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Executive Summary 

The present report on " Aluminium Electrolysis Process Evaluation and 

Control" is a result of the expert mission DP/IND/ 88 /015 I 11-05 carried 

out in India from 7th Nov., 1994. to 16th Jan. 1995. ( with briefing and 

debriefing). Duration of this expert mission was 2 months, and it was 

extended by Aluterv-FKI Ltd. for installation of radiometric density gauge. 

According to the terms of reference during the expert mission the 

following activities were undertaken: 

I. Elaboration of measuring and evaluation for guaranteed performance 

test of Balco modernisation 

2. Assisting in preparation and evaluation of the plant measurements at 

Indian Aluminium Company ( Smelter Plant, Hirakud). 

3. Assisting in preparation and evaluation of the plant measurements at 

the National Aluminium Company ( Smelter Plant, Angul) 

4. Offering assistance in installation of the Electrolysis Laboratory 

All these activities have been carried out and details are prov;ded in the 

report. followed by conclusions. proposals and rccommemlations. 

During this expert mission the above mentioned tasks were fulfilled: 

• measuring programme was elahorated and handed over to Bharat 

Aluminium Company ( Smeltc.r Plant, Korba ) and the Kaiser Technical 

Service in order to carry out measurements for justification of the test 

eel I parameters. 

• the liquid temperature measurements, alumina dissohllion and the 

density measuring c4uipment were installed and the ac.:ccptancc reports 

have been prepared. 
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• the measurements for evaluation of Cell Operation an<l the 

supplementary measurements were carried out at INDAL Piant and a 

preliminary evaluation .vas handed over to INDAL. 

• offering .-..~sistance in preparation of R&D program relating to the 

mathematical modelling of Electrolysis process 

• review on the analytical facilities relating to Electrolysis laboratory 

• the heat flux measurements on the cathode and magnetic field 

measurements in pot-room air were carried out, as per earlier 

agreement, and the preparation of process study measurements was 

made by the electrical measurements at NALCO plant. 

• the measuring programme was finalised at National Aluminium 

Company ( Angul ) for the process study with the using of mobile 

measuring van. Unfortunately the heat flux measurements and the 

finalisation of process study was not fulfilled because of industrial 

relations problem in the Smelter Plant at Angul during the scheduled 

measuring period. 
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INTRODUCTION 

111is report has been prepared by Dr. J. Horvath based on this expert 

mission carried out in India under UNDP/UNIDO Project DP/I'.'JD/ 

88/015- Jawaharlal Nehru Aluminium Research Development and Design 

Centre (JNARDDC). This 2 months mission was extended by Hungalu 

R& D Centre for installation of radiometric density gauge. Duration of 

extended period was two weeks. 

According to the job description DP/ IND I 88 I 015 I 11- 05 with post 

title "Expert in Aluminium Electrolysis Process Evaluation and Control", 

as per Annex-I, the expert was required : 

• to prepare a measuring program for justification of test performance 

after the first phase of Kaiser modernisation 

• to prepare a measuring program and assist in the plant measurements 

at INDAL Smelter Plant ( Hirakud ) 

• to prepare a measuring program and assist in the plant measurements at 

NALCO Smelter, ( Angul ) 

• to assist in installation of Electrolysis Laboratory 

• to prepare the plant measurements for process study at NALCO 

In addition to the job description some constructive suggestions have been 

given at debriefing in UNIDO Vienna by Dr. T. Grof, BSO and at 

JNARDDC, Nagpur by Dr. J. Z&imbo, Chief Technical Adviser and Dr. 

T.R. Ramacham.Jran, Natior.al Project Director and Mr. N. G. Sharma, 

Deputy Director nf JNARDDC. This expert mission program has taken 

into account the work-plan. which was made by JNARDDC/ CTA. 

Job description and suggestions formed the basis for the schedl1lc 

programme, prepared at the beginning of I his mission (Annex- II ) 

It can be 1'1oticcd in the scheduled programme, that the activities and duties 

as per the job description were extended hy preparation of pro6ram for 
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mathematical modelling and the revising of the analytical methods, relating 

to the Aluminium Electrolysis. 

ACTIVITIES 

1. Elaboration of Measuring and Evaluation for Guaranteed 

Performance Test of BALCO Modernisation. 

The modernisation of BALCO Smelter has been started by introducing of 

pot controllers ( Tradename of pot controllers is Celtrol ). The installation 

of pot controllers was finished in middle of Nov. 94 by Kaiser Aluminium 

Technical Service ( KATSI ).After this period the stabilisation period has 

been started. The test perfonnance started on 26th Dec., 94, and its total 

duration is two months. In connection with this modernisation, the tasks 

were the followings: 

• preparation of Report on status of modernisation in this phase 

• elaboration of a measuring programme and evaluation method for 

justification of cell operation parameters, which were given by KATSI. 

During the visit at Balco a list. of questionnaire was handed over tu Balco 

and KATSI in order to prepare the measuring programme. A minute of 

meeting was prepared ( Annex-Ill) and later on a report was made on the 

present situation of modernisation programme.( Anne·x- IV ) 

The standard operation practice was handed over to JNARODC, as a basic 

information of cell operation, which will be followed during the test 

period. On the basis of the Standard Operation Practice, a measuring 

programme was presented to BALCO and KATSI for approval. After 

some modifications, this measuring programme was <1,nprovcd hy Bako 

and KATSI. The KATSI cell operation will be evaluated. on the basis of 

this measuring programme ( Annex- V) 



As per as this measuring programme. the measurements of cell parameters 

are being continued. 

2. Assisting in Preparation and Evaluation of Plant Measurements at 

INDAL Smelter Plant ( Hirakud ) 

The last expert mission was decided. that the measurements will be carried 

out INDAL Smelter Plant at Alupuram. During this expert mission this has 

been changed due to industrial relations problem in the Plant, so the 

measuring program has been carried out in the INDAL Smelter Plant at 

Hirakud. A preliminary measuring programme was handed over to INDAL 

for study. A meeting was organised to determine the final measuring 

programme. The approved measuring prograrr1 can be found in Annex-VI. 

After finishing the_ measuring program a preliminary report has been 

prepared and handed over to INDAL. The preliminary report is shown in 

Annex-VI. The all fulfilled activities were summarised in the Minute of 

Meetings, as is shown in Annexe-VII. 

3. Assisting in Preparation and Evaluation of Plant Measurements 

at NALCO Smelter Plant ( Angul) 

During the visit at NALCO Smelter Plant at Angul the following tasks 

were fJlfilled, the measuring programme was finalised ( Annex-VIII ) and 

the appro•1ed measuring programme and scheduled programme was 

submitted to NALCO. ( Annex-IX ) The process study measurements were 

prepared. It is req~1ested, that the anode gas analyser has to put into 

operation in order to evaluate the current efficiency value. 

