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A HST RA CT 

·111e return mission was organized by UNIDO Vienna in the framework of 
the Project to assist the Government of India in setting-up a functioning 
Aluminium Rcscan;h Development and Design Centre (Project No. 
DPilND/88/015111-08). 111c return mission is a continuation of the first one of 
lhc expert during lhc period Scptcmhc•r and 24th November, 1993 when 
prdnvcstmcnt ~tuJies for the modernization I expansion of alumina plants of 
BALCO, l llNDALCO and NALCO were prepared hy the staff of JNARDDC 
wilh the guidance of the consultant. 

During the period the activity of the consultant cuvered the following 
fidds: 

• Guidance in the preparation and fulfilment of the follow-up activitie; 
concc1ning the ~1bovc studies 

• Guidance in laboratory simulation of digestion, red mud settling, precipitatior. 
and production of special alumina hydrate 

• Guidance and preparation of training material ori the main tendencies in the 
world aluminium industries with special emphasis on alumina production 

He has prepared and delivered four papers in the workshop on 
"Improvement on Alumina Production Technology" held at JNARDDC on 12- ~ 3 
January, 1995, dealing with digestion lime charge, use of crystal growth modifier, 
vanadium-salt removal and new digestion options : tube digestion and counter
current douhlc digestion. 

Training material and two further studies were also prepared by the 
consultan~ on "guideline for formulation by R&D Project Proposals with special 
rdcrence to alumina production" and "Main development trends, laboratory 
simuh1tion and modelling of precipitation" 

In order to achieve smooth implementation of the work plar. of JNARDDC 
for !he yc•1r 1995 urgent procurement of a series of well stirred (rotated) 
digestion bomhs, small size settling tubes in water bath and larger size (5-10 I) 
laboratory prccipitator are required. Furthermore extended and faster analytical 
services m1d acceleration of recmitment of the scheduled professional staff are 
suggcslcd. UNIDO I UNDP support to the proposal (for TSS-1 tinanci11g) 
elaborated by JNARDDC on ''utilization of India's natural resources and R&D 
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fol."ililics for the d.:·:doprncnl of l1auxitc - alumina inJustry in lhe Asian region 
and CIS countril's". is hifhly n:n>mmcndc\l. Laboratory simulation of the 
l."ountcr-cum:nt tlonhk digc:-\tion. The cvaluati.! the viability of this non
tcl."hnology, 01Uillc1·-~t11Tcnt lh.ublc digcstion for pro<.:cssing gibbsitic-boehmitic 
diasporic hi~h titanium lmli.m b.1ux.iks, it is necessary to carry out laboratory 
~i1m1lation ~lwJj~~ •. lif~\. ill plaill tri<ilS \\ ith pressure lk'-·antcr arc also advised. 

Nagpur 20 Ja:111.a: ~, I ~ 'I , "' 
1 J -'~' 

l(, .... . ·- '<-· ,!~r,-·.-r 
Ilr. K. S~lymar 

UNIDO Consultant 
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INTROllUCT!~)N 

The return mission was also organised by UNIDO, Vienna and by the 
fawaharlal Nchm A!mninium Research Dt.!vclopment and Design Centre. 
(JNARDDC) Nagr~if in the framework of t;NlDO Pmjct.:t "Assistance to the 
Government of india in s~·uing up a Fun~tioniilg Aluminium Research 
Dcvclopmcnt anti! k~;i~11 Ccn~rc" (Project No. eP/IND/:-~8/95/11-08). The return 
mission was till" cont:rmation of the first mission of the expert accomplished 
between 13th s~pk:11xr ai1d 2.4th November, !'J9.1. 111e main objective of the 
first mission was providing guidance in the preparation of preinvestment studies 
(case) studies for i~1c moucrnizatior. I expansion of alumina plants of BALCO. 
HINDALCO md NALCO. TI1c stuc!ics have been prepared by the staff of 
JNARDDC wi!h thl! invoh·:.~ment of international experts (Mr. L. Varga, Ms. E. 
Molnar and M1-. A. ~.foinar from th~ International Subcontractor (ISC), 
ALUTERV-FKI Lt<l. l11e prcinve::;tmcnt studies were elaborated in draft versions 
Juring the first mission of !he consultant and have been finalized early 1994 ty 
the staff of JNARDLC. 

The discussions of these pre-investment studies with the representatives of 
companies resulted in follow-up activities which need detailed laboratory 
simulation of the digestion process for BALCO and that of the precipitation 
process for all the three alumina refineries, thereafter based on these laboratory 
tests the tcchno-cconomic evaluation of the options is required. 

111is report has b:.:.!n written by Dr. K. Solymar, expert in alumina process 
engineering as a result of his return mission. 111e related job description is 
enclosed as J\1mexmc-I. The activity was started on 7th November, 1994 and 
h:rminatcd on 21st January, 1995. 
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ACTIVITIES 

ll1c :Ktualiz~d !asks of the consultant have been detennined by Dr. T.R. 
Ramachandr;m. I >ir~<.:lur and Dr. J. L'~unbo. Chief T•!chnical Adviser in 
llgrccmcnl with th~ above job description. requests of the companies and the 
expected \Vork Pl;m of JNARDDC for 1995. The detailed Work Programme of 
the consultant is cndoscu as Anncxure-11. 

Accordin~! to this Work Programme the activity of the consultant covers 
three main fields : 

• Follow-up :u.:tions concerning preinvestment studic:s prepared for BALCO. 
NALCO and HINDALCO in 1993-94, 

• Co-operation I Guidance in laboratory simulation of digestion, red mud 
settling and precipitation, including the production of special alumina 
hydrates, 

• Guidance I preparation of training material for the expected continuing 
education of the experts of the companies. 

The main activity of the consuhilnt was covered by the preparatio11 of 
technical r~ports by the guidance I assistance of the follow-up iaboratnry work 
and off cred in preparation of related project proposals for the companies. 

Tcdmical reports I studies have been prepared by the consultant dealing 
with the following topics : 

• Improvement of the digestion efficiency and liquor productivity by 
digestion lime charge, 

• Dcterminati"n of Lhe expected level of '! 205, P205 and F content in 
process liquors of alumina plants and removal of vanadium-rich salt at the 
application of digestion lime charge, 

• Laboratory tests and plant results with crystal growth modifier 
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• Some aspt.:L"lS of high temperature uigcstion. tube digestion and double 
digeslion and lhcir perspectives in lmli<a. 
·nic expert of lhc Centre. who have pa11icipatc<l in the prepar~1tion of 
prcinvcstmcnl studies in 1993-9.;, wen.: mostly involved in the follow-up 
aclions. disl."llssions. consultations anu laboratory test work, too. The list 
of the co-operating experts (sc=iior counterpart staft) in enclosed as 

Annexurc-1!1. 'Ilic dose co-operation with Dr. V. Berkh. UNIDO 

consuhant, c:....pcrt in instrumentation. process control and automation. 
cs1x;cially rdating to the slurry adjustment and process control of red mud 

sdtling anJ washin~ is also to ht! mentioned. 

Tiicsc topi~s have been elaborated for the \Vorkshop on lmpro\·cmcnt of 
Almnim1 Tt."chnoloa:y" held at JNARDDC Nagpur on 12-13 January, 1995, were 
presented by the consultant as papers and can be founJ in the Workshop 
Material. TI1e dctaikd programme of the Workshop and the list of participants 
are enclosed as Annexure-IV. 

Furthennore, the consultant has prepared an in-house working paper for 
JNARDDC scientists on. 

"Guideline . for formulation of R&D Project proposals. (With special 
reference to alumina production"). 

In order to promote the expected extended activity in the field of the 
physic•tl simulation and mathematical modelling of the precipitation process a 
stmly was also prepared on 

"Main Development Trends, Laboratory Simulation and Modelling of 
Pn:cipilation". 

T!11! significant part of the draft of the training material on "The Main 
Tt:nclencics in the Devdopment of the World Aluminium Industries" has also 
b~t~n prepared hy the consultant dealing with the status of the world aluminium 
industry and rhe m<lin trends of the technical development in alumina production. 



T:u· :.d:t."d<.ik of th.; rdurn nfr;sion is ~i;:cn bdow : 

D~pa11ur:.: from !\ud.1p.·st to Ddi:i 
Arrival Ddii: :ilHH Bu,!a1K;st 
Visit UN[;;> t1l'iil'.~ (11ll.'dinr wi1h ~tr. S.~1 Pal 
~md Mr. R.K. J.aiswar) 
Arrival Narrm1 \fnm1 D;;ihi) 
Evaluation ami disu1s~:ion of the documents and 
reports pr~p.1rctl in i'J94 hy Ji\,\RDDC 
Scic:nlists 
PreparJtion of t!iff .. !-...:1;t tc..:!mical tl!pmts and 
stmlit!s 

Preparation I finalisation of workshop malcrial 
\Vorkshop on Improvement on Alumina 
Production Technology 
Finalization o!· rhe tcdmical reports and 
preparation of Report on Return Mission 
I lcparturc from Nagpur 
I >cparture from Ddhi to Budapest 

199-l 

Nm·. 7 
Nov. 8 

NO''· 9 
Nov. IO - Nov. 2~i 

Nov. 21 - Dec. 31 

1995 

Jan. I - Jan. I I 
fan. 12 - Jan. 13 

fan. I 4 - Jan. 20 

Jan. 20 
Jan. 21 
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A. Follow-up :tdions concerning the prdn\'estmcnt studies prepared for 
H:\LCO, N:\LCO, lllNl>ALCO in 199.l-9.t. 

Following thL' rellct.:tions of the companies. JNARDDC Scientists ha\'e 
preparcJ Jifk1~nt \\\irking materials. carricd uut and e\'aluated some laboratory 
t~sts ~md studied the (h'ssihilitics of the capacity increase. the improvement of the 
producti\'ity and alumina quality at reduced. minimum investment costs. These 
n:poi1s I studies show the adequate level and capability of scientists dealing with 
alumin~1 production in lhl! Centre. All reports I studies have been discussed with 
the related sdl!ntists. As far as the low pressure digescion of Pr,1chpatmali 
bauxite is concerned. the predesilication seems to be very effective to control the 
silka kvd in the lit1uur (and in the alumina), however. spent liquor addition is 
required to the pn:dcsilicatcd slurry in order to reach the target NC ratio (RP, 
MR). 

The projct.:t proposal on evaluation of Mainpat bauxite for alumina 
production one of the best and carefully prepared documents at JNARDDC and 
h~1s great importance relating to the future development strategy and 
compditivcnt:ss of BALCO and HINDALCO. (Mainpat and Surguja bauxite 
occurrences arc very similar). 

Modified project proposals have been prepared (with .:'ie contribution of 
the consultant) and presented to the Chainnan-Managing Director of BALCO, 
l\·lr. S.H. Azad on 28th November in the occasion of his visit to the Centre. 

In Lonncction with the further details of t!1e expected projects the 
t:onsultant have prepared the following technical reports, which have been 
included in the Workshop Material. too. 

l. Improvement of the dii:estion efficiency and liquor productivitv hv 
di1:cslion lime chara:e 

Based 011 the international experiences and the plant trials carried 01:~ at 
Korba Alumina Plant in 1987 and at Renukoot Alumina Plant in 1984 and 1987 it 
seems to be very realistic to achi~ve a molar ratio at least 1.50 ( AIC = 0.64) at 
both pl~mts under the given digestion conditions (caustic soda concentration and 
retention time) combined with a significantly improved dig~stion efficiency. Tnc 
dige~tion lime charge is even more required for processing the expected future 
bauxite supply containing increasing amount of boehmite and especially diasporc. 
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·111c ~u.kqt:a:.: sa!.ia·:o.i.:n of the l>!ow-oit liq•tlH by alu:11ina (to achieve che cargc:t 
t\/C nr 111, •:a.- r1!:io; i:' an indi:-;pt.:ns~ihlc prcnH~l!!tion of the improvement of cht: 

liquor p:·,iduc'i'. i!y. 

~: '' i.1 :;. · .· .·.i· •:1td. ihA\·c., ~1. 1;1,;l ··.i:d.il ~Uhl Jctaikd in\'cstigations ar~ 
r~qui1l·'-: ~o l!..·~·- i ::-; .. ...: l;ic dicl..'i. o:· lh•: pcc<.:!iariiic;o; \.if the future bauxite suppl~ 
and t,, :1 !;·,_.: ;; •. ,_,,:::.;;~ions~" t:1...; ;),.u;~ii~ i.i ~l~ (lf\h:essed. therefore laboratory 
tests ,;i.e.! j1!::;,! iri:~; ..• 1;··· ;iu.:c:-..~at)·. 

In <.ll;,_ 1 i1· avl1id the optiu;,al <lifficuilics can h~' caused by the digesti0n 
lime d:~t1gc the lolill\·;ing main tcclmica! t:l!v<!!opment measures are to he 
implcmci1:,.;J : 

lnstrumL·11lati1m and prm:css <:ontrol i.it red mud sctrling and washing and 
~ISC of°') :1litdit: f10CCU1ant, 

l\lm!ificd \'a:J<afo.1m and :,oda salt cryst<.illilation and control of the sodium 
carhonat...: h:vd in the process cycle by m~ans cf side-stream or complex 
causticization. 

