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ABSTRACT 

The present report on aluminium electrolysis process 
development and engineering is the result of the expert 
mission OF/IN0/088/015/11-10 carried out in India from 27th 
March to 10 th_AUgustns 1992 (with briefing, debriefing) 

The t~erms of reference to the expert mission were the f~lowing: 
1. To installe the equipments needed for the measurements 

in aluminium electrolysis 
2. To provide a training course for the counterpart staff/scientists 

of the Centre, in evaluation of measured data. 
3. To ellaborate proposal for modernization of BALCO 

aluminium smelter, in coorperation with BALCO experts 
4. To prepare the measuring program and to carry out the 

measurements and evaluate the data. 

The mission was e .tended to review on the future of Hall
-Heroult process and the special laboratory measuring methods. 

In add!tion to these, a three dJ~ workshop on aluminium 
electrolysis was organized in NALCO plant A~gul. 

All these activities have been carried out and details are 
provided in the Report, followed conclusions, proposals and 
recommendatio~s. 
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INTRODUCTION 

This report has been ~ritten by J. HORVATH as a result of 
expert mission carried out in India under the UNOP/UNIDO 
Project OP/IND/89/015 - Jawaharlal Nehru Aluminium Research 
Development and Design Centre. 

According to the job description OP/IND/88/015/ 11-10 
with post title: "Expert in aluminium electrolysis process 
development and engineering", as per Annex-I, the expert 
was required to provide - the installation of equipments and, 
preparing of and carriing out of preparing measuring process, 
evaluation of measured data, ellaboration of proposal for 
modernization of existing aluminium smelter. 

In addition to the job description constru~tive suggestions 
have been given to the expert at debriefing in U~IOO 
Vienna by Mr. V. Iliev, BSO, and UNOP Delhi by Mr. l. Bredal 
and at JNARODC in NAGPUR by Or. J. Zambo, CTA and Or. T. R. 

Ramachandran NPO. Both job description and suggestions 

formed the basis for the schedule programme prepared at 
beginning of the mission as given in Annex-II. 

Ir can be seen from the schedule programme that the activities 
and duties as per the job description were extended by 
proposal for BHARAT ALUMINIUM COMPANY modernization. This ,._ 
wa5 done due to the fact that presently the main activities 
in smelter technology are to decrease the energy consumption 
and increase the curcent efficiency. 

In addition to performing duties mentioned in the job 
description a three day workshop on aluminium electrolysis, 
together with other experts (E.A. Yanko, and V. Krjuokovski). 
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Sections C of report deal the evaluation of measured data 

and summary of knowledge needed to evaluate the energy and 

voltage balance of existing aluminium electrolysis eel~. 

On the base of these komplex evaluation methods the 
proposal was ellaborated for modernization of BALCO smelter 

at Korba, as in Section 0 can be found. 
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ACTIVITIES 

Itinerary and list of main activities following t~e job 
description, as per Annes-I and the programme on mission 

as per Annex-II are given. 
The main activities, conclusions and proposals are described 

as follows. 

A. Installation of the equipments needed for the 
measurements in aluminium electrolysis cells 

To determine the complex energy - voltage and heat 
lvsses of the existing aluminium electrolysis cell the 

following equipments were used: 

- 16 Channel data acquisition and Processing system 

- Heat flow meter 

- Thermovision 
- X-Y recorder 
- Inf rared tele thermometer 

- Magnetometer-I 
- Power supply unit 

- Magnetometer-II 
- Temperature measuring unit 
- Non contract thermomet1.r 

All equipment were cheking and some preliminary 

measurements were carried out in the research center in 

Nagpur. 
Transported to Bharat Aluminium Company Aluminium 

smelter at Korba. 
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B. Preparation of measuring process 

In close cooperation of the Balco expert the measuring 

conditions were established. 
As our discussion 3nd proposals a measuring room was 
built. In this measuring room the equipment were located. 

More detailed information can be founded in annexure-III. 

The Balco experts have arrived in JNARODC at Nagpur. 
All measuring procedures were explained in detail to 

BALCO team. 

It was founded no difficulty in carrying out the as per 

the schedule agreed earlier at Korba. In this period 
proposal for modernization of BALCO smelter was dicussed. 

On the base of previsouly calculations the team members 

agreed that the projected operational parameters 
(current efficiency 88,0 \ energy cousumption 15.5 kWh/kg) 

could be achieved by the proper modification. 

(Annecure - IV) 

In JUNE of 1992 the measurements were carryed out 
with close cooperation in BALCO and JNAROOC experts. 

The applied measuring methods were the followings: 

- Magnetic field induction measurements in molten 
aluminium to determine the stability of cell operation 

- Anodic and cathodic current distribution 

- Electrolyte temperature and composition (molar ratio 
by XRO diffraction, alumina by wet chemical method) 

- Heat losses on construction elements of aluminium 

electrolysis cell 
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all electrical parameters coming to cell 

= monitoring of pots (Resistance v.s time) 

= noise of pots (instability of cells) 
= anode effect parameters (voltage, duration 

and development of anode effect) 
= EMF (Electromotive force) by current sinking method 

= metal touching to detemine the anode - cathode 

distanr.e and anode voltage drop. 

" 
With close cooperation of BALCO experts have carried out 
measurements on 13 experimental pots. Based on the 

experiment carried out from 5 th June to 26 June 
preliminary report, conclusions and proposals were 

made. (Annexure-V) 

After discussion with BALCO experts it was proposed 

by JNAROOC: 
- raising the cell voltage from 4,4 to 4,7 volts 

- removing of sludge, skiping the alumina 

feeding and waiting anode effect 

- adding of broken bath 
- decreasing of metal level 
- alumina feeding modification 

The BALCO managment have founded these measurements 
very useful and requested JNAROOC to carry out these 

measurements after modification of cell operation. 
I 

(Annexure-VI) our presentation and eval~ation were 
very usefull to improve the technological parameters 

of existing aluminium electrolysis at BALCO. 
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C. EVALUATION OF THE MEASURED OATA 

The results of the measurements was given in A~nexure VII. 

Some important conclusions arising from these studies are: 

relating to existing technology 
- the set cell voltage is 0,3 V lower than what it 

should be according to voltage balance of cells this 

indicates low ACD 
- the cell operation indicates unstable 
- alumina layer on the crust is non-uniform 
- cathode and current ditribution are non uniform 

- sludge formation is high 
d 

- magnetic field induction components are not stable 

and non-symmetric 
- h~at losses are high on side walls 

The scheduled programme of proposed modifications 

consist of two part. 
The first step is immediate action without investment 

by removal of sludge, removal of solid particles from 

the deck plate, adjusterit of metal and bath height. 
The secorid step is the modification of crust breaking 

and alumina feeding technology. 
It is necessary to modify the alumina quality. 

The basic requirement is to decrease alumina particles 

to max 20 % below 45 1um. 

It was made a separate report (Annexure-VIII) ~ihich is 

shown the evaluation and analysis of measured data. 
The - all measurements data for the noise analysis can be 

found in FILE No. 1. (with JNAROOC). 
- all the measurements data for EMF (electromotive force) 

can be found in FILE No. 2 
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anode effect valve and its duration a~d increasing 

period can be found in FILE No. 3 (with JNARODC) 

- Oata of the cell resistance as a function of crust 
breaking monitoring mode can be found in FILE No. 4 

- Oata of magnetic field induction and anode-cathode 

current distribution c:~ be found in FILE No. 5. 6. 

i-or the evaluation was used the following software 

p~ogrammes: 

- "Magnetic bas" (with JNAROOC) for calculation of the 

different components of measured magnetic field 

induction data 
- uAnode and cathod current distribution" 

(with JNAROOC) 
- "UNIDO 1 and UNIOO 2" (with JNAROOC) for calculation 

of voltage and energy balance from data of "metal 

tovchi~g" 

In this report the evaluation and calculation method, 
equations were summarized, ·~hich are needed to determine 
the energy and voltage balance of cell. The evaluations 

and calculations use general theoretical relationships, 
so the complete measuring methods and evaluation are 

suitable for both Soderberg and prebaked cells. 

For the evaluation and calculation the following documents 

were handed over to JNAROO'S experts, and were ured in 

this report. 

- All measuring procedures, evaluation and calculation 

methods needed to determine the optimum cell para

meters of the BALCO cell operation 
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- Instruction for technical documentation and 

ccmpletion of magnetic field measurements 

- user's quide to data acquisition system 
- Oeter~ination of cell stability on the basis of 

m~gnetic conditions 
- Heat-energy balance and current efficiency of alu

minium electrolysis cells 
- Detection of irregularly operating cells by data 

acquisition system 
- Measuring methods and tools for plant measurements 

- ~ethods for test of magnetohydrodynamic parameters 

of aluminium reduction cells 

The measuring methods and evaluation were used in BALCO 

smelter to determine status and operation of existing 
cell. During these measurements and evaluation process 

the JNAROOC experts were trained to be able to use 
the measuring methods and evaluate the data. This report 
was made in close cooperation with JNAROOC experts and 

BALCO experts. The JNAROOC experts are able to carrying 
out measurements and evaluate data to determine the optimum 

parameters of existing cell operation. 

This report was considered as a basic material for the 
finalisation of main action during BALCO modernization. 

0. PROPOSAL OF MODERNIZATION OF THE EXISTING ALUMINIUM SMELTER 

r: 

With Using of this basic material proposal was made for 

the modernization of BALCO smelter at Korba. 

(Annexure-IX). 
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The detailed energy and voltage balance was discussed with 
BALCO experts at site and a joint proposal was prepared for 

the modernization of the whole plant. 

The measuring data and evalvation methods were used to de

termine the main direction of modernization. The Bharat 
Aluminium Company plans to modernize its aluminium smelter 

( '.orba), commissioned in 1975. 

The main stress of this modernization is to improv~ the ope
r 
~ational parameters and to achieve the predicted 

industrial average data and to meet the more strict 

enviromental requirements. 

The main elements of modernization Concept are: 

- installation of pot controller 
- intrCJducin:1 of automatic crust breaking system 

with bar breaker 
- training programme, 

- investment cost 

The salient features of the proposal are the following: 

- modification of technology and operational 

routine without introducing changes in 

cel1 operation 
- installation of controllers and oar breakers for 

improvement of existing operational parameters. 
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E. THE OTHER ACTIVITIES 

The cooperation between National Aluminium Company 
and JNAROOC were discussod by representatives. To 
clarify the technical details a meeting was organized 
in Angul between JNAROOC and NALCO experts. 

I 

During of this meeting the following topics were discussed. 
- characterisation of Electric/thermal state oi 

existing cells with amorphous cathode blocks and 
modified cells with graphitised cathode blocks 

- heat balance of existing cells and cells built with 
" indigineous bricks 

- heat balance of anode baking furnace. 

The tentative work programme was proposed to carry out 
the above mentioned project. (Annexure-X). 

A 3 day international workshop on "Aluminium ELECTROLYSIS" 

was organized by JNAROOC and NALCO in Angul on July 13. 

As many as 40 delegates from various aluminium 
i~dustries/consultancy organizations have participated 
in the workshop. (BALCO, NALCO, INDAL, HINDALCO, MECON, 

NORTON). 
The program can be found in Annexure-XI. The course material 

was handed over to participiants. 

In addition, the following technical information was 

provided to the Centre/Companies: 
- The future of Hall-Heroult process and supplementary 

information to developme~t of Indian Aluminium Smelter 

technology (review). 
- Training material for technical assistants 
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- Proposal for determination of heat transfer 
coefficient between frozen and liquid bath 

- Training programm for BALCO and JNAROOC experts 

- Transparencies (30 pieces) for demonstration 

purposes 
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t.."='ITED :--:ATIO:"S l:'l'ICL"STRIAL DEVELOP~fE='T ORG .... :'1'12.~TIO:'-

POST tltLE: 

DATE REQUIRED: 

DQRAIIOR: 

DUTY STATIOI: 

PURPQSE OF 
THE PRQJECT: 

REOUEST flOll tllE GOVIRl9IEIT OF IRDIA 

JOB DESCRinIOR 

PP/IRQ/81/015/11-10 

Expert in alumni:• electrolysis process denlopment and 
engineerin& 

llovmber 1991 
\ 
) .-

4 aontbs 

Bagpur, India, vith travel within the country 

The 1-ediate objective of the project ls to -•lat the 
Govenment of India in setting up • fmictlonlng Alwalniua 
Research, Development and Desiga ~~l"e consisting of: 

a) Alumna Production Jteaearch Deparmen.t 
b) iladDf.ua Bleetrol.yal.8 Departaent 
c) .Analytical Reaeareh Departllellt 
d) General Serricea,. illstrmll!Dtatioa and Control 

Departaent (1Dcl. Vorbhop and llalntaumce) •) T ""''·'•tr•t•- ..... rtnan ... Departaeat 

l 

%he Ceatre vlll dnelop capabill~ of carQiq oat the 
folloving Min factiou on behalf of ad ta co-operation 
vlth the baazlte proceaing/almlna procluctlon and almlnlm 
aae:.ter industries in the country: 

a) .Ualallatlon ad adaptation of uallal»le teclmologlu 
b) rrnldiq recci•natlou ad ad laoc or applied a4 

anaqtical ruearcll to local indmtrlu ill proce•• 
laprnment, tr ... fer of tec:lmoloo, etc. 

c) Sett.in& up and operating a data 1Mnlt 
d) ProTldin& training of lncllan engineers 

.... I . . 

Applications Ind commullicltionl ....,clins this Job Oeecripdon....,.,... be eMt to: 

V.t!7Gt818 

P...;.a Pe.-..1 Rwlli11u .... lfMch, o.,.11u'8111Clf W,_M ~--· 
UNllJC>, v- '""" •tall C.., P IJ. lax IOO, A-1400," ;ft'imllll · . .. . 

.\.· .h .•. 
t 

' 
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DUTIES: The expert viii be required to aclYlae on e·nluatlon and application 
of laborato17/pilot plant and "industrial plant leTel 
inYeatigation/reaearcla reauUa froa aluainima electrolJ'Si• celle as 
vell as on preparation of tecbno-econoalc feasibility studies and 
basic engineering for t.pr0Ye11ent of the electrolysla cella. 

His .. in duties vlll be to: 
. 

a) ProYlde adYlaory aerYlcea end aaalat in feaalbillty 
tec:lmo-econoaic Jastlflcatlon for 111ProTeaent of the almatntua 
electrolyai8 cell• baaed on procese data and reco-endatlona 
aYailable froa the apeclal 110bile Tan measurement unit. 

' b) ProYide a trainl.Dg coune for the counterpttrt staff/ecientista 
of the Centre la eYaluation of reaearch/111.Teatigatlon process 
data mill la preparation of tec!mo-ecoao.tc pre-and feaslbllty 
study reports in the field of al1alnl- electrolysis. 

The expert h expected to submit a final teclmical report upon 
completion of his •ission. 

OUALIDC.\TIOll: Unherslty decree (preferably Ph.D.) in Cbelli.cal or 
Metallurgical Engineering experienced end veil Tensed in 
eYalaatloa/appllcation of research results fr. &1111\lnlaa 
electrolysis cells and in preparation of techllo-econ.Olllc 
feasibility studies. 

LAJIG(JAGE: 

MCm(()QftQ 
llfQIMATIOll: 

English ; 
~-

The ID4i&.11 almbdaa ID4aat17 loob bade to a Jdato17 of 44 
years. the first alaalnlaa melter (ln ilwmpara, hrala) vu 
put into operatloa. ill 1943. At present there are flTe alaalna 
planta in operation and silt almlnlaa -1.ten vlth aa oTerall 
capaclt7 of aboat 517,000 m4 510,000 taanea per year, 
respectlTely. 1hese facilities belong to fl Ye almbd
cOllPG!a, naely llbarat ilu.lnl.1m1 ~ Ltcl. (Balco), 
Bindatau ilaaild- Corporation Ltcl. · (llillDILCO), the Indian 
Alminla ~ Ltcl. (lllDAL), the lladru · ilaalnl- COlllNID.7 
Ltd. (IULCO) an4 the Batloaal ilaalnlat ~ Ltd. (JW.CO). 