4. Offering assistance in installation of Electrolysis Laboratory 



The following measuring methods and equipment were put into opcmtion 

and the acceptance report was made: ( Annexe-X) 

• determination of the liquids temperature for molten salts at high 

temperature 

• determination of the alumina solubility in cryoiite melts 

• determination of density for molten metal and molten sails 

5. The other activities 

During the expert mission two topics were discussed more details. One 

topic was the analytical and material test relating to the Alum~nium 

Electrolysis Department ( Annex-XI ) and the second one was the RJ1£D 

program of the mathematical modelling of the aluminium 

electrolysis.( Annex-XII) 
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POST TITLE: 

DATE REQUIRED: 

DUMTIOB: 

DUTY STATION: 

PURPOSE OF 
THE PROJECT: 

REQU-r.ST rROH THE GO"•:ERRKEHT OF IllDIA 

JOB DESCRIPTION 

DP/IND/88/015/11- 66 

Expert in aluminium electrolysis process evaluation and 

control 

end of September 1994 

2 man/months. 

Jqpur, India, vi th traTel vithin the cowtry 

The i.Jm;;ediate otjective of the project is to assist the 
Gonnuamt of India. in setti.D& up a f\Dlctioning Alumini1ml 
lf'.search. Development ar.d Design Centre consisting of: 

a) Aluai.na Production Research Department 
b) .Aluminium Electrolysis Deputment 
c) Analytical Research Depart:ment 
d) General Services, instrumentation and Control 

Department (incl. Wott.shop and Maintenance) 
e) Cme.ral J.dainiatration and Finance Department 

the Centre vill develop capability of carrying out the 
follov4..ng main functioas an behalf of and in co-operation 
vith the bauxite proce.sstng/alm.lna production and alumlniUll! 
s:aelter industries in the country: 

a) Assillilation and adaptation of available techuologies 
b) Providing recomendatlons an4 ad hoc or applied and 

analytical research to local lndostrie• lD process 
improvement, transfer of technology, etc. 

c) Set~ing up and operating a data bank 
d) PcoTidlng training of Indian engineers 

.... I .. 

Appltatiom ..s ~ ~in9 ltMs JOt> l)r,..c:ripceon should M sent to; 

Prc;tc1 Ptt o~ R ...... ,ui~ 8,.ndl, Ows•r»rl'P'tofllll'Jaltrill ()Jtr.ntiont 
"'" - ............ " ... "" ,,._ __ --·.:· 



With the cOllllllhsioning of KAI.CO t.he ahare of the public sector in 
aluminium smelting is more than half of the total lnstalllrd 
capacity of India. This it:dicates the decisive influence of the 
public sector on the future of the industry. The sustained growth 
and development of the aluminium Industry in !ndla, apart from 
requiring the adoption of suitable long tena policies in relation to 
production mar-agement, output, pricing, aid fiscal levies, ie also 
In need for technology and market develo~mt, which will gradually 
be handled by the propo~ed Centre. 

During the past years, India became one of the leading colllltrles in 
the world having substantial bauxite resources. after the discovery 
of large deposits in t':J.e Eastern Coast in the nearly 1970ies. The 
total bauxite reserves of India are estiuted to bf! of the order of 
2,650 million tonnes, vbicb places India on tbt= fifth place in the 
world list. 

With the vast reserves of bauxite and cod in India, the alumlnhnn 
industry has ambitious plans for a fastEr gro.,th rate keepini in 
view the future demand in the foundry and export potentials. 

The exi~ting alumina/aluminium plants in India are based almost 
entirely on t~chnology imported from various sources. Both in the 
areas of production of alumina and aluminiun, a number of 
technological improvements have taken place in 2dvanced aluminium 
producing cou:itries. Import of improved technology is not alvay; 
possible, alsl its introduction is not feasible in the exlstln7, 
plants. Import of technology necessitates proper assessments to 
determine its suitability •mder Indian conditions, the available raw 
materials, product .demands, ctate of engineering developments, etc. 
Though research and development vorlt is being carried out by the 
major aluminiCD produce~- in the comitry. these are mainly directed 
towards eolvlng their day to day process problems in th'= plants. Ro 
work is done for the de"!elopm~t of process blov-hov and basic 
engineering. ~The techncloglea followed in the e..rletlng plant:a ne 
from varioua countries/auppliere - ~AISER, J.LU'DRV-FIO, VAKI, ALCAB, 
MOBTECATIRI and ALUMDIIUK PECBIB!. Apart froe the strategic 
importance of having an indigenous Jtesearch, DeTe:opment and Dealgn 
Centre for Alwminium, the Centre ie expected to save substantial 
hard currency payments to the foreign partners. 

For meeting the estiMted dcnAlld of almlinluril by the tum of the 
century, substantial additional capacities for alumina and aluminium 
will have to be set up in the 1990le.a. Additional demand for 
aluminium by the turn of the centl1ry, vhich la ln exceaa of the 
currently nailable cap11city vc.uld be of the onier of 440,000 t()mes 
per annum which at the current s:?lling price of aluminium amo\Dlta to 
Rs. 1180 crores. CJnsiderlng the payment for rnov-hov, basic 
engineering and royalties for this additional follow-up stage this 
vould mean an cA:pnnrthure c! .nt lr.l\r.t 1tn(!thr.r P.s. 1.2 billion 
equivalent to US$ 9S million. 

\ 



In addition, ~he Centre vill handle related projects such as dealing 
vlth the use of by-r-roducts, de.sign i.llprovementa for saving of energy and 
materiale, development of nev products and alloys. Another particular 
problem that the Centre ls expe::ted to address ls ~anating from the lack 
of adequate and unlnterruptel pover aupplles vhich has led to poor 
utilization of capacities in tte recent past. Investigations into energy 
oaving technologies of alumin2 and 21'.'mlnium production will be one of 
the important tasks that the Ce:itre vill have to tackle. 

It is expected that once ~e Cel!.:re is established it vill meet the 
fast growing technological se!'Vice ~eeds of the aluminium industry in 
India. The Centre vill consist of th~ folloving departments: 

Aluminina production reseuch de;artment vi th four laboratories and 

.:>ne pilot plant; 

Aluminium electrolysis research cepartment vith four laboratories; 

Analytical re~earch depar~ent wi:h three laboratories; 
~ 

General services, instruJL-Entatio:u1 and control department with four 

sections; 

General administration anc finance department with three \Dlits. 

The civil construction works fc~ the Centre started in Nagpur in 1990 and 
will be finished by 1992-1993. The centre is planned to fully 

operate/function by 1994-1995. 