2. nch·rmination of the expected lcvd of V ~~,_r_iO~ and F content in 
process !iquors of alumina plants and rcm~v<?J of vanadium-rich salt 
fm the applirntion of dii!cstion !imr chargg 

Considl!ring the similarities among BALCO, HINDALCO and Hungarian 
alumi11a plants relating to the v~na<lium-salt removal, the experiences gained at 
Almasfuzit,> /,lumina Plant arc <l1s1..:u~:scd ir, this report. It is expected that the 
equilibrium co11ccntrations of P205 and V205 in a caustic liquor of about '.!00 
gpl Na20 caustic will he 0.2 gpl and 0.8 - 1.0 gpl, respcccively, when digestinn 
lime charge has bl•cn applied. Effective vanadium salt recovery can be achieved 
only by :nca:i~; <if t:1c ~l>o!ing of spi;nt or strong liquor to about 35-45°C under the 
d1ang1~d co11di1ions G111scd hy lime additive. 
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3. Laboratory tests and plant results with crystal erowth modifil'r 

The available published data are discussed in this technical report. ll1c 
increasing use of speciality chemicals in the Bayer process is a worldwide trend 
hccause significant benefits, higher prociuction capacity, rcducl.'d specifo .. : 
consumption of raw materials and energy and alumina quality imprm·l.'ml·nt can 
he achieved without or at a minimum investment cost. The rc~ul.1r use nf 
synthetic llocculants, dcw;1tering aids (at hydrate fihration) ;1•lll CG\1 is l~i~hly 

recommended in all Indian alumina plants. The report contains the dl..'scription of 
the procedure of the laboratory tests, too, which can be applied at JN r\RDDC at 
the simulation of precipitation. It is also recommended to adapt the method of the 
determination for critical oxalate conccnrration developed hy Billiton Research. 
The use of CGM can significantly coarsen the hydrate granulomctry and incrc:ise 
liquor productivity (at lower starting molar ratio in precipitation) at Rt\LCO am! 
can improve liquor productivity through increased caustic soda concentration. 
and seed charge and reduced temperature while maintaining granulometry <sandy 
type), strength and purity at HINDALCO and (less significantly) at NALCO. 

4. Some aspects of hiL?h temperature di2estion. tube clig~s.Hon a11cl clrrnhlc 
dia:cstion and their perspectives in India 

This technical report is dealing with the future trends in dif!Cstion and red 
mud separation. The increasing alumina quality requirement' ;1rt' ;1lso emph:1-.;i1cd 
relating to both purity (f-'e203 0.012 %, Si02 0.012 'J. Na20 O.:m -:. 0.25 r;1 

and physical parameters (-45 microns 6':'~. -20 microns < 1,.;. -t I :'0 micnins Ir;. 

attrition index 15%, gihhsite 0.10 % ). 

The tube digestion process c;m also prnJuec hidtly supersaturated 
pregnant liquor as well as the low-pressure digestion of the ~ilihsitic bauxites. 
The Aluminium Oxide Stade Refinery nmning 3t :!70"C di~c,tinn temperature 
consumes the les.• heat energy on the world, (8.18 Gj/t) due tD th~ s:ime caustic 
concentration in digestion and precipitation. (Minimal cap:1ci:y 11f n-;1pnratinn is 
required for sodium oxalate removal only). VA \V and /\lt1111ir:i111n Oxide Stade 
have developed n successful wet oxidation process in t11bc di~1."•tion unit to 
control organics, especially humatcs. This study deals with the L1hnratPry and 
pilot plant simulation of the digestion indmlir1g tuhc digest ion\. ;i-.; v:t·ll. 

As the latest development the counter current do11hlc diJ;cstinn process for 
processing gihhsitic-hoehmitic hauxitc developed hy /\LC AN i'...; discu-:scd. 
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'!'ftt:: ~~L:)" lll :: Of.•Ci<l~ion of this l!,>UOil'.'. Jieesti•·!~ is the pressure decantation 
(a: awtud 6 bar~) \\·hich its.!Ir is ~ r~volutionJry novelty in the Bayer Process. 
·1~!..: li ... i .. L-.1!,: ~;~: .. ,L :a; .. !."\ nmiiHncc.l tii~l un!y a Vt!:y short res!dence time was 
rcquif\;d i11 tit•.: p1t:\~ . .,,-~ dcct•:il~r and lH1ly t>.07 m21t, red mud solids settling 
~uria~c at .. <: ·,;;•.; 11t.cc;.>;1rv, m\1r~ ~:1~1:1 50 1.i:.:....:s k~~ than in the traditional 

" 
thiCkl... al'. I.~. 

·1 he dlmL:...: cli_!.!;;:.tiun cnabks hl achit:\C vc!·.J higil liquor productivity for 
mi:\.cu bau.:o.il.; : t:i.: i :;l ~ip:~ti0:1 La!,cs care of th·.; pnx!uctivity (dissolution of 
gihh~;ik) w!1il.: ih~ 2nd nn.: th •• t of ti~.: c0mpktencs.; of extraction (dissolution of 
h<•i;hmitc). 

A!LlhiLig11 t!:c: ~a~x~ J~" elopm..;1~t st:.igc i1! tht! rcJ mud separation is the 
p1c3sure t!ccan:~· ~i.1 sett!.: the slurry before t!1::= tinal flashing, the actual trends 
arc that deep thickener or similar technology is replaci:lg conventional thickeners 
in new Bayer plaut.; and t!1e <lcep thickener technology is expanding to other 
industries. J\ccurding to tht.! tcchno-cconomic C:!kulations made by ALCAN the 
count~r-currcnt <lvublc dig~stion can be implcm~nlcd lt a reduced investment 
costs and (:an he op~ratcd a! a reduced level of production costs relating to both 
retrofitted plant and greenlicl<l insta?lation in comparison with the conventional 
high temperature digestion cin;uit. 

It can b~ prc<lictcd that typically liquor productivity of> 90 kg!m3 Al203 
will be achievahl~ of any type of bauxite, for a boehmitic bauxite the digestion 
constraint wilt be eliminated and the productivity gain will be very significant at 

40-50%. 

In ord::r to elaborate the medium-and long-term strategy of the 
imph.:111~nt~1til1n pf an optimum technology for processing monohydrate type 
(containing increasing amount of boehmite and diaspore), high titanium Indian 
b1.&uxitc the autoclave digestion with lime cha::-ge, the tube digestion and the 
counter-current doubll! digestion seem to be most feasible and are to be 
comp~rcJ based on detailed laboratory simulation tc~ts, (pilot p1ant tests and 
plant trials), and lcdmo-eco11omic studies are abo to be prepared. JNARDDC 
should pliiy dctam:ni11g role !n this ii;sue. 
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H. Guidance for formulation of R&D project proposals with special 
reference to alumina production 

The main duties marked under points I to 3 in the joh description of tht? 
consultant have been fulfilled by the direct jointly daily work with the staff 
members of JNARDDC. Special discussions have been organized hy tht? 
Director and Chief Technical Advisor to detennine and finalize the activitv and 
work plan for 1995 of the Alumina Production Research Department and that of 
the Process Engineering and Study Group Instrumentation and Process Control. 
(Mathematical Modelling, Energy Auditing). 

It should be mentioned that very successful and attractive activity has been 
carried out during the last years in the aluminium smelters by means of the 
mobile van. This instrumentation as a universal tools can be used in a~~··nina 

plants and in any other industry in order to achieve significant energy sm·ing. 

The consultant has also taken part in the detailed discussion of the alumina 
related activities work plan for 1995, organized by Dr. T.R. Ramachandran. 
Director and Mr. P. Vidyasagar, Dy. Director with each scientist working for the 
alumina production field. 

A ""}uidance for formulation of R&D Project Proposals. with special 
reference to alumina production" has been prepared by the consuitant hased on 
his own experienc:es and available data in order to use this as a working material 
at JNARDDC. This Guideline is enclosed as Annexure-V. 

A very significant proposal for TSS-1 financing elahor:lted by the 
scientists of JNARDDC (considering the results of the in-house discussions with 
the Director, Chief Technical Adviser, Scientists and Consultant) should be 
mentioned : "Utili1,ation of India's natural resources and H~D f.!1dUlics for 
the development of bauxite-alumina industry in the As_ian r..rJ.!i~_HL_.1nd CIS 
countries" 



Thi:; tb·~·~:r:~.:r:i. t·:ndnsi:d ~ts . .\nn~X'!.!r!'-Yn has an extremely great 
impor~a::•:~. ·1 L· c, 'l: :i -~~:.!!in~ C\'~:!t:~1! ion of 1;~~ East-Ctla:\t bauxite occurrence in 
India a1:d !h~ :".'t!i;;! (t'n~:,L~:,: . .-i:n·.:ss t:f the o~ ... m~wjndi Alumina Plant, combined 
wi1h !he :1:re;:,:y i:;-.:ii: iu1 ;1!f.:1 ca1.::!ii!iiy ~:t ;;<A;(DDC perfectly confirm the 
viahili!v <:1.~: ·1~n.:.;\;,y ,,;· l!~!s ini.cr-n.:f~<>nat project. The consultant 
n·c·om~1r~'·i~ __ J_·:~·~ ·.i..:< !:-.:_5_nr:.i~·-~J-:,· :l~: <HT~_'._:·~J·"' resources on behalf of 

t 7r.1•1,,, 
_·!..~.:-· 

c. , . . , . . . . . . • . .. 1· . d d 1· rl , . ,, ..•..•. · , ... -~1·,····· .... ,._ ..... , ••.... ~111.-,.., •i' 1 1• •'":"~(· ·1 re n1n ""ctt 1ng ~n --~-!_ .. ~--· ..:~-~":_;,._._,,., ••• .,-,._ •• __._~-"-~--,.:.. .1., ... .:"I Cl 

111\! imp?emcntation and stait up of all h:chno!ogical testing equipment and 
methods have been p.:rformcd in the new technical complex very successfully 
and th~y an: opcratt:J rL"gularly. Tiic only limitation is the shortage in personnel. 
111c pri:cipit~~~ion unit have been taken in operation by !he end of December and 
actions are going on to supply the Centre \';ith propcr amounts of samples 
n:quirc<l for co!1dm.:tir.g digestion and prccipit~tion simulation studies, according 
to che ad\1 isc of the consultant (Anncxnre-V!!). It has been agreed that the HOD 
will keep an adequate amount of the samples continuousiy in order to the 

schedu!cd lahoratory work. 

Somc digcsliun lC!ltS havl! also been C~lrr!cJ out with BALCO bauxite 
supply in the \"ell stirred autocla\'e without i.mJ with lime additive to the bauxite 
slurry tn study th~ digestion kinetics. The fir~t results arc encouraging relating to 

the more compktc<l hodnnitc and dia:;pore dissolution and achievable lm\·cr 

molar ratio. 

The co11sultanc has 1ecommende<l to acquire trnditional small size settling 
tubes with t.:mperaturc controlled water b~th for red :mid settling tests in series 
to select tl1c optimum type of f1occulant and to dctermir.c the optimum dosage. 

lJrgenl actions i.lfC rccommcndec.I to procure well agitated (or intensiveiy 
rotalnl) .mtoclavc bombs with temperature control for di£1!Stion tests in series to 

ddcrn.:ac !he di;;\!:.;iioa ci1i.1raclc1 istic curves (alumina vicld in function of molar 
ratio), digestion !.;:inctics, effect of lime dos~gc. etc. (6 parallel sampks an: 

prdcrrcd). 
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1l1c test procedures, evaluation of results and programme of lhc 
investigation have hcen regulariy discussed with the scientists. ll1c analylical 
requirements have also been agreed. The analytical (material testing) capacily 
seems to be as a hottle-neck, especially the chemical analysis of the s:unpks. 
Fasr data supply is requested on behalf of the Analytical Research Department 
for good and in time planning of the technological tests. 

The perfom1ance of laboratory simulation of the sweetening and the 
programme of some informative laboratory tests in order to C\'aluate the \'iability 
of the ALC . .\N's counter-current double digestion has heen discussed and agrcL'd 
with the head and scientists of the Alumina Research Department. l11c more 
effective activity in the field of red mud settling with special regard to the use nf 
synthetic flocculants in settler and washers need lot of im·estig:itinns in seric~ 
which are to be performed in traditional, small size temperature controlled 
settling tubes. Soft gamma-my Absorption Model Settling tests arc recommended 
only under the preliminary determined optimum conditions. 

The procurement of larger size (5-10 I), temperature controlled 
precipitator(s) to the research activity focused on the production of speciality 
alumina hydrate is also necessary. 

l11e consultant has taken part in the discussions held hctwecn the Alumina 
Project Team of L&T Bombay and JNARDDC on 28/12/94 at Nagpur to 

determine the programme of the laboratory tests C(}vering the simulation of the 
bauxite processing technology relating to the physical testing of the bauxite. 
predesilication, digestion and red mud settling. The lahoratory tests arc going on 
successfully. 

A significant part of the act1v1ty of the Alumina Production Rc~can.:h 

Department is focused on the simulation of precipitation including the application 
of crystal growth modifier and manufacturing of special <h:,:!h purity and white l 
alumina hydrate. 

In order to promote this activity a study was prepared hy the rnn 1'11ltant nn 
Main Development trl'ncls,_J.ahoratory sinwlation_arul_,umkfli.n~_o( 

precipitation 



~,.J.:in dl'vdopm.:nt lr~n<ls in th~ prt··:ipitatinn process ( Ot!\'dopmclll of the 
pr c )._I,_" ··' t.'·:! :r: .:: 1~:. ~. ,i.i!.1ilt'1t~ in•pn n ct:L11t. lil::th~matical modelling). 

J •. I )' ··' , . 
..... -.&. .. •{ ' .... \~): ... 

' . I ... : : . 11) \ lll.,11.! . .".'>. 

·111~ ··c:.;i.,hs l)i !he l;,b,K~Hory sinmbtitin ~i1ould !:li.: compared with the plant 
data and ~!H: 1.~:!:::t·1:~~~Lica: ;•11~ddling.. \Vhen tl:cst: thrc\! series of data are in good 
a~·rcc11ic111 -..·:~:·!1 h~ l·l~!c·!\, l11L'. I~:bi1ratory simulation and mathematical modt:l 
<.:i.tlculalil;ns .: .~i• h...: :.l~1dcJ n.::bting ld the recommended improved precipitation 
prm:cs.s l~d111< ,f,i~!Y. 

Based on this study th~ detailed work programme of the scientists is being 
clahoratc<l. 

D. Gnidanl'C I prepara!ion of trai"ling ~aterial on the main tendencies in 
the dc\'clopmePt of the world ~rumh'!hm1 industries nith spcci:IJ 
n·fcn·n,·c to alumina produc-tion 

The Ou1p11t-6 in the work plan of JNARDOC for che year I 995 contains 
lhc; Training pr<'gramme for the aluminium industry. In connection with this 
activity, preparation of training material un the main tendencies in the 
dcvclop111.:.1it of the world ~lluminium industries is expected. The consultant has 
prepared a draft study as a working mat~rial which can be up dated, finalized 
and completed and by the sraff of JNARDDC with the assistance /guidance of all 
international CXf>L:rts visiting the Centre. 