With the ~••iODin& of IW.CO the •bare of the patalle •eetor 
in al-lid• meltill& I• •re than laalf of the total imtalllecl 
capaclt7 of IDdla. tbi• 1114lcata the 4ecl•I•• 1.nfl11enee of 
the pablle uctor on tlla futare of the hdatl'J'. 1'lla mtalnecl 
arovth a4 dnel~t of the alaalnl• l.Ddutry la ladla, 

' apart fnm reqalrlllg tile adoption of nltable Iona ten 
pollclu 'la relation to production 1UDqment, oatp11t, prlclq, 
and fl•cal lnla, la aln ID need for teclmoloa a4 •rket 
dnelopmut, ·vlalda vUl &ra4aal17 be lamdlecl by the propo•ecl 
Centre. 
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During t:be past years, India becaae one of t~e leading 
countries in the vorld ba•lng substantial bauxite resources, 
after t:he dlsco•ery of large deposits in the Eastern Coast In 
the nearly 1970ies. The total bauxite resenes of India are 
estiaated to be of the order of 2,650 alllion tonnes, vhlch 
places India on the fifth place In the vorld list. 

With the ••st reaerYes of bauxit:e and coal In India, the 
al~inlur ladustry has allbltious plans for a faster growth rate 
keeping la •iew t:he fatare demand ha tile foUlldQ" and export 
potentials. 

The ed.ati.Dg al•t•/al-1nl11a plant• ln India are baaed alaoat: 
entirely on t:eclmelogy lllported froa •arlous aourcea. Both in 
the areu of prot.ctlon of al .. ina and almlnl•. a number of 
tecbmtloglcal laprcwemmta have taken place ln advanced 
almdn.llK proftc:lng ccnmtrles. Import of improved technology 
is not alVQa possible, also Its Introduction la not feasible 
in die enatlng plants. lllport of technology neceaaitateli 
proper USesS11eD.ts to dete~lne its suitability Ullder Indian 
conditioD's, the available raw •ateriala, product dll!ll8Jlds, state 
of engineering develoi-enu, etc. 1laoug1l research and 
de·1elopmeat~ vorlt ls being carried out 117 the major alaalnlma 
producers· In ·die country, the.e are •lnlY directed towards 
aolnng their :"-Y. to day proc~•• prob!- in the plmta. llo 
vorlt la done for the development of process lalov-hov and basic 
engineerln&. The. technologies followed In the existing plants 
are frOll •arloaa countriea/auppliera - l'.llSER, .&LOl'BRV-ftl, 
VAiii ,' AI.CAii, l«>ftECATlllI · 8n4 .ALOIUl'11Jll PBCBIJllY. Apart frOll the 
stratealc.. laportance of bariD& m lmll&enoas aeaearch, 
Developmnlt. and Design Centre for il-1ni•, the Centre le 
expected to sa•e substantial bard currency pa:JIH!lta to the 
forel&n partners. 

For aeetin& the eatblated dmand Of aludnim by the tum of 
the century, aubatantlal additional capacities for al..tna and 
al•inla, vlll baYe to be aet up in the 1990iea. Addi tlonal 
demand f'Or aluainl• 117 the tum of the century, vhlcb is In 
aceaa of the currently available capacity would be of the 
order of 440,000 tomaea per amma which at the current aelllng 
price of almlni• m1011Dta to Ra. 1110 c:rorea. . . Conaidering 
the pa,.ent for laaov-bav, bade englneerl111- and royalties for 
this additional follov-vp stage this voald 11eaa a Gpenditure 
of at least another la. 1.2 billion equivalent· to ost 95 
•illion. 
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It ls to be polnted out that the cost for Establishment of the 
Alualnha Centre In Kagpur (both' Indian GoTemaent and mmr 
contribution) ls of the order or ust 12.5 allllon. The 
financin& of operations and further develcpaent of the Centre 
is en•isaged by the CoYern&ent to be secured through a 
collectkn of Rs. 100 per tonne of altmlnh• for alualnitm 
research and deTelopmeat, added to the price of almsiniua 
(established nov by the State in India). The funds so 
generated vould sene as financial basis for operation ani 
further extension of the Centre. 

When the nev alualnlma capacity vill be established the Centre 
vUl be fully functioning and If It contributes to saYlngs of 
only te~ per cent of the expected expenditure for project 
engineering and royalties, apart from rendering other useful 
aerYice., its eatabliabaent vould be fully justified. 

It la to be noted that all the leading aluainima producing 
countries haTe their ovn R and D centres. Close interactions 
aaong these Centrea• Research and educational institutions and 
inclustry has enabled nmaerous technological adYances - this 
exa11ple la needed to be folloved in India. 

In the lll)lt of the aboYe. a co-ordinated effort: in a and D 
rill be euentlal for the deYelos-ent of lmov-bov and basic 
engineerlag to aelf-rellance in almalna and almalniua 
technology neede4 for. the eatabllalment of future plants 
without need to go for foreign consultancy. Future deYelopaent 
of alualnlua industry in the country based on Indigenous 
expertise dmands the 1-edlate establishment of a 
self-reliance foll-fledged and independent research, 
deTelopment and deaign centre for aluainium at the nation.I 
inel.'. ~ · 

The dnelopaent objectiYe of the project Is to ala at 
self-reliance in almlna and alminlm production technology 
and to achieve faster growth of the Indian almlnlm industry 
to aeet the d011atic deaancl for almtinim prohcta. !Id• goal 
vill be achlne4 by •ettlng up of an Almlnl• Research, 
Dneloll9f'Jlt Ul4 1'e8lp. Centre at the national leYel vhlc:h will 
be in a position to carry out research and dnelopment In the 
field of baudte proceaslng, almlna and al•inl• production 
leacliq to iapr:naent in the existing plant• and ere.ting nev 
production facllitiea. Thoe, the outpat of tJae project rill be 
~steal facilltlu of an Almlnlm luearcll DeYelopment and 
Design Centre, adequately equipped vlth apedallzed research 
and teatlng equlpae:nt and trained profusion.al ataff to render 
research and deYelopment tec:hnol0&7 In the extatln& plant• and 
for aettlq up of nev •l•lna/almalnlm prodactlon facilities 
baaed on Indigenous rav .. terlala and natural reao11rcea. 
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In addition. the Centre vill handle related projects such as 
dealing vith the use of by-products, design laproTementa for 
savtng of energy and materials, development of nev products a'ld 
alioys. Another particular problea that the Centre is expected 
to address is eaanating fro• the lack of adequate and 
uninterrupted pover supplies which has led to poor utilization 
of capacities in the recent past. Investigations into energy 
saving ~~chnologies of alumina and aluainlua production vlll be 
one of the iaportant tasks that the Centre vlll hue to tackle. · 

It ls expected that once the Centre is established it will aeet 
the fast groving technological service needs of the alminltm 
industry in India. The Centre vlll consist of the following 
departaents: 

Al'lftlinina production research departaent with four laboratories 
and one pilot plant; 

Aluainilmi electrolysis 
laboratories; 

research departaeat vlth 

Analytical research department vlth three laboratories; 

four 

General services., lnstnmentatlons and control depart:llent vlth 
four sections; 

General.edatntatration and finance departaent vlth three unite. 

The civil cor.scractloa vorJts for the Centre started in llagpur in 
1990 and vlll be finished by 1992-1993. The centre ia plumed to 
fully operate/function by 1994-1995. 

The ... fgment of the national ataff and proeareamt of equli-ent 
atarted In 1919-1990. 'Ille firat RID vorka are expected to atart in 
1991-1992. rralniDg of the ataff vlll be carried out in India and 
abroad. 

For a more detailed f.nforaatloa reference could be .. de to the 
Project Doc:ment an4 the Detailed Centre Deelgn. 
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SCHEDULE 

1) PREPARATION OF EQUIPMENT AT JNARDDC TO CHECK THE 

STATUS OF EQUIPMENT NEEDED FOR THE MEASUREMENT AT 

PLANT SITE AND TO TAKE CORRECTIVE ACTION AS REQUIRED 

- lOTH APRIL. 

2) VISIT TO KORBA SMELTER : 

- TO ORGANISE AND PREPARE FOR THE PLANNED MEASURE-

MENTS 

- TO BRIEF THE - BAI.CO MANAGEMENT ON THE PURPOSE OF 

MEASUREMENTS 

- TO GIVE COMMENTS TO BALCO FOR SITE PREPARATION 

lSTH APRIL 

3) VISIT TO NALCO (ANGUL) 

- TO COLLECT INFORMATION FOR DEMANDED MEASUREMENTS 

- TO CLARIFY THE NUMBER OF MEASUREMENTS AND THE 

METHODES OF EVALUATION 

- REPORT ON NALCO VISIT 

8TH MAY 

4) FINALISATION OF EQUIPMENT AND TRANSPORT TO BALCO 

16TH MAY 

5) CARRYING OUT MEASUREMENTS AT BALCO SMELTER 

lSTH JUNE 
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6) EVALUATION AND ANALYSIS OF MEASURED DATA. STANDARDISA

TION OF MEASUREMENT AND TRANSFER OF KNOWLEDGE.ON THE 

BASE •~F EVALUATION MAKE RECOMMENDATION FOR IMPROVEMENT 

OF EXISTING ALUMINIUM ELECTROLYSIS TECHNOLOGY AT KORBA 

PLANT 

30TH JUNE 

7) WORICSP.Q~, SEMINAR ON ALUMINIUM ELECTROLYSIS TECHNO

LOGY 

lSTH JULY 
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MAIN ACTIVITIES 

1) CHECKING ALL THE EQUIPMENT NEEDED FOR CARRYING OUT 

MEASUREMENTS IN TllE PLANT ( Dl\Tl\ ACQUISITION, HEAT 

FLUX, MAGNETIC FIELD INDUCTION, CURRENT DISTRIBUTION, 

Gl\S l\Nl\LYSIS FOR DETERMINATION OF CURRENT EFFICIENCY). 

2) BALCO VISIT (DISCUSSION FOR SITE PREPARATION (Pt~l\CE, 

CELL NUMBER, CABLING) 

3) TRANSFER .OF KNOWLEDGE FOR DETERMINATION OF CELL PARA-

METERS AND MONITORING OF J\l.UMINIUM ELECTROLYSIS 

PROCESS 

i) MEASURING PROCEDURES 

ii) EVALUATION SYSTEM 

4) MEASUREMENTS AT BALCO PLANT (SMELTER) 

5) NALCO VISIT, DISCUSSION FOR DETERMINATION OF HEAT 

BALANCE : 

i) ALUMINIUM SMELTING POT 

ii) ANODE BAKING FURNACE 

6) DATA EVALUATION, ANALYSIS OF MEASURED DATA. DEVELOPING 

PROPOSALS FOR IMPROVEMENT OF EXISTING ALUMINIUM -REDUC-

TION CELL TECHNOLOGY AND MODIFIED CELL OPERATION. 

THE FOLLOWING PARAMETERS WILL BE MEASURED AND TJIE 

EQUIPMENT W!LL BE USED, AS SHOWN BELOW 



P A..'Ai.'1ETERS 

CELL VOLTAGE 
CELL LINE -:.., ;,,· .·~ ·: ~ ·, -

EMF 
AC·· DISTANCE 
SHORT CIRCUI:T 
VOLTAGE 
ELECTROLYTE TEMP 
AND COMPOSITION 
(Al 2C 3 MOLAR RATIO 
ADDITIVES) 

~NODIC AND 
CATHODIC CURRENT 
DISTRIBUTION 

HEAT LOSSES 
DISTRIBUTION 
MEASURING 

MAGNETIC FIELD 
INDUCTION 

CURRENT EFFI
CIE~CY BY 
ANALYSING -4 -'~ -~ 

·-- - - - - - - - - - - - - - - -
EQUIPMENT 

16 CHANNEL DATA 
ACQUISITION SYSTEM 

-----··-----

VOLTMETER 

HEAT - FLUX 
METER 

GAUSSMETER 

HARTMANN-BRAUN 
INFRJ\RED G/\S 
ANALYSER 

: 2 

REQUIREMENT OF 
PREPARATION AT SITE 
CABLING, LOCATION 
AC 

-----·· -----

UNIFORMITY OF LINE 
CURRENT 

SMALL CHANGES IN 
IN CELL PARAMETERS 

UNIFORMITY OF LINE 
CURRENT, TO REACH 
MOLTEN METAL 

TAKING SAMPLE 
AND FILTERING OF 
EXHAUST GASES 

MEASURING PROCEDURE 

SEE: INSTRUCTIONS AND 
OPERATING MANUAL 
ATTACHMENT NO. l 

SEE: INSTRUCTIONS ANO 
OPERATING MANUAL 
ATTACHMENT NO. 2 

SEE ATTACHMENT NO. 3 

SEE ATTACHMENT NO. 4 
(OPERATING DESCRIP
TION OF HFM) 

SEE ATTACHMENT NO. 5 

SEE ATTACHMENT NO. 6 
OPERATING DESCRIP
TION 

EVALUATION 

NOISY PROGRAM 
ANODE EFFECT 
MONITORING 
CURRENT SINKING 
TJ\PPING PROGRAM 

EVALUATION 

EVALUATION 
ATTACHMENT NO. 3 

HEAT FLUX DISTRI
BUTION ON CONSTRU
CTION ELEMENTS 
(ANODE-CATHODE 
ASSEMBLY ALUMINA
Ll\YER) 

VALUE OF VERTICAL 
MAGNETIC FI ELD COM
PONENT AND Bx BY 
SYMMETRY 

CURRENT EFFICIENCY 
D!!:TERMINJ\~ON 



I 
1· 

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

: 3 : 

7) WORKSHOP/SEMINAR ALUMINIUM ELECTROLYSIS (PROGRAM WILL 

BE ELABORATED LATER) 

3) REPORT ON . STATUS OF INDIAN ALUMINIUM SHELTER TECHNO

LOGY AND COMPARISON WITH STATE OF ART SIMILAR SMELTER 

TECHNOLOGY, CONCLUSIONS AND RECOMMENDATIONS. 
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RECORD H1TF.5 OF 'DIE MEF.TIOO HELD BF.TtlF.FH JHJ\RDOC, 
tl/\GPUR AND BM.CO FROM 15TH APRIL TO 18rff APRIL 1992 
AT BALCO KORBA 

PRESEnT 

JNARDDC, NAGPUR 

1. Dr.J.Ho.rvath 
2. Shri GS s engar 
3. Shri Anupam Agnihotri 

BALCO,KORM 

1. Shri P.N.Shai:ma 
2. Shri SC Bhattacharjee 
3. »r P.K.Hoitra 
4. Shri PK Gairola 
s. Shri ON Sharma 

JtJARDIX.: representatives informed BALCO that measurement 
of Magnetic, Thermal and F.lactric state of cell tdll 
ccirmence in the tst week of June 1992. During discussion 
a schedule of wcrk plan is prepared(Annexure-I) and 
following observations were made1 

1. Determination of various cell parameters by 
sophisticated equipments like Data Acquisition 
System, thennovision, heat flux meter etc. will 
be done. Thermal State, Heat Balance, Voltage 
Balance of the Cell can be carried out to detetmine 
existing state of cell. However, due to current 
fluctuation problem (graph attached) cathode current, 
anode current and maonetic field distribution can 
be determined only approximately. BALCO agreed to 
keep the current fluctuation to the minimun 
possible extent. 

2. JNARDDC represehtatives informed BALCO that Data 
acquisition system requires line current intensity 
in the form of 0-SV signal. BAI.CO informed that 
no.tmally line current intensity is me~surP.d in 
thP. fonn of ~ither 4-20m Ant> MJrrent signal or 
0-lOV Vol tagP. signal. BJ\LCO agrPP1l to carry out 
necessary modifications in their system so that 
line current intensity in the form of o-sv signal 
will be available to Data Acquisition syst~ for 
measurement. 

3. The proposeo room in cell hous~ 5 for me~surements 
was found to br small and requires changes/modifi
cation as belows 

2 a) Minimum of 15m working space should be made 
available. 

· b) Vinyle Flooring and Painting of wall be done. 

c) Two Nos. AC, ran etc to be provided 
d) Working Platfonns on Two sides of Room with 

cubboard below to be made. 

•• 2 
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e) Double Door arrangement with proper locking 
facilities to be arranged. 

f) Isolation transfer and voltage stabilizer of 
5 KVA be provided. 

g) One wash-basin be provided 
h) Table/chairs be arranged 

2 

BALCO agreed to make all the above mentioned arrange
ment by May 15, 1992. 

4. J~l\RDDC representative requested BAI.CO to make 
following arrangementi 

a) cushioned casing with transparent front side 
for heat flux meter of size 30x30x18 an 

b) A list of siq,le measurement tool was aiven to 
BJ\LCO. 'lbP.se can be fabricated as per the given 
sketch with any modification based on BA.I.CO 
Cells. 

c) A list of parameters which needs to be measured 
during test period is given to Bh.LOO. It was 
agreed by BALCO. 