The assignment of the national staff end pro~urement of equipment started 
in 1989-1990. The ficst RID ·wori:s are expected to start in 1991-1992. 
Training of the staff vlll be carried out in India and abroad. 

For a more detailed information reference could be made to the Project · 
Document and the Detailed Centre Design. 

\. 
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Annex-II 

Schedule"Program and the Main Activities 

1. Ins'_allation and putting into operation of measuring procedures in the 

Electrolysis Laboratory. 

Determination of the Liquids Temperature in Cryolite-based Melts 

Determination of the Alumina Solubility in Cryolite Melts 

Deadline: 19th Nov., 1994. 

2. Visit to Bharat Aluminium Company, Smelter Plant at Korba in order 

to prepare the measurements during the first phase of modernisation. 

Deadline: 23-26th Nov. 94. 

3. Preparation of the Report on Status of Modernisation and Measuring 

Program for KATSI Cell Operation 

Deadline: 8th Dec. 94. 

4. Installation, Putting into Operation and Training of Radiometric 

Density Gauge by the Hungalu R&D Centre ( Aluterv-FKI Kft.) 

Deadline: 9th-21st Dec. 94. 

5. Visit to Bharat Aluminium Company, Smelter Plant at Korba for the 

Approval of the Measuring Program. Discussion about the Following 

Co-operation Program. 

Deadline: 21st-23th Dec. 94. 

6. Visit to Indian Aluminium Company, Smelter Plant at I lirakud for 

Preparation of Measuring Program by Mobile Van. 

Deadline : 23th Dec. 94. 

7. Visit to National Aluminium Company, Smelter Plant at Angul for 

Preparation of Measuring Program by Mobile Van. 

Deadline: 24th Dec. 94. 

8. The Carrying out of the Measuring Program in INDAL Smelter Plant 

at Hirakud and Preparation of the Preliminary Evaluation. 

Deadline: 25th Dec.- 4th fan. 95. 
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9. The Carrying out of the Measuring Program in NALCO Smelter Plant 

at Angul and Preparation of the Process Study Measurements. 

Deadline: 5th- 10th Jan. 95. 

I 0. Preparation of the Expert Mission Report 

Deadline: 14th Jan. 95. 
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Aww~x-1u 

~,., ~ -:· ,, :;.: 

Rec~.:-:1 ~~otes 9f discu5si..:.r. ~.cl::!J~.:::.w~~n ~1;.~~~ tL"ld 
B.Al.CJ for ~ssessmcJlt .;;f Ul::.:=nisa·:.i.1n Fr•j ect Phase-I 

----------------------------------·--~-----~~--

Present 

BAL C 0 JNARDDC 

l Mr. #.. Rdy, Gr.( Sip) 1 Dr .Horvilth,UNIDO E.-cpe~ 

2 Mr. Gl Upadhy 1y ,DGt.1( Sn) 2 f.'r .ttG Sl~1!!9, 

J.';r • f '1• Singh I N3M( 911) 
Dt .Directer, .JNAmOC 

3 

1 Accerdin9 to t.he wishes •f Olair~-:.\an•ging &:iriector, 
i:! ale• a team of expert ce~risln·; '> f Cr. H•rvath, UNIOO exp!rt 
•r.c A\!. NJ ·11-=m~, :>t .Director, JNKUDC visited n t1lco on 24-;b 
Ne~•ni>er 1994 hr the indeper.dant evaluati•n •f the lapact en 
the Increase in Preductivity Remctien in Pewa: cansu~tian 
etc. upcn the ceupletien •f the First Phase •f the Mtd•misa~ 
tien. 

2 The ExPert fr•m JNN\OOC wished t.• have certain d1ta 
rel~ting te Mtdernisati•n ~reject - infermati•n qiestienalre • 

Virieus datas asked for were ~de .vallable by Balco, 
wherever applicable md 1'hitever availible. 

3 The experts frem JN/l\IDC su1gested th.it the Operating 
parameters ef the cell• sheuld be well defined beftre th• ptr­
far~•nce guar~~tee test st2!'~S f"'!' \":hich t'ff'orts will be mad~ 
by BALC1 in consultatien wl th KAT SI. 

4 Bale• hinded•ver the &tandard Operating pra~tice and 
oth~r d'cum~nts. The cepy ff Pr•ject lrriplem~nt~ti•n Repert 
sub nrnitted by KAI SI was requested by .n~;.;u:nc expertt vbich 
ceuld net be mid! av ail able immediately. 

~-~~ --. -JN,ARDDC 



Annex-IV. 

Report and Follow-up Action Relating to BALCO l\lodemisation. 

To approach the nonnal cell operation the following action were made on 

the test cells ( 414-440 ) by Kaiser: 

I. The set point { cell voltage ) has been increased 

2. Metal height has been decreased 

3. The broken bath has been removed from the deck-plate 

4. The deck plate has removed 

5. The anode stud horizons has been changed on 14. 

6. The schedule of stud pulling and tapping have been changed 

7. The heat isolation on the short side has been increased 

Due to the set point value raising and metal height decreasing the cell 

operation has been improved: 

• the significant part of soft sludge has been removed, so the total liquids 

level ( metal and bath ) were decreased 

• the electrolyte temperature has been decreased , frozen ledge has been 

generated 

• anode effect value has been increased 

• bath motion has been improved 

Conclusion is, that these modification has been indicated in a more stahlc 

cell operation. 

Due to the removal of sludge, the liquid level has heen reduced, so lhc 

broken bath layer on the deck plate could he removed. After this 

procedure the deck pla~e has been cleaned, too. 
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The anode operation also has been changed, the stud horizons have hceu 

increased on 14 level, to maintain the better anode current distribution and 

in this case the modification of set point is not needed after stud pulling. 

The Ccltml was inslailed in the full operation anJ it is operated 

successfully. 

Evaluation of the first phase of rrodernisation the following conclusions 

can be done: 

• the e~rlier proposals for improvement of cell operation were correct 

(Expert mission Report 1992) 

• the voltage and energy balance for the test rells arc not proper. 

therefore the cell operation will not reach the expected values, 

• the uniform cell parameters for all test cells could not be achieved till 

middle of February '95 ; more time is needed. 

• the main target in the· present situation is to adjust and stabilise the 

parameters of the existing test cell operation. The problems in this 

regard are the followings : 

• the carbon skimming generation is very high 

• the used alumina is too fine. the risk of sludge formation is very high 

• fluctuation in thermal state is very high , so the weight of lapped metal 

indicates significant differences. 

• fluctuation in thermal state causes large fluctuation in the bath volume 

and the bath height 

• number of anode effect I day is very high and non regular 

The heat balance of the test cell arc different. different the metal hath 

height, bath volume, so the uniform operating procedure l'ause different 

cff ccts, so the cell voltage is not constant and these changing arc 

compensated hy I~ . .: anode movement. At the normal case, daily 1-2 anode 

movement is occurred, against the presently 30-50 anode movement/day. 