'I11is drafl study is (kaling with rhe following main topics : 

lJ p-datcd forcc;tsts of the world ah.:minium indl'~:try, 
Geographical restructuring of the world aluminium industry (bauxite. 
;1h1111in<1 and alrnniniurn), 
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Overall compatitivcncss of aluminium (Trends in production uf aluminium. 
steel, copper, zinc, magnesium and titanium; Energy consumption by 
production processes; Resource depletion; Pollutant cn11ss10ns: 
Summarized overall competitiveness of aluminium). 
Competitiveness of the Indian alumina production 
(Comparison of the alumina production costs and selected tcdrnical data 
of some alumina refineries; The role of plant size~ Liquor productivity and 
alumina capacity; Energy consumption; Competitiveness of the lndi:in 
alumina rcfo;eries; Potential improvements at NALCC and 11ALCO 

alumina plants, 
Future alumina quality requirements , 
Main technical development trends in digestion (Tube digestion: Countcr

current double digestion with pressure decanter, 
Main technical development trends in precipitation (Process technology: 
Equipment improvement; Mathematical modelling). 
Main technical development trends in other process stages and fields <if 

alumina production, 

111e most important conclusion of the study is that the sharing of the Indian 
primary aluminium industry in the world production amounts to 4<;(: and it is 
continuously increasing (Now-a-days it is the 5th big power). and the Damanjndi 
Alumina Plant produces the less expensive alumina on the world (the tot;il 
production cost is US $ 141/t, the variable cost US S 9-1/t. Cc•nsequcntly. th·: 
further potential of the fast development is justified and .JN:\J~J)J)C can :m! 

should play a determining role in it. 

E. Providini: the Centre with copies of relevant likrat11rc 

Copies of following relevant literature were suhmittccl to the Centre: 

a) \Vorkl Gallium, 1985, Annual Review. Fi\'c Y car h irccast ( Prcrarc.:d hy 

Advantage Quest. May, 1986. 

h) Initial Report on CGM Plant Test at Encr1!0incs1 Plant RO Birac for the 
Period 1990-01-29 to 1990-03-20 (Prepared hy Nr\LCO Chemical Gmhll. 
Vienna, hy ~fr. A. Frauenedcr) 



c) ~:.x:o.!t: :1:1,:malicn;.d Alumina Quality \\'orkshop "Alumina Quality in ~· 

I ii,g:1!y !)_y:~;1111ic Markci En\'iro!~;n~ut''. Pruct!edings. Perth, \\"esrt:m 

.'.~:s:r;i:ia. C...:!ob;::· !-l-PJ. l'J')!)_ 

. lf '"..... . · 1 
• J • • ... r-..:' I ,. 

, •:i Lo,;, ·g ;l·a:! y S~1:-1.~;, :;~:)k Industrial Dcvclopmt:nL 

D..:m;1~.r!~. l-:t--18 81.:tobl.!:", 1991. Alumina Industry. Cas:: 
,, ~I-.·'!,);'> .... , .. ,, ... p S'k'·.-· 'z······dE s· oh·t"t'') .>.ti .• _ ·"''. _. 1 lli"··d• l·) . I ,c, .. 1 ...... l.l.I ,t.l -·.me 0 t:r. 

d L,;!hi. ;\ktab i lJ'-H. l'ro~ccdings of t!1c i 22ml T~\tS Annual ~kcting !idd 
in l km er. r\11 papers of tht! "Bauxite ~mt! Alumina" sessions. 

I) Light l\ktals l 99..t. Prl1cccJings of the I 23r<l TMS Annual Meeting. S; n 
Frnn~sco, Fcbmary 27 - M3rch 3, 199-t. All papers of the ''Bauxit~ ; . J 
Alumin~" scssion!3. 

g) Aluminium Aualysis, No. 61 - April i 994. Anthon Bird Associates 19')..!. 

h) Eicctrnnic Catalog, ACHEMA 94. 

i) Papers consiJcr~J for the preparation of technical reports and tram::~; 
material on the status and d·.::vclopment trends of the world aluminit::n 
industry with special regard to the alumina production. (Mostly papl.!r:
publishcd in ION, Light Metal Age and ICSOB:\ conferences. 
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CONCLUSIONS 

I. Draft vcrsmns of the three prcinveslmcnt studies for B,\l .CO. 
HINDALCO and NALCO have been completed successfully with the 
active participation and co-operation of the staff members of JNARDDC 
under the guidance of Dr. J. Zambo, CT A. 

2. Although the preinvestmcnt studies were appreciated for their technical 
content, by the companies, very little progress is made in the realization of 
the recommended options (low pressure digestion of gihbsitic hauxite (low 

boehmite bauxite) around 145°C, sweetening and adaptation of the up-to
date precipitation technology developed by Alusuisse) due to the shortage 
of capital for investment at NALCO and the increasing boehrnite and 
diasporc content in the future hauxite supply at BALCO and 1 llNDALCO. 

3. 111e companies have expressed their interest relating to the development of 
precipitation process in order to increase liquor productivity and impro\·c 
alumina quality. Modified studies and project proposals were prepared by 
the Centre to meet these requirements (See Annexurc-11. point I. I). and 
related activities were built in the work plan for 1995 : 
Development of methods for physical and mathematical modelling of 
precipitation processes for reliable simulation of production tedmology 
including grain size distribution of the products. 

Study on optimisation of technological r~raml'll'P\ fpr precipitation 
processes in I llNOJ\LCO's and NALCO's :\l11mi11:1 Pl:rnt. 

Follow up of preinvcstment study on intl•nsific:itinn nf prnduc1io11 
processes and improvement of alumina quality :it Knrha Pl:mt of 

BALCO. 

Follow up on the prcinvestmcnt study fnr inh:n-;ili\.'.atinn of 
production processes and expansion of Damanjodi Alumina Plant 

of NALCO. 

Development of mathematical simulation models I'm rhe main 
prmlm.:tion processes of the lfaycr technology. 



le 

·I. 0

llll" impfl"lll.."llialion :t!ill ~lll"L°l'S:-.fd Sl;tff Hp of all t:..·chnologit::tl tcstin~ 
l·1p:ip:i:c1il c:.y ii'.: 1_·11tl nf :<)«).( p1°l·l·ip!ta1u:11 simulation h:sls have ;1ls11 
!'·.:..:·i ::::.:;_·,:, ,:a:i :;u: f11~:ow-~:p :~.:lions ma<lc hy the staff mcmhl.·rs 
'-°l•I; .... ··..:· ;~: •• :.! t .-; :i;" .: • ... '.:-.:n~..;nt : .. tmfo.::-. !1av.: ..:onfinnct.1 the hi!.!h capabilit\' ol ... . - .. 

5. 

: . • , • • . •• • • •• , • ·"t : •• r ..•. i" • '. '\ t , ~' '!', 
l·•-•·-·. •'--~!1-:• .... _.'\ .. J_,, .\.1 ..... 1\.. .• 

... I . • . ' I . 
1.1·: '·'-•'t:.:-.i .. ~i' on !::;i:nn.·:n..:nt t•n ,, ununa 

~:1t111x1,;·:1h \l ,,n th .. · 1110:.1 adu;1l l:1si-..:' and 

Production T cchnology 
1111.:asurcs of technical 

d..:Vl·;,;p:1:dli ia l;io~l' connc~ticn \\·:t~1 the aho\'C prcinvcstmcnt stmfo..:s. 
T!ic :, 11 lowi11:_. !Opie:. w~ ,·c co\·er\!"l in th1.: \\, 'rkshop : 

Rak of !imc in Bayer Proces:; 
Im:m.>\'emcnl of digestion efficiency and liquor productivity by 
J!6t>3ticn lime charge. 
Usl! of cryst~I growth modified. 
Syilthc.:tic flocculant application in Dayer Process. 
Var.a'"lium-salt removal on the application of digestion lime charge.:. 
Process control in alumina production at bauxite grinding, slurry 
adjustml!nt (molar ratio control), instrumentation and process 
co11t1ol of rcJ mud settling and washing. 
Perspectives of tube digestiGn and counta-current double digestion 
in India. (Medium-term development strategy 

The significant contribution of th:! JNARDDC scientists (especially 
011 hd1a!f of Mr. P. Vidyasag~!r, ~:Jr. I I. 1\fahadt.!van, 
Mr. R.N. Gny~il f\ir. 11.K. Chamlw:mi anu Mr. V. VishwanathanJ tP 

thl' great success of the \Vorkshop justified the significant progn:ss 
ad1icveJ Juring the last year. 

6. The Ccnlrc has well trained key personnel in bauxite geology and 
l'Valuarion, furthamorc in laboratory simulation, material testing and 

111athen1~1li~al modelling of the Rayer process who are able to tackle th1.: 
abov\.! \k,ailcJ tasks of the Work plan f0r I 995. 
The l·o1;:.id~r.1tilln of s;.unc spcda! •l~·pc<.:ts of the laboratory simulation Pf 
digestion ancl precipitation discussed in the technical reports prepared hy 

:h\..'. ~:011sul:a11t i~. rc-.:011mi..:ndcJ. 
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RECOMI\'IENDA TIONS. 

I. Strict adherence to the work plans fonnulated for the year 1995 is cmcial 
for the realisation of the recommended follow-up actions in connection 
with the preinvcstment studies, too. In order to improve the cfficicm:y t1f 

tlae technological testing activity in the Alumina Production Research 
Laboratory urgent implementation and start up of the following equipment 
are recommended : 

Digestion· autoclave bombs with intensive :igitation in series (The 
simultaneous use of 6 autoclave bombs is necessary) equipped with 
stirrers or rotated in a temperature controlled oil or Molten salt harh. 
Traditional small size settling tubes in temperature controlled wa1cr 
bath (at least 6 tube simultaneously) for settling tests in series. 
(flocculant selection, optimisation of dosage. effect of digcstil111 
conditions, e.g. lime charge on sedimentation. etc.) 
Larger size precipitators (5-10 I) for the tests to produce speciality 
alumina hydrates. 

2. The simultaneous laboratory simulation of precipitation. digestion and red 
mud settling along with the production of speciality alumina hydrates 
require high capacity, high level and fast analytical service (material 
testing). Adequate measures are requested to meet the requirements of the 
physkal modelling. 

3. In connection with the above acceleration of recmitmcnt of the scheduled 
professional staff is highly recommended, although the difficulties arc \\·ell 
known. 

4. The evaluation of new hauxitc resources acc,1rding tn the work plan for 
1995 and the huilding up of a hauxite data hank (along with collection nf 
representative bauxite samples) are of first priority in the clevclopmc111 
strategy of the Indian alumina industry. 

5. UNIDO I UNDP support to the proposal (for TSS-1 financing clahoratcd 
hy JNARDDC on "Utilization" of lndi11's natural rrsnun.:cs and R& () 
facilities for the development of bauxite-alumina industry in the Asian 
region and CIS countries" is highly recommended because the Eastern 
Ghats hauxitc resources have world-wide importance (only hi)..!h µrack 



gibh~itic ba~axitc i11 th;,; region) and can :>t! prlK~ssc<l with extremely good 
rom1~tili\'~1w~s (N:\LCO's Damanjl1Ji Alumina Plant produces the less 
l"\fl\."U:'i·.~ al 11l!·ilit. l•'11h~ world tolal pm<lt1rtio11 cost: USS 141/t a!umina 
\·ari;.l.k u•:,i t:s :;; 1)-L ~1iuu1it;a), a:ili j;·~ARDDC is capable of organising 

and co-u:tlm;1tm::, :he ~:cti·.-:ty with fu:t ~:icn:ss. 

6. h:rilacr c 1 1·or.~: :1rt· !~~~tled on b.::11:.i!f l:f J~.:,\RDDC and companies to 
inth"-lt:n· !11\'. fn!in\\ ;1;~ ·~·,·;1t1:'-.ai l~evdorin·:~1~ mc.:asures at the alumina 

7. 

8. 

pi:u.h: 

• l>igt·sti1·11 li111t.: d1argc al B.-\LCO a1~d t ili...;D;\LCO 
• Us;..· of ay:~tal growth modifo.:r al BALCD an ... l NALCO 

n liNDALCu 1.IS\!S it) 
• Synthetic llrn.:cul~nt application ut c<:ch plant 
• Alumina quality imp!"ovement at BALCO 
• lmprc :emcnl of the liq1.mr proJucti\'ity by means of the adaptation 

of the "Alusuissc precipita!ion process·· 
• lmprnv~d ;n~tn.nncntation anJ pro<.:css control, first of all at slurry 

~uJjustmcnt (1rn.>lar ratio or A/C umtrol) at BALCO and 
HINOALCO, - instrumentation am: process control at red mud 

sdllin~ and washing 

In order to accelerate the implementa~ion, th~ related supplementary 
hihrnatory simulation tests should be carried Ou' at JNARDDC and 
tcdllll>-t:conomk justification is also required, as :\0on as possible. 

Informative laborntorv tests are recommended to determine ti~e feasibilitv ~ . 
(v iabilil}) o · thl! <.:l>Untcr-currcnt <loubk digestion. (dcvdoped by Al.CA:'\) 
for processing gibbsitic-bochmitic-diasporic. high titanium bi.!uxitcs 
(~ainpat am.I Samripal) according to the tentative programme handed ever 

hy the consultant. 

Plant trials with prcssurt: decanters arc rccl>mmcn<.h.:d as soon as possibk. 
as the prot.:css offers high potential for the d,·vclopmcnt of the alumina 

industry. 
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UNITED NATIONS INDus·rnIAL DEVELOPMEHT ORGAUIZA'J'JOH 

JOO DESCRIPTION 

DP/IND/88/015/11-00 

Post; Tif;le: Expert in alumina process engineering 

JJurution: 2.5 m/m 

Date required: cnJ of Scpt:cmbcr 199/t 

Duty Station: Nagpur, India with travel in the country 

Purpose of 
project;: 

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

(e) 

The immediate objective of the project ic to nG~ict 
the Government of India in setting up n functioning 
Aluminium Research, Development and Dc5ign Centre 
consisting of: 

Alumina Production Research Department 
Aluminium electrolysis Department 
Analytica~ Research Department 
Gen~ral Services, instrumentntion and Control 
Department (incl. Workshop and Maintenance) 
General Administration and Finance Department 

The Centre will develop capability of carrying out 
the following main functions on b~h'1 Lf of and in 
cooperation with the bauxite processing/alunin;1 
production and aluminium smel tcr indu!;trics in thr~ 
country: 

(a) AssimilatJ.on and adaptation of available 
technologies 

(b) Providing recommendations and ad hoc or npplicd md 
analytical research to local industric~ in procc~~ 
improvement, transfer of technolory?, etc. 