JMl\RDOC proposed to train few 81\LCO pe-rsonnel 
on th4D measurement methods prior to commence
ment of study. 81.LCO agreed to constitute a 
working team and shall send th! same to Nagpur. 

s. JNARDDC requested BAI.CO to provide working uniform 
alongwith necessary safety anpliances to all personnel 
of JNARDDC involved in the measurements. It was 
agreed by BALCO. 

~-~·,,--·) 

ts·.~. BHATl'ACHAnStE) 
G .M. (Smelter) 

hJL ~ 
( 0 • • --sRARKt.) 

H (R&I>) 
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Sl. 
No. 

1 

2 

3 

4 

5 

6 

7 

ACTIVITIES 

ACflVITY PBUOU RES>WSIBILITY 

Clltlining the requiremmts Aprl 14-18 JNARDDC 
on Preparation of Site 

PEeparat.ion of Site .aprl 18-M:ly 18 BALOO 

Training of BALCO Personnel 
at. Nagpur May .10-May 13 JNAIIDDC 

Transportation of equip- Mly 15- May 25 JNARD(X; 
mclnt. from Nagpur to Korba 

Installation and cellllliss-
ioning of Equipment May 25. •v 3) JNARDOC & 

BALCX> 

Me1surement en Korba 
Cells June 1-June 21 JNAHDDC & 

BALOO 

era luation of oata at. 
Nagpur June 21-July 5 JNARUOC & 

B,"LCO 
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A N N E X U R E - IV. 



JANAHARLAL NEHRU ALUMINIUM RESEARCH 
D&VELOPMENT AND DESIGN CENTRE NAGPUR 

RECORD NOTES OF THE MEETING HELD BETWEEN JNARDDC, NAGPUR 

AND BAI.CO FROM llTH MAY TO 13TH MAY 1992 AT NAGPUR 

RESENT 

JNJ\RDDC NAGPUR BALCO KORBA 

11) Dr. T.R. Ramachandran 1) Shri P.K. Gairola 
2) Dr. J. Zambo 2) Shri D.IC. Das 

'3> Dr. J. Horvath 3) Shri s. Naq 
4) Dr. 1\. v. Kryukousky 4) Shri S. Badri Appan 

t> Dr. E.J\. Yanko 

6) Mr. G.5. Sengar 

f > 
Mr. Anupam Agnihotri 

I At the outset, Director JNARDDC welcomed the BALCO team which came to 

~agpur for undergoing training in measurement procedures for electric, 

~hermal and magnetic state of cell. Following points were discussed : ,. 
I 
I. 
I ,. 
I 
I 
I 

11 
11 

BJ\LC0 informed JNARDDC that proposed room ~n cell house for measure

ment is being modified in line with various changes/modifications as 

suggested by JNARDDC in the earlier meeting at BALCO. This room will 

be ready for carrying out the measurement by 20th May 1992. 

DJ\LCO informed JNARDDC that all measurement tools and cushioned casing 

for heat flux meter is ready. 

All the measuring procedures were explained in detail to BJ\LCO team. 

BALCO team was satisfied with the training programme and expected no 

difficulty in carrying out the measurement as per the schedule agreed 

earlier at Korba. 

contd ••• 2 ••• 
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BALCO team inspected the packing of various measuring instruments and 

expressed the opinion that packing is of good quality and instru•ent 

can be transported in existing packing. 

Proposal for modernisation of BALCO smelter including raw material 

requirement, training progranuae and spares for testing equipment was 

discussed and finalised • 

.l\11 the members present agreed that the projected operational para

meters (current efficiency 88,, power consumption 15.5 kWh/Kg) could 

be achieved by the proper modifications. 

I JN.l\RDDC 

I ~ v~i,, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

( ,,,,,, ~\ "v 
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PRELIHINARY REPORT, CONCLUSIONS AND PROPOSALS. 
BASED ON THE EXPERIMENTS CARRIED OUT 

FRO" 5TH JUNE TO 26 JUNE 1992 

lNTRODUCTION 

The JNAEJDC e::;>erts tU. th c:lose co-operaticn of :::~;_CO e::oerts 
carried out 111easure•ents on 13 e::perinaental pots. Fol lowing 
parameters were .easured on the same pots: 

Magnetic: field induction 

All Electrical ~aranaeters c:oming to c:el! 

- Heat losses on construction elemer.ts 

- Anode and cathode current distribution 

- Electrolyte composition and temperature 

In the first phase of measurements follo~in; parameters 

were measured and analvsed : 

- Monitoring of pots (Resistance Vs time) 

- Noise of pots (Instability of cellsJ 

- Anode effect parameters (Voltage 
development of anode effect) 

Metal Taoping <Resistance Vs timel 

duration and 

- £!"!F ·:Elec:tromctive 'forc:~J b·: Curre~t: 3!!"1• !.ng mP.thod 

- M~tal touching 1ACD) 

!4:. ~·•itS ccr·:\,dej that t:r·v~ :-1t'.l.SP. l'= ·:"?r: 1-::~·1. the ... ah1e 

c: :.nc.H.!-!' ~:~·;;-:~ _:; ~oi-; t:.cc· t!~lC\• ~O ~!t'= · .:.,:!ici'ting a 

·.-i£·r-r11 :;c:·; l cp~n.:1:')n. -~he ;MF g1·:e: =• 1e·· 1 use11...: informatior: 
:bo1.1~ o:r:ll ope!""at1on. its ·;3jue l-•?; .;:;!so lo"' 11.40 - 1.44 
·,o!ts:. Tt1E· e•:alltat!or. of u-.~·ae- ·:~!1.1es shcl': warm cell 
o;Jperat1c-r: vih;.ct": J.S ca•.1S!~d b'.' loi-1 ;,c,o i.e. e::o!:hermic back 

r- :::::H:: t.1 or:. 

I -
r 
f 

J 
I·. 
I 

. I 
! 
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JNARDOC after discussion with PALCO e::oerts proposed to 
raise the cell voltage fro~ 4.4 to 4.7 volts. The effect of 
raising vcltage of the cell no. 514~ 515 and ~16 is shown in 
table below. 

Table I :Change in .easured pAra•eters after raising cell 
voltage 

PARA1'1ETERS 

NOISE 

ANODE EFFECT 
VCLTAGE (Volts) 

El'F (Volts) 

ELECTROLYTE 
TEMPERATURE (•C) 

EXPERif'1ENTAL 
CELLS 

(514, 515 • 516 ) 

HOHPIAL 

28 - 30 

1.72 

4.0 

978 - 980 

TRADITIONAL 
CELLS 

(517 - 526) 

lt!W 

t .~H 

5.6 - 8.9 

Main puroose of stipping alumina feeding was to 
ehminate larc;_Je amount of sludge from the cathode bottom. 
Crust breaking was done without alumina fe~ding in order to 
cool the cell and Y-eep proper side freeze • 

5ludg:? w;,\S _:1oserved tc decn:>ase an:! rv:i ~r.cde effect 
OCCL·rr:-d ·.::!:..1r:.ng "1e::t '.:"!il hours on e::oer1me:-:t ::?!!s. OL!e to 
in=r9~Sed eel! ~o!tage no:se was norma!. 3ncde effect 
~o!t~g~ was cbse'~ed to increase u~tu 3~ .olt~ and EMF a!so 
inc~~~s~d. El~ct'ol·1te temperature aecre~sEd cc 9~~ - 98c•c. 

7t'.!"~ ::~·r--:c-':" -:-r o.:tn~I: me?.:L1remer:t ~1.-?t; ~ ::i'.'.~ :'. ~·,:-::. ".'F:':'" ! 7 !?d 
!J·,' ":!""r·? .::·::·:t .. ,:!~~ ~4: _: ':?!;t..?.t.~!::h=-:-d f:r1.:'. :!~!~-.~-~ --?:·1r10·.~! !E 

DC~!lit'le vat:i ::ip:::nng oi C\}L1m1na 'i~'?d:nc::. Tt-.!"..' ':ror~e 

·?::::;e?-::n.;:.!'".';::~ :~:. ~ .-1e:~-~ not r!!~L!la:~d b-- l',··c h•~:a•.1se 0•_1r 

.. 
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earlier measurements showed some discrepancies, such as beam 
regulation after stuc pulling and before anode effect. 

The AVC regula~ion doesn·t take into account resistance 
increase after stud pulling and before anode effect. Partly 
removal of slud1e results in decrease of metal/bath level. 
This action is needed to remove the solfd bath from deck 
plate to avoid its feeding to bath. The crust and broken 
bath increase the risk of sludge formation. 

To a::hieve a be~ter cell operation some modifications 
are to oe done in the first step, as was proposed by 
JNAP.DDC: 

The sch~duled program of llOdification is as follows: 

- To remove sludge, skip the alumina feeding and wait 
for the anode effect. 

- To keep proper side freeze crust breaking should be 
done every hour and broken bath of size 5 llD max 
should only be added if reguired. 

RRHARK: 

This process should be continued till all sludge is 
dissolved 

If all the other cell voltage components are 
constant, decrease the cell voltage by 100 mv. 

The dissolution of sludge results in increase of 
cathode cavity 

This process was used successfully to dissolve 
sludge in experimental cells. 

- Metal level should decreased 26 - 28 cm very slowly 
Ci to 1.5 weeks time) this value depends on thickness 
of deposit layer 

The purpose of this process is to decrease the bath 
level below deck plate and to remove eolid particlee from 
deck plate. Large· amount of cold cruet and large particles 
of broken bath should not be added to liguid"bath. 

- The height of bath and metal should be chosen ~ch 
that level of bath is 6 cm bel~w deck plate level. 
The total height of deposit, metal and baht should 
47cm. 

Electrolyte 19 cm 

: · .. 
~: .. 
• .... 

~-~: .. 
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.· 
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tt4 

!1etal + depo~1."t 28 cm 

. AC dJ s t.ance : s cm 

:4 cm 

- 1 .. e€·~ ~f":f:" an~tl:? s.l.i.rt 7 cm above t;,£- f:!£·c:tro1·. te-
leve::.. 

Ve-:·: i ir:e c:ontrol /accurate 111P.asurements are needed to 
a::~u.e-·.·~ ~h~ o~s ... tion showr. in the s•.:etch below : 

·. 
Al«JDE ::- .. · r'\ ALUl'IINA LAYER 10c• ,__ ' 

ANODE LE6~::~,____..~~.__~-r--TOI" 
---------BA H 19 e11 DEPTH 

ACD 5 at I 
I 

t1ETAL + ~IT 28 a. 47cm 

Fresh alumina feeding and leveling is also needed 

- !f the no. of anode effect increases~ it is necessary 
to increase the no. of scheduled crust breaking. The 
increasing of alumina layer is ~ot proposed jn this 
o~riod. 

- After crust breaking it is necessary to feed alumina 
.?.s earl~· as possible and alumina leveling sho1..1ld be 
do~e as shown in the sketch. 

- A7ter achieving this position c:r1..1.st breaJ:ing S"Stem 
is to be modified. 

- The c:-ust breal:.ing system should consist of b:o 
~arts. scheduled cru~t breakin9 and crust brea~ing 
jurjng anode ~ffect 

i · . . . 
i ·: .. i • . ;. .. I 
: r ~>-· f r·~. .. 

I 
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Three anode effect per day should b~ ~ept in three 
e:~perimental pots during initial period in order to 
avoid sludge formation. 

Two scheduled crust breaking should be done in every 
shift and third crust brea•.:inq sh~~~ld be done onl}' 
during anode effect. This cr~st br~aking is different 
from scheduled crust breakin9. Both the !cr.g sides 
should be bro~~en during crust breal ir.g c;ft~r anode 
effect and the cell voltage should be r~!~ed by 100 
mv in order to supp 1 y necessary er.e:·g~· fer .?. l umina 

dissolution. 

If the time int~rval is less thar. ::n~ :-·::':..::· 'er- the 
ne::t scheduled crust breaking~ ne::t ;;er.~-::~ 1 ·:d ::r•.ts t 
breaking should be skipped. 

PROPOSAL FOR SO£DlLE.CRUST BREAKING AND ALUMINA FEEDING IN 
COMBINATION WITH CRUST BREAKING AFTER ANODE EFFECT 

Princicle : One anode effect per shift per cE-Il i ::; to be 
achieved in order to avoid sludge formation 
during initial period of e::per1men': 

Demand : 1200 Kg alumina per day + sher• ::H.'··-· ;::n1:;t 

brea•~ing 

Schedule program for c1 us~ nr~~~1nu 

<----I st shift---><----II shift---><----III shift---> 

8 B 9 B B B 

l I I l I 1 I II 
I 

I ii I 
! 

B . Schedule crust breaking . 
B Crust br!!aking dur-ing anode e'ffect 

i 

i 
I 
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Crust brea•~ing after anode effect is carried out on 
both the long sides and eel 1 voltage should be raised by 
100mv in order to supply necessary energy for alumina 
dissolution. If the interval between schedule crust breaking 
and crust breaJ~ing after anode effect i5 less than one hour~ 
scheduled crust brea•:ing should be s• ipped. If the interval 
beo·,een schedule crust brea•:.ing and crust !:>rea•:.ing after 
anode effect is more than one hour schedule crust brea•. ing 

should be done as usual. 

FOR JNARDDC 

DTD : 27 JUNE, 1992 
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"INUTES OF t1EETIN6 IELD BEllEEN JNARDDC, NAGPUR AND BALCO, 
KORBA C.. 2'9 JUtE, 1992 

BAL CO JNARDOC 

!. SHRI S.C. BHATTACHAF:JEE 1 • DF: J . HORVATH 

2 • SHR I F· • t: • GA I ROLA 2 • SHF: I G .. S • SEt·JGAR 

. .;.. • SHF: I S. NAG . .;. .• SHRI A. AGNIHOTRI 

Following points were discussed 

!. As decided earlier, detailed measurements for 
dete1-mination of electric, thermal and magnetic state of 
BALCO' s eel ls .-.ere carried out in close co-operation with 
BALCO e:{perts from 4,JUN to 26, JUN~ 1992. 

2. JNAF:DDC e:{perts gave a prel iminar'./ report C'n status of 
BALco·~ cells along with conclusions/recommend~tions for 
i~provement at the end of e:perim~nts. Modified 
technological parameters were implemented en thr£e 
e::perimental pots CS14. 515. 516). 51•-•dge has been observed 
to dissol~e and cathode bottom was found to be much cleaner. 
BALCO agreed to continue these e::perimi:nts based on 
r'?commendations by JMARDDC. A det.11i led r-epcrt 1Ji 11 te 
submitted to BALCO afterwards. 

.;... BALCO found these measL1rements '."er·v 1·::;o?ful anr1 
r-eq1_1es ted JtlAF:DDC to carry out th es·"? rr.'?C\ :;•.we n<?n ~;; at ter 
\mplamentation of impro·;ed i·JOd. routine-:::. rY>l.CO ;};;r) 

r1;?quested JNrC~RDDC to traJ.n t:.he1r oper·at.ing p~~~-:e>nnel-;; for 
ionprovements 1n wort.'. routines at .HIAF:f!DC. l'l".1gi::"-'r. .Jl'li:.F:f,!)(. 
will inform about this at a later- d~te. 

4. JNl·"1l;:[!DC e::cier-t:> q:'\·;e a presP.rot.ahon ,·;.rr t:L:·r-·~~-·E-rro~n~. i~-, 

t2·:t1ni:;log1cal p:1r.:Jmeters and d1?'".~r-mu1at·-~r·, ·Jf ::lec 1:t·ic. 
t_t-.e:--mal and m."lgnetic state of cell :it M.r.I.. B~·,tUi on ::.:9. 

,.JlJtl. 199'::.. 
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5. BALCO requested JNARDOC "':o spare Data-Acquisi ticn 
System for carrying out noise analvsis ot BALCO cells. 
JNARDOC e~:perts e>:pressed their inabi lit·: to spare Data
Acquisi tion System because Measurements are alreadt planned 

at other site. 

6. As decided earlier~ all th£ equipments for car!""ying out 
measurements (as per 1 ist enclosed) is beinq hand'?d ·over to 
BALCO for safe custody. These equi~nts wi 11 be ta•:.en bad· 

5oon. 

: • JNAF:DDC/BALCO e:~perts tested l'li tride bended Sil icon 
Carbide tubes (supplied bv GRINDWELL NORTON IMD!A LIMITED1 
for their LOrrosion resistance against cr~olite m=lts. 