16 



Expected Parameters: 

I . Energy Consumption DC : 

2. Current Efficiency : 

3. Cryolitc: 

16.5 kWh/kg 

87% 

15 kg/t 

4. Aluminium !"'.~1oridc; 25 kg/t 

5. Anode con1..1unption: 540 kg/t 

6. 1be ampcrag~ production and purity are not forming part of the 

Kaiser guarantee. 

Because of significant hard deposits on the bottom, the prescribed 30 cm 

metal height and min 16 cm electrolyte level can't he maintained by 

BALCO, so Kaiser guarantee will not valid. 

Presently t , alumina used is not suitable, the fine part is very high ( below 

-45 µis 5t, ~o % ) (Kaiser opinion). 

17 
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Annex-

v. 
Measuring Program for Evaluation of Optimum Control Parameters 

Based on Standard Operation Procedure Suggested by KA TSI­

Parameters after the First Phase of Kaiser Modernisation. 

The measuring program can be divided two parts: 

I. Traditional measurements in the pot room relating to cell operation: 

SI Parameter Frequency Actual value Prescribed 

no. 

I Metal height Every alternate 30-33 cm. 

day half way 

between the taps 

2 Bath height Every day 16-20 cm. 

3 Anode Twice a week (by 15 cm. 

immersion JNARDDC) 

depth 

4 AC distance Once a week 5.0cm 

(by JNARDDC) 

5 Anode skirt Twice a week ( by 4.0 cm above 

position Room In Char~e) the hath levc I 

6 Anode voltage A f tcr every stud 0.450V 

drop pulling 

7 Cathode Once a week 0.400V 

voltage drop 

8 Busbar voltage Not proposed by 0.300 v 
drop KATSI 

IH 



9 Alumina layer Once a week 

thickness on in selected cells 

the crust 

10 Anode current Twice in cycles of 

distribution stud pulling 

11 Cathode Once a month 

current 

distribt.tion 

12 Weight of Every second day 

tapped metal 

13 Line current Continuously 

14 Volt hr value Continuously 

from the control 

system 

15 Electrolyte Once a day 

temperature 

16 Sampling Twice a week 

Electrolyte 

17 Sampling Twice a week 

Metal 

18 Liquid level Every second day 

between taps 

19 Beam raising 

I I) 

10.0 cm 

Standard 

deviation-

0.25 

Standard 

deviation -

0.15 

1380 kg 

98.5 kA 

<985 ° c 

2.74 Molar 

ratio 

CaF2- 4.0-

5.0% ·-
Fe-0.12% 

Si- 0.08% 

47-49 cm. 

Tar"cl- 14 :: 

I da}'.S -

·---., 
I 
I 



de in 14 days Target-540 

COfi'i umption kg/t 

372.6 kg/cell 

day at 98.5 

kA 

21 Alum m1tm Accounting period 25 kg/t 

flu or ide every I 0 days 

cons umptinn 

11ite 22 Crye Accounting period 15 kg/t 

cons umption every I 0 days I 

20 



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

2 Non-traditional measurements 

SI Parameter Frequency 

no • 

I Noise analysis Periodically 

2 Anode effect value Periodically 

3 Cell resistance in function of Periodically 

cell routine 

·4 EMF measurement Periodically -- ·-
5 Ohmic voltage drop Twice during the 

measurinJ? period 

6 Heat flux measurement on Periodically 

constructional elements I 

7 Magnetic field induction Periodically 

measurem,~nt for 

I stability determination 

cell 

The Energy and Voltage Balance after the First Phase of Halco 

ModcrniM1tion. 

P~r<. meters 

Molur ratio 

e alumina content 

Calcim n fluoride content 

Line cu rrcnt 

Anode 

Cell vo 

C8 thode distance 

ltage 

Curren t efficiency 

Anode volraJe dr~ 

I V·1luc ' 

2.74 

Not specified 

4-5% 

98.5 kA 

5.0 cm ( nominal ) 

4.3-4.5 v 
87.0% 

0.450 V ( to be reached ) 

21 
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Cathode voltage drop 0.400 V (to be reached) 

Busbar voltage drop 0.300 v (not proposed for 

n•easurement by KATSI) 

Voitage components:( these value will be cakula!ed after the experiments 

) 

• Voltage compon~nts on construction clements 

• Voltage demand for aluminium production 

• Voltage drop in AC-gap 

• EMF (Electromotive Force) 

• Voltage drop in electrolyte 

Energy components: 

• Superheat 

• Energy for aluminium production 

• Heat losses 

• Energy efficiency 

• Energy consumption 

• Daily production 



FOLLOW-UP ACTION RELATING TO BALCO 

MODERNISATION. 

Traditional measurements for KATSI Cells. ( Cell House No. 8 ) 

These measuring program consist of the following maiil activities: 

• Description of the copper dilution technique for determination of metal 

inventory content before test period. 

Description was handed over to BALCO. 

• Preparation of Measuring program for KATSI Cells. 

The program was handed over to KATSI and BALCO on 21st Dec. 

1994. 

• Measuring program was approved by KATSI and BALCO. 

Letter was submitted to JNARDOC by l{ATSI. 

• Supervising and Measuring Activities by JNARDDC for collection of 

operating data as per a~ approv~d measuring program. 

This program is going on. 

• Evaluation of the KATSI test cells after two months period. 

Non Traditional Measurements. 

BALCO requested to carry out a depth study measurements by mobile van 

after finishing of the first phase of modernisation.( refer Annex II ) 

KA TSI promised his assistance in the manner that may be needed. 

Naturally the JNARDDC will request the «ssistancc by KATSI. 



.\nnexe-\'I 

PRELIMINARY REPORT ON l\1EASUREI\IENT CARRIED OUT 

AT INDAL, HIRAKUD 

c22n<l DECF.1\18ER. 94 to 2nd JANUARY. 95, 

JA\VAHARLAL NEHRU ALUl\IINIUl\I RESEARCH 

OEVEI..OPMENT AND DESIGN CENTRE has been cslahlished with 

the assistance of UNDP in Nagpur by the Government of India under 

Ministry of Mines. As a part of UNDP assistance JNARDDC has been 

provided with most sophi~ticated equipment for ascertaining Electric, 

Thermal & Magnetic state of electrolytic cells. 

Ba~cd on discussion held between representatives of JNARDDC and 

INDAL at Alwaye and subsequent communi~ation thereafter. JNARDDC 

team arrived at INDAL. HIRAKUD on 21-12-95 m order to carry out 

measurement. 