(c) Setting up and operating a data bank 



~ti) i.>ruv idinq trainin<J' of Indian engineers. 

vutic:;: 'l'i1~ ex~>crt will u~ rcqui::-cd to advise on t~"! 
i.i'1iH.vvc1nent of alumina production technology and o 
,,.!_;J..c er.9inr:!l!t:in9 cf aluanina plants. He wi...1. 

.i:;:a~:t: :1i U:e :..;.cttiwJ t.:jl ot the alumina product:o 
n.!.;:.!;;;-c~. dcpacLmc;<L of Lhc Centre and i 

:-.:.i:~!1:...•=1•-•t.i.c~t.i. mo<.!el l.i.r.c_, ai.1l preparation/applicatio 
lh C•l<:l"'JY ar...1 1. • .:1:.: ... ;rial balances of aluc:.n 
l. ..:i; [ .l.?l .i.(!~ • 

..1.. 'io ·l-;.>: .... L .: n Gl:arLin9 u~> uct.iv i :..ics in alumina prc-::c~; 
e:.111 .i nt:l!.l .:ng, pru·11 idc train inc; to ~r;i..;ntists of the centre .: 
th\.! tcc.?mo-ct.0:1omic ju:;titicatL:m of R & D projec~ · 
<.;alculu.tion of benefits of reco.:uaenc!ations of changes 
t:.c..:.:i.•.olvg:J·, n1odificul.ion of processes, dcvelop::icnt ~ 
cquipllient, process control etc. I 

2. 'l'o llcli v"r u scr ics of lecture~ on prcr-arat:ion of f easibi: i •..: 
rc1,Jrt:::, c0nccptual design one.! basic engineering packages i;..; 
r:;o\.lei:'nlzoL.ivn of existing alumina pl<!:lt and establishncn~: : 

new ones. 

3. 'l'o guide in the preparation of a ca5c study for U 
moJernL:aticn of one of the existing alumina plant~ ar 
another on the expansion of an alumina plant with n~ 
production line. 

4. Provide the c~ntre with information related to the econooi< 
~nd international compctitivc~c~s cf alumina production. 

Qualiiicution: 

Univcr~ity degree (preferably Ph.D.) in chemical 
rnctallu~gicul engineering. Well conversant and experienced ~
the opcratil;n :_>f ull nlumina production uni ts/phases and prc:::c 
purametcrs U5 well us with rnathcrnatlcal noclelling and b: .. L.; 

en(Jiiwer:i :1<J of alt.11aim~ production plunt~. 

IJ.;ckground I111orn1ation: 

'l'lu.! lndiuu all.iminium industry looks back to a history of 
years. The first alurni11iu~ smelter (in Alumparz, Kcrala) wa~ 
into oporulion in 1943. At present there arc five alumina p!.c.l 
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about 507,000 und 580,000 tonnes per year, respectively. These 
facililic:.> Lclong to five aluminium companies, namely Bharc.1.t 
Aluminiu1;1 CoM1,a11y Ltd. (Daleo), Hindustan Aluminium Corpor<ition 
Ltd. (IIIUDALCO), the Indian Aluminium Company Ltd. (INDAL), the 
f.lihlras Aluminiilm Company Ltd. (MALCO} and the National Aluminiun 
Co1;1pany Llil. ( ::/.L'20) • 

\l i Lia Uac cu111u1i :~:.;ion ing of NALCO the share of the public sector 
in aluraini ura !;nel ting is more than half of the total installed 
cap;1ci ty ot lmlia. '!'his in:licates the dccisi ve influence of the 
pulll ic !;·~clot· on Lhe future of the indm;Lry. The sustained growth 
and dcvclopme1&L of the aluminium industry in India, apart froo 
rcc1uiring Lhc udoption of suitable long term policies in relation 
t.o product.ion r..<.auugelilcnt, outpt.;t, pricing, and fiscal levies, is 
ul!;o in nccl! for technology and market development, which will 
gradually be handled by the proposed Centre. 

During the past years, India became one of the leading 
countries in 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 estimated to be of 
tl1e order of 2,650 milli~n tonnes, which places India on the fifth 
plm.:c in Uie wurld list. 

With the vast r~serves of bauxite and coal in 
uluminium indu:;try has ambitious plans for a fa::>ter 
keeping in view the future demand in the foundry 
potentials. 

India, the 
growth rate 
and · export 

'l'hc cxi:;ting alumir"/aluminium plants in India are bazcd 
almost entirely on technology imported from various sources. Both 
in the areas of production of alumina and aluminium, a n\.ll!lber of 
technological improvements have taken place in advanced alurniniu~ 
producing countries. Import of improved technology is not ah1ays 
possibl E', also its introduction is not feasible in the existing 
plants. Import of technology necessitates proper assessm~nts to 
determine its suitability under Indian conditions, the available 
raw materials, product demands, state of engineering developments, 
etc. 'l~ough research and development work is being carried out by 
the major aluminium producers in the country, thesP. are mainly 
directed towards solving their day to day process problems in the 
plirnl!.>. He work is clone for the development of process know-how 
ar1d ba~ic engineering. The technologies followed in the existing 
pl<.rnts arc from various countries/suppliers - KAISER, ALUTERV··FKI, 
VAHI, ALCAU, MONTECATINI and ALUMINIUM PECHIHEY. Apart f ror::i the 
~trutcgic importance of having an indigenous Research, Developc~nt 
und Dc~ign Centre for Aluminium, the Centre is expected to suvc 
:..;ul>:_;t.antiul hurd currency payments to the foreign partners. 

For meetinq the e:.>timatcd demand of aluminium by the turn 0i 
l11t_! <.:f•11lury, :;ulJ!.>lantiul mJditional capaci tic:; for aluminu <.rnd 
a!u1:ii11ium will huvc to l.Jc set up in the 1990s. Additiona! der.wnd 



24 

l 1,,r.· a1uminim11 :.y lh..: 1 L1:.n of the CC!&lury, whi(;h .!!... in excess of the 
'-;,ure11lly u\ ;: i.1.11> l. .: ~•q>a•;i ty wuultl b·:; of t.he order of 4 4 O, 000 
~.u;111t!!: p1•1· ••:1:1 :... \.:011~:idcri11g the payn:ent. for know-· 1 1 basic 
CliJineeriIH; d::d .:..uyul tic:.; !or t.:hi!:; udditiou..il .tullow-up :;>tagc this 
\;_.~!1<.l ll\!~an a11 l'.·:pnn:J.:.ture of at least U!.>$ 95 :r.tiil.ion. 

~I: i!;. ~~o li..! .... ~ ·'-•: t .J·1L U:-:1<.. Lhe co~;t foe E:;•.:;1hli:;hrncnt of the 
.'.·11 •. 1~11iu1a C1;1l~ .• 1..' ·.1 ·~:_.,, .. ,.,_ {!J~-.·.;1 1111L«11 •:u ... ·,;.:.11rJent ancl UUDP 

,_,i1:..t·ilJ1..:tiou) i~-> __,f :.:•.' u~dcr dL 0.~~ 12.5 r.:~12.i ... m. The financing 
·l 1,:;c.-:.1tio11~• <.1:.,1 ~-;-,·~i1a:!i ..... ~_,, __ ; 0 1 :ii;c:1~ vl :.!it. C..:;~:..cf: is envisaged by 

0 :-~ t.:l~·.:crllltlCitL l..J ;..1.: .. e,~u;.e~ t.i1r0•.·'-J!i a 1,.;oli..!...:t~on cf Rs. 100 per 
· .• •11 ot ulu1:.ir. ·:.!Iii ! oi: .. 1.!.u •.• i:1.i.L:"!l rcsea:-ci~ an:.! de·1.:.lo~:>1acnt, added to 
. :w pr· ice of .. 11 u1.1 i11.:.. '!!!1 ( c:; tc.l:..,~.i.~l1~d ilOW l.>1· :.~h! State in India) . 
·.!.e lur1.J~ so <;ent.:.r.•'-•.!·..:. wc.,:.11<! c;ervc us fi;iunci~.l. h•··;is for operation 
. ~c .. 1 l u;:ther e:xtcn:..~ i o!: ~( ~he CcnL..:--.;. 

When the ne • ./ ,,·~u.·:i.nit.!11 c.tpuei~'{ will l.Je csta~>lished the Centre 
. ~.i 1 l.>c 1ully f:.i11,.;~ .. : .. 11; H<J U1h.:. if it cc!it.ri~ui:.::;;; ..._o savings of only 
l ~11 i-cr cent o.:.: •_; .0 ·::·- :l1.:.Gt:ccl '..!Xpc;.u.i. t:ure foe p..:oject engineering 
, ;~d royalties, '-<i: ... u: ~ 1.:.:om n·:1dL•r.i..ng ol~:·;~ useCul services, its 

.• ~.:.001.:.:.;1,r .. e:n~ >i0t .. :'...l :·J0 iully justified. 

IL i~ Lu Le noted that all the leuding a:u:rainium producing 
1,.;vunlric:.; have:? their ow:i R aml D centres. Clo.sc interactions among 
the:.;e Centres' Hesearch '4nd educutional insti!:.ulions and industry 
l1~ts enabled numerous t(;clmological advunces this example is 
111..:c<led Lo be followed in India. 

In the light.: of t:.i~0 above, n coordinated effort in R and D 
\:ill be essential for the development. of know-how un<l basic 
c11<Ji11ecring to sclf-rcliuncc in alumina an<l aluminium technology 
l•el;;..icd for the cstaLlishmcnt of future pla:-!ts ¥;ithout need to go 
l or foreign consull.ancy. i~uture develop:rae:nt of aluminium industry 
:11 the country baGcd on indigenous expertise demands the immediate 
c..:;tablishmcnt of a self-reliance full-flc<lg'!<l and independent 
:i:-1...?~earch, development and d~sign centre for aluminium at the 
n~d~ional level. 

The development objective of the project: is to aim at 
:..;elf-reliance in alumina and aluminium productio•! technology and to 
..id1icve faster growLh of the Indian aluminium iri<lu::;try to meet the 
dome::; tic dcmund for aluminium products. This goal will be achieved 
l>y ::.;ctting up of .:in 1'.luminium Re5corch, Development and Design 
Centre at the national level which will be i11 a position to carry 
uut rc~;curr.h und du11(.;lopmunt in the f icl<.l of lmuxi tc processing, 
ulumina un<.1 ulum.ini1.1r:1 [)l·oduction leading t.o improvement in the 
-.,:< L;Li119 pluuts uml crc.:uti11CJ now procluc;tion f a(;.i. li tieG. 'l'hu::;, the 
-.,L.~put uf thu pt·ojc~t wili !Je phy.::;ical facil.i. ".:.ics of an Aluminium 
:~-~~a:.1n;h DevclopI11cnt unr.l Dc::;ign Centre, aclcquutely equipped with 
.•;,L:(;j .. l i zed 1 c~;c..irch and tc:;tinq cquipr:tcnt ancl trained professional 
.; ~·'1. t: Ll> render rc:.;c;..irch urnl development tl!Cl111ol0i;y in t.hc cxi!;t.ing 
'~ .~nl~ nrnl for. ~ctti11g up of new alu:ninu/aluminium production 
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r uci 1 i tic:; l.Ju:.;cu on indigenous rnw mu tcriuls unu nu turul rc:.;ourccs. 

111 rul•liLiou, lhu Cn11L1·u wlll hn1111Jn 1·tdnl..,i1 projcu;Lr: r:11cl1 nr: 
.Je<tlirnJ with the u!ie of L>y-proc.lucts, de!ilyn improvementt.> for !iuv ing 
of energy u11d materials, development of new products and alloys. 
1~11othcr p<1rticular problem that the Centre is expected to address 
i :; cmanatin~J 1.rom lhe lack of adequate and uninterrupted power 
:.upplie:.> which Im:; lcu tu poor utilization of capaciticr; in the 
1 c...:cnt pa!it. 111vc:.;L.i.•3atio11:.> into cncryy !iilving t.cchnologics of 
.. lumirn.i and alum..i..nium prouuction will be one of .the important tasks 
Llwt ti1c Cculrc will have to tackle. 

It is c;.~pcclcl..i 

au~!ct the fu:.:;t <Jrow.i H<J 
i mlu!itry in lrn.lil..&. 
'-io..;partmcnt:.:;: 

Lhi..1L once the Ccutrc iG c:.:;t<.lbliGhcd it will 
l<!dmological scrv ice ncc<.l!i of the aluminiur.i 
'l'hc Centre will consi:.:;t of the following 

Alumina pruuu(;t.i.on research department with four laboratories 
uml ouc pilot plunl:; 

Al~minium clccLroly:;is 
lauoratoric~; 

research department with 

Analytical rc~ci..lrch department with three laboratories; 

four 

General services, instrumentations and control department with 
four sections; 

General administration and finance department with three 
units. 

'l'hc civil con:.:;truction works for the Centre started in ?lagpur 
i11 1990 and will be finished by 1992-1993. The centre is planned 
tu fully operate/function by 1994-1995. 

'l'he assignment of the national staff and procurement of 
equipment started in 1989-1990. The first R/D works have started 
i11 1991-1992. Training of the staff is being carried out in India 
':.11d abroad. 

For a more detailed information reference could be made to the 
l'roject Document and the Detailed Centre Design. 
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ANNEXURE - II 

: ;,;._ ,·u: . .t\'. i". 111.1!.? i~L·:.\ ,,; ad!viry ;.'.:.• !=i.lil!11..1..~ in ~l'lllh!Ction with the 

rda~l:t 1 jPb l'.. .._ 1 :i:•'.iri.. 