8. ~ ver/ •Jseful discussion was held between .JMAF:[·f:C o;!::perts 

and ECIL. H':derabad e>:perts for development of pct 

controllers in India~ 

JNARIJ[)C experts are extreme]~' thanJ. ful to BHLCD te.~hn fer 

their e:;·cel lent co-operation and help. 

ft"--<-VL,, ~I 
" FOJ\ 

; FOR JNARDDC 

~y~\. (---
.... 
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1. U Cba.nne! dab acquisition 05$ 87 ,590 

~ ProeeSSinCJ systes 
2. &eat now aeter - ·oS$ ·.:; ]~ ~ 400 

l. Thf!!JIO~ion 05$ 136 ,526 

05$ i,HJ- .i 
., : 4. I-I recorder 

05$ . 2 ,"531 .... -. 5. !Jlinred tele the.rw-ter 

. . - 6. · &<Jlletmeter-I 05$.. 4:, ia·4 ~ . : 
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9. tempe-ra.ture 96Suri..oq au.it. 05$ 
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iNTRODUCTION 

The International Pi:oerts and scientists of the Jawaharlal 
Nehru Aluminium ResParch DeveloDfllent and Desiqn Centre 
Nagpur carried out measurements on thirteen e::oerimental 
eel ls at BALCO in collaboration with the enginet?rs of BALCO 
in June 1992 in order to assess the present state of the 
eel ls and to suggest possible 1neasures for their improved 
performance. Based on these tneasureeents. evaluation of the 
r-esul ts and international e~perience. a oroposal is made to 
the BALCO management - this envisaQes a two stage operation. 
the first. involving improvement of the e::isting situation 
by improving the plant discipline without any financial 
input anti the second by introducing additional equipment C 
pot ccntrol lers and bar breakers) for improved para.neters. 

The important parameters of eel l operation after various 
stages are suminarised below (Table I): 

T ahle I : Parameters of ct!l l operation after proposed 
modi f !cation 

Parameter l/alue 
Present I stage JI sta9e 

Cell vol~age(V) 4.72 4.50 4.53 

Current Efficiency 80 95 9(• 
( 7.) 

Energy consumption 17.6 15.B 15.0 
( kWh I kg) 

The plan of action necessary to implement stage J is 
presented in detail in this report. 

EXPERil1EHrr.a... MEASUr\EMEHTS .. EVALUATION Al-ID INFE.f\E:-ICE 

The following parameters were measured on the pots in order 
to characterise their present status: 

- noise analysis 

development and peak value of anode effect 

- electromotive force (EMF) 

- eel 1 resistance as function of time 

- voltage distribution in e.node-cathode gap 

((H 1 the above parameters were mea!:ured "'i th the Data 
Acquisition System) 
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- anode-cathode bus bar volta~e drop 

- anode-cathode current distribution 
• 

- electrolyte cOflloosition and te•oerature 

- aa9netic field induction 

- heat losses on construction elements of pots 

- anode-cathode distance (ACD) 

The results of the measurements and their evaluation are 
provided in a separate report. !"t0tae i•portant conclusiom; 
arising from these studie5 are given below. 

- THE SET CELL VOLTAGE IS A90UT 0.3 V LOloJER THAN WHAT 
IT SHOULD 8E ACCORDING TO VOLTAGE BALANCE OF CELLS
THIS INDICATES LOW ACD. 

- THE CELL OPERATION IS UNSTABLE <HIGH ELECTROLYTE 
TEMF"ERATUP.£~ LOW ANODE EFFECT VOLTAGE. LOW EMF AMO 
FP.EOUENT SHORT CIRCUITING) 

lHE ALUMINA LAVER ON TIE CRUST IS NONUNIFORM: LAF:GE 
UUANTITIES OF SOLID PARTICLES ARE FOUtm ON THE DECK 
PLATE. THE :-ll.UMINA FEEDING IS NOT PROPER AUD nus Hl\5 
CONTRIBUTED TO CONSIDERABLE AtlOUtn OF SLUDGE ON HIE 
BOTTOM OF THE CATHODE. 

- CATHODE AND ANODE CURRENT DISTRIBUTION ARE NONUNIFORM 
AMO THE VALUES OF ANODE AND CATHODE VOLTAGE DROPS ARE 
ABOUT 100 - 150 mV HIGHER THAN NORMAL. 

- FREQUENCY OF ANODE EFFECT IS HIGH ( 0 - 11 PER DAV 
PER CELL) AND ITS Dl~TR19UTION WITH TIME IS IRREGULAR 

- CALCULATED AND MEASURED VALUES OF CURRENT EFFIClEt-JCV 
ARE LOW ( 70 - 75 7.) 

CUF<f.;ENT FLUCTUATION IS CONSIDERABLE ( IN THE RANGE 85 
- 103 ~A) 

STUDY OF EXISTING CELL Of'ERATION 

The first step of normalisation is to remove the s lud9e 
formed on the cathode bottom. This can be done by sfdpping 
alumina feed as concluded from the observations on a pot de
prived of alumina feedinq for 29 hour• "'here no anode effect 
was observed. Crust breaking was carried out periodically to 
cool the eel ls and the side freeze was l'.ept in proper concH
tion by adding broken bath. During this period appro~imately 
1000 - 1200 ~g of alumin~ was removed from the sludge. Si
multaneously the cell voltage was raised from 4.42 to 4.72 V 

2. 
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- anode-cathode bus bar volta9e drop 

- anode-cathode current distribution 
• 

- electrolyte comoosition and te•Dl!rature 

- ma9netic field induction 

- heat losses on construction eletnents of pots 

- anode-cathode distance (ACD) 

The results of the measurements and their evaluation are 
provided in a separate report. Soate i•portant conclusions 
arising frona these studies are given below. 

- THE SET CELL VOLTAGE IS ABOUT 0.3 V LOl1'ER THAN WHAT 
IT SHOULD PE ACCORDING TO VCH...TAGE 8ALANCE OF CELLS
THIS INDICATES LOW ACD. 

- THE CELL OPERATION 15 UNSTA8LE (HIGH ELECTROLYTE 
TEMPERATUP.E. LOW ANODE EFFECT VOLTAGE. LOW EMF AND 
FP.EOUENT SHORT Cl~'CUITING) 

THE ALUMINA LAVER ON Tl-£ CRUST IS NONUNIFORM: LAF:GE 
QUANTITIES OF SOLID PARTICLES ARE FOUt.fD ON THE DECt~ 

PLATE. THE ALUMINA FEEDING JS NOT F·ROPER AUD THIS Ul\S 
CONTRIBUTED TO CONSIDERABLE AHOUNT OF SLUDGE ON THE 
BOTTOM OF THE CATHODE. 

- CATHODE AND ANODE CURRENT DISTRl9UTION ARE NONUNIFORM 
AND THE VALUES OF ANODE AND CATHOCE VOLTAGE DROPS ARE 
~)OUT 100 - 150 mV HIGHER THAN NORMAL. 

- FREQUENCY OF ANODE EFFECT IS HIGH ( 0 - 11 PER DAY 
PER CELL) AND ITS DlaTRIBUTION WITH TIME IS IRREGULAR 

- CALCULATED AND MEASURED VALUES OF CURRENT EFFICIENCY 
ARE LOW C 70 - 75 7.) 

CURRENT FLUCTUATION JS CONSIDERABLE ( IN THE RANGE 85 
103 !<'.A) 

STUDY OF EXISTING CELL Of'ERATION 

The first step of normalisation is to remove the sludc;ie 
formed on the cathode bottom. This can be done by s~ioping 
alumina feed as concluded from the observations on a pot de
prived of alumin1 feeding for 29 hour• where no anode ef~ect 
was observed. Crust breaking was carried out periodically to 
cool the cells and the side freeze was l:ept in proper condi
tion by adding broken bath. During this period aippro::imately 
1000 - 1200 ~g of alumina was removed from the sludge. Si
mul t~neou~ly the cell voltage was raised from 4.42 to 4.72 V 
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which implies rai.s.lnQ ACD fro• 4.2 c• to 5.2 cm. The parame
ters measured are sho'"'° below (Table II): 

Table II: Change in ..easured paratneters after raising cell 
voltage 

Parameter Value 
exoerimental Traditional cells 

Noise Low 

Anode effect 
voltage (V) 

28 - 30 < 20 

Al 2 0:s ('%) 4.0 ~.6 - 8.9 

Electrolyte 
temperature ( C) 

978 - 980 990 

Partial reinoval of. sludqe ( 1000 - 1200 kg) results in 
decreasing •etal/bath level. We prefer decreasing metal 
Jevel as it gives a better chance for sludge dissolution. 

Details of eel 1 voltage balartce of the e:~perimental and tra
ditional cells are provided in Table III. It is clearly seen 
from the data presented in the table that cu~rent effi
ciency, power consumption. energy efficiency are superior in 
the t:ase-~f the experimental cells. 

Our observations indicate that it is also necessary to im
prove the current distribution in order to decrease the 
lonqer current path. This ~an be accomplished by e::ercising 
better care in anode stud pullin~ and replacement. 

On the basis of these observations it is clear. that there is 
scope for improvement of cel 1 operation. As a first step "'e 
recommend a programme of act.ion ,.,hi ch does not invo 1 ve any 
investment but on 1 y cal 1!5 for disciplined approach towards 
minimising some of the existing problems. 

SCHEDULED PROGRAMME 

REMOVAL OF SLUDGE: 

- skip alumina feeding and wait for anode effect 

- raise the cell voltage by 200 mV 

- crust breaking to be done every hour to maintain 
proper side freeze and broken bath of giz• below 
5 mm should be.added only whtrn requiredl 
maintain constant bath level by removing excess 
bath • 
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- above steps ·to be continued until all the muck 
is dissolved 

- decrease the cell voltage by 100 m\J if all other 
cell voltage cOt11ponents are constant. 

- if the anode quantity does not change. skim1ning 
should preferably be once in two davs 
immediately after the occurrence of the anode 
effect. 

SCHEDULED PROGRAl'IHE OF HODIFIC4TIONS 

IMMEDIATE ACTION WITHOUT INVESTMENT 

BY REMOVAL OF SLUDGE 

- To remove sludge/hard 1nucl, s~·.ip the alumina 
feeding and wait for anode effect. 

- raise the cell voltage by 200 mv. 

- to keep proper side freeze. crust breaking 
should be done every hour and broken bath of 
size below 5 mm should only be added if 
required. Any excess bath should be removed so 
as to maintain constant bath level. 

- this process must be continued till all the 
sludge is dissolved. 

- jf all the other cell voltage components ~re 
constant, decrease the cell voltage by 100 mV. 

th~ dis~olution of sludge results in increase of 
cathode cavity 

- if the anode quality does not change sldmming 
should preferably be done once in 2 days 
immediately after the onset of the anode eff~ct. 

- skimming removal should be carried out on the 
short-side (vehicles for short-side breaking are 

needed) 

- simultaneously with this action it is neces5ary 
to improve current distribution. by controlling 
stud replacement. 

IT IS NECESSARY TO MENTION HERE THAT THESE STEF'S ~JERE SUC
CESSFULLY USED TO DISSOLVE THE SLUDGE IM THE EXF·ERIMENTAL 

CELLS. 

4 
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REMOVAL OF SOLID PARTICLES FROH THE DEC•~ PLATE: 

The purpose of this process is to decrease the bitth level 
below deck -plate and to re11tOve solid particles fra. dee~ 
plate. Large amount of cold crust and large particles of 
broken bath~ should not be added to liquid bath as these •a
terials increase the risk of sludge formation. The following 
steps are of importance. 

- Big lu1tps of bath, after re11KJval, must be 
crushed and screened to below 5 mm; these could 
be used for cooling of side freeze. 

--metal level should be decreased to 26-28 c• very 
slOtflY (1 to 1.~ weeks titne) 

ADJUSTMENT OF METAL AND BATH HEIGHT: 

The height of bath and metal should be so chosen that the 
level of bath is 6 cm below deck plate. The levels of 
various constituents should be as follows: 

Electrolyte : 
Metal + deposit: 

ACD 

Anode immersion: 
depth 

19 cm cna:t 
28 cm (before tapping) & 26(after 
tapping) 
5-5.5 cm 

14 cm 

Very fine control/accurate measurements are needed to 
achieve these parameters. 

11ETAL + 

ANODE .:· ... 
·.. -

r, ALUHINA LAYER lie• 
\ 

\ 
:: rr( 

ANODE LES 14~ 1--..-_ __.__ ___ Tor 

----......---· __,BA H 19 cm DEPTH 
ACD, 5 C• I 

I -
Details of proposed measuring methods and drawings of tools 
were handed over to BALCO (e.g. ACO~ METAL/BATH height~ an
ode leg). Following these standard procedures,maintenance of 
proper parameters ag •hown in Fig. 1 are to be ensured. 

5 
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MODIFICATION OF CRUST BREAKING AND ALUMINA FEEDING TECHNOL
OGY 

The aim of modification of alumina feeding technology is to 
avoid sludge formation for which purpose the following steps 
are suggested: 

- Fresh alumina feeding and leveling 

- If the no of anode effect increases~ it is 
necessary to increase the number of scheduled 
crust breaking. Increasing alumina layer is not 
proposed in this period, as large amount of 
alumina causes big fluctuations in cell opera 
tion. lf the bath temp@rature is not 
sufficiently high, the risk of sludge formation 
is also increased. 

- After crust breaking it is necessary to feed 
alumina as early as possible and alumina 
leveling should be done as shown in Fig. 1. 

- After achieving this position crust breaking 
system is to be modified. 

- The crust breaking system should consist of two 
parts, scheduled crust breaking and crust 
breaking during anode effect. 

- During the modification stage time interval 
between the scheduled ~rust breaking is 2 hours 
40 minutes 

-·9 times crust breaking per day on long side 
represents 1266 k'] alumina compared ldth the 
calculated value of 1366 kg ( based on 851. CE) 
the difference must be fed from short side. 

- in this case the feeding of bro~en bath and 
large solid particles is forbidden 

- It is necessary to modify the alumina quality. 
The basic requirement is to decrease line 
particles to max 20'l. beloL-• 4~ ,-m 

TRAINING PROGRAMME 

The main task of training program is to provide theoretical 
understanding of electrolysis process specially relating to 
BALCO condition and practic~l enperience in data measurement 
and evaluation. The training programme will be organised in 
JMARDDC at Nagpur for 18 persons (middle level officers) of 
BALCO. This will be followed by demonstration on the use of 
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various equipment for •easuring cell parameterg at KORBA. In 
addition a training programme for foremen level persons 
would be organised at Korba to enable them appreciate the 
signi fic:ance of various operations that are being suggested 
to improve the cell para•eters. 

The intense training at Nagpur and Korba should be fol lowed 
( for some of the more promising persons) by a prvgranune in 
one of the major sme 1 ters abroad where the sme 1 ten; are 
similar to those in BALCO. The following possibilities e~ist 
in this regard: 

Hydro aluminiu• Y.asmoy -Norway 
Hungalu Inota smelter Hungary 
Nag Hamadi Smelter Egypt 
Golden dale Smelter USA 
UNO-Preto Smelter Brasil 

The aim of the training is to understand the proposed 
modifications in pract_ice of eel l operation and to carry out 
the proposed modification. After training the modifications 
must be carried out i•mediately. Simultaneously some 
preparatory action is also needed, such as removal of 
sludge~ and solid particles from the deck plate.The duration 
of normalisation process including the training programme 
is e~:pected to be about siY. months. 

PF:OPOSAL FOR SCHEDULED CRUST BREAKING AND ALUMINA FEEDING 
LaJITH CRUST BREAKING FOR A lDE EFFECT PREDICTION 

In order to prepare for the automation of eel 1 operation 
(stage II) the following alumina feeding technology $Ust be 
used on the 51 e:<perimenta 1 potg. 

- The earlier scheduled (2h 40 min) crust breaking 
interval will be same~ but the alumina layer on 
the crust may be decreased to 7.~ cm. 

- three anode effects per day should be kept in 
cell operation durinq the initial period in 
order to avoid sludge formation and adjust the 
technoloqy for purpose of eel 1 automation (This 
procedure must he done without pot controller). 

- Two Scheduled crust breaking should be done 
every shift and the third crust brealdng should 
be done only during anode effect. This cru5t 
breaking procedure is different from the 
scheduled cru9t breaking. In this case both long 
side will be broken and the cell voltage be 
raised by 100 mv jn order to gupply necessary 
energy for alumina disgolution. After one hour 
cell voltage should be brought back to the 
original level. 

l 
" 
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- One anode effect per shift per cell is to be 
achieved in order to avoid sludge formation 
during initial period. 

- Taking into account that calculations indicate a 
demand of 1200 kg al\Dlina /day, short aide 
breaking is needed. 

