 0 0 2 3. llNDIA! 

Fl\t : R.N. GOY AL 
HOD (ALUMINA) 
JNARDDC, NAGPUR 

FAX NO.: 07104-36862 
PHONE NO: 07104-36865 

NO OF PAGES 

DEAR SIR, 

TO : MR .. ANIL AGARWAL 
MANAGING OIRECTOR 
STERILITE INDUSTRIES LTD., 
BorvtBAY. 

FAX NO. : 02:!-2836474 
PHONE NO: 022-2855560 

IN CONTINUATION TO MEETING HELD WITH YOU AS WELL AS AT 
~tE"ITURDAM, I AM ENCLOSING HEREWITH AN AGENDA FOR DISCUSSION 
TO BE llELD AT JNARDDC, NAGPUR ON DEC. 22, I995 FOR Y6UR PERUSAL. 

BESIDES COOPERATION IN THE AELD OF BAUXITE AND ALUMINA, WE 
WOULD ALSO LIKE TO DISCUSS POSSIBILITIES OF COOPERATION IN THE 
FIELD OF ALUMINIUM ELECTROLYSIS AND CARBON AND WITH INDIA 
ENGINEERS, BOMBAY REGARDING COOPERATION IN DESIGN AND 
EXECUTION. WE WOULD APPRECIATE IF EXPERTS IN BOTH THESE FIELDS 
ARE ALSO INVOLVED IN OUR DISCUSSIONS ON DEC. 22, 1995. 

AS OUR DIRECTOR IS OUT OF STATION, I TAKE TlllS OPPORTUNITY TO 
SEND YOU Tl IE ENCLOSED DETAILS. 

TI IANKS & REGARDS. 

~~ 
l{.N.~ 
HOD (ALUl\llNA) 

CC: MR. M.L KAl\11'ANI 
Cl lllT EXECUTIVE, 
~tALCO, l'v1ETl"lJRDAM. 

FAX NO: 0-1298-2206'J 

. .__ 

l!l'Hl[((J"l10413GU61.3G8G3.3G865.36892 CIFAX O"f104·368G2 0 TELEX·0715·7594 () GfMM "ALUCErrmE· 



' 

l\fALCO I JNARDDC l\lecting on Dec. 22 •95 at Nagpur. 
AGENDA FOR DISCUSSION 

I) General presentation Oil the capabilities or J~ARDDC 

2) Visit to the 1:-.boratorics 

3) Points for discussion 
* Capacitv exp:tnsion to 60,000 mtnv hv incre:tSing liquor prodncti\'ih· 

i) 

ii) 

iii) 

Equipment Requirement : 
- Crushing & Grinding Arca. No additional facilities required 
- Digestion & Desilication area. Additional heat exchangers may be 

required 
- SeHling & Washing area. No additional facilities rl!quired. Only 

synthetic settling aid is to be introduced 
- Ued mud filtration area. Performance impro,·cment is to be 

attempted by way of optimising the operation. Additional filters may 
be required. Economics of introducing Vacuum or Pressure filter can 
be made. 

- Control filtration. Additional filters may not be necessary. 
- Precipitation area. Changeover to continous process. In1pro,·emcn: in 

the performance of the product cfassification operations • 
Introduction of inter stage cooling and seed washing may be required 

- Calcination area. Retrofit the kilns with efficient heat recoYery units 
Process Requirement : 
- Caustic concentration of the digestion liquor is to be increased by 

about 20 gpl (170-175 gpl as Na10) 
- Target molar ratio at digestion should be around 1.45 
- Uigestion temperature should be.a increased to the maximum (around 

1so0 q 
- Desilication is to be modified 
- Impurities control including causticity of the liquor is to be impro\'ed; 

one time removal of carbonate salts may be required 
- Introduce calcium aluminate injection to kclly fillers for reduction of 

colloidal iron content of the aluminate liquor, which in turn would 
reduce the iron contamination of the hydrate 

Studies ro ht undertal<cn : 
- Simulation studies of digestion with increased soda concentration 
- Simulation studies of desilication for reduction in liquor silica level 
- Simulation studies of the precipitation process for optimising the 

parameters of the suggested process technology 
- Mass and heat balance of the process before and art er modifications 
- Organic analysis of the bauxite, liquor etc .. 
- Setlling studies wilh Gamma my ~etller lo evaluate and optimise the 

flocci1lant dosage 
-Economic analysis of lhe scheme 
- Economics of mud disposal 
- Evah1aiion of hauxilc supply - J•resent and future • 
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"' Fnrthrr raparih· r1pansion (Opportunities ~nd Limitations) 
- Discussion on c:ap:acity impro\·cmcnt 
- Us:a~e of e1tra capaciiy anilablr at precipit.:ation 
- Introduction of complete new line 