I. ~·1-.!'.·,\\-·'P •• :..li1•n:. n.J.;;.:..:•1!i.i'.:; l!1..: p1·~··1·:;.:..;~ :1..:1:t st~<lics prepared for 
• • \ • ~ . • • . • , • , \ I • I :· : . J \ .. "(' : • • ' ; . . (t I 
••· ...... _,._ .... L .. "'-.\,., t•.·'-·, .•.. _ .. , ''• 1_,.J,.,.-,,.,_ 

I. I E\ .•ia.:! ion ;..:!·J Jiscussion or the fo!Io·.v!1~.r cio~umcnts and reports 

prep.ired in i 994 hy JNARDDC scientists. 

• Review uf the 111..:thC'ds of oxalate I org;.1!1ic cur!trol in Bayer's proc~ss of 
ah11n:na extr;.1ction. 

• Analysis of red mud pond problems at lJamanjmJi ::nd possible solutions. 

• Improvement of alumina 4ua!:ty at nALC:J 

• Rl!viscd ll:chr10-ccorwmical i:va!uatim1 for prrn.!uct!lm of 46,000 ton per 

annum extra alumina. 

• Enhanc:.:mcnt of prm.luctioa at BALCO t\!umina Plant ·.vith addition of 
a~:;tal :!rowth moJificr. 

• P1oj~d prnposal on cvalualion of Mainpat l.Muxitc ;·,,r alumina production 
at Korba Plant. 
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I.~ c .... i.,·:·:.~ ;":J guidam.·l! in the preparation of furtha studies I projl!c~ 

1·1.ip11:.;ils f111 B:\U ·o, NALCO and I llND:\LCO. 

• :\l11111i11a l(ll;1li1y impro\'cmcnt at B:\LCO. 

• h&I:..:" .. ·111l·::1 11l 11i,1dm:tion at B.-\LCO hy ml.!ans of nnnput~r aided slurry 
;1dj11:.i .i idal. 

• l111pw\ '-·i1»:11t ,,f th~ digestion crtl'-·ie1i..:y and liquor productivity hv 
di,;_; .... ·.-.1iu11 li111.: d1;1rz;~ 011 BALCO. 

• The l'.~Jll'.L·tc.I kn:l of V205, P205 and F contents in tht! process liquors 
of al11111i11;1 plants and removal of vanadium salt at the application of lime 
l.."hc111is1ry. ( Di_;!cstion liinl! charge) 

• I.ow p1c:-.su1l.' digestion at NALCO without signilicanl changes m 

p1 l.'l.."ipil~tl ion. 

• Ev;1!u;1tion of the Surguja (Samripat) bauxite for production of alumina for 

I llNI >ALCO. 

• So111e aspccl of lhe high ll~mper•1ture dig~stion (lube digestion) withnut 
and with lime auditive and the perspectives of double - stage (ALCAN) 
digl'.slion for processing high tit•mium gihhsilic - bod1111icic bauxilc (at 
B,\U 'O aml HINDALCO) 

1 Co11pcration I guidance in laboratory simulation of digestion,, red mud 
sct1li11g mu.I precipitation and also relating to the production of speciality 

alrn11i11a hydralcs. 
I .ah IL'sls in co11ncction with the expected further studies : 

• I >igcstion of BALCO hauxitc at 240°C without and with lime addicion, 
~1111lyi11g ol' 1hi; digestion kinetics; low pressure digestion lcsts with 

l'a11rhpalmali bauxite. 

• Si111ula1ion of the precipitation process of the alumina plant including the 
cxp..:l.'.t~d modified parameters and use of CGM. 



.... .., .. 

• Laho.-~1:;,rv 1t· . ....: 11! o:··.:~r hl 1~wl!uc.: w!: ~ ~'-' anJ high purity alumina

hyd1.:~l'.~. 

J. c'"'!·,·:.:i:,:.; ~;:: :.l~~:.mL.:n~ i p~· .. ·;laf~llitti~ / p.:rfonnancc of Pilot plant 
l~s~ ... ~ .-~;··:. :..:·! i1t :~Ai. CU witii !'.11;~:1i';1~m:i.!i bauxite (low pressure 

·'-

I !j 1t . ~· :. • • o ..... : '. . ·- -

'-·;~ :;;.;!_~-.- ,'. •·:,• ;!.1ii,.11 •• r llai:&irn! ::1.1: ... :1 •• i on the main tendencies in 
I • 

th.: li~''"·! i•1.1..:;il of l~i'-' \HHl1.~ ah;mi1.ium i1~1iustric:s with special regard 
' I • - I . lo 111: a!W .• lll.1 p1• •l1ll.:t1on. 

Time s\'.rn::h:!c 

I. I 10 Nuv 9-l. - 24 Nov. 9-l 

1.2 21 Nov. 94 - JI Dec. 9-l 
,., 2:..: Nuv 9-l - 3 i Uc..:. 9-i -
3. s lk~. l).J - 20 Jan 95 

4. . .., Jan. 95 - 20 Jan 95 
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Annexure-111 

List of &he co-opcrJting experts (Senior counterpart staff) 

Name of Parlidpauls Designation Field 

Dr. T.R. Ramad1amlran Director Overali Supervision 

Dr. J. Zambo Chief Technical Advisor Co-ordination & Guidancr; 

(UNIDO) 

Dr. V. lkrkh Consultant {UNIDO) Process control & automatilHl 

Mr. P. Vi<lyasagar Dy. Director Alumina Technology 

Mr. R.N. Goyal HOD (Alumina) Alumina Technology 

Mr. H. Maha<lcvan Scientist Alumina Technology & 

Lab. Simulation 

Dr. A.K. Nan<li Scientist Bauxite Evaluation 

Mr. U.B. Agrawal Scientist Techno-economy 

Mr. H.K. Chandwani Scientist Alumina Technology & 

Lab. Simulation 

Mr. V. Vishwanalhan Scientist Mass & Heat Balance 

Dr. K. V. Krishnan Scientist XRD Analysis 

Mr. Ramana Murthy Scientist Alumina Technology & 

Lab. Simulation 

Mr. M.J. Cha<ldha Scientist Alumina Technology, Mass 

& Heat Balance 

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

Mr. R.K. Mcshram Steno-cum-Assistant Preparation of reports 



ANNF.XURF.-IV 

.I:\ W.\;L\i!l.AL '.'\EHiU: ." .. !.t:~-.!~'.\!L\! IU-:SEAl~Cll 
hE\.i·.L:W:\IEi\T :\:\:> :Ji-:."i!<;, \"E:\Ti~E. NAGPUR 

·11 •• ..-~,···~ • .f ;11.11:11 ~; 

tJIJOO 111 i.'J_~() ill' 
11•1_io '" : Ii_ .• , ,!, . 

I 031) In I i 1.. 1 : .• • 

111:0 to !~•·~~;:._, 

I 2lK) to I Jo:1 1 • .-~ 

IJOO to 1-tOO hrs 
l·JOO lus 
1-tOO to l.'.lOO hr~ 

1500 to 1530 hrs 
I 5JO lo 1630 hrs 

1630 hl 1800 

WUltKSHOI' o:~ :~.ll'l~~n·:·:~.IEYf OF 
\ U -~,:i~.'. !':?OD~-~-:·:~!~\ T::Cli~~OLOGY 

: !. i ~,,,5 

fi1;.l1~ _l!":!f i! ~'.! 
i·\1k 111 l.imL· ill .~.1::·_-r 1 ·:1;..:l·,~·i I '.\t1!1 .. dl.'.'\-an. 
I: .. :'-.(_ "i1.a1 .. !\\ .. 11.i dn..: l :.~.\. : ... ;i1 •• , u1a 

I , ... - .. 
l;11!loli\l:!h.:1n 11r ~;:l'.-sli·ll• u.:\. :.:ncy ,\;_ !jt.tuor 
I "lA.iuc~:·•ily hy Dig\.·:-&:,·n !_i:itl.'.' Charge-I\. Solymcr 
lktcnninatron of t!lc c.\p-.:..:tt."d !c\·d of V 205. 
P205 anJ F coilh.:nts in pitx~.;~ liquor-.. of 
alumina pfams and n!ntO\'i1l of vanadium salts on 
the application of lime c!1..trgc-K Solymer 
Ilrt.:ak 
Session II - Process Cor.trol ;md Automation 
Process control in alumina production-application 
of stati~ and dynamic moJcl-.. ~:~plication in closed 
control loops-V Bcrkh 
Tea 
Control sy~11:m dcvdoprm:1~t in ;;!umin~1 
production-problems ;.mJ ~:pp:-cach\!s of "Red 
side" autor.1~tion (ilau.xitc ~:i:1J:ng anJ digestion. 
rcJ mud se,;1tling iU1d wa~!1i;,~) - V. Lkrkh 
Visit lo Technical C·i11i,>icx 

ft'riday, January 13, 19?5 
Session Ill-Special Chemical.;, Future trends 
O')JO to 1030 hrs Laboratory tests and plant rcsL<lts with crystal 

growth mo<lilicr (CGM) - K Solymcr 
10.:;o to llOOi1rs 
1100 to 120;) hr-.. 

1200 lo IJOO hi:; 

l_,(J() lo 1-IOOhrs 
I ·l!l: I lo I )00 hrs 

Tea 
Syntl1~tic lhxulant·:\r.plic~1tion~ of Bayer Process -
V Vishwilnalhan 
Some aspccls uf high :..:111pe,;r;1l.irc Jigc-.tion 
(including tuhc digestion) with and without lime 
&1ddi1ivc ;md 1he pcrsrx·ctivcs of Al.CA N's double 
sta~c digestion in lndia·K Solymcr 
Break 
(je,;ncral discussion 
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J.\ \\':\llAIU.AL NElllUr .-\1.Ul\llNIUM RESEARCH 
l>E\.ELOPMENT Al\D DESIGN CENTl~E. NAGPUR 

LbT OF THE 1•ARTICIPA~TS FOi~ TIIE \VORKSIIOP ON 
1:\11'1~0\"l·::\IENT OF ALUMINA PRODUCTION TECHNOLOGY 

12-IJTll .JANUARY 

SI. Nam~ of the parfo:ipanl Company 
!'c1 . .. ---

I. Shri R.S. Singh IBALCO 
- - - - - ----.., 

_ l__)1~J!:_B. Gupta BAI.CO ---- -- - - I BALCO ~-_ ,~lin A.K. l\landal 
-L .Sim 1\-1.G. Agrawal 1 BALCO 
.S. Shri P. Ashwadhama L&T -----
(). Shri M. Kapadia L&T 

--
7. Shri G. Panda INDAL 
X. Shri Shrikant Jayakumar INDAL 
9. Shri D.C. Agrawal IIINDALCO 

--
JO. Shri V. Sapra HINDALCO 
11. Shrip P. Vidyasa~ar JNARDDC 
12. Shri R.N. Goyal JNARDDC 
---
IJ. Shri H. Mahadevan JNARDDC 
1-l. Dr. A.K. Nandi JN ARD DC 
15. Shri H.K. Chandwani JNARDDC 

--
16. Shri V. Vishwanathan JNARDDC 
17 . Shri Ramana Rao JN A RD DC ... 
18. Shri MJ. Chaddha JNARDDC 

- -- -· 

19. Shri S.S. Rao JNARDDC 
-·-

20. Shri K.J. Kulkarni JNARDDC 
-
21. Or. K. Solymar UNIDO Expert -----
)') Dr. V. Bcrkh UNIDO Expert --· 
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_., .·• ~- .. , .. ;'• .\· ... ,., ··_•.· •• •:.r' ·.~?•• •1-:c .... 1· 1>J>OJ>OS-\I S 
"' ' · . ' a ' I "'- • • • • • •• lo e \ I• ; \ . ,. -. ""'~-. 4o" • •" ~ , •I .- • \, .. ., .. 

;:,·.-.°'· 1l ..•. ::1!lh ::!tl; tk\d~·r•i1t•1i· p1 .. ;),,~.i1 ;1.1~ il~ own rc4uirt!mcnts: 
11, •. ,. ,, ; •'.1 .. · .... ,~• .. 1:.1..:.11 .. ·•·11• ,;;.,,k: ... f,,r ii:..: d.;-._,i:i~:1tion and clahoralion of 
:.11d1 •!1···· .. : ~· ••l\l•'.·. -~,1-· 11- •. < ~,.-n~.i.i-.~ q.i~ ... u .. n. •11~ the justification of the 
,::; 1•.-.. i.:~: l.t. .,, j,;-. ·.·, ,.: •. ,1.1t..•• .c .. u:h <·I 1,!;:1!l \::1,:r .. 1;011:. if ar1y) :ind ihc finance 
ol 1 .. ·,t.:1.,<1 p1. ,.,i.-.. :i.• . ._;,,lil iu111 ,;:iti "l•L"t.:if1~ ilih:rc ... t of the manufacturers 
(;tlt:i11i11.1 r:.,,, .. ·1. 0 i "\ ll-i'···•;..::-) i:. h> i!i..:r'-.1:.1: tL.: F:·"fit~1hility hy means of 
oi:1i11m111 i 1 .. ;.,!u1 , 11 . i•i. \.. ·.~:.1u1l -.:usl. i11 1:1~.ilj' .:~:.cs the rc~careh activiiy aims 
:11 l .. 11e: 1 i •• · . .-f'1. "ih ;,,, \'-·i,iua : • .:i..:1u1fi1. h:'>i:i~=- 1.;· l1:l:h ,,rJ.:r arc required. This 
.,! ..... L~·; 1 •• , .. """\l:·':' .1 \-..::i 1,·;:!11t.·,i 111!.l ;.:c,nd ..,,_:icatific :.taff which 1s a 

p1l· .. ·l.1ttli~:. : .. ·: .;..: ·.I&. · .. ~. ~.! ~!Ll!._ !~::. 

I. 

., 
D..:vc!,111111~al or proct!SS tcchnohigy ;inc.I nc-.v produ~ts. 

Applied ;md fundamental rt!sean.:h coirnectt.:d with the 
cvt.'lopii1~11t of pr• . ..:.::ss tcdmo!n~y. 

I J.·vdopm~nt of methods for chc111ii..:al, p:1y:.ical <111d structural 
in-. C"L!g.1ti1>11s ( m.1t\!rial s-. i~nce ), to i..:;m y oui., control and evaluate 
th• tl.'d1no:ozical tcsis mor~ ;:c!cqt:atdy. 