JNARDDC experts made a presentation on the various kinds of 

measurement and their significance before INDAL officers. JNARDDC. 

team in consultation. ~-;:th INDAL decided to carry out: 

• Electric, ll1ermal and Magnetic measurcme11t in smelter 

• Thermal measurement in cast house and Rectifier station. 

I. Anal} sis of cell stahility by NOISE ANALYSIS ( 120 l\lcasuremcnt 

carried out. Data handed over to INDAL in File- I) 

2. ANODE EFFECT Intensity, Duration and its hchaviour h:1s hccn 

~malyscd 

(56 Anode effect analysis done during 5 days. Data hamlL·d over to 

INDAL in File II) 



3. Count\!r Electromotive force of all the 12 cell was measured and 

analysed by Current Sinking method (C.E.M.F. measured for 12 

cells, Data handed over to INDAL in File III) 

4. Cell operation work routine were monitored during this period 

5. Alumina Feeding (Monitored for 9 days. Data handed over to 

INDAL in File IV) 

6. Rod Raising (Monitored for one day. Data handed ewer to INOAL 

in file ') 

7. Tapping (Monitored for one day. Data handed over to INDAL In 

file VI) 

8. In addition to these measurements electrolyte temperature of all the 

12 cells was measured. (Data handed over to INDAL in file VII) 

9. Heat Flux through cathode side above the collector bar and Heat 

Flux through superstructure door has been measured for three cells 

(Data handed over to INDAL in file VIII) 

I 0. Magnetic field components in pot room air at ground level, I m 

levels & 2 m levels has been measured for four pots. Data handed 

over to INDAL in file IX 

11. Heat losses through two furnaces from all the sides in Cast house 

was determined (Data handed over to INDAL in file X) 

12. Rate of cooling of metal in Cast house ladle was measured 

13. Thcrmovision was used to determine the temperature distribution 

around various electrical equipment in rectifier station. INDAL was 

informed about various hot spots which could lead to failure 



PRELIMINARY EVALUATION Of POT ROOM MEASUREMENT 

NOISE ANALYSIS Noise measurement indicates that smelter opemtion 

in geneml is stable barring few exceptions. In few pots sludge. extended 

side freeze and broken anode pieces. projection etc.. were indicated. 

Typical Noise of these pots is as follows 

(I) 

(2) 

(3) 

Normal Noise Fio- I e 

Spikes I Broken carbon pieces Fig 2 

Sludge I Extended side freeze Fig 3 

In general because of power outage four times during this measurement 

period, cells were generally found cold so Noise amplitude was found to 

be high 

ANODE EFFECT Study of Anode effect data also shows stable 

operation, However, in some cases irregular behaviour has been noticed. 

In some cases anode bottom surface is not perfectly even. Some carbon 

dust is expected to stick to anode bottom. Anode effect duration is 

normally higher then 7 minutes. Tyrical normal Anode effect and Anode 

effect showing uneven anode bottom are given in Fig ( 4) and (5) 

respectively. 

WORK ROUTINE MONITORING Monitoring of cell operation m 

alumina feeding mode indicate that average alumina content is nonnally 

higher around 4-6 %. In few cases it was found to be near 2-3 % as well. 

Typical graphs showing low alumina content and high alumina content arc 

given in Fig 6 and Fig 7 

Monitoring of rod raising indicates that cell voltage should be raised hy 

300 m V in order to compensate for increase in cell resistance. Typical 

graph showing increase of cell resistance due to rod raising is given in fig. 

8 
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Study of tapping mode shows oper..ttors generally mise cell voltage at 

fairly higher level before starting lapping but it is brought back to nonnal 

after completion of tapping. 

E. M. 14"'. Measurement Study of Electromotive force indicates that all 

the cells are operating in stable zone of Magneto - hydrodynamic curve. 

Value of E.M.F.. in all the cells was more than 1.65 V 

The conclusion of electrical measurements are as follows: 

• Noise is nom1al but amplitude of noise is high which indicates cold 

cell condition. 

• Anode effect value shows stable cell operation which is justified by 

the fact that E.M.F .. values of all cells is more than I .65 V. It must be 

noticed that there is a very good possibility of decreasing anode effect 

duration. 

• Alumina concentration is very close to saturation value. 

In summary INDAL cell operation can be considered stable under 

controlled cell operation. 

The voltage and energy balance calculation are summarised for the 

following cases. The details of results were handed over. 

I. PRESENT CELL OPERATION 

2. INCREASING LINE CURRENT TO 60 kA \VITI IOlJT ANY 

CHANGE 

3. USING POINT FEEDER WITH RAISING SET POINT VOLTAGE 

BY JOO mV 

4. USING POINT FEEDER WITHOUT ANY CHANGE 

5. PRESCRIBED PARAMETERS FOR USING POINT FEEDERS IN 

PRESENT SITUATION AND EXPECTED RESULTS 
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On the basis of measured data the minimum operation ACD will be 3.75 

cm al unchanged cell resistance with increased line current. Decreasing of 

set poiu: 1s also not proposed. In this case operation will become unstable. 

By comparing different variation in table - I It can be seen that increased 

line current (Case-II) increases production but lnwers current efficiency 

which results in higher energy consumption. Use of point feeders ensures 

low alumina concentration in the bath (Case-III & IV) but in these cases 

super heat is not enough for dissolution of alumina (Ca.(\c Ill). Minimum 10 

-12 °C super heat is needed for proper dissolution of sandy alumina. In 

(Case-V) I 0 °C super heal is obtained which is ideal for ensuring proper 

alumina dissolution. 

l\'IAGNETIC MEASUREMENT: On the basis of preliminary evaluation 

of magnetic field components, it is found that Bz is symmetric around X-Y 

plane. Its absolute value is well within the norms. Its average absolute 

value varies from 27 Gauss to 40 Gauss for all the pots at all levels. l11crc 

is no major change in average absolute value of Bz in all the pots at all the 

points. 

HEAT FLUX MEASURE1\1ENT IN POT ROOI\I: In 1ahlc - I total 

heat loss in INDAL cells can be seen. Target d heat llux measurement 

was to find out how much of this total heat is escaping from calhmlc sides. 

In order lo determine this value heat llux has hcen measured at various 

points of cathode side. Cathode side has been divided in four zones, 

Barrier, Block, Metal, & Bath zone. Average heat flux has hccn multiplied 

hy respective area. It was found that heat losses from upper part of 

cathode side (Above collector bar) varied from 15.0 - 16.9 kW which 

means 13-14 % of tot~1I heat loss. llcat losses from supcrstrm.:turc - Doors 

varied from 6 - 11.5 kW which mnounts to 6.5% - I 0 ';f, 
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HEAT FLUX l\1EASUREMENT AT CAST HOUSE : Heat flux 

through various surface of both furnaces A & B was found. Tota! heat llow 

through both the furnace was about 50 kW but heat losses from Railway 

side from furnace A was much lower thaa heat losses from Railway side of 

furnace B where as heat losses from pot room side of furnace A was much 

higher then heat losses from pot room side of furnace B. 