- The 7.5 cm alumina layer provides 100 kg. 
alumina feeding to bath (Keep this layer 
thickness on the crust) 

- 9 crust breaking operations are to be carried 
out every day on 3 shifts as shown below 

0 i 
l l l 

0 0 0 0 0 -
0- scheduled crust breaking (The two lines represent the 

window and aisle aides) 
crust breaking during anode effect. 

- If the time interval between schedule crust 
breaking and cruet breaking for anode effect is 
less than one hour, scheduled crust breakin1 
should be skipped. Crust breaking during anode 
effect will be done by pneumatic hammer crust 
breaker) 

- If the time interval between scheduled crust 
breaking and crust breaking after anode effect 
is more than one hour, then the scheduled crust 
breaking should be done as usual. After 
installation of pot controllers the crust 
breaking after anode effect will be replaced by 
crust breaking before the onset of anode effect 
as measured from resistance-time data. 
(If the alumina feedin~ technology without pot 
controllers is proceedoing smoothly, after 
installation of pot controller the results will 
be very attractive,) 

- Keeping the heat balance of cell operation is 
very important. Changing of bath level and 
volume causes prohlems in alumina feedin1. It is 
always necessary to minimum deviation in bath 
level. 

It is necessary to mention that the proposal relating to the 
alumina feeding technology already takes into account fhe 

. ' 
• ' . 
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modernisation of smelter,i.e. it is to beconsidered as the 
first step of modernisation. 

THE SCHEDULED TIME FOR CARRYING OUT THE AOOVE FUNCTIONS IS 
ABOUT SIX MONTHS. 

IT MAY ALSO BE NOTED THAT ALL ASPECTS NOT COVERED IN THIS 
REPORT WOlR..D eE CARRIED OUT IN ACCORDANCE WITH THE 
TECHNOLOGICAL INSTRUCTIONS WHICH SHOULD BE CONSTANTLY 
UPDATED BASED ON EXPERIENCE AT THE SMELTER . 

PROPOSAL FOR COOPERATION BETWEEN JNARUDC AND FALCO FOR HOD
ERNISATION CARRIED OUT BY FOREIGN COMPANY 

l-Je feel that the foreign company would also carry out the 
activities mentioned ·1n our proposal. Therefore, JNARDDC is 
ready to carry out measurements and evaluation of data from 
the cells. 

JNARDDC can adopt the measuring methods of technoloyical 
supplier and carry out the measurement At site with close 
cooperation of BALCO e!:perts. The Institute can be partic
ipate in the installation of software and realisation bf 
cell process control, adaptation of alumina feeding technol
ogy, evaluation of energy and voltage balance. 

On the basis of measurements JNARDOC would be able to help 
the automation process~ with tuning of software, determina
tion of time constant of process. 

•• 
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INTRODUCl"ION 

The energy consumption of aluminium electrolysis as expressed by 
following equation : 

Ecell = 2.98 ~ 
][ 

where Vccll = cell voltage 
x = current efficiency 

The main effort is to decrease the energy consumption. There are two 
possibilities to decrcaac energy consumption: 

Decreasing the cell voltage 
Increasing the current eff"aciency 

Measuring procedures and complete evaluation methods were 
elaborated to determine the energy and voltage balance of cell and 
improve the parameters of the existing aluminium electrolysis cell. The 
evaluations use general theoretical relationships, so the complete 
measuring methods and evaluation are suitable for both Soderberg and 
prcbaked cells. 

Herc we consider only the evaluation methods and conclusions 
relating to 100 kA Soderberg cell. 

1. El1ECTBQ MAGNETIC FORCU AND MAGNETO 
ffYDRODVNAMICS 

The dectrommgnetic forces arc responsible for the circuiation of the 
metal and electrolyte, static deformation of metal-bath interface and waves 
on this interface. 

Thia effect means a limitation on decreasing AC distance; the 
minimum ACD is the so called critical AC-distance. Below this ACD the 
interaction between the metal and anode gas causes sharp decrease in 
current dficicncy. 

The purpose of measuring methods is to determine this critical AC 
distance u function of current dficicncy. The determination of critical 
AC - distance give. the minimum cell vott.ge for given cell operation. 

Some measuring methods are used to determine this "critical ACD" 
distance. 
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Current efficiency measurements on the basis of CO"J}CO 
analysis aa fun<:{ion of AC - distance. 

To identify different part of magneto hydrodynamic curve 
following measurements are made: 

the magnetic field induction of component is measured 
EMF measured by current sinking 
Anode effect value 
Instability of cell ( noise ) ; interaction between the anode 
gases and metal. 

MAGNETO-HYDRODYNN.IC CURVES 
(THEORETICAL CURVE) 

I 
I 

Characteristics of different parts of MHD curve are : 

I. - Vertical component of magnetic field Bz is stable. 

- EMF is close to the calculated value ( 1.65-1. 7V) 

- Normal anode effect ( - 30 V ) 

- Instability of cell is normal ( noise is normal). 

II. - Vcrtical component of magnetic field Bz ia not stable. 

L~~~~------------
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- EMF value is lower than the calculated one ( 1.1 - 1.4 V ) because 
of depolarisation effect of dissolved metal. 

- Anode effect value is low and it's value 20V 

- Instability lc:Yel is high ( waves, spikes ) 

- Electrolyte temperature is high which is caused by exothermic 
nature of re oxidation process. 

For given cell operation and technology the minimum AC - distance 
is determined by these complex measurements 

2. VoLTAGE DROP IN ACD GAP 

The calculated results give a theoretically value, which is to be 
achieved at the given ACD - dista."lcc. Practically this value can't be 
achieved because of the deviation of the current line from the vertical 
direction. This deviation depends on : 

- The position of anode carbon which inDucnces the magnitude of 
horizontal current components. 

- The cathodic electric design is characterised by. 

• ledge profile which strongly inftucnces the horizontal current 
components in the metal layer a wdl u having a major inftucncc on the 
hydrodynamic behaviour. Side ledge profile is dynamically varying 
parameter and proper control of its dynamic behaviour can assure 
electromagnetic stability of the cell. 

For determination of horizontal current component the metal 
touching method was developed. Comparing the measured electrolyte 
voltage drop wi1h the calculated value gives a useful indirect information 
about the value of horizontal current. The measured value includes the 
bubble layer resistance i.e. 

Rbubble =ta/ (A(l-1.~)·~ 

where ta = bubble layer thickneu 
A = anode surface 
• = anode covering with bubble 
~ • electrical conductivity 
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When difference between the calculated and measured value is high, 
it means, that the side freezing is not proper, or significant sludge ia 
present on cathode bottom. This indicates, that it is necessary to adjust a 
new thermal state of cell by increasing or decreasing set voltage. This 
decision is determined by other measuring results, such as noise analysis, 
anode effect ana.'yaia, EMF value. 

If the amplitude of fluctuation in noise analysis is low, anode effect 
value is low & EMF value is also low, this means the cell is in warm 
thermal state. Magnetic fidd measurements indicate a high value in 
vertical component. In this case cell voltage (ACD) must be increased. If 
the difference in the calculated and measured IR drop is high the cdl 
voltage should be raised by 200 - 300 mv, and the measured data has 
indicated the above mentioned value. 

If the difference in calculated and measured IR drop is large, but the 
above mentioned parameter arc normal, in that case cell voltage can be 
decreased step by step. 

3. TO DETERMINE omuuu CELL OPEBATION 
FOLLOWING Mt:A3JJRJNG MEDIODS ARE USED 
Determination of the ACD vs CE curve (MHD) for given cell 

operation 

Determination of critical "ACD" point on MHD curve 

ACD is determined by metal touching method 

Determination of horizontal current (longer current path) from 
lffcaJculatcd and IRmeuurcd difference. 

Energy and heat balance calculations are used 

Difference of the calculated and measured EMF is used to 
determine the current efficiency in an indirect way. 

To determine the failure cell operation the following measured 
methods are used : 

Noise analysis measurements (huctuations, waving, spike) 

EMF analysis 
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Anode effect value and its duration 

Alumina content trend monitoring 

To determine the heat losses of cell, current efficiency must be kept 
at constant level • 

3.1 Evaluation of MUD carve 

The composition of the anode gas from industrial aluminium 
electrolysis cell was measured to determine the effect of cell opcmion on 
the current efficiency. Anode gases were allowed to now without any 
induced draught from 15 cm diameter steel pipe or (aluminium pipe) in 
the anode of the cell. The C02 and CO were determined by infrared ga 
analysis. (Hartmann and Braun). 

The current efficiency can be determined by Pearson - Waddington 
equation. This equation is valid for providing accurate current efficiency 
data for industrial reduction cell. 

If the Dow of gas out of the str.d pipe of anode is sufficiency large, 
the Boudoud reaction which take place between C02 in the anode carbon 
is too slow to effect the current efficiency • If however the gas now is 
reduced freezing in the steel pipe in that case will become significantly 
large and it results in large decrease in the current efficicncyduc to 
Boudoud reaction. 

In order to avoid this effect, outer p~urc is used to decrease the 
bath level in the tube. The used equipment has a gas pressure measuring 
unit which indicate variations in gas now and pressure. 

This measuring method is suitable to correlate cell's current 
efficiency and the operational condition of cell for one hour. 

The theoretical EMF and practical, measured EMF is also used for 
determination of current efficiency, in an indirect way on the basis of 
following equations. 

4_.4(1-x) = 2.98 (EMFthco - EMF measured) 

4.4. k.wh/kg = enthalpy changing of re oxidation process. 
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EMFtheo == the calculated EMF for given electrolyte composition 
and temperature 

EMF measured = measured EMF by currmt sinking method 

x = Current efficiency 

During measurements for determination of current efficiency the 
anode gas analysis technique is preferred. For longer time measuremnets 
gold isotope dilution technique is used. 

On the basis of preliminary studies and actual BALCO 
measurements the MHD curve was recorded. The MHD curve can be seen 
on Fig.~ 

The curves were dcscriOed by following equation : 

CE= B (1-A exp-· 2.77 ACD) 

B - value is proP"-'rtional with the vertical cocponent of magnetic field 
induction 

For evaluation the average absolute value of vertical componc •• t •~ dacd. 

If this value is high the B value is low 

Ir this value is low the B value is high. 

A - value depends on the 110 called ''horizontal current" value and its value 
is determined first of all by frozen shape profile and sludge. 

2.77 - value is determined by laboratory modelling study 
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On the basis of our measurements it was found that curve I give the 
MHD relationship for BALCO existing cell. This curve was determined by 
Magnetic field induction measurement, metal touching, noise analysis and 
EMF - Measurement). 

The anode effect value is also low, indicating depolarisation errect of 
dissolved aluminium. 

The anode effect value and its duration and increasing period can be 
found in FILE NO. 3 (with JNARDDC). 

For good cell operation typical graphs for increasing period and 
anode effect value can be seen in fig. 2a, 2b. 

For bad cell operation typical graphs for increasing period and 
anode effect value can be seen in fig. 3a, 3b & 3c. 

The EMF is also low due to the re oxidation process. 

The average EMF value for each experimental cell were 
summarised on the table I (EMF Table). 

Summary of the applied measuring methods can be seen in chart t. 
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These complete measuring system and evaluations are used for 
determination of MHD - curve of given cell operation. 

After determination of MHD curve the determination of actual ACD 
distance, the construction elements volt•e drop, and evaluation of the 
"horizontal current component" value gives the losses of cell voltage 
component in AC gap. Thia lossca are very high in the unstable area of 
MHDcurvc. 

On the stable area of MHD curve the losses are less. Our effort is, 
to minimise the difference between the IR measured and IR calculated 
value. The main target is to found that point on the MHD curve, where IR 
bath - IR calculated value. 

4. DIE Dt:TfJIMINADON OF CEI.I. VoLTAQE AT GIVEN 
CELL OPEBATION 

The MHD curve is used to determine the ACD, where the cell 
operation is stable. The question is how to determine the optimum cell 
voltage value. 

In this chapter this will be described. 

In general electrolyte composition is considered (molar ratio, 
additions) as a constant parameter for cell operation. 

For this electrolyte composition, the saturated alumina 
concentration & liquidus temperature are calculated. 

The liquidus temperature varies as a function of alumina content in 
the bath. In case the electrolyte composition is constant, the liquidus 
temperature depends only on the alumina content as shown in fig 4. 

The superheat value depends on quality of used alumina. 

It is well known, that rate of alumina dissolution process is 
determined by heat transport, and the chemical dissolution takes place 
very fast at low alumina concentration • In this case driving force is high. 

The sandy type alumina gives a more dispersed alumina in bath, and 
the decreucd liquidus temperature gives enough heat supply for 
dissolution. 

The Onury type alumina gives a less dispersed alumina in bath, risk 
of lump.formation is higher. the decreasing in liquidus temperature is less, 
because of not enough heat for dissolution. In general it is accepted, that 
the superheat is 1•c for sandy alumina and 1 s•c for floury alumina. 
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The question is the determination of liquidus temperature. 

For detennination of the cell resistance as a fundion of crust 
breaking monitoring mode is needed. If after the crust - breaking the cell 
resistance is decreased (monitoring mode) it means the alumina 
concentration is low. In this cue the for calculation of liquidus 
temperature the low alumina concentration is to be taken into account. 
Detail data for this study can be found in FILE NO. 4 (with 
JNARDDC). 

The operating temperature must be 1 s·c higher than the liquidus 
temperature for the floury alumina. The reason is more heat is needed for 
the dissolution process. 

The liquidus temperature should be calculated always taking into 
account the average alumina content in the bath. 

The alumina content (low, medium, high content) can be determined 
by monitoring of resistance - time curves. The typical graphs of resistance 
time curves as a function of crust breaking are given in fig. Sa. Sb & Sc. 

At given alumina content, taking into account the type of alumina 
used. the operating temperature is calculated. 

At given ACD the electrolyte voltage drop and the EMF is 
calculated. The sum of these voltage components gives the total voltage in 
ACDgap. 

The measured anode, cathode c!t bus-bar voltage drop plus voltage 
drop in ACD -gap gives the cell voltage • 

5. DETEBMINADQJf OF HMT LQSSES 

To determine heat losses of cell current efficiency must be kept 
constant. Typical heat losses are shown in table II. 

CONCLUSIONS 

On the basis of thae measurements and data evaluation the 
following conclusions are made: 

The horizo:1tal part of MHD curve is determined by vertical 
cumponcnt of magnetic field. Thia value ia proportional with the 
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maximum current efficiency wbich can be achieved. The ycrtical 
component of maanctic field t which is causing the metal circulation is 
high and non-symmetric. It's value is 3·1 gauss. (absolute average value 
of vertical component). Typical magnetic field measurement are shown in 
fig 6. (Software programme .. magnetic.bas" with JNARDDC) 

The vertical component is the most important parameter for the 
stable pot operation. Unfortunately for existing cell operation the vertical 
component igdicatcs a high value. The measured vertical component ~f 
magnetic field in a similar bus-bar arrangement shows a lower value and 
tho."lc pots arc operated in a more stable zone. The bus-bar arrangement is 
considered t..l be a good as magnetic field is well compensated. The main 
reason for high value of Bz is the non-uniform current distribution. In the 
FILE NO. 5 and 6 ( with JNARDDC) measured data for anode current and 
cathode current distribution can be found. The deviations arc high in the 
anode-and cathode current distribution, some typical distribution are 
shown in fig 7 and 8. (Software for anode current and cathode current 
distribution with JNARDDC) 

The s_.,-called "metal toychiga" method was used for determination 
of voltage losses in ACD-gap. Fig. 9 shows the typical graph for metal 
touching mr.thod. It is well known, that the sludge on cathode bottom and 
the improper side freeze shape cause a deviation of the current line from 
the vertical direction. The deviation increase the current path, (horizontal 
currents) in metal, causing a larger rotation of molten metal. The 
proportional voltage with the horizontal currents were measured. These 
results indicate a large horizontal currents in metal. The voltage losses in 
ACD gap is to be 200-300 mv. The calculation for voltage and energy 
balance arc given in software .. UNID01 & UNID02 .. (with JNARDDC). 

The electrical mcaaurcmcnts were used to determine the interaction 
between the anode and molten metal. The small decrease in anode -
cathode distance causes very strong interaction (waving, spike). The 
instability level of cell operation is very high, some spikes, waving and 
fluctuations were measured. These measurements have indicated, that the 
cell operation is in a unstable area. All the measuremnets data for the 
noi!te analysis can he found in FILE NO. l(with JNARDDC). Some typical 
graphs arc shown in fig 10a, lOb, 10c, 10d. 10e &. lOf. 