·1 hl';'.l'. rc:;l'an:h proj·.'.d .. &1i\: r·•·1dut:tiu11 «i•.! I or p .. i,!u<.:l related. \Vith the 

follrn•. !11c: r:;:~in ain1: 

lll i111provc tla! production 1~1't1ccss tccl1nology including hoth the 
t~:.~111 .. lc;gical soluti,ms ami equipment dcvdopmt:nl, 

''' 111;1111.lat'lun· 1\1..'W products (c .. !_'. spl·cial alumina hydrates and alumina~) 
or improw the quality of the existing products, k.g. production of higha 
p111i1y ;111d Loar~l"r metal grade alu111rna) 
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Tltc .. l.· typn of projl.·ch in th.: fo:ld of alumin;1 prodm:tion can deal with the 
dl."\·dopml."nt ol all stages of the Bayer process (digestion, red mud separation. 
W<ashing. causticization, precipitation, etc.) with the primary aim to improve the 
production capacity and I or reduce the specific consumption of raw and auxiliary 
111;11':1 iab. l"lia~y. manpower, ch.:., so that the rcl!m:tion in specific production 
n1-..1·. ,.-;111 li.: ;,'- :,i.._·\ nL 

In as mm:h ;1s these research projects arc focused on the improvement of the 
economy. they need at least preliminary calculations concerning the expected 
he:ndits with special regard lo the optional invcslment costs. Based on the 
laboratory h:st resulls sometimes pilot pl;mt tests, h:chno-economic studies 
(< >pporlunity stmly. Pn:fcasihility study) c;m he prepared. Feasibility Studies need 
ebhorai.: authl.·111ic d;1t;1 h;1sl.". as far as possihlc hy means of plam trials or hy using 
opl.·r;1til!l' l''-flCfil."lll."l•s of other plants <IS references. 

Examples for thi.!se type of projects arc quality improvement (CGM, 
synthetic floccu!ant applications etc.} and plant capacity expansion (by mean~ of 
improwd l\·1R control, application of digestion lime charge) at BALCO, the use of 
low-pn:ssun: digestion at NALCO and improvcmenl or pre!cipitation technology at 
IHNDALCO. 

2. A1•1•lied research activity 

Signifil·•ml number of projects <.:an he clubbed into this group. They arc in 
dose connection with the development of the process technology and oflcn the 
given measurements or knowledge to he acquired arc inevitable preconditions of 
1hc prm:css development aimed. Some examples in the field of alumina production 
;m: the following : 

lkh.:nnin;ition of organics dissolution at 1he digcslion of different kinds of 
hauxitc to he processed, 

Determination of organic balance of the given alumina plant, 

Studying the effects of impurities of the process liquor on digestion, 
precipitation, vanadium-salt recovery. 

I kll.'r111ination of the equilibrium solubility di;1grnm of process liquors at 
different levels of impurities, 



Tcdm.•!:·~'.kal \\;1::1;,:i .. ,i ,~r ...:h:1r;i;·1e1i.t!l" 1rq•rl·sl·n1:iti\'1..·1 hau~ite s;uupk-. 
II• b.: i•111u· ...... -l: ii: o:d .. :· t:) l>ptimisL" ~:.~ pni1..· .. ·.,'..i1·~· 1.:omli1ions or to rL"aliz:: 
·.: llY!li.\." ;1.i1::ti:: ;,!ld ;·1;1pi..1 L!,.,,,:i1;~ ( ... ~. F\·;::u:1:i:n of ;\lainpal h;iuxitL' of 

B.\I C ., ': .1: '.:.i1.:;i;1;!1 h.mxi~c of! If ND.\1 _( "{ >L 

• \ ~-: • .,,. •. 1. i. ~·:.-.... :;;:~ .::Lii i .. ·:-.;.·;,!.:h pl(li:.:-..h .11..: \·ery useful for all or at 
l .. ::1,l iu1 1:n: ,;_ ~d:_- 1 .. i:,:...-d ;:ili111i11;1 pi:tll~'· 1!te lrn1~:-term. systematic and 
\11phi:.til..'.;i! .. :l! i\ .... 1.. ;.i. !. \' .. H :. ·.- ;:hGl•l 'iuid, anJ .. !ir~ct resulcs is not always well 
u11,krslo"d. ;! . l. :: •k:.i .1i1,I st:: pou~d ny lh1.: L1.111:;)::11ies. C.•!l\t:quelllly. the tC(hno
(u 1111111ii...: j11.tili1. •. 1:.;i; .11- li • ..: 111\.'.d:.:ii. ;11 lu:._~ 1u111 :1(11..:lih. L'\limation (although 
'.'-.lllil..:li:ll;.'S '.', !:h. 1 ,; ~ :;;11.·& fi:_'.l:!·..::-.) o! !li1. ;.·"{pL"dL'd .1d\·;111t:1gl'\, shn11ltl he diSl..'.USSL'd 
. , . I 
111 illL: • ..: l'ru11.. .. I i'~':i'""::.:., i11t1. 

Tit .. : 1.: .. i11111:u~1 .. ·.1l 1;.;~b 1..:an he ~v.aluah.:d \lilly by 1111.:aas of a high capacity. 
;md wdl 11rga11iL..:d &111aly1it.:ai savit.:c. So, the rdated proccJur..:s of the chemical. 
pl 1 pica I •lllti tt.::'i.i111.tl in. l..sLigations should Le a\aibb!r: anJ t.:ontinuously further 
d.:·:dop..:11. Thi:. li .. ·l,I ha~; ;111 c\·cn more significm(c at JNARDDC where most up
''' d;1ll:. ~.11pl11,1ic1kd. \L"ry valuabk iaslrumcnts are in l'pcr;Hion. Some of them 
L·an abo b .. · us1:d for cxtra studies in th.:: field of mat.::rial science, prcfcrahly in 
(11nncL·1i,m with alumina and •tluminium prnuuclion and with p;1rticular regard to 
1lw spcL·i;1l almnin:1 liydr.11.:s anu aluminas. Sp:.:cial meth:ids, as determination of 
till· orranics in thc Bayer cydc need ;llh.:ntion. l·unhcr role of JNARDDC may he 
in thc lidJ of 1cgul.1r & p..:riudic plant au<liti;1g to dc\·dop het!er management 
sys1cm for lhc comp•:ny. Another important fo.:l<l of <1c1ivi1y for research Cemre 
like JNARDl>C i:. h> J~'.vdop 1.:xpcrtise to ..iccn.:dit l;1lmr.1tories and industries for 

IS< >-'JllliO, 1m110 I & t)( 102. 

The c1..";mo111ic j11stifi<.:alion of these projech i'.'. e\tremdy diffi.::ulr. 
wmdim .. ·s it i~ i111p,;~ •.• ihk, although lh~ co!>t of !>\lllh; ~.ind" of services on rhc 
1i:q11c\l 11f lhl.' plant..; should he home dirL"clly hy 1hc <.:onip:inie,. 

Thi: orrani,alinn of a pwjl:<.:t proposal is u.pccl.:c.I l\) he on the follm.ving 

lini:s : 

Thi: m:l!n ~.1rnc11ir1.: of the rcsc::irrh projccl proposals shows a lot of 
~i111ilaritic:;, hut then; ar~ ~ignilicant differences according lo their das-.ification 
11.:p1>rl..:d i11 S..:di1111-I. Tl .. .- 111.1i11 and <.:11111111on a-.p1.:l:h ol t!ic rl..'.;t:ard1 proji:t.:ls \viii 

h\· discussed hcl11w: 
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2.1 Titll· of the proied ((heme) 

The title should cover exactly and precisely lhe content of the project 
(:-.Indy) emphasizing the ftx:us of the work. A suhtitle might cl~ssify the nature of 
th'-· lopic. I 'rnpcr sdci:lion of the title is extremely import~mt to avoid any potential 

misunda:-.lan'-ling later. 

') ') I .cl d :iml d1:m1cler of the 1>rojcd 

It is necessary to men1im1 whether lhc rese~1rch theme belongs to : 

fundamental rc:-.can.:h 
a111>li'-·d r.::-.cardt 
prm.:1.."ss development 
proJud Jcvdopmcnt 
physical modelling (process simulation in lab.) 
mathematical modelling 
pilot plant test 
plant trial (measurement) 
mctho<l development 

Moslly the research projects can be characterized as applied research. It is 
advisable to use the combination themes wherever required (e.g. applied research, 
product development). 

2.3 Aim and objectives 

The most significant part of the research projccl proposals is the aim of the 
work. It is n.:commcndcd to quantify the aim as far <is possible. (e.g. at alumina 

quality improvement to give the results to be achieved : max. 20% -45 µm 
par1idcs, Si02 in alumina max. 0.020 %, etc. or in plant capacity extension : 
excess alumina production of 20 kt/y by means of improved liquor productivity. 

etc.) 

The main objectives are the main activities to be performed, howevc.r, the 
Jctailcd tasks should be reported ;n the work pian. The main objectives should 
wid~n and explain the aim only. (e.g. alumina quality improvement at BALCO by 
mcl!ns of CGM, synthetic flocculants, reintroduction of hydroscparator and 
improved control filtration). 
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~.h1:,1:) ,;,j._ !s t:1..: ~N .. \~{(;I :C iiri su:.i1·:im .. ·~ ~ .. 11 al-.o h~ j''i:1tly with 11nc nf 

th~ pl.1111:. or rnhd 111~1ilt1tirnh \\lwr ... · 1:1•· <!'-°ti\':~~. !' ft·cu..,•cd on. 

2.5 I ,,,. ?n~Wutinns and their 

,\!i , .. :.:.·~;· i:;. ,i: ... t;,,1;s •:i:·J 1,;,ini;;~n;:.:_, :;.;~!i.b) !'>li,m!J he mentioned with 
their cx.u.:t u 11.i1 ;:.mi .. 11 .. ;11:d re:\ lo-~..,;:.~; it:.:s. ·; !!l"'•~ las ks -.hould be detailed in the 
work p; .. : r•H~!!: .... ·. 

Thl" I'.-, _i'-~ 1 k~dt:r (f ...::.i!1: k••~kr; :s ;\ ,po;bi; 1:c !·ur lhe whole acti\'ity and 
ha:-. l<1 01~;1ni1_._'. t:ic \\\Ir;,. 1\ii partna:-. shm:ll! h<1Vc rcs;)1H~siblc l'.Ontacl persons. 

2.7 E,·:1luaH.t:: (:1:.ah·s!s) of t!w intc~··~:1•km;: aad c!omestic situation 

rd:1h:!~ to !hP R&n project 

This ;1...:tivity involves critical review uf t!1l" rc!ati:ti technical literature and 
analysis or the status or the given fid<l in the cour~try (!n India) at different 
companies I plants with special regard lo the particular plant. 

For example let us sec tl.c ul!veh>pmcnt o~ pr~~ip:iation at I3ALCO. In this 
case lhc cvah:ation should be extended to the rc\·icw of the up-to-date 
precipitation proc.:csscs such as Alusuisse, Pcchincy, ALCAN options. etc. 
considering the alumina quality requirements, then to compare the existing 
pn:dpitation pn1ccssc~ in India al different alumi11,l p!a11l:. aiong with the analysis 
of thcs~ processes in l'.omparison wi:h lhc up-!o-dat.: one(s). Thus the gap tn 

tcdmologi~~il lk~dopmcnls must be highlight.:<l in t:.t.: project proposal. 

This cvalu:.lion sl.uulll be formulated ;:s a sl!urt :! HI summarized overvic\v 
i11 the rcscan.:h project proposals in onkr lo jus1i:·y th .. · nct.:d of the rcst";1rch and 
llcvcloprncnt pmjl"l'.l. In general, the detailed elaboration of the critical review of 
lilcr.ilur~ i~ ;1 ~.ic;11itica11l initial µhase of the 1caiisalicn u1· the project, hov;cver it 
can also he pn:parc<l as a preliminary study to prepare ~nd justify the expected 
rcsc<irch aclivity in the selected field. (c.g digestion or precipilalion ). The 
;ivailahk. topic r,·lalcd critical review or liternltm: may lw cndo:-;cd (as Anncxurc) 
111 1h~ n·-;earch project proposal. It is rccommendctl to clahoratc such kind of 
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-..111dil's (nilical revil'w of litcra:11rl') hy lh.: scienlisls and n:search fdlnws 
n111n:rni11~· their main lidd(s) of aclivi!y =md up-daic- thL' same from liml' to time. 

Tht'. c.Tifit-:11 n·,·iew of lhc liler:.!11~ should .,how thal the writer 
ha, :--.ludi,·d n.i-.ting work in .-:dd ·witl1 insi1'!hi. The literature search should he 
platmcd ;111d thl: following main points of v; ·" should he c.:onsi<lcrcd : AJJ 
iunsli~:ilions l'l'tJUil~c c\·idcnce of n·:ulinJ:. On,· lll<tY gl'l it.leas about methods 
and prol.·L':--.'>L'S applied and also ;1hou1 methods of data coll:·ction and analy~is. It is 
\·ay i111p11rta111 lhat the most relevant ilcms and fino.ngs of the puhlishcd 
i11for111a1iu11 shoulJ he <liscusscd. The c.:riticai n:\'iew o:· the literature shou1J 
pmvide th~· sci;.:ntisl (research fellow) with a picture of the state of knowledge in 
the suhj1.:Ll. lkforc lite start of litl!raturc search it is requested to determine e~actly 
wh&1t WI! neeJ lo know. therefore we hm·e to scll'ct the to11ic (s) and to define the 
terminolo;:y and 11aramctcrs. They are : 

l.ani:mtJ:C : English, French, German, Russian, Spanish, etc., 

Geoi:r:t(>hy : Location of publications e.g. Light Metals as Proceedings of !he 
Tl'vlS Amma! ~ketings, Proccedi(1gs of the Int. Alumina Quality Workshops (held 
in Australia), Proc. of Bauxite Tailings Workshops, TRAVAUX de l'iCSOBA, 
JOl\I. ch.:., or UK US, Australia, India, or any other country. 

Timl' pt•riod : e.g. from 1980 or 1990 to present ; 

Types of nmteri:tl : hooks, journals, proceedings of conferences, reports, etc., 

Sl'll·dion or Sources: Library catalogues, bibliographies, abstracts, indexes, etc, 

I .ist of 1>ossihlc search terms. 