"' Discussion with India Engineers. Bomhav regarding cooperation in design 

and txrcution 

• Possihilitv in the firld of aluminium elrctrolvsis & Carbon 

"'Discussions of thr control and scopr of the contract 

2 



MALCO 

QUESTIONNAIRE FOR BAUXITE 

PRES£!\'T BAUXITE l\11NES/SOURCES: 

A] GEO! OGIC:\I. DETAILS 

• Status of prospecting and exploration 
• BatLxite reserYeS - Proved, Probable and Possible with cut-off grades 

!' Bauxite grade 
• Configuration of ore-body 
• Lateral and \·erticaJ variatio:.i in chemical (including Corg.)and mineralogical 

ccmposi1ion 
• Run-off-mine grade 
• Details of bau.xite sampling and quality control 

• Capacity of mines and annual production 

• Type of mining 
• Particle size of run-off-mine ore 
• Details of bauxite beneficiation, if any 

• Details of bauxite blending 
• Mode of bauxite transport 
• l\f ining, handling and transportation cost 

C] PROIESSNG OET :\JI.S 

• Process bauxite quality and day to day varations 

• Bauxite blending at plant site, if any 

• Bauxite bond work index 
• Input and output size in crusher(s) and ballmills 
• Available alumina and reactive silica at defined parameter 

• Bauxite requirement per ton of alumina 
• Moisture content and its variations 

PLAN ANO FUTURE IlAUXITE SOURCES: 

• Bauxite procurement plan for next five years and expected quality 
• Future identified bauxite sources, their exploration status, reserves and quality 
• Present landed cost of bauxite from various sources and future projections 

• 
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• 
I 
I DATA RF.QUIRED 

I L Bauxite source Past, present and future 
2. Bauxite quality - DO-

I 
3. Bauxite mineralogy - DO-
4. Process data for m?.ss In the formal enclosed 

& heat balance 

I 
5. Process controi & Prevailing status 

Instrumentation 
6. Samples Bauxite, residue, red mud, hydrate and :&lumina 

I ( 500 gms each ) 

I 
I 
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Annexure VII. 

WORKSHOP ON 
Ei\IERGING TRL~l>S ~'1> NO'V'ELTIES Dl ALL!\lD:A 

PRODUCTION 
(Nov 30 - Dec 1, '95) 

Programme 

Nov 30, ·95 
Technial 55ion I 

f 9.30 - 9.40 hrs I T.R Ramacbandran I Introductorv r=marks 
I l l.ambo I Kevnore :iddrcss I 9AO - !O.:!O hrs 

10.20 - l LOO hrs I K. S:1lymar I The starus of primary aluminium I 
industries 

ll.00-11.20 ~ I I Te:i break ~ . - i 

l 1.20 - 12.00 hrs A.K.Nandi Present starus and furore prosp~ of J 

Indian bauxites for alumina oroduc:ion 1 . . I with ~al ref~nce to fa.stem Ghats l 
i Deoosus. 

12.00 - l'.!.30 hrs I K. Solymar I <:c:m~titiveness of the Indian aium?na 1 
i rennenes , 

1::.30 - 13.00 hrs I I Di.sc.ISSion 1 
1 

' 13.00 - IJ..00 hrs I I Lunch bre::k 

Technical Session II 

j 1+.00 - l~.40 hrs I MJ. Chaddha & 
I V. Vishwanathan 
i 14.40 - 15.20 hrs H.K. Chandwani & 

fL\1ahadevan 

15.20 - 15.40 hrs I 
15.40 - 16.00 hrs I 
16.00 - 17.00 hrs IC. Misra 

117.00- Ii.30 I Ra,; Gopinath 

I . 

~ Mathematical modelling of Bayer process 

Recent advances in Hvcirare orecioitarion ~ • • • I 

and scope for improvemenr in Indian ! 
Alumina Refineries. ~ 

i 

I Discussion 
.. 
·: 

I Tea break ~ 

j Enhancement of liquor productivity by :l 

modellin~ and simulation of orecioiwion ;. 
Advanced Control and Optimisaii:Jn in.! 