Measurement of Temperature Distribution of Various Equipment at 

Rectifier: Thermal profile in and around various electrical joints was 

monitored. Abnormal temperature around 126 °C was observed around R 

phase of out going power transformer No. 3 which was duly infonncd to 

INDAL. 

All measuring data and Figures were handed over, the original data can be 

found the in the archive of JNARDDC. 

li'INAL PROPOSAL AND CONCI~USIONS 

I. Electric, Thcnnal and Magnetic status of INDAL cells indicate that 

INDAL pots arc operating in a stable condition. 

2. After analysing voltage am.I energy balance. it was found th~1t existing 

cell operation is very near to optimum AC distance. The optimum 

ACD is 4.0 cm in present situation. 

3. Decreasing set point at this stage is not proposed hcrnusc it would 

cause significant decrease in current cfficicm.:y. 



4. Increasing line current is not proposed at this stage. 

5. It is proposed to analyse voltage components of anode voltage drop 

since it appears higher than nonnal. Voltage and energy balance 

calculation shows significant advantage of introducing low alumina 

content in the bath. This results in higher current efficiency and lower 

energy consumption. 

6. JN ARD DC is ready to prepare feasibility study for above mentioned 

project. 
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Awwex-va1. 

Record Notes o/ Dtscusston bet~~en §ALC~ 6 
JIARDDC. lagpur at S.tll tflr Plant, K.:LCU on 
26-12-94 

N.:.Lt.:C 

S/Shrt 

~.D. Chauharta, D~~(Potltnes) 

S~P. Mahapatra, JGN(TSj 
s.s. J!anurlrnr, Cll{C«I) 

T. Y • .;. Rao, Sr.lan!lgtJr{C<al) 

Dr. J. Horvath. li !!I :(; S:cpr: r: 

~r. ii. G. Sfi."4a, iJV• :,tre~ tor ... 

1. As a fo!lo.., up on dbcu•ston bet'IDflen !IJ.L~U ci JJ.'.AR1.nH:. 

Jiagpur at .9huban~s.:ar on 4-J-9! a.bout Jotnt R&D ProJec ts, 

JRARD!JC. ¥agpur are deputtnp a tecua of sctenttsts for 

conducttng oartous •easure•ents at Saelter fro~ '-1-95 
to 21-1-95. along ~tth thetr aobtle laboratoru. The 
pertod of utstt •av be eztended tj req~tred. 

2. The llleas!!re"lller.t prograa i.:tll cover tl;e follo;:;tng areas 

{a) ilea t Jlo:.:1 an:i ther::ial balar:.ce of 2 J11stl, 2 .;rapht t6 

and J nor~al Jtn~d pots (KorQal itr.ed pots o/ dtfferent 
pot ages). ileat Jliu aeasure111ent 1o.1tll be carrted out for 

pot cat~ooes. Prelt•tnarv aeasure•ent of heac Jlo~ 
through supers true tu re of 2 - J pots ~tll be carrf ~d 

out. 

(b) la;nettc 11itzpptng c:round norqal end shunted pats ·•tll 

be carrted out. 

(c} Conttnuous ~onttortng of 15 pots through DAS ~tll be 

carrter! outr 

(tii Cour.t~r ·.:':!.P, !.CD, V;jltc9e r!.rop tn co::3tr--ucttcn 

eJ,.111.ent$ /or 3 :iota :.:tll ti' ccrrted cut, 

.~. .i1~'Ai&;..[J,,; 1Dtll .~en.i a ·ie ta Ll fd _.,,rograri /or tt.c i· tudJI to 

NJ.LiJIJ be/ore Jt-12-94. r1;,11n the JJ/J/rJDC tea~ arrtve, 

the pro,ra11 1D'1l b• /tnal tsed through Jotnt dhcua• ton 

(Contd •• 1·/ ••• 2) 

-----·-------------------·-------·--·--··-----------·--------·---------------------



-: :-

4. .~-.<i::O :ctll make prelt--:.i~wr-; :.r.-an_.:._·~.:n! /or ,,,, ... c~:lro.-:cr;ts 

ltke approach .:nd pa.rktn~ r::: --:1>!lil::? vc:r.. :.·01 ~il}:'.: !ap;tn~-::; 

jror.r. Pots etc. 

5. Jf; <R!J!J.J have r~ ?UC:s !c:! ,i'AL .... '. to _-:q• Fe, 11 50. OJO/­

(Rupees on~ lak~ /t/ty tho~zand onl1) to c~ver thetr 

i!I_">enses for ~.'za prescr=t ~t.:.i:J ;r~!i;--a·.1:::-! wl1fcl; ts 
e:p~ct·1:! to f>e CO"l;Jl~tei tr. !he c!Jov~ r:ientt.:ned pcr"'.od. 

6. J::A,1,j.";C.: reque ~ t il.:LC:v to c r-!n91 _~or- Saj.:J tJ equ t,mcn ts 

for- t!tt!ir teen o·i rc!:.;rna.Jl: Ottsfs • 

., 
' . J .. ....... 1.1 ru.1 u.:s t .u.L;Jv to pr~ut~e hospttcl!!~ 

tc .. .'1.~tr ~e .. rn ·.:ttho~t anv c.":-:r::e. 

• .. I ,_ ,, .... tra 11spor t 

o. rr'Jc.J:::; :: c;i i:t ..,'~ r op!~~ L-: .J:t -~ .. pu &. pc r.i.m.e t.Jrs :.Jtl 1 

be r:1';-rt1·r: ott vn c 1::!11!.· c;:.i~ .. 

I .: • 
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Annex-IX 

To: Mr. S.P. Mohapatra, Dy. General Manager (TS) 

Company: National Aluminium Con1pany Ltd. 

From: 

Fax No.: 

Smelter Plant, NALCO Nagar-759145 

Dist. Angul, Orissa 
Mr. G. S. Sengar/ Dr. Horvath JNARDDC 

06760-20132 

Subject: Measuring program 

As per our discussion ( dated 26-12-1994 ) please find cncloscJ measuring 

program. 

The JNARDDC' s team will arrive to Angul on 4th of January 1995 along 

with the mobile van. 