The low fluctuations of noise, low EMF value (electromotive force) 
and low anode effect value imply the reason for instable cell operation is 
the low AC distance. The electrolyte temperature was also high which is 
caused by exothermic reaction at low ACD. Data for the EMF can be 
found in FILE NO. 2 (with JNARDDC). Some typical values arc shown 
in £ig Ila&. llb. 
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On the MHD curve the line I shows the operating range of the 
existing cells. In summary it was established that the main reasons for the 
low performance level arc : 

The voltage balance indicate low AC-distance 

The cell operation is unstable due to low AC-distance. 

The electrolyte temperature (superheat) very high which is caused 
by exothermic nature of re oxidation process. 

Because of non uniform current distribution the vertical field of 
magnetic induction is higher that the normal. 

High horizontal currents in metal were caused by large amount 
of sludge and improper side freeze profile. 
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AV. EMF (VOLTS) 

EMF VALUES 
(BALCO CELLS) 

1
11 164 I t48 .~ -~ 1.49 

1.637 1.581 
1.4631388 , . 
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514 515 516 517 518 519 520 521 522 523 524 525 526 

CELL NUMBERS 

- AV. EMF VALUES 

JNARODC 

Table I 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

+----------------------------+ 
: DETERMINATION OF MHD-CURVE ! 

+----------------------------+ 
+---------------

+------------+ 

I 
I 

·--------· 

·-------------· +---------------+ +--------++-----------· 
ANODK GAS : MAGNKTIC FIE~o: 
COMPOSITION: : INDUCTION 

·-------------+ : MEASOREMKNTS : 
+---------------+ 

•• I I NOISE 
EMF I I 

I I 

ANO DK 
POSITION 

ANODE :: MEASURING 
EFFECT : : 

·--------··-----------· 
I 
I 

·-------· ·---------· 
+---------------· 
:HARTMANN- ~RAUN: 

:1NFRRF.D GAS 
:ANALYSING 
:co::a/CO CONTENT 
·---------------· 

·------------------· 
:PEARSON-WADDIGNTON: 
:F.OUATION FOR : 
:cnRRENT EFFICIENCY: 
+------------------+ 

+---------------+ 
MAGNETIC FIELD: 
INDUCTION 
MEASUREMENTS 
IN MOLTEN 

: METAL 
+---------------· 

·--------------· 
: Bx, By, Bz 
: DETERMINATION: 
: !VALUATION 
+--------------+ 

+------------· 
: DATA : 
: ACQUISITION: 
: SYSTEM 
·------------· 

·-----------+ 
THERMAL 
STATE I 

I 

EVALUATION; 

·-----------· +-----------· +------------· : 
: ·------· ·-------------+ ·-------· ·----· +------· 

: Rz AP.SOLUTE 
: VAl.tJF. & 
: AVERAGE 

: NOISE : : EMF: : ANOOE: 
•-------+ +----+ :EFFECT: 

+-----· ·------· ·-------------+ +----------------+ 
·-------------------+ 

INSTABILITY LEVEL: 
AT OIFFF.RF.NT 
ANODE POSITION I 

I 

·-------------------+ 

I 
I 

·------------+ 
JNOIRF.CT 
WAY TO 
F.VAL'.JATE 
CUR RF.NT 
!fFICllNCY 

·------------· 

Chart 1 

~------------· 
I JNSTARILITY : 
: MF.ASIJRE 

·------------· 



I 

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

SUPERHEAT CALCULATIONS 

TEMPERATURE 
AL203 CONCENRATION 

12 

965 -

--* * * * * -· ---. ----·----------- • • J .. ~~___,_~_.___._~..L-~~L.---A-__ .__~__..__~__.7 
955 

DAYS 

- -- LIQUIDUS TEMPERATURE _._ SATURATED AL20S CONC 
' 

-ir- SATURATED TEMPEAATUR -a- OPERATING TEMPERATUR 

Figure 4 

L~~~--------~-----



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 

... 

-

R lyQ/ ,f\ 

34.00 t 
t 

33.00 ~= •.:: 

J\r\{tf \ 
t . ;: t, . -; 

32.00 -r 

. ·PROCESS llOHITORIHG 
2lJlll 15-16. file 514. cell 

_ .. .,, .. __ 

:-. 
t 

BF:l.60 U ! 

i\ ~ .._l 
··: j. f ~: 

! 
3.1.00 .;. 

3(1.i)fl 

t 
! 

: ... _,-· 
........ --~ 

1 r.__, '' 

- .· ..... ~"\ :-, 
,-l("i .'I./ I 

I V • ¥ . ~ .. -· 
~no .. . ., ..•... ,, .. 
r.~.- ! , I! I' I I I Ii I' I I. 

1:40:~ 

R:<U-i:r..F 1/1 1992-%-22 

CB 
Fig. Sa Resistance going up 

'. 

·' 

.. 

-~ -'"~ : ·=•'"' 

.. 
_ .. , ... 
I 

T 
.;. 
& 
l. 

! 

i 
f 

. -
'i" 
~ 

i 

-.. .. 
-.. 

I A Ai 

1.!.0.00 

!~.!.10 

98.00 

~Z.GO 

_....._ __ _ 
!f.]. !:''1 

'.J :;10::~3 

. ; 
I "1·• I/\' f I'' ' .. 

' 



• 
I 
I 
I 
I 
11 
ii 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. . 
.-4 .... ,. 

R /)IA/ , 

40.00 

PROCESS llJIH tllHHO 
10JUH a1-ae. n1e s1&. et!ll 

ri 
.~ I A.JV 

110.00 

35.80 
·.:. , .. A~ :-·· .·. ,I 

. i ,...... !t ,.;-· .. :o ... ; ' • • - .• .,~, .. · iu ~ ~J..,.A.,,..,.\I ~-\r,,...,.,..r .. :r t;-.,.N ~:· -v-·v1,.J·.l 
.. . ..., . ~ J' ,~ , • 
ii -..; 'ti I I ! 

i If 
31.GO ; \i 

EiF:l.'8 u I . __ ;! ·.i 
'Z1 .40 ..!.. 

t-- -----------~·---·~. ___ .._.--- I • --~-------AW•·----
1 

It 
•t 

• I 
2J.60 ..L ! l l i 

!9.00 

74.00 

62.IJO 

. 19.00 
....... -....a..M ........ '--..M-1 ........ a.M-M-w.lo..Ll-li.&.l-l-M.i-M~t-J-l.-W-41-'-.f..J-M4-+-+H ...... ~ .• ~ • .:t-- so.oo 

2~31:19 
CB 

ma-o&-u 0:30:58 

R:<U-EJIF)/I 

Figure 5b ·ae•l•tance eonetant 

. ~ 

J' 

, ,..·'·. ·~ ~· ; . : ' 



• 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 

R:CU-Ef1F)/l 

C• "~'.\ 

•. 

86.00 
t 

74.00 

Figure Sc aesistanc:e going down 

:•;~ . ;) 