1 

Alumina Refining (Presentalioa bv .: 
. ~ 

oarticioancs ). ~ 



Decembc:' I. ·95 

T ect.aic:tl Session ID 

9_30 - 10-30 h..rs C. ~li.sra 

10_30 - 10.-15 hrs I 

l0 . .!5 - l !.00 hrs I 
l LOO - l L~ hrs j K. Soiymar 

l lAO - C.20 hrs H-..\fahadevan. 
"RK..Ci:ndw::mi & 
P.~L P;.isad 

l 2_20 - 12.40 hrs I 
l'.!AO - 14.00 hrs I 

Teclmical Ses.tjon IV 

1-tOO - 14.+5 hrs I K. Solyrnar 

I 
p._..;.5 - 1 5A-5 h.rs. l ... ).t Prasad 

I I i 

l+.-+5 - 16.00 hrs I 
16.00-ln.20 hrs I 
16.20-17.30 hrs IL\l. Goyal. K. V. Krishnan. 

G. Bal lSUbramaniaa 

: 17.30 - 18.00 hrs I : 

' Pxciuc:ion and mar:(!~ - I er 1 

c:;.e:mc:ll gr:ide aJpr.ir;> } 

hyci.'"JreS and a.iumir:1 v.ith J 
I SF~ia.i ref ere::ice to ll:di::.n ( 

I 

! conditions I 

I 

I DiscJSsion ! 
I T e1 bre:lk ! 
I P:-e.ssure decJnte:- : :ii 

I 
1 re.,olution for re:: sec:ion i 
I Red mud disposal I 

- -~ Ove.--view I 
I 

I 
I 
i 

i Discussion I 
l 

I Lunchb~ I 

HvtJC!'baric filcrarion :i.s a I 
• • ~ . ·- I 
m~ or SI2!!lll~r i 

improvemenc in rcl mud ! 
disoosai I 

1 P:obie!TIS & prosDCC~ of rd i 
• I 

mud utiiisarion "-ith soec::!l I 
refe.-ence to in. ; cr.m ~ 

' ccndirions. ~ 

I Discussion I 
I -I T e:tl bre:ik I -' Visic to the fa....-:iirics oi c= . I 
I 

C.!mre DemonstratDi ( 
I 
I 
I 

charac.e:isarion fa.C.iitEs 
I ConcludinS! session 
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List of Delegates 

! SI. I Name I 
I ~o. 

Company/ Institutation 

3. I .\tr. P. Ashwadhama I L&T, Bombav 
i .t. I Mr. M. Kapad-ia----+-, ---L&-·T-, -Bo_rn_b_a~L-· ---

1 ). I .Mr. B.N. Shaha I L&T. Bombav 

f ~- I ~Ir. Y.P. Thareja I Mecon. Ranchi 
11. I Dr. Ravi Gopinath I TRDDC, Pune 

! 6. I Mr. K. Ramachandran I Mako. Metturd&-am-----r. 

t 7. I Mr. S. Bhanachar\"a I EIL. New Delhi 
i 

. 
I 

ii 

! 8. I Mr. S. Haldar Ell, New Delhi 
! 9. I ~k R.J. Singh I Hindalco, Renukoot : 
I 

! IO. I .Mr. N.N. Rov ! 
I 

Hindalco, Renukoot 
11. I Mr. R.K.P. \;enna I Hindalco, Renukoot 
12. I Ms. Mohua Banerjee I Indal, Belgaurn 
13. I Dr. B.K. Sa!lJathy I Nalco, Bhubaneswar 
1-l. I ~fr. K.P. Paul Baka 

: 15. I :tvlr. P. Vidvasa2ar Nalco, Damaniodi 
i 

! 16. Mr. :tvl.M. Seth Nalco, Bhubaneshwar 
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Annexure - \'HI 

Guidline for Training for the Freshly Recruited Staff of the 
Alumina Producers. 

The follo\'ll·ing materials. proceedings available at JNARDOC are recommended as basic 
information to be studied : 

I. 

-l. 

UNIDO Group Training in Production of Alumina. Training kit prepared hy ALUTERV
FKI, Budapest, July 1979 for UNIOO. 

Volume 2. 

Volumc6. 