The measuring program will be started on 5th of January. as shown in the 

sl:heduled program below: 

5th January 

Cathode 

6th January 

7th January 

Safety Instruction to the Team 

Location of Mobile Van 

Unpacking and Checking of lnstmmcnls 

Preparation of Heat flux Mcasurcmcnls on the 

Removal of Slab 

Installation of Mobile Van 

I feat Flux Measurements on 50 poinls. on side wall in 

three l~aycrs and hottom 

Removal of Slab 

I feat Flux Measurements 

Data collection, Noise, Process Monitoring 



8th January 

9th January 

I 0th January 

Preparation of Magnetic Field Induction 

Measurements in the Pot-Room Air ( at Normal Case ) 

Magnetic Measurements for Three Pots ... 
Anode Effect Mo.1itoring 

Anode Effect Monitoring 

Preparation and Maintenance 

EMF and Metal Touching Measurements on the Three 

Pots 

Preparation of Heat Aux Measurements 

Removal of Slab, 

11th January Heat Aux Measurements on Cathode 

Data Collection, ( Noise, Tapping, Block Changing ) 

Preparation of Magnetic Measurements 

12th January Magnetic Field Measurements on Shunted Pots 

13th January 

14th January 

15th January 

Flux 

16th January 

17th January 

18th January 

Magnetic Field Measurements on Shunted Pots 

Preparation of Heat Flux Measurcmcn~s 

Removal of Slab 

Heat Flux Measurements on Cathode 

Data Collection, ( Proces~ Monitoring, Noise) 

Preliminary Evaluation for I lysil aml Gr~tphitc I lcat 

Data in Consultation with NALCO 

Data Collection ( Anode Effect Monitoring ) 

Preliminary Analysis of Magnetic Field Data 

Data Collection ( Anode Effect l\loniloring ) 

Removal of Stah 

I lcat Flux Measurements 

Data Collcctinn 

Removal of Slab 

Heal llux Measurements on Cathode 



19th January 

20th January 

21st January 

22nd January 

Data Collection and Processing 

Removal of Stab 

Heat Aux measurements on Cathode 

Data Collection and Processing 

Evaluation of the Measured Data 

Packing and Preparation of Transportation to Nagpur 

Evaluation of the Measuring Program 

Leavin!! Angal ... ... 

I hope to complete this measuring program successfully m close co­

operation with you. 

Best Regards, 

Copy: S.D.Chouharia Dy. General Manager( Potlincs) 

N.G. Sharma Dy. Directo.:- of JNARDDC 

(G. S. Sengar) 

Team-leader 



I.) Name of Process : 

2.) Name & Address 

of Supplier 

addresses 

Annex-X 

ACCEPTANCE REPORT 

Liquidus temperature measurements 

The measurement method utilise various 

equipments. Their names and suppliers 

are enlisted below: 

a.) Vertical Tube Furnace : Mis INDFUR 

b.) Digital thermometer: 

c.) Digital Voltmeter: 

Division, 

P.B. No. 645, Kennedy llnd Street. 

Mylapore, Madras-600 004 INDIA 

NORMA MESSTECHNIK Gmbll 

A-235, Wiener Neudorf 

Austria 

Schlumberger Technologies, Instrument 

Victoria Road, Farnborough, Hampshire, 

ENGLAND 

3.) Purchase order and date: 

a.) Vcrti:.::d Tube Furnace: 

b.) Digital Thermometer: 

c.) Digital Voltmeter 

P.O. No. 168/JN/\RDDC//\DM/94 

dtd. 17.3.94 

P.O. No. 15-0-1181 K dtd. 14/9/90 

P.O. No. 15-9-1540 K dtd 30/20/89 

4.) Date of Delivery and & Installation: 

a.) Vertical tube Furnace: Date of delivery: Aug. 1994 

Date of instullation: Oct. 1994 

.l7 



b.) Digital Thernmmeter: Date of Delivery: 6.11.90. 

Date of Insta!lation: Apr. 94 

c.) Digital Voltmeter: Date of Delivery; 27 .12.89. 

Date of Installation: S• it. 94 

Complete installation of the measuring procedure was completed in Nov. 

94. 

5.) Any reference problem faced in installation: 

The Vertical Tube furnace heating elements 

damaged during pre-installation checks. which 

was subsequently replaced by supplier. 

6.) General Description of facility: 

A mixture of sails 1s heated up till it 1s 

completely molten. Subsequently the 

temperature of the melt is recorded while 

switching off or by manually adjusting the rate 

of cooling of furnace. The resulting temperature 

<lata from the digital thermometer is stored in the 

memory of the digital voltmeter. l11c stored tlata 

is then plotted vs. time to ascertain the phase 

change from liquid to solid. 

From the plot, liquitlus temperature of the molten 

mixture is found out. ·n1c calihration of the 

measurement set-up is done with analytic~:I 

reagent grade sodium chloride with wdl known 

melting point. 

7 .) Measurement Proceuure, operalion and !\lainlcnancc Manuals for 

Main Equipments: Availahle 

8.) Safety Precautions: 



i) Asbestos hand gloves, safety goggles and long 

handled crucible tongs are to be used while 

handling the molten salt mixture. 

ii) A thick layer of alumina must always be 

available at furnace bottom to prevent damage of 

furnace by accidental toppling of the crucible. 

iii) Care must be taken while handling the 

molten salt and after measurement the molten 

salt must be poured out into a stainless steel 

crucible. 

iv) Necessary electrical and fire safety 

precaution must be taken. 

9.) Record Note on Installation & Start up: 

A co~y of calibration and test measurement 

report is placed in the measuring archive in the 

Electrolysis laboratory. 

10.) List of consumables, Spares, Accessories etc. 

a)Consumables : Alumina. Cryolitc. 

Aluminium Fluoride, NaCl, l11crmocouple, 

b) Accessories: Spot light, Pt- cmcihle 

c) Tools: Cmcihlc tongs. Screwdriver set, 

Stand, 

d) Spares: ! lcating clement for furnace, 

thermocouples, 

c) Standard. Ref. Mat.: Nil 

11.) Training provided, List of trained staff: S. Dasgupta, K.G. Deshpande 

12.) Report on performance test: 

1') 



L) 

2.) 

3.) 

4.) 

5.) 

6.) 

7.) 

Name of Process : 

111c calibration was done with analytical grade 

NaCL The melting point measured was 795 °C 

against the literature data of 800 °C c which is 

less than 0.65% of measured data .. Subsequently 

the electrolyte sample from one of the primary 

smelters also analysed for liquidus temperature. 

The liquidus temperature of the electrolyte 

sample was found out to be 948 °C which is an 

acceptable value for the usual bath composition 

used by the particu:ar smelter. 

Alumina dissolution in cryolite melt 

Name & Address of Supplier a.) Vertical Tube Furnace Mis 
INDFUR. P.B.N0.645.Kcnncdy 
Ilnd Street. Mylapore. Madras 600 
004 India 

Purchase order No. and Date: a.) Vertical Tube Furnace 
P.O.No.168/JNARDDC/ ADMN/dt 
dl7.3.94. 