Lli1·1;~"'""~~,;;... .... ~.,.. •. , .... ,,, ., .... , ...... >, .:~·'•/' ..... ' . .. . '· • . . . ' .. ..,.;;..;.,;,,, ...• : .•. ~I 
~~~~~--~----------~--------' 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1: 

1HEAT LOSSES IN BALCO CELLS 

CATHODE SHELL 348.83 27 9.5 4 
BOTIOM 
UPPER CATHODE 1929.33 16 31 13 
SHELL (LONG SIDE) 
UPPER CATHODE 1929.33 5.4 10.49 4.3 
SHELL (SHORT SIDE) 
LOWER CATIIODE 542.43 1 3.8 1.5 
SHELL (LONG SIDE) 
LOWER CATIIODE 542.43 2.31 1.25 0.5 
SHELL (SHORT SIDE) 
ANODE CASING (LONG 3611.95 25 90.3 38 
SIDE) 
ANODE CASING 3611.95 6.5 23.5 10 
(SHORT SIDE) 
ANODE TOP 944.00 15 14.16 6 

ALUMINA LAYER, 54.00 22.7 
STUD LOSSES ETC. 
TOTAL 238 100 

Table II 

t Date rrom Blllco cell 
Measurements were done by KEMTHERM HEAT FLOW METER 
Upper & lower of the cllChode shell ii Che .,.. above Che collector b• end below the r.oHector 
b• respectively 

I 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

. . 519-0619.mag 

MEASURED VALUES 
======================~====~=e=:============e==~=================== 

1 2 3 4 5 6 7 8 
=================~~~========:====:~========~======================= 

Bx 2.7 1.8 3.6 1.3 -'1.0 -1.9 -2.5 -1.6 

By -s.e -S.4 -4.5 -s.1 -5.0 -6.1 -6.9 -6.9 

Bz 2.9 0.3 -3.2 . -5.4 1.7 -1.4 -4.7 S.7 

Angle 34.4 35.2 28.4 38.9 41.9 37.2 

CALCULATED VALUES 

1 2 3 4 5 6 7 8 
============:===========~==·====~============~===================== 

BX -3.9 -1.6 -1.6 2.4 0.3 -2.3 -5.0 2.2 

BY s.e 5.4 4.5 5.1 -5.0 -6.1 -6.9 -6.9 

BZ -0.0 -'4.5 -5.o 2.0 0.4 -1.B 5.5 

BXV 7.0 S.6 4.9 5.6 5.0 6.5 e.5 7.2 .. 
-----------------------------·--~----------------------------------

aXV -33.7 -16.9 -2c.1 25.3 -3.3 20.e 35.9 -17.5 

BXVZ 7.0 ~. b.6 7.5 5.4 6.S a.1 q .1 

aXYZ 82.9 -82.0 -46.6 -48.4 69.7 -77.9 52.7 
---------------------------~---------------------------------------

z 

Sx 

45.6 51.3 54.0 50.7 43.9 56.1 

76.3 76.7 59.5 89.1 83.2 90.8 

·---·····-······~······~··-·---~-········~~-······ 
: . . 
: . . . . 

......................... -: .................................................................. · ................................................................ ..:. .................. . 

i B "" 7 '1'... ' ~ '··-···7··············~·-·······y·~········=--+··········· .. 

F.tgur"" ~ 

59.0 41.1 

83.5 86.5 

.f.Y 
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TABLE III 

VOLTAGE COMPONENTS IN AC GAP 

1YPEOFCELL SODERBERG 

!IWUR!D DATA Ulm mo mo MAL !XP!IUl!ITAL 
CP.YOUfI lt.\110 2.IS us 
A V!RAGI ALUMINA CON'ltNT " 11.1 4.1 
CA!.G!UM fLUO!'JD[ o:nrrnrr " 4 4 
EU:CTROLYI'ETIMPWTIJRE ·c ,,. ·m 
MWUP.IDt:MF v H m 
AG Dirr ANGE CM 41 5l 
um:cuRRENT kA 11 II 
ANODE WIDTH CM 231 2ll 
A?lODE U:NGTH CM '51 '51 
C!U. VOLTAGE v 4.42 tn 
CUP .P!NT t:ffiClt:NC'l' " 71 IS 
ANODE VOLTAGE DROP v 1.51 1.51 
CATHODlVOLTAGIDROP v ••• 1.41 
BTJSBAR VOLTAGE DROP v 1.3' I.JI 
VOLTAGE DROP or SHORT CIP.CUIT v 1.21 L2t 
CALCULATED DIOP or fllOI PLAIT DATA 

EOUIUBPJUM POTINTIAL ua L24 
CATHODICOV!RVOLTAGI v 1.96 U51 
A?KrDICPiACilOM OVIRVOLTAGI v 1.47 1.47 
A?WDIC DlffUSION OV!RVOLTAGI v ..... UIS 
CALCULATID E.M.F. v 1.13 L71 
SPECinC PJ:SlrrANCI or BATII OHM·CM 8.46 1.42 
P!ln"ANCE or EU:CTROLm: p·OHM 13ll 14.51 
ELl:CTROLYI'E VOLTAGE DROP v U2 1.4' 
VOLTAGE DP.OP BETWII?J AC GAP v 2.n 3.11 
CALCTJLATID CELL VOLTAGE v U2 ua 
CALCULATID DATA no• TB! llWUUD !.11.r. AID ll!TAL TOUCBllG •moo 

VOLTAGE DROP BE'IWlEN AC GAP v 3.22 rn 
ELECTROLYTE VOLTAG[ DROP 'I l.82 uo 
DEPOLARISATION VOLTAGE COMPONtNT BECAUSE v 0.325 usa 
or PJ:OXIDATION REACl10N 
CALCULATID or !lftlGY BAI.Ale! 

!.!QUID TIMPEP.ATUR! ·c 929 972 
SUPERHEAT ·c 61 3 
VOLTAGE DEMAND or Al PP.ODUC110N v 1.71 U94 
EtlEP.GY DEM>JlD Of >l PRODUCTION kW 171.5 llH 
ACTUAllY HEAT LOSSES kW 263.4 282.6 
TIIEOPJ:TICAL HEAT LOSSES kW 213.7 241.4 
ACTUALLY ENERGY EffiCIENC'f 3 29.2 2'-1 
TIIZOPETICAL E?IERGY [ffiCJENCY ,. 32.t 32.l 
AGfUAllY DAILY PRODUCTION k2 621.6 615.I 
TIIEOP!TICAL DAILY PRODUCl10tJ k2 885.9 IU 
ACI"JAllYENERG'fCONSUMPTION k1IMf lU 16.5 
TIIEOPETIC>l ENEP.GY OONSUMPTIOtf kwMi.2 11.6 lU 
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EXECUTIVE SUMHl\RY 

A proposal for the lllOdernisation of the Korba Smelter has 
been prepared by the experts of Jawaharlal Nehru Aluminium 
Research Develo~nt cmd Design Centre in cooperation with 

. their counterpar'.:s at 81'~ - the basic premise of the proposal 
is to achieve naximwa benefits with minimum change in cell 

construction laying emphasis on iaprovements in technology and 

or work routine. The latter would involve special efforts to 

train operators Uid foremen. 

Major changes such as replacement of rectifiers, alumina 
transportation and distribution systems, introduction of point 
feeders, installation of new cranes and end crust breaking 
vehicles have been the main factors for the modernisation of 
similar smelters elsewhere in the world. However, these are 
not envisaged in t~e present proposal due to high investment 
and operational costs. It is proposed to make some changes in 
the anode stud pulling system to decrease the anode voltage 

drop - this can be considered as the first phase of introduc
tion of the so called •dry anode paste technology•. 

The salient features of the proposal are the following : 

installation of controllers and bar breakers for the 
improvement of existing operational parameters 

modification of technoloqy and oeerational routine without 

introducing changes in cell construction. 

There are two possibilities for the procurement of the 

controllers - either to import the ones presently available in 

the closed/closing down smelters of HUNGALtJ or from indigenous 

sources based en the software purchased from an outside agency. 
If the HUNGALU controllers are to be installed, ne9otiations, 

contracting, shipment, delivery, reinstallation at the BALCO 

smelter and training of the BALCO ataf f are required. The 

(i) 
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present proposal envisaqes that the staff members of BALCO and 
the Centre and the international experts attached to the 
Centre would play a prominent role in installation, measure
ment and evaluation of data. It is also necessary to carr}- out 
measurements on the present state of the cells at Korba; 
preliminary work in this direction has already been started by 
the staff members of BALCO and the Centre. Keeping this in 

mind, the following schedule is suggested for the completion 

of modernisation. 

SCHEDULE FOR THE MODERNISATION OF BALCO SMELTER 
BASED OH BUHGAW CONTROLLERS 

Activity 

Measurement on cells at 
Korba 

Period Responsibility 

14/4 - 5/7 1992 JNARDDC/BALCO 
' 

Negotiations, contract, July-Dec 1992 BALCO/HUNGALU 
shipment, delivery, 
installation, training 

Experimental study Jan-Jun 1993 BALCO/JNARDDC with 
assistance of inter
national experts 

Voltage regulation July-Dec 1993 ---"---

Technoeconomic evaluation Jan 1994 ---"---

It should be noted that since the number of controllers 

offered by HUNGAW is limited (about 100) it would be necessary 

to produce the others through an indigenous source taking the 

know-how frOlll HUNGALU. This process can be carried out simulta

neously with the ordering/delivery of controllers from Hunqary. 

If the der,ision is to qo in for a wbole lot of indigeneously 

made controller•, purchasing the know-how from abroad, the 

total time period of 13 months for the experimental study, 

voltage requlation and technoeconomic evaluation would 

commence from the time of installfttion of the ~ontrollers at 

Korba. 

(ii) ' 
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Crust breaking would be carr1ed out by the bar breakers 

already developed at BAI.CO. It was made clear to us during our 

discussion with the BALCO staff that these could be manu
factured/procured from indigenous sources. The time schedule 
for the installation of bar breakers would be as follows : 

Activity Period Responsibility 

Tendering, contract, July-Dec 1992 BALCO 
and procuren.ent 

Insti..~llati.on Jan 1993 BALCO/SUPPLIER 

Anode casing modif i- Nov-Dec 1992 BALCO/JNARDDC/ 
cation SUPPLIER 

Observation on cells · Jan-July 1993 BALCO/JNARDDC 

Technoeconanic analysis Aug 1993 BALCO/JNARODC 

The existing and expected values (after modernisation) of 

various parameters are suanarised below : 

CBLL PARAMETERS AT BALCO 

Parameter 

Molar ratio 

Average alu•ina content 

Calcium fluoride content 

AC - distance 

Cell voltage 

Avg. line current 

current efficiency 

Anode voltage drop 

(iii) 

Present 

2.75 

4.00, 

•• 00\ 

4.00 cm 

4.62 v 

97 kA 

8lt 

o.so v 

Expected 

2.65 

4.00\ 

4.00\ 

5.5 cm 

4.57 v 

97 kA 

88.0t 

0.40 v 
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Cathode voltage drop 

Bus bar voltage drop 

Voltage drop on construction 
elements 

Volt3ge demand for alwninium 
production 

Voltage drop on ACD-gap 

Electromotive force 

Voltage drop in electrolyte 

Energy for Al production 

Heat losses 

Energy efficiency 

Energy consumption 

0.39 v 

0.30 v 

1.19 v 

1.83 v 

3.44 v 

1.65 v 

1.78 v 

177.6 kW 

270.5 kW 

39.6, 

17.00 
kWh/kg 

0.35 v 

0.30 v 

1.05 v 

1.94 v 

3.52 v 

1.65 v 

1.87 v 

188.32 kW 

254.97 kW 

42.5, 

15.48 
kWh/Jtg 

It may noted that after modification, the current effici
ency would go upto 88t (as against the present figure of 81') 

and energy consumption reduced to 15.48 kWh/kg (present 
figure 17 kWh/kg). 

The setting up of a joint team with participants from the 
Centre and BALCO for the formulation and implementation of the 

modernisation proposal is likely to result in a relatively low 

investment cost. The cost of manufacture of each bar breaker 

is estimated by the BALCO staff to be Rs. 230,000; presently 

available estimates from RUNGALU suggest that each controller 

would cost between $ 5000-6000 (average cost including micro 
and Central Computers and training programme). 

' 

, ( Iv) 
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ltf'.l'RODUCTIOH 

Many of the smelters world-wide are now more than 20 years 

old. Plant retrofitting and modernization are strongly needed 

for these-cell lines in order to increase current efficiency 

and reduce cell voltage so that the total energy consumption 

could be reduced. 

About half of the world's aluminium production is made in 

Soderberg cell. The •best• and •industrial average• dat~ for 

current efficiency and energy consumption for these cells are 

summarized in Table I : 
I 

TABLE :I: ERERGY COllSUMPTIOR MID CURRERT EFFICIERCY FOR 
SODERBERG CELLS 

BEST INDUSTRIAL AVERAGE DATA 
ENERGY(kWh/ CURRENT ENERGY(kWh/ CURRENT 
kg) CONSUM- EFFICI- ltq) CONSUM- EFFICI-
PTION ENCY (t) PT ION ENCY (I) 

1964 14.4 90 16.0 86.0 

1976 14.5 90 15.0 86.0 

1988 13.5-14.0 90.S 14.5 87.0 

2000 13.0-13.5 92.5 14.0 89.0 

Bharat Aluminium company plans to modernise its aluminium 

smelter (Korba)f commissioned in 1975. A proposal from JNARDDC 

for the preparation of detailed energy and voltage balance was 

discussed with Balco experts at site and it was agreed, that a 

joi11t proposal will· be prepared for the modernization of the whole 
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plant. The main stress of this modernization proposal is to 

improve the operational parameters and to achieve the predicted 

industrial averaqe data and to meet the more strict environ

mental requirements. 

2. EVALUATIOll OF VOLTAGE AND ENERGY BALANCE TO DETERMINE mE 

MAIN £LEMERT OF MODERNIZATION PROJECT 

On the basis of observations and preliminary calculations, 

the valt.es estimated for the existing cell operation parameters 

by the experts of the Centre are given in Table II. Using 

these values the energy and heat balance were calculated. The 

results are also summarized in Table II. 

The 1:esults show that the main energy losses are in the 

anode-cathode gap and these losses are increased by the number 

of anode effects and their duration. At this AC - distance the 

electrolyte voltage drop should be 1.12 V instead of 1.78 V. 

At low AC - distance the heat generation is increased by 

exothermic reaction of reoxidation process. The other main 

reason for losses is the bottom deposit and sludge 

formation. 

3. PROPOSAL FOR MODEIUUZATION ·oF KORBA SMJ;LTER 

EXPECTED RESULTS 

In this section the development possibilities, improve-

ments in operational parameters and requirements have been 

studied in the light of the modernization concept. 
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TABLE II: OPERATING PARAMETERS FOR mE BM.CO ELECTROLYSIS CELL 

Parameter 

Molar ratio 

Average alumina content 

Calcium f louride content 

Line current 

AC - distance 

Cell voltage 

current efficiency 

Anode voltage drop 

Cathode voltage drop: 

Bus bar voltage drop 

Voltage components : 

Voltage drop on construction 
elements 

Voltage demand for aluminium 
production 

Voltage drop in ACD - gap 

EMF (Electromotive Force) 

Voltage drop in electrolyte 

Energy components : 

Energy for aluminium producti~n 

Heat losses 

Energy efficiency 

Ene~9y consumption 

Existing 

2.75 

4.0\ 

4.0\ 

97 kA 

4.0 cm 

4.62 v 

81.0\ 

0.5 v 

0.39 v 

0.30 v 

1.19 v 

1.83 v 

J.44 v 

1.65 v 

1.78 v 

177.6 kW 

270.5 kW 

39.6\ 

16.S97 
kWh/kg 

Expected 

2.65 

4.0\ 

4.0\ 

97 kA 

5.5 cm 

4.57 v 

88.0\ 

0.40 v 

0.35 v 

0.30 v 

1.05 v 

1.94 v 

3.52 v 

1.65 v 

1.87 v 

188.32 kW 

254.79 kW 

42.5\ 

15.48 
kWh/kg 
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In general, it is known, that low energy consump~ion and 

high current efficiency cell operation are characterized by: 

Compensated magnetic f ieltls 

voltage and/or resistance regulation and automation 

efficient alumina feeding technology 

stabilized bath co'"position 

good frozen profile 

low superheat 

To achieve the -improvement of the operational parameters 

the above components will be arralysed in more detail ! 

Compensated magnetic field The magnetic field and 

electric current through the bath and metal will give rise 

to electromagnetic forces, causing circulation of the bath 

and metal. This circulation promotes the rexodation of t~e 

dissolved metal and decreases the current efficiency • 

The vertical component of the magnetic field is a very 

important factor for stable pot operation. This vertical 

component is determined by cell construction and bus bar 

arrangement. In order to decrease the value of this magnetic 

component some modification should be done in the bus bar 

arrangement, but its bennfit will be limited, therefore it 

is not proposed. 
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Voltage and/or resistance regulation and autowation - Now

a days, controllers based on microprocessors are used in 

the aluminium smelter. They measure cell voltage and line 

current, and check the possible errors like cell insta

bility and control the necessary operations e.g. anode 

stud replacement, starting of alumina feeding. The measured 

data are displayed and are helpful in predicting the occu

rence of an anode ef feet. Sometimes, the Controller can 

follow the operational events e.g. automatic anode adjust

ment during metal tapping. A·set of the controllers (say 

11) would be controlled by a separate microcomputer. 

The main functions of pot controller are the following : 

i) Noise analysis - waving, pulsating and fluctuating -

suitab1 e for detection of cell failure operation. The 

appearance of wavinq noise indicates hydrodynamic insta

bility of the melt. The circulation and fluctuation of the 

melt chang~s the actual anode-cathode distance and results 

in a waving cell ·voltage. Pulsati.ng cP.11 voltage can be 

recognised when the cell has certain anode bottom problems 

(spike, large amount of skim). Temporary anode-cathode 

short circuits cause sharp'falls in the otherwise normal 

cell voltage. Fluctuations characterise the thermal state 

of a cell. The relatively warm cell has a noise of small 

amplitude and in case of a relatively cold cell, fluctua

tions are larger, then the cell is called "noisy". Computer 

control requires a special algorithm for detection of 

different kinds of noises. 
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ii) Prediction of anode effect through an appropriate 

algorithm.. The latter is based on the change of the slope 

of the resistance - time curve. 

To reach a more stabilized cell operation it is necessary 

to adjust the target cell voltage. Adjustment of target cell 

voltage results in stabilized heat balance which leado to 

improvement in operational parameters. 

Special metal tapping procedure will be introduced to 

stabilize the thermal· state of the cell. 

Efficient alumina feeding technology - Alumina content of 

the bath is one of the most important parameters of the 

procesf' and -:.:herefore regulation of alumina feeding is of 

great significance. Old aluminium plants with horizontal 

and vertical Soderberg cells ace not usually provided with 

automatic feeders, so the alumina feeding can hardly be 

regulated. Some years ago bar-breakers and point feeders 

were developed for. the Soderberg cell, to improve the 

alumi~a feeding technology. 

An important feature of the proposed modernization project 

is to install bar breakers. To avoid the sludge and deposit 

formation on cathode bottom the alumina content in bath must 

be maintained at low value. It is possible to maintain low 

alumina content in the bath with combination of scheduled 
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crust breaking and crust breaking at anode effect prediction. 

This procedure is expected to lead to sludge-free cathode 

bottom. 

Stabilized bath composition - The optimum electrolyte com

position depends on : cell construction, alumina quality, 

and understanding of the cell behaviour by the operators. 

The electrolyte composition should conform to molar ratio 

of 2. 65 with average alumina content of 4. 0\ and CaF 2 -

4.0\ without other additives. 

Good frozen profile - One of the most difficult parts of 

Soderberg operation is the shape· and size of the side 

freeze. Shape depends on parameters like feeding system, 

cathode insulation, heat balance of cell etc. The main 

task is to keep the frozen profile approximately to the 

anode.shadow. 

As the more difficult part of the proposed modernization 

process is to maintain a good frozen ledge, it is necessary to 

train the foremen and cell operators in this regard. 

Low superheat - Sut-·erheat is defined as the differencE. 

between the operating temperature and liqui!lus . tempera

ture. It should be as low as possible to decrease the 

aluminium solubility in the bath but high enough to 

provide for heat of dissolution of alumina. 
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In our opinion the anode voltaqe drop is too high. because 

of the practice of the two stage stud pulling arranqement. This 

should be increased to seven levels by proper adjustment of 

crane capacity. Such an incr•~-~se would also be a precursor to 

introducing the dry anode technology at a later date. 

Taking into account the modifications in cell technology 

the expected heat and volta9e balance was calculated and the 

results are included in Table II. 

4. DETAILS OF 'l'8E PROPOSED PROGRAMME FOR MODERNISATION OF 

BAI.co SllBLTER BY JRARDDC/BALCO ARB AS FOLLOWS 

A. PRELIMINARY PROGRAMME FOR BASIC STUDY ON KORBA TEST CELLS 

This progranune seeks to understand the behaviour of Korba 
. , 

cells in a detailed manner and accordingly a series of measure-

ments are planned. These include the following : 

1. Heat balance study 
2. Magnetic field measurement 
3. Voltage balance measurements 
4. Voltage pattern study, 

using the Sophisticated equipment available in the Centre. 

The study will commence from 1st June 1992 lasting for 

three weeks. It is necessary to carry out the following prepa

ratory work prior to the start of this study. 

1. Preparation of an air-conditioned dust free room where 

signals for cell voltage and line current are made availa-

ble 