Ev~rylhing that is read must be noted and the systematic method of record
kccping is lo he developed al the earliest. 

ll is rl!commended to establish a card index system in order to facilitate 
the processing and use of the sources in any time without wasting energy in 
lo<.:;lling each technical paper. The cards should have complete references and 
should indicate all the information rcq 1Jired for drawing up the references or 
hihliography for the project report. Reasonably the cards should include hrief 
not..:s ahout the content of book or article and reminders that a certain chapter or 
page (figure or tahlc) had useful information about some topic. So, this stock-in
trade c;111 hi! used later on other research projects, too, saving the time of repeated 
search. 
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Tlt1.: k'-, '' ! ;_, ., . pi11~~ Lill hl· llilllt' dl1..:!•: 111 !y '-·;:11 il·d-out hy usi!!l!_fl!:.rsonal 
~·0111p11t•·t· ;;11~,~a:~~1h~~:~~~n,., :tL!.:. Name or al! t!ir 1~·dmi1.:;tl papers alongwith short 
\\Tilr lip, !l:llllC of author, delails Of p11hliratit1ll, loL·;1lillll and i111porl:tlll key Words 
l·;111 k .• i,ifl-.i :11 l'l '. .. ., i1icli c.111 he rdrii.:vcd ;u•y ti111c by search menu. Papers on 
~irliil.u ··i •l°l.1::i11 ... :,i 11.11,;..: '-·;11i l.1.; ~1x11 i111m...:d1;11dy, for example, all the technical 
lik·r;.td! · 1d;11i.:d '" i.;1uxik <;;1J bcncri1.:ia1i.;:1 ..:a;i l>c li.-.ll"t! out hy giving search for 
h;1uxHc a hl:1~ ixi.1ti;i11. Ti:i:; ki1ad uf con11 !.1~cr stllr;:gc can he quite useful for 

Tirk 1 u11 ... k:fo11 d) 

flli.l..:l· of (hrhlicalion 

h1lili.-.ha 

(Noh.: lhl' d1apll'.r(s). parl(s) of special interest iadicating the pages) 

,\rfh-ks 

Authors sm11amc and forename or inilials 

I Jal~ of puh!ii.:ation 

Titk (in invc1k•d commas) 

Sourn.: ol thc artidc, namely: 

Tine of journal (Prui."ceJi11g)I) 

Volume 

l'or prn1.:~l'.!iD(>, :.ill d.1ia relating to lll(; books <II..! abo to he.! recorded. 

/\II dala (lahlcs and figures) which will be included in the report should he 
q:ioh.:J \.·xa ... '.()y. 
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\\'hl:11 impon;ml puhlil:alions arc collccll:d, studied and ;malyscd, the next 
stage is the Gth.:gorisation of evidence, the selection of sources according to their 
importance o.md classification or the information selected for the different main 
topics IL'-~. sl:ard1 lL·rms) and then one can start the writing of critical review of the 
litnal1lll'. Thl· prdimin;iry "l'il'i:linn or the data. rabies, figures to he cited is very 
pradiL·al and l;1L·ili1.1t~ l\.:porl writing. So the explanation of the data, the 
i.:\·ah1;1tio11 or lia..: rc~uit~ ;111J the justification of the condusions are much easier. 

2.X .Ju~Ulk~tion of thl· I{ & I> project 

B;i., ,I 1111 lliL· ;1i111 and objectives of the project and the critical review of 
literature !hi..' 11.·drnii.:al necessity of the project shculd be confirmed. Although 
n·ry 11lk11 fort.:ign experiences and know-how arc <!vailahle, it seems to be useful 
h> d1c.:k the ad.1plahility uf the given development, finding or method co11sidering 
the Ji I fcrcnt existing conditions, process parameters and equipment. e.g. the 
hauxite r;1w 111;11aial and the contaminants in the process liquor in general differ 
~i~11ifii.:a111ly from the related data of the alumina plants in abroad. It is 
\\'orlll\\hilc h> study the various ofkrs given hy the foreign companies and 
consullants for dcvclopmcnl and incorporate the same in the report. Sometimes 
the d..:\·dopn11.:nt of a tailor-made solution lo the given plant conditions is the only 
h.:d11ii..:Jl anJ cwnomic way lo reach the expected goal (e.g. alumina quality 
impmvcmelll at BALCO). 

lksi<le the technical justification, the economic viability of the project is 
ubo requireJ tu be verified . It has been mentioned already that this criterion docs 
not mean the din.!ct benefits (profit) only. e.g. method of the determination of 
organic materials is inevitable to determine organic balance, which is required to 
rt:alizc the improvement of the precipitation process. The improved alumina 
'luality (higher purity and limited amount of fines) will improve the smelter 
opcra1i1m an<l metal (alloy) quality. It is a real danger that without significant 
alu111i11•1 qu•1lity improvement the smeller reconstruction at BALCO can not be 
fulfilled with the expected success and the aluminium semis products may not be 
marketable in the future. 

Nevertheless the justification of the projects by means of techno-economic 
calculations (by use of COMFAR programme) is essential as is usually done by 
JNARDDC. 
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ThL' ;1i:11 ur lhl." 1 .. ·:,l'ar..:h prnji:d Cul i.I.' ~·l'llC: ally achil'\"CU hy mi:ans of 
, Ii 1Ti:i.:1il 1 ·1111-.l·cal i \ i: :;::ir:..·s. For t!1e d.:-\ d1,p:n~nl pf process tcdmofl)gy or new 
p •• 11li;, :·. 11·.11;1:;, il1l· 111·.l .• 11pI\1:11· i.1ii.11;:lt·I~ ·.i11lll;.11i"1i 11f 1hc sdci:tcd prrn.:i:ss 
1.1 p1··''"'··.·· -..1.1:''-" ···r'· ,;i,.:··:.1;,;,1 .>1 pn .. ;prt ••• i1 ... L111.; .. ·1 \:Hying par;1mctcrs in a 
rl.·t.:t1ni) \'·•'-I.: !: .• :i ,._ , :1c ·,;_r;_,: i·.: •• :n .. .:'.:., :.;;,,:,;;: .. ··\l'r the full range of the 

possi!i!v . .-. :1-.fr· I ;,·hL 

I I:.:: :'i•!;,-.: : .... .:~1 • ..:h a...:~i ... i1y ::1.~! ti1i.: •. .=.l.!·.-!'lliL'd of mL'lhods for physical. 
d11:n;i( •• l ;;:1,t :.Li .1..:11. ;,i i11\·l.'s.ig.1ii,H1' ••ll.: i.i,1-.i!y li111iti:J lo the lahoratory 
ill\"\.'.~.1:·_-~;tj,;lb ;t; ;; lall. ... •lill"l.;.;i,i:., :lh .. i~ldlil!.: ,,u .. I :,11:.i:l l)r llil.' 111elhOdS. 

• ~ I 

Ba-..\.·ll ,.,; 1:.1.." i .. ::urai,,:·y t..:s:, tl1..: pn.;cf;1111m~ ul" i!1e pih>t plant test can be 
Lkh.:nni111.:d, h" ,\'\..'.\" .·r. iL is 1caslm~1~1lc tir:-.ily t'-1 pr ..-pare a techno-economic 
esli111~1:iu1 rdat:ng ~(, lh.: viability of realising Lli~ rrojcct ohjcctiYcs, first of all to 
d-.·tcrmi11c the m;.~t scw.itivl! demcnts ,lf the pn~~c.;s from economic point of view. 
h1r1h.:1 ... !Tc1 l:. :.lj\1,ilJ ;)._ ro.:u:.scd on th.:sc qu.:slions. 

Tll:..· 11.:xl pli.1·;.: i" lhi: pilot plant test if mkquate facilities were a\'ailable 
aml Lh· l ·ibt pb11t test c,>ulJ he justified. It is to he mentioned that the pilot 
alu:nii1a p!aut al IL\l.CO has a lot of limitations due to sizing, poor measuring 
sy:-.tcm 1.w.l pio~.:ss l.'•mtrol, batchwisc digeslion opcr•1ti.m, 1.!lC. Moreover the 
si111ul11ti11n of the rl·,l r11ll<l s..:ttling and washing and the precipitation can not ht! 

.:11rricd out thl.'rl.'. 

:\~. far "" di;ic-.tion is c1111cerncd. simulation of tlil· di~L·•tion prn1.:l.'ss unda 
l;1h111al111: n11hliti1.n·. is al:.11 quite good &md the 1ra:1-.kr 11f the lab rcsulls in the 
plant opl·r.1t:on has he~n made in many cases with nmsidi.!rahlc suc1.:css hy 
ditfrrcnl l..."l•lllfl"lli ... s. (.:.g. dig.:.stion \\ ilh lime al!~!ili\"L'). ~c\'erthdcss the BALCO 
pilllt plant can hl' usi:d properly to study tiic uigcstillll \'ariant and to dc\'elop the 
prrn.:ess t..:~hllllloc;y ror pmdu~lion of few S(Jl!Cii.il alumin~: dti:micals. The plant 
tri;ils l.'an hi: carried out step hy step approar..:h of the mod it icd parameters. thl.!rchy 
111inimi1ing the ri.,k of the potentially Jisturhcd operations. 

I :in<t!ly, this J...im.l of the projccl r..:an h~ krminatcd with the elaboration of a 
h:a~.ihilily Study ha~:cd on ttv: plant trials, ancl all cxp\.'.ricnr..:c:s gainc<l in India and 

l'.olkctcd from ahn1;1d. 



41 

2.10 Preconditions of the research project. 

It is to be investigated whether the equipment, materials and the manpower 
avaih1bk for the project or which type of further actions (purchasing new 
equipment, completion of the staff ) would be necessary. The position of 
lahor<1tory acti\'ity at JNARDDC is very good. 

The realisation of process development at the plants needs some kind of 
inve~tmcnt. The detailed analysis of these conditions is the subject of the 
Fca~ihilily S111dy. 

Spccial cstim<ilion should be prepared relating lo the optional pilot plant tests. 

2.11 \Vork proi,:ramme 

Based on all the earlier knowledge and considerations collected concerning 
the given rc~c~m.:h project a detailed work programme should be prepared. 

At this point the earlier work carried out relating to the selected research 
project should also be considered as a basis. (e.g. at the "Evaluation of Mainpat 
bauxite for alumina production" the earlier work fulfilled by JNARDDC and 
BALCO). 

The work programme can be divided into the following main activities: 

Critical review of literature at JNARDDC 

Collection and evaluation of the related data of the alumina plant(s) 

Collection of raw and auxiliary mat~rials and further data required for the 
lab tests. 

Joint field work to be carried out (if any) (e.g. at the evaluation of Mainpal 
bauxite, Surguja, Samripat bauxite or Panchpatmali bauxite.) 

Laboratory tests and studies to be carried out at JNARDDC Detailed 
programme is requested including the estimated scope (volume) of work, 
e.g. number of tests, equipment to be used, requirements of analytical work 
(chemical, mineralogical textural analysis, physico chemical measurements, 
etc.). The manpower requirement should also be indicated. (The detailed 
tasks of JNARDDC staff members are not the subject of project proposal, 
that is an in house working programme which should also be elaborated in 
uctail). 
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I" .. , . ·- •. , ... I ..... , .. : •:' • •. ·• . , i '- (: f' . - ' .. 
& flt:•-•·• •. •U ,,, •'..ill.ii •lllLJ .t-lh'': :: '"'..,"' 

I 
, . I . . . 1· . . . 1.. . . . . ,, ··• ·-~ .. · ..... ',.. : •: . • . . . 
,,, •· l ... If ii.I IU.1, .111.l 1:.I .• , 1L 1lO. 1 ~i·'···:~ .. 11 ,1tll1 ll1Sl:l1SS1llllS. 

I L..: .· I •I:. :'I "c!· •'Ill oil'. :.hut;!J ~'C il .U!." r .. ; ili(:J i11lv a lime schedule (\V ork 
('i.1111 \· ! .. .:·: l'.:1B .:'.:.ob.= r1!•Hll!J. Ti1c .• ,·u, ;__ i;'. •. 11 .... lllJL!!d contain all the main 
;:,·:;., !1i ... ,.-:J1: ;·.1.xi1.i. i-:_::;~;;·u to the l 1ili..:1.1l ,t••t;O:!'> \'d1id1 can influence the 
frl:i!11i..::1l l1f the v.hul.; p:-llj~..;~ in ti.:11c. r\s a g\)(•d example the work plan 
h1r l::'· ~'!'.,;,,;"11 of :-.:.1ii1p~1t bau11.ile ..:.m be :n~1iti.>::cl.I. 

Th..: cost of the rc:-;carch projcc.:l should he cakulateJ on the basis of the 
lm:ak-up of ..:ost:> according to the main a1..:tivitics as : tours and travels 
(lic.:hl work, cr1lkction of raw and auxiliary mah:rials and pbnt data, 
dis.:ussions, p3rticipation at optional pilot plant tests and plant trials), 
lahoratmy simulation or the process technology, ar.alytical activity 
(d1..:mical and instrumental analysis, including XRD, SEM and physical 
in•:cstig&1tions), costs or pilot plant t\!sts {if any), manpO\ver costs, 
administrative expenses. (Sec the l\lainpat prnjcc.:t pwposal). 

111 g~111.:r&il lhc Fin11I Report (Stu<.!y. Pn.:fcasib;Ji!y ~tmly or Fcasihiliry 
S111dy) is the docmm:nt of the lulfilmcn~. Sumctimcs it is requested to 

i11duJc in the.: projcd proposal tlic cx1•cclc.:J content of the Report. too. 
thL·rcf,>rc a gl'ncral outline is given bd,l\v: 

l<qmrl writing should not he a frantic acti. ity c&irricd oul al th.: end of the 
project. It i~ a continuous process al vari<1Us ~!ages all of v.:hich nl!cd ro be 
rL·cordcd at lhl' lime 1hey i.lre completed. The first drafts arc ccnainly to he 
rrviscd, thcn:fore report writing needs discipline, scll·-control and good 
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sd1l.'dt1ling an<l should start as Slltm as possihk when one chapter (one 
sl.'diun of 1hc investigations. critical re\·icw of the literature etc.) can he 

finalized. 