Date of delivery & a.) Vertical Tuhc Furnace: Date of 

Installation: delivery: Aug .. 1994 Date of 
ins!allatinn: Oct. I <J<J-l. 

Any refercm.:c problem in No 

installation: 
General Description of alumina dissolution process can he 

Facility: determined in cryolitc melts. hy 
visual method. 

Measurement Procedure, Availahlc 

Operation and Maintenance 
Manuals for Main 
Equipment: 
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8.) Safety Precautions: i) Asbestos hand gloves, safety 

goggles and long handled crucible 

tongs arc to be used while handling 

the molten salt mixture. ii) A thick 

layer of alumina must always he 

a\'ailahlc at furnace bottom to 

prevent damage of furnace by 

accidental toppling of the crucible. 

iii) Care must be taken while 

handling the molten salt and after 

measurement the molten salt must 

be poured out into a stainless steel 

cmciblc. iv) Necessary electrical 

and fire safety precaution must be 

taken. 

9.) Record Note on Installation A copy of calihration and test 

& Start up: measurement report is placed in the 

measuring archive m the 

Electrolysis laboratory. 

I 0.) List of consumables, Spares, Cmcihle tongs, Snewdriver set, 

Accessories etc.: Stand, Pt-mixer d) Spares: I leating 

a)Consumablcs Alumina, clement for furnace, 

Cryolite, J\lumiilium thermocouples. c) Standard, Ref. 

Fluoride, NaCl, Mat.:Nil 

Thermocouple, h) 

Accessories:Spot light, Pt­

crucihlc, mirrors, c) Tools: 

11.) Training provided. List of S. Dasgupta, K.(i. Deshpande 

trained staff: 

.I( 



12.) Report on performance test: ll1c dissolution process of alumina 
was measured at 980 °C 
tcmpcr.iture without stirring hy 
feeing 1.0% alumina doses. The 
relationship between the alumina 
content and dissolution time was 
determined. On the base of these 
results the method and equipments 
are suiahle for studv of &1lumina 
dissolution process. 

1l1e installation and training for the radiometric density gauge was made 

by Hungalu R&D Centre. 



Annex-XI 

Discussion to Centre's Capability for Providing Analytical Support to 

Aluminium Electrolysis Department 

Present: Dr. J. Horvath. 

Mr. S Dasgupta. 

Mr. K.G. Deshpande, 

Dr. K.V. Krishnan, 

Dr. G. Balasubr.imanian, 

Dr. K. V. Ramana Rao, 

Mr. R.S. Mishra 

Dr. Horvath apprised all the participants about the analyti~al :mpport 

needed for effective operation of Aluminium Electroiysis Department. A 

comprehensive list was also prepared (Enclosed). 

The following was decided at the meeting : 

a) Alumina a:-aalysis will be done by wet chemical methods. l-lowevcr 

for trace impurities e.g. CaO, CuO, ZnO. Mg.O and Na20 content 

will have to be analysed hy A.AS and/or XRF. It was informed hy 

Dr. Krishnan that standards for Alumina for XRF &malysis is not 

available with Centre :1s at present. 

b) For coke & pitch analysis-XRF stamJan.ls arc avail:-ihlc with the 

Centre. XRF may he used for coke and pitch analysis. 

c) Regarding electrolyte analysis, it was informed that molar ratio and 

additives content can he analysed hy pot flux analyser (WRD). But 

alumina content in bath will he done hy wet chemical mcthm.ls for 

which standard methods arc not availahlc at present. Suitahlc 

efforts will he nmdc to adopt possible methods for alumina content 

·' l 



analysis by \;;ct chemical section. Possihilitics of alumina content 

detennination by XRF will also be looked into. 

<lJ Metal analysis facilities arc already existing both by XRF and OES. 

c) Dissolved metal content determination will be <lone by wet chemical 

methods. Separate detailed discussion needed for adoption of 

methods available at Centre. ll1c discussion will be hdJ separately 

by Dr. Horvath with Mr. Mishra. 

I) Mettler differential scanning calorimeter was <DSC> consi<lcred for 

determining phase diagrams. It was infom1c<l that the DSC 

temperature range is only upto 750°C which is not ~ufficicnt for the 

purpose of phase diagram studies of electrolyte. 

g) It was informed that BET surface area of coke and alumina arc 

already being dclcrminc<l by surface area analyser. 

h) FTIR studies for pitch components was also consi<lcrc<l for which 

melhods arc to be surveyed from related li1eratures. 

i) It was infonned that carhon content in electrolyte can he accurately 

<lctcrminc<l by C&S analyser. Rut it is learnt that the C&S analyser 

in Centre is not suitahlc for powdered samples. The same will he 

considcre<l after proposed new C&S analyser an-i\"cs al the Centre. 

Put up for information pkasc. 



Enclosed Annexure- XI 

Analitycal Chemistry and Prcx.-edurc. Methods Relating lo Aluminium 
Electrolysis 

Detennination of impurity content in raw materials : Alumina 
Coke. pitch 

Determination of electrolyte composition : molar ratio 
alumina content 
additives content 

Metal analysing: 

Determination of dissolved metal content: gas volumetric method 

Applied Methods for Research Purposes: 
XRF- alumina content detem1ination in electrolyte 
infrared spectrometer- pitch component 

Mettler- Phase diagram 

BET surface: coke. alumina 

LECO : carbon in electrolyte 

I~ 



Ann~x-Xll 

Recommendations on Activities of l\lathematical l\!odclling 

The major area of research in the field of aluminium electrolysis cell will 

be: 

i .Alumina feeding model: 

111e simulator obtained from University of Quebec. Chicoutimi should he 

used to study effect of different alumina feeding technolngil.·s on procc:ss 

parameters. As the present simulator is only a demonstration package. 

effort shuld be made to adapt it as per the Indian Aluminium Smelters. ll1e 

supporting software should be purchased to make the required changes as 

per the need of indu~tries. 

2.Heat Balance 

Collect the availah!c literature in this area and establish the hc.'at halance 

equations to estimate heat and temperature priile in the cathode area. A 

method of solving these equations should be evoked in \'icw of the 

availahlc software in the Centre. A software should he developed to 

estimate the freeze profile in cells.data collecfcd lw he:tf llux meter at 

different plants com he used for ,·alida!ion. 

3. Voltage Balance 

A software should he dcvdopcd to calculate the \'oltagc habnce of the 

cells and present it a graphical form.The software should he usc:r friendly 

and can be used hy any lc\'cl of plant personnel. 

4. Laboratory Measurements 

Programmes should he developed to evaluate the data collected m the 

laboratory hy \'arious instnnncnts. 

5. Joint project should he started h:!sed on the offer of Rajiv Shckar's 

proposal. 
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