Volume 7. 
process mg 

Chemical background and technolOl:,'Y of processing bauxite to alumina. 

Technological investigations of bauxites and red muds. 

Evaluation of bauxite investigations for the selection of alumina 
technolo!,'Y- Brief outline of feasibility studies. 

Laboratory practice in alumina production. Theoretical Background and Laboratory 
Manual. Prepared hy ALUTERV-FKI, Budapest 1983 for UNIDO Group Training. 

Preinvestment studies prepared by JNARDDC in 1993-94 for BALCO, HINDALCO and 
NALCO for intensification, modernisation and expansion of Korba, Renukoot and 
Damanjodi alumina pla!'lts. 

Workshop Materials: 

Proceedings of workshop on .. Improvement of Alumina Production Technology .. 
prepared by JNARDDC. (The Workshop was held in Nagpur on 12th and IJth January 
1995.) 

Proceedings of workshop on .. Emerging Trends and Novelties in Alumina Production .. 
prepared :iy JNARDDC. The workshop was held in Nagpur on ~0th November and I st 
December 1995.) 

The studying of the papers presented at TMS Annual Meetings in the last few years and 
the Proceedings of the Alumina Quality Workshop heid in Australia is also highly recommended. 

Further selection of the training materials/hooks should he made according to the special 
duli\!s and interest of the trainees. 

It is required a special short course relating to the mathematical modeling of thl! Bayer 
process ( Prcparalion of material and heat ha lances.) 



ll is ad\·ised lo organi~c at kast one month programme ~onsisting of lecture programm.:, 
laboratory practice. technological calculations and mathematical mo<kling. Laboratory 
Simulation tests on prcdcsilication. digestion. red mud separation and precipitation should oc 
carried out by the trainees along with the evaluation of the lab test results under guidance of the 
sc11.:ntists of JNARDDC It is n.:commended to involve high level experts from the companies in 
the kcturing progmmml! and to discuss the status and development strategies of the Indian 
alumina refineril!s in ddail. 

As an example. the programme of the UNIDO Group Training held in China at Zheng 
Zhou Light Metals Research Institute can he ( msidcred. (The related final report is a\'ailabk in 
th~ library of JANRDDC. 
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... 
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5. 

6. 

7. 

8. 

9. 

Annexure - IX 

List of the Copies of Publications 

Techno-economic feasibility study for alumir:a production rrom Elburz bauxite by the 
Bayer tube digestion process. 

UNIDO Contract No. 89/59 
Project No. DP/IRA/85003 
Draft Final Repcrt Vil. 1-11. 
ALUTERV-FKI, Budapest, February 1990. 

Alminium,Bauxite and Alumina (by Patricia A Plunkert and Errol D. SehnJ.-e) 
Annual Report I 993 
U.S.Department of the Interior Bureau of Mines. 

Report on the Plant Tests carried out between 03.02 and I0.02. 1984 in the Renukoot 
Alumina Plant of HINDALCO. ALUTERV-FKI, 1984. 

The UNIDO Group Training in China on Alumina Production and Aluminium 
Electrolysis held in Zheng Zhou P.R. of China, from 29. I0.1984 to 0.7.12.1984. Final 
Report. Contract No. 84/102. between UNIDO and ALUTERV-FKI UNIOO Project No. 

lJC/UD/CPR/84/138 Prepared by ALUTERV-FKI, Budapest, 1984. 

Light Metals 1995 Proc. of the technical sessions of LMD of TMS at the I 24th TMS 
Annual Meeting, Las Vegas, Fer. 12-16 1995. All papers of Bauxite/Alumina sessions. 

Metal Bulletin's & Industrial Minerals' International Bauxite and Alumina Markets 
Conference (papers presented) Miami, Florida USA, 3-4 April 1995. 

Pollution Prevention and Abatement Guidelines for the Aluminium lndusrty, Study 
prepared by ICF Kaiser Engineers International, USA, for UNIOO, in the Project 
US/GL0/9 I /202 January 1994. 

Status of the World Aluminium Industry. Study prepared hy Vincent Tortoriella Franqui 
Patincs and Norberto Labracdor (lnstituto de lnguinieria Caracas, Venezuela, for UNIDO 
IPCT. 178 (SPEC), 7 July 1992. 

Literature and leaflets on Hyperbaric pressure filtration developed by Andritz A.G. 

I 0. Double stage digestion and pressure decantation related patent applications. 