2. Training of BALCO personnP.1 at Nagpur to familiarise them 

with the techniques of measurement 

3. Transportation of equipment to site 

4. Installation and commissioning of equipment at site. 
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Details of t:he planned progral1\18e are provided in Table-Ill 

Table-III : Proposed programme for carrying out measurements 

Sl. ACTIVITY PERIOD RESPONSIBILITY 
No. 

1. Outlining the April 14-18 JNARODC 
requirements for 
site preparation 

2. Preparation of site April 18-May 18 BALCO 

3. Training of BAI.CO May 11-May 13 JNARDDC 
personnel at Nagpur 

4. Transportation of May 15-May 25 JNARDDC/BALCO 
equipment from 
Nagpur to Korba 

5. Installation and May 25-May 30 JNARDDC/BALCO 
commissioning of O* 
equipment 

6. Measurement on Korba June 1-June 21 JNARDDC/BALCO 
cells 

7. Evaluation of data June 21-July 5 JNARDDC/BALCO 
at Nagpur 

B. INSTALLATION OF POT CONTROLLER 

There are two possibilities for installation of pot 

controllers. 

i) Installation of Pot Controller from HUNGALU 

During the period when the Basic Data are being collected, 

a programme for transfer of pot controllers from HUNGALU 

will be explored so that· by the time these controllers 

arrive, the required information on Korba cells have been 

collected1 these data would help to modify the softwarfe 

of these controller1. 
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The entire lot of pot ccntrollers, micro~puters and the 

central computer is proposed to be transferred to Korba 

and immediately installt?d. As the number of controllers 

from Ajka is limited, simultaneous action should be taken 

to have more controllers manufacturered indigenously. 

The experimental study will be made on a group of cells 

ranging from 13 to 51 wherein the following functions 

will be performed by the pot controllers. 

1. Resistance based control of ACD of the cell 

2. ACD control during metal tapping 

3. Noise monitoring aud detection of failure of 
operation· 

4. 

5. 

Anode effect prediction, alumina feeding 
' 

Data logging and historical analysis 

By installinq the process c~mtrol system, we estimate 

that the performance of the cell will improve and current 

efficiency will go up to R6t while specific power consump

tion will come down to 15.9 kWh/kg without the use of 

crust breakers. 

The experimental period w.lll extend for six months during 

which time the operating parameters may be further 

refined. Some technolo9J.cal parameters such as metal 

height, bath height, anode immersion depth will also be 

measured. 

ii) Indiqeneous pot controllers 

The pot controllers can be purchased from domestic market 

However, if there is any problem in the procurement of 

Ajka Controllers, then in this case it is necessary to 

purchase the software sepa1:ately. 
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After installation of these controllers, it is proposed 

to train BALCO personnel in operation and maintenance of 

the system. 

All the necessary knowledge and details of operational 

practice related to controlled cell operation would be 

provided by the international experts of JNARODC. The 

main activities during this period would b~ : 

Removal of sludge 

Adjusting bath and metal height 

Controlling anode and current distribution 

Improveme~t of alumina f eedin9 technology 

Assuming that the controllers are procured from HUNGALU, 

the proposed installation proqramme is given in Table-IV. 

Table-IV : Programme for installation of RUNGALU controllers 

SL ACTIVITY PERIOD RESPONSIBILITY 

No. 

1 .. Submission of of fer 15 May'92 JNARDOC 

by RUNGALU to BALCO 
at Delhi 

2 .. Study of proposal by 
BALCO and dee ls ion 
by BALCO 

3. Contracting One month after BALCO 
BALCO's decision 

4. Training of JNARDDC/ One month after 
BALCO personnel in contracting 
Hungary 

s. Delivery One month after 
contracting 

6. Installation by After delivery 
Hungalu experts 
in cooperation with 
JNARDOC/BALCO 

7. Experimental study Six months 81\LCO/JNl\RDDC 

on 13 or 51 pots 
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8. 

9. 

c. 

12 

ACTIVITY PERIOD RESPONSIBILITY 

Voltage regulation Six months BALCO.J/JNARCDC 
in pots to the 
extent possible 

Techno-econaaic One month BALCO/JNARDDC 
eval Uet ti on 

AUTOMATIC ~RUST BREAKING SYSTEM 

The use of the knife type crust (bar) breaker developed by 

BAlCO will be the basis of iapleaentation of the mechani

sation of alumina feeding. It is proposed that simulta-

neously vi th the installation of pot controller, crust 

breaking facility will be installed on one section of 13 

number of pots. 

If it is felt necessary, JNARDDC is ready to evaluate 

the existing de~i9n of Korba knife type crust (bar) breaker 

with the assistance of an international expert. The 

installation of knife type crust breaking system will not 

require any shut-down of pots; therefore no loss of metal 

production will take place due to this modification. 

The knife type crust breaker for controlled crust break-

inq could be easily installed within a short period 

practically without any risk. Only preliminary experiment 

would be necessary on the 9roup of experimental pots (13 

cells) for ensuring correct desi9n of the construction 

and technolo9y. Afterwards, the system can be introduced 

in the whole of smelter. We would like to confirm whether 

the combinati~n of pot controller and crust breaking 

system would give more benefits particularly in terms of 

improved technolo9ical parameters. 
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The experts of the Centre are ready to impart their 

knowledge and practice to BALCO in this matter. The main 

activities in this perioci are as follows : 

Determination of bath volume 

Determination of quan~ity of alumina fed 

Determination of optimum alumina layer on crust 

Introduction of schedule and anode effect prediction 

crust breaking system 

Introduction of control and measuring system 

To achieve the improved operational parameters, modifi

cation in alwdna quality is needed. The -45 micron 

particles should not exceed 20\. The proposed programme 

for introducing the crust breaking system is qiven in 

Table-v. 

Table-V : Proqramme for intr'lducin9 automatic crust breaking system 

~ --Sl. ACTIVITY PERIOD RESPONSIBILITY 
No. 

1. Tendering action of First week of BALCO 
13 cells May 1992 

2. Procurement of December 1992 BALCO 
equipment 

J. Modification of anode Nov-Dec'92 BAL':O 
casing 1 procurement 

4. Installation of By end of Jan'93 BALCO 
equipment 

s. Observation of cells Six months JNARDDC 
upto July'93 

6. Tech no-economic One month JNARDDC 
analysis 
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Based on measurements and evaluation on the test cells 

and evaluation by using pot controllers and knife type 

breakers, ll!Odification of technological parameters and 

modernisation of remainin9 cells of J(orba will be taken 

up. This includes the following installation action : 

1. Provision of knife type crust (bar) breaker for each eel 1 

2. Further needed lllOdifications such as : 

a) Central c01Rputer 
b} Gas burner and g3s ductinq 
c) Mechanisation such as control of anode, stud 

pulling and end breaking vehicle 

5. TRAIHIRG PROGRMMB 

An . essential part of the modernisation programme is to 

make the plant staff appreciate the need for following strict 

discipline in technological practice ar.d the use of contro1lers. 

It, is, therefore, necessary that the plant staff is provided 

with the necessary training well before the modernisation 

process is started. They should understand the changes intro

duced thoroughly and be· able to take decisions to vary the 

parameters-as and when the situation deaands. 

The training could be imparted to a small group (nucleus) 

of staff who, in turr., will proliferate it in the plant. There 

wouid be three phases of training, in the factory of the techno

logy/controller supplier, at the Research Centre at Naqpur and 

at BALCO Plant at Korba. It would include various components -

theoretical aspects of electrolysis and control, operating 

procedures, details of equipment, maintenance schedule and 

practice etc. Such an activity "ould put the plant staff on a 

solid ground to make the best use of the proposed modernisa

tion process. 
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6. INVESTMJUn' COST 
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The pr<><Jram will be executed by joint team of experts from 

BALCO and JNARDDC. 

JNARDDC will be responsible for measurements and evalua

tion of data by involving the international experts and their 

scientists. The expenses of site preparation, participation of 

plant personnel and any other expenses eMerqing in India will 

be borne by BALCO. 

Modification of the group of test cells consists of two 

main items : 

Pot controllers 

Bar breakers 

From our discussion with the BALCO staff we understand 

that the bar breakers developed by them can be manufactured in 

India, the estimated cost ls Rs. 230,000 per breaker. Preli

minary information received from RUNGALU suggests that the 

average cost of each controller (including computers, training 

programme and installation) would be $ 5000-6000. However more 

details can be worked out by extensive discussion with HUNGALU, 

JNARDDC, BALCO and Indian party prepared to supply the 

controllers. 

If all the controllers are to be procured indigenously, 

the software is to be bought from an outside a9ency. In this 

case the period of 13 months envisaged for experimental study 

on pots, voltage r@gulationand technoeconomic evaluation would 

commence from the date of installation of the controllers at 

BALCO plant. 
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E?UBs RECORD NOTES OF THE DISCUSSION HELD BETWEEN JNMDDC. NAGPUR 
AND NALCO FRl»I 20th APRIL TO 23rd APRIL 1992 AT NALCO ANGUL. 

Person• present• 

JNARDDC.NAGPUR 

·1.Dr .J .Horvath UNDP EKpert 
2.Hr.G.6.sengar 
3.Hr.Anupa• Agnihotri 

NALCO , ANGUL 

1.Hr.".L.Ka•pani 
2."r.R.N.Jena 
3."r.P.R.Pavlthran 
4. "r.Srlnlvas 

Referring the ••etlng between NALCO representative and JNAqDDC 
representatlve.JNARDDC expert• arrived at NALCO.Angul,Smelt•t 
Division to discus• the following topics I 

I A. Characteri•ation of Electrlc/ther•al etate of •Kitting 
with a•orphous cathode block• and •odified cell• 

c~l ls 
with 

1 
graphitl••d cathode block•• 

B. Heat balance of eKl•tlnt cell• and cells built with 

I 
I 
I 
I 
I 
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I 
I 

indigineou• bricks. 

c. Heat balance of anode baking furnace. 

Th• JNARDDC eKpert• observed the •tatu• of eKistlng 
S.elter technology at NALCO and listed all the information 
nece••ary to carry out· above •tat•d 1tudie1 <ANNEXURE - 1). 

JNARDDC eKpert• proposed to carry out the above mentioned 
projects a• follow1. 

I.A.Characterisation of electrtc/ther••l •\ate of eMl•tlng cell• 
with a•orphous cathode block• and modify cell• with 
graphltised cathode block• t 

JNARDDC eKpert• agreed to carryout all n•cettary eKperlmentt 
required for chacterl1atton at th•r•al/electrlc 1tate of 
eKi•\ing/modifled cell1.Followlng propotal wa• made 1 

t> Characterisation of amorphou1/graphl\t1ed ~athode bier.kt 
ba••d on varlou• laboratory faclltti•• available at JNARDDC. 

ilJD1tAil1d heat bal•nc1 of •Hitting I modlf!1d cell 
carried out with m1thod11 dtvtloptd by JNARDDC 
a••l•\ant of UNDP. 

will 
Cll th 

bf 
tht 

iii>Ther•o electric model will be develop~d to calculate the 
location of freezing i1otherms in th• cathod• and po1lttan at 

'1ide freeze. 
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f.IA rtONAl At.UMINIUU COMPANY LIMITED 
SMElTER PLANT·. 

(A GOVT. OF INDIA ENIERPRllE) 

After evaluation and analy•i• of data obtained •uitable 
proposal will be ••d• for any change in op•rating wtrat•gy ,if 
required. 

8. Heat balance of eKi•ting cells and the cell• built with 
indigeniuo• insulation brick•. 

JNARDDC haw •ophiwticated equi.,.ent• such a• heat fluK 
•eter,thermovl•lon etc.which are •ultabl• ta carryout the heat 
balance of the cell• • Thete equplments will be ueed for 
deter•inatlon of 1 

i) Cathode heat lo•••• far eKi•ting •late• of cell. 

li>Cathode heat lo•••• for cell with indigeneou• 
brick• will be determined. 

int1ulatlng 

iii>The voltage and energy balance will be calculated by JNARDDC 
eKpe·rts and operating data will be given by NALCO. 

JNARDDC eKperts infor••d NALCO that for wucce••ful tolution 
of this problem it 19 n•c•s•ary to develop math••atical model 
for determination of cathode · itoth•rm,heat distribution 
etc.Due to -large deviation• in heat transfer coefficients 
between /iaetal and frozen·· ledg• there are cttrtain 1 in.i tationt 
to prediction of fre•zing t•oth•rms,heat di•tribution etc. by 
matheaatical model • Therefore it ls necewsary to carry out 
laboratory experiaentw to deter•lne the heat transfer 
coefficients between bath/•etal and frozen ledge. 

C. Heat balance of anode baking furnace 1 

i> After close observ•tlon of ttatut of the eMistlng anode baking 
furnace,JNARDDC eKpreesed the opinion that heat f luM fro• the 
top surface can be deter•lned.lt 11 difficult to measur! h!at 
fluK from the 1jde1,1tnc• no 1uitable ••••uring polntw are 
acce1abl• on sid•• of anode baking furnace.However, JNARDDC 
agreed to mea1ure the h•at fluK at any accesable point• on the 
sid• of an~d• baking furnace •• 1ugge1ted by NALCO. 

JNARDDC will do th• nece1tary action in the 
direction.After the dl1cut1ion with NALCO they agreed tor the 
programM• and m•ntion•d th• Main effort• ta be done with 
JNARDDC. 

II.Procedure tor heat tluK mea1urment1 1 

JNARDDC eKpert1 propo1e to carry out the 
mea1urementt at th• ba1ement of th• cell hou1e 
cell in following way 1 

heat tluK 
at telected 

f) Lon9 1id• 30 ••a1ur1~1nt1 t.1. 10 at 3 different lay1r1 on 
bath 1lde1. 

ii)Short tide 9 mea1urement1 I.~. 3 at 3 different layer1 on 
both sides. 

iii>Botto• of th• cell 30 mea1urement1 i.e. 10 at 3 different 
layer1. 
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111. JNARDDC eKperts visited the quality control 
laboratory and collected all the information regarding various 
analysi9 methods which are pre9ently being u9ed by NALCO for 
raw material• an~ finl•hed product•· 

IV.For the above 
comprise of 

2. 
3. 
4. 
5. 

mentioned project•, the NALCO 

(C:.MT-5.) 

V. JNARDDC eKperts in consultations with NALCO prepared a 
tentative work· programme for carrying out above mentioned 
projects CANNEXURE -2> 

VI.JNARDDC eKperts during their viwit to NALCO 
consider few technical p~oble•• for making 

were asked to 
detailed study 

CANNEXURE-3> 

~-~ 

~ 
For JNARDDC , NAGPUR 

~~':,_~ 
x;;;;ALCO ANGUL 

•• 
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NATIONAL ALUMINIUM COMPANY LIMITED 
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ANNEXURE - 1 

LIST OF It.FORHATIONS NECESSARY TO CARRY OUT THE STATED 
PROJECT I 

1. Cell drawing with all t~• diaenslonal detail• 

2. Characteristic• of eKlwting lining •aterial 

3. EKlsting ther•al/volatage lnforaatlon 

4. Measuring ••thod that it cathode current dittrtbution,anode 
current distribution,bath h•i9ht and aetal height. 

5. Anode bus bar current distribution 

6. Specification• of C.P.Coke and Pitch 

7. Cell operating parameter• 

8. Alumina quality 

9. Analysis of raw ••t.erlal/fl"ni•h•d product 

10.Speclfication of lndigeneou• brick•· 
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ANNEXURE - 2 

TENTATIVE WORK PROGRAHHE 
------------------------

SI.No. ACTIVITY 

------ --------
PHASE I 

1. 

2. 

For•ation of Joint te••· 

Ob•ervation of •it• and 
collecting nece••ary 
infor•ation for the 
••a•ure•ent•. 

TENTATIVE 
SCHEDULE 

19-24 April 

19-24 April 

RESPONSIBILITY 

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

NALCO 

JNARDDC/NALCO 

3. HASEARURING HEAT LOSSES AB FUNCTION OF POT AGE. 

a> Selecting pot• for the 
measure•e~ts. 

from 1•t week 
Sept-1992 

b> Determination of cathed• 
heat lo•••• fro• botto• and 
•id• wall of •elected pot•• 

c> Using energy balanc~ calcution 
deter•in• the total heat lo•••• 
and operating data will ~· given 
by NALCO • .... 

d> Total cathode heat lo•••• will 
be divided in 2 part• i·•• side 
wall• and bottolft. 

e> Evaluation/analysi• of data. 

PHASE -II 
---------

4. MODIFICATION OF INSULATING BRICKS 

a> Changing of brick•<indegenious> 
in •elected pot•. 

b) Determination of •n•rgy balanc• 
and heat lo•• of the cathode 
similarly a• in ph•••-1· 

c> Evaluation and analy•l• of 
the re1ult• of phaie-1 and 
ph•••-2· 

La•t wttek 
B•pt-1992 

* 

* 

* 

NALCO 

JNARDDC 

JNARDDC/NALCD 

JNARDDC 

JNARDDC 

NALCO 

JNAHDDC 

JNARDOC/NALCO 
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ANN£XURE - 3 

JNARDDC •Mperts during their Yl9it to NALCO were a9ked to 
consider following technical probl••• for ••king detailed 
studies 1 

1. RODDING SHOP I 

Induction furnace I 

Life of th• furnace linnin9 is very low i.e. 2 to 3 
weeks.Proposal was •ade to study the furnace linning and 
analyse the caus• for such low life of furnace lining. 

2. QUALITY CONTROL LAB. 

a) A proposal was •ade to prepare a standard secondary •••pl•• of 
bauKit• availabl• in India. 

b> Literature required for d•gaesing syste• and purification of 
metal with differ•nt cleaning syst•••• 

3. CARBON AREA DEPARTt1ENT 

a> Low life of refractory ••terial in anode baking furnace. 

b) Fuel consu•ption very hig~. 

4. CELL HOUSE 

a> Disposal of spent cathode lining. 

JNARDDC proposed to collect the all technological knowledge 
and infor•ation in connection with above Mentioned technical 
proble11•s .a detailed report. wil 1 be pr•p•r•d by JNARDDC. 
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5. HODOFlCATlON OF CATHODE BLOCKS FRCl'I AttORPHOUS TO GRAPHlTISED 

a> 

b) 

c) 

Installation of graphit• black• 
in ••l•cted pots. 

Deter•ination of h••t lo•••• and 
ther••l balance with ap•rating 
dat• given by NALCO. 

Evaluation/analysis and full seal• 
t•chno-econo•ic study •Kt•nded for 
all the eKisting pots. 

b. ANODE BAKING FURNACE 

* NALCO 

* JNARDDC/NALCO 

* JNARDDC/NALCO 

a> Measure••nt of heat lo•••• fro• 2nd week JNARDDC/ 
the top of anode baking furnace Bept-92 NALCO 
will be carried out •i•ultan•ously 
with cell aeasur•••ntw. 

* - depends on decision of NALCO 
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\rK>RKSHOP ON AWHINIUH ELECTROLYSIS 
CANGUL JULY 13 - 15 1992) 

A workshop on ··ALUHINIUH ELECTROLYSIS.. was organised at 
NALC.O Angul from July 13 to 15 1992 by the JawAhArlaJ Nehru 
Aluminium Research and Development and Design Centre and the 
tlational Aluminium Company. The cours~ 1nat.erial was prP.pared 
by Drs. J_ Horvath. E.A. Ianko and V.I. Krioukcwsky. UNDP 
e~pert.s at JNARDDC. Some Salient. features of t.he Workshop 
are presented below. 

Pf\OGRAHME 

Monday Ju]y 13 1992 

9.00 - 10.00 hrs 
1 O _ 30 - 12. 00 hrs . 

14.00 - 15.30 hrs 

16.00 - 17.00 hrs 

Tue::>day July 14 1992 

Inauguration 
Theoretical Back(!round for 
Im~rovement of Aluminium 
Electrolysis - J_ Horvath 
Rav Haterlals <Carboni in 
Production of Anode i:•aste. Prehaked 
Anodes and their Influence on Anode 
Products - E. lanko 
Video on NALCO 

9.00 - 10.30 hrs Hydrodynamics phenomena in t.he 
Connercial Hall-Heroult Cells of 
Different Types and Capacities -
V. Krioukovsky 

il.00 - 12.30 hrs International EY.perience in 
Improvement of Anode and Cathode 
Production Technolog~ - E. Ianko 

14.30 - 16.00 hrs Measurements and Data evaluation 
for Improvements in Cell Operation 
- J. Horvath 

16.30 - 17.30 hrs Applications of Nitride-Bonded 
Silicon Carbide in Primary 
Aluminium Melting - Presentation 
by V.B. Sople of Grindwell Norton 

Wednesday July 15 1992 

9.00 - 10.30 hrs Future Developments of thE" Hall -
Heroult Proc-efi's f<'r th~ Soderberg 
and Prebaked Anodes. High l..evel 
Smelter Performance -
V. Krioukovsky 

11.00 - 12.45 hrs HicroProceasor in Process Control -
S.P. Mahnpatra NAI.CO 
HECON - O.P.Choudh~ri 
Sumsnin~ lip - T.R. RamAchandrAn 

14.15 - 17.00 hrs Visit to NAI.C.O smelter 