In gl·n..:r~al thc report should include the following major sections : -

Ex..:1.:utivc Summary. Conclusions and Recommendations. 
lkcuuunl'nJ&ations may also include any suggestions for future work. 

I. Oathnc of 1hc Research • 

..., R..:\ i .. -.. ·: of Prl'vinus Research. 

3. Pr..:..:isL' Stalcmcnt of the Scope and Aims of Investigation. 

4. lkscriplion of the Procedure, Sample and Tests of Measurement Used, 

5. Stah:mcnt of Results. 

6. Analysis and Discussion, 

7. Summary and Conclusions. 

8. List of References. 

All tables and figures should be numbered. given a title and carefully 

checked. 

It is recommended to reserve some time for revision of the draft and final 

report hcfore its finalization for printing. 
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PROPOSAL FOR TSS-1 FL'lANCING 

COUNTRY : lnJia 

TITLE Utiliatiun of India's natural resources and R&D facilities for the 
Jcvdopmcnt uf b11uxitc-alumina industry in the Asian region and CIS countries. 

AGE:\CY: Jawaharlal Nduu Aluminium Research Development & Design Centre, 
NJgpur, lnJia. 

I. BACKGRou;-.;1>-
lndia is endowed \\ irh large resources of high grade metallurgical grade bauxite in 
the Ea!itcrn Ghats, which make her one of the most potential country in this region to 
develop bauxite-alumina industry. There is a vast scope to produce alumina at 
intcrnationaHy cumpctitivc cost in this part of the world. The existing and planned 
alumina plants of the other Asian countries such as China and Iran are mainly based 
on the poor grJJc Jiasporic ore, the process economics of which can be appreciably 
enhanced by partly introducing good metailurgical grade bauxite available in the 
Indian subcoutinent and applying suitable technological changes in the process. Apart 
from this many Asian countries devoid of gcod metallurgical grade bauxite but 
having cheap energy resources (e.g. middle-east countries), may like to participate in 
production of bauxite-alumina in this region. Some CIS countries, e.g. Russia, are 
producing alumina at much higher cost due to non-availability of high grade ores in 
th.:ir country and would like to switch-over to production at more competetive cost 
particularly after introduction of market economy there. On the other hand, some 
Asian countries such as China have good resources of non-metallurgical grade 
bauxite, which can be bartered for good alumina grade ore. 

An important activity of the Jawaharlal Nehru Aluminium Research Developmerit & 
n~si~!1 Centre (JNARDDC), Nagpur (India), established by Government of India 
with the financial assistance of UNDP, is to analyse and evaluate the status and 
development of bauxite-alumina industry in the region. JNARDDC have a well 
equipped laboratory and highly qualified and trained scientists and staff to undertake 
v;irious R&D activities and in-depth survey in the field of bauxite-alumina. This 
centre is unique in Asia and well equipped to organise and constitute forum of 
technocrats and economists of this region for the development of this industry. The 
discovery of large good metallurgical grade bauxite in the eastern pan of India is 
relatively a recent discovery compared to Australia, south & central America and 
w~l Africa. This is an appropriate time to involve all interested Asian and CIS 
countries to know the potential of this region for bauxite-alumina production and 
capability for research & development in this field. 

II. ISSUES TO BE ADDRESSED 

• T cchno-economic evaluation of bauxite deposits of Asian and CIS countries and 
highlight present status of their exploration, mining and beneficiation. 
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• Eau:~itc pr· ,ct:ssi .. .:; ·;:Jue.) vf pot.:r;~;;d As:a'l l~d CI.3 cou:-ar:es and comparative 
economic: of a!umiil<. prv:.!u.:ticn. 

• W0rk-oul maj0.- R&D thrust lli"e3S h bauxite-alumina field in this region. 

• foinu-oUL t~~il!lo-c•:.,n .• inic vi-.biiity of J;rn._1;1;.n1.;0us ~sc of local poor quality ore 
and hi:;:i ;:.:-..:~!..: .:;1·,;: ;· c!;;: _·:;:aok b:n1:;i~.e of ;nck. :Jy s·A·te~ening technology. 

• 1\11.dy:>c r~..::i;:;~::: :.a•'. ~c,m:i1cn:·:!i p0i.1is for b:.mxite a•1d alumina export/import 
i1a thi~ fl·!-!·'·:11 

• Propcis:.: ;1i!:: •1:,ti'vT3 for i:npr.:>ving a!umina _::iroci•1ction and productivity m 
various plar~i~ ,)f lhis region bilSeli ~n study and laiJoratory:'pilot plant tests. 

• Highlight areas of future bilaterai and raultilateral co-operation m 
exploration/cxploita~io 11 of bauxite and production of alilmina. 

• Prepare prc-fi:asibility and feasibility analysis for :l.!I the alternatives proposed in 
the report. 

• Boost co-cperation among Asian and CIS countries for the growth of bauxite
alumina industry. 

Ill. INTENDED USE OF TUE RESULTS 

• Some Asian countries for example China and Iran are planr.ing to set-up new 
alumina production facilities in their country based on loca:!y available poor 
grade ore or by partly import!ng bauxite. These com~tries may derive direct 
benefits from this project work. 

• Many CIS countries such as Russia and Ukr.iina arc planning to modernize or 
shut-down uneconomical alumina plar,ts of their country, which are also based 
on fairly low grade ore. They may look for cheaper alternatives to produce 
alumina in their plants or participate wiL'l other prosp-:ctivi: countries to produce 
this raw material for their aluminium smelll.!rs. The proposed study may provide 
them necessary data/information for foturc planning !n ~!lis direction. 

• Some of the middlc-c:ist Asian countries such as Sal!di Arabia, Dubai and 
Bahrin are practicaily devoid of metallurgicai grade bauxite, however, they 
have cheap sources of energy and thus constructed aluminium smelters based on 
i1::portcd alumina. These countries may come-up for setting-up new alumina 
production facility in the vicinity and thus get benefit from this proposed study. 

• Snmc of Incli~'s neighbouring c~untrics for example Pak!lltan, Sri-Lanka and 
Bangladesh have limited reserves of lateritic bauxite. These countries may like 
to devcl11p their resources or set-up plant uaseJ en irr.ported blended ore and 
thus proposed study may provide them complete details and information for 
such plar.ning. 
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• The proposed study may boost exploration, research and devdopmental 
activities of bauxite-alumina field in this region and India can certainly play a 
vital role and as wdl find potential market for alumina and bauxite. 

I\'. E\'ll>G~CE OF GOVER~~IENT PRIORITIES, CO!\IMIT~IENT AND 
P.\RI IClPATION 

:\buy L\>t11i:t i1..::> uf .hi an 1i:g1on such as China. Iran, India and CIS nations arc 
pl.111111111:. t.1 11H1dl·111i:;c 111 sci-up new al11111ma-;ilu111ini11111 plants in their ctiuntry In 
rl11s ..;,11itc.\I, _1,1i111 dli.Hls and Jclibcration by experts of tcdmical and economical 
atfai1::. df tl.i.:. rcgiun may provide proper atmosphere for co-operation and further 
growth of uauxiti.:-alumina industry. This is one of the priority areas for Governments 
of many countries and thus technical forum may be set-up with the participation of 
pot1.:ntial .-\sian nations. Further commitments of respective Governments may be 
obtained after detailed techno-economic analysis. 

At present there are four major bauxite producing regions in the world e.g. Australia, 
South America, Central America and West Africa (Guinea). However, there are 4 
regions e.g. Australia, USA, South America and Central America considered to be 
major alumina producers of the world. There is a vast scope for the development of 
bauxite-alumina industry in this part of the world also and promote this to one of the 
major bauxite-alumina producing region. 

V. DESCRIPTION OF WORK AND SCHEDULING OF ACTIVITIES 

Jawaharlal Nehru Aluminium Research Development & Design Centre (JNARDDC), 
Nagpur (India) may act as nodal agency to organise and conduct complete study for 
this project. The work plan for the proposed project is divided into 2 phases- 1st 
phase tkalins with in-depth study I laboratory tests and recommendations and 2nd 
phase for concrete bilateral and multilateral talks/negotiations, pilot testing and 
prcp;1ra1io11 of feasibility reports. Detailed work-plan for each phase is as follows: 

Pll:\SE I 

• D;1t;v'information collection and literature survey on status of bauxite quality, 
reserves, exploration, mining and alumina production and technologies available 
in :\sian countries including CIS nations. 

• Preparation of draft objectives and first report based on above study and 
discussions/comments of International UNDP/UNIDO expens . 

• Circulation of draft report among all interested Asian countries for comments and 
nominating experts representing their nation. 

• Formulation of experts group of representative countries (mainly India, China, 
Japan, CIS nations, North and South Korea, Japan, south-east and middle east 



.-\s1an (,i.a1::.1:·-.} .0.- unJcr<aking ia-Jc;~th analysis ;.nd .>tudy on status of bauxite 
c\· .. !t:;::i; .. :, t1.:1.ii1~ ;111i.; ;Jun.i;!u pr•Jductivn i11 :hc rcgicm and bring-out all 
IK•:.sihi.: lii;:::. ,;f Ld.:l::ral and muitil.1tl!ral co-op-:raticn. Systematic documentation 
uf cnmpl..:t:; prm:n:dinr. will be t:ii\c.:n-up. 

Ca ~,.m;:;.111,:11 oi w.11 ki11:._! ~roup mc.:tin~ i p1 cf.:1.;liiy in lnJia) of participating 
.-\:;1;m 1;,11iu11:> t.i 1110· !ii'y ;mJ ddi.>uf.tl\: th.: 1 .:;hH t •in ;;tam:> of bauxite-alumina and 
al:.111i11iu111 mJ1:'.;t! !. in ti•·- rcr.:0:1 ::.!10 ..:omn~iti:1u!t for fdl scale co-operation . 

Fidd :;;1"::, 1-o: ~ .. 11i · ;. ! J1+0sib, !L1i1h!S ;.uiJ abaina production centres of 
i.1Ji·. iuu..:.I . : . .;i.111 •• 11J CS ..:vuntri..::> uf ti1.: n.::ic1L C ,.:Ilcctivn of representative 
sa111i: l~ of :i.L it:._.c ~ iJdUXl~t: dcposiis/mines. 

• Laboa a~v1 'J s.uJy (..:h;;111ical, quantitative mincral0~iLal, texture/struCli.~re and 
preliminM)' t..:dm.Jlvgical tests for sweetening J.nd low-pressure) of selected 
bauxitl! :..1mpks uf major Asian dl!posits/ ore distric:s for uniform evaluation 
:i.y:>lcll\. 

• Pr~paration uf oppurtunity/pre-feasibility 1\;pv11 uy s-.k..:tcd experts of Asian 
region and other International UNDP exp.:rts for considcration of respective 
Govcrnmc11t:>. 

• Final joi1~: r..:purt anJ r..:cummcnd~tiun:> for CNDP. 

TOTAL M:RIOD FOR PHASE I WORK: 18 !\IO:'.;THS 

PIL\SF: II (Pc..:f;.;,·ably aflt:r the gap of 6 months) 

• Based on the cu:mncr;t:;/suggestions of indivit!ual countries of Asian and CIS 
region, wo1 h.-0ut areas of bilakral and multiiatcrai co-operation in the field of 
bauxite evaluation, mining and aluminJ production. 

• Organi!ie bilateral an:! multilateral mcctings/vi,;its to fmali:.;e given 
rccommcnd~tions. 

• In-depth study of selected bauxite deposits/mines and wllection uf representative 
sampl..:s for tc,tal evaluation. 

• Lihorat.lfy and pii.it scale testing for simultancrn;:; use of local poor quality ore 
wi1h high g;·adl! 0rcs of India to improve production ancl productivity of alumina 
prod111.:tion 

• Tcdmo-economic analysis and evaluation of various proposed alternatives and 
cvn..:1 etc r..:w111 mc.1dations for propllsi ng indust~i :J i 111 p lcmentation. 

• Preparation of pre-f casibility repon(s). 
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• Submissio11 of final report and n:commcndations to individual Governments and 
UNDP. 

TOT:\L PERIOD FOR Pl !:\SE II \\'ORK : 18 ~IONTllS 

VI. l'l~Ol'OSLt) i:.Ll.i(~[T 

.-\f (j()\l:R:..;,\li·.~~ l i.JF li\DI.-\ fj\;PlJT 

Pl l.\SF I 

E:-.ti111.1lc.I lo be 11! 1!1c 1J1.lcr 1)f one million Indian Rupees (equivalent to USS 30,000 
app10x.) 111;1id1 !01 t:•e o..ulb:tion of Jata!information/correspondence, laboratory 
testing:;, pt cjl.la" .. t1u11 of dr Jft and final objectives/report/recommendations and 
cin.:ulale the1•1 a.11u1i5 imcn::>ted countries. 

Pll.-\SE II 

EstimakJ to Le of the onkr of two million Indian Rupees, equivalent to USS 60,00u 
(Approx.) fur i.1bur'1tury and pilot scale testing, techno-economic analysis and 
prcp;11 atiun of r•re-fc.i.:;ibility report(s) and recommendations. -

UNIDO/ UNDP assistance will be mainly desired for placing experts and financing 
technical meetings, studyivisits to various bauxite-alumina producing countries of 
Asia including CIS nations and bilateral/multilateral meetings. 

Pll.-\SF, I 

• Organisation of working group meeting (preferably in India) of panicipating 
Asian nations : Meeting of about 30 representatives of Asian and CIS nations for 
2 weeks: US$ 90,000 

• Study and collection of samples, data/information on bauxite exploration, mining 
and alumina production facilities in the selected Asian and CIS countries of the 
region by JN ARD DC: 2 scientists for 10 weeks each : USS 20,000 

• Placing of 2 international ex pens for 4 weeks each : US$20,000 

Total I INIW inp111 for Phase I work is •!stimated to he 1:S$ 130.00'l 

PllASE II 

• Organisation of bilateral and multilateral meetings/visits involving 20 persons of 
technical and economical streams of interested .Asian and CIS countries for 2 
weeks : US$ 60,000 

• In-depth study of recommended bauxite deposits/mines, collection of 
technological samples and alumina plant parameters in selected Asian and CIS 
countries by JN ARD DC : 2 scientists for I 0 weeks each : USS 20,000 
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