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ABSTRACT 

1s'1-r>· 
-t.U~ 
~,._.Lvc 
o;._,.,;. lfl I.I { J 

The present report on •Aluminium Electrolysis Process Evaluation and 
Control• is a result of the expert mission DP/IND/88/015111-05 carried 
out in India from 28th Jan. to 29th May (with briefing and debriefing). 
This expert mission carried out, is second phase of the total period 12 
months. 

According to the terms of reference during the expert m1ss1on the 
following activities were undertaken : 

1) Training course for the counterpart staf! I scientists of the Centre 
and plant personnels. 

2) Assisting the measurements on electrolysis cells through a special 
:nobile van and evaluation of process data . 

3) Offering assistance in preparation of detailed energy and material 
balance of aluminium electrolysis cell. 

I 

4) Preparation of technical proposals for improvement of cell 
operation. 

5) Preparation of detailed programme for the establishment and 
location of carbon and electrolysis laboratories. 

All these activities have been '=arried out and details are provided in the 
report, followed by conclusions, proposals and recommendations. 
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INTRODUCTION 

This report has been written by Dr. J. Horvath based on the expert 
m1ss1on carried out in India under UNDP/UNIDO Project 
DP/IND/88/015 - Jawaharlal Nehru Aluminium Research Development 
and Design Centre (JNARDDC). This 4 months mission is second part 
of 12 months expert assignment. 

According to the job des~ription DP/IND/88/015/11-05 with post title 
"Expert in Aluminium Ele~trolysis Process Evaluation and Control", as 
per Annexure - I, the expert was required : 

- to provide training for the staff I scientists of Centre. 
- to assist in the measurements and process evaluation 
- to assist in preparation of evaluation of aluminium electrolysis 

cell operation 
- to prepare the cooperation programme between KA TSI and 

JN ARD DC 

In addition to the job description some constructive suggestions have 
been given to the expert at debriefing in UNIDO Vienna by Mr. 
Dr.T.Grof, BSO, and UNDP New Delhi byMr.L.Bredal and at 
JNARDDC, Nagpur by Dr. I.Zambo, CTA and Dr. T.Ramachandran, 
NPD . Job description and suggestions formed the basis for the schedule 
programme prepared at beginning or this mission (Annexure -II). 

It can be noticed in the schedule programme, that the activities and 
duties as per the job description were extended by preparation of 
establishment for carbon and electrolysis laboratories. 
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ACTIVITIES . 

Itinerary and list of main activities following the job description, as per 
Annexure I and the programme on mission as per Annexure Il are 
described below : 

A. Training pro:ramme for the counterpart staff I scientists. 

To prepare for the establishment of laboratories in the centre a training 
programme was organised. The objectives of this training programme 
were as follows : 

- to understand the principles of measuring methods and functions of 
the equipments which are to be installed. 

- to understand the background of the high performance smelter 
technology. This programme was used to prepare the revitalisation 
program for BALCO. 

The material for the training course is enclosed (Annexure-ill). 

The outcome of this training programme was satisfactory and the 
outputs are available in the Centre's archive. 

Training programme was also held at Bharat Aluminium Company, 
Korba to train the personnel for preparation of revitalization progrmme. 
The list of the participants is enclosed (Annexure-IV). 

A lecture was organised for training of NALCO personnel at Angul in 
the field of "Basics of Aluminium Electrolysis ". In this lecture 22 
executives from E-1 to E-7 grade and one supervisor were present 
(Annexure VIIl). 
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B. Preparation for measuring. process and technological tests at 
BALCO and heat flux measurements at NALCO 

During last 4 month mission in India, the INARRDDC experts carried 
out some measurements in BALCO smelter on 13 experimental pots 
from 5th June to 29th June 1992. Based on these experiments, some 
conclusions were drawn by the expert on the status of the cells and 
recommendations made for improvement were submitted to the BALCO 
management. The latter found these experiments very useful and 
r.!quested JNARDDC to continue these measurements on other sets of 
c.!lls. The main target of experiments carried out by expert during this 
mission was, to realise the proposals and recommendations in practice. 
This programme is the so-called "Revitalisation programme", for 
reaching normal cell operation. 

The main steps of the proposed programme were the following: 

- removal of deposit and sludge by keeping low alumina content in 
the bath 

- removal of broken bath from the deck plate to avoid sludge 
formation and improve the alumina feeding technology 

- increasing cell voltage (set point) to increase the stability of cell 
operation 

- adjustment of bath and metal levels to reach the normal level (the 
normal level is less than the cell cavity) 

- adjustment of alumina layer on the crust to achieve normal 
alumina feeding technology. 

The material was given to Mr P N Sharma G M (Works ) for 
discussions (Annexure -V). 

After disscussion the "Revitalisaion programme" was agreed to by 
BALCO. More detailed work programme was prepared with close 
cooperation of BALCO experts (Annexure VI ) . 
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NALCO management (Annexure VII ). On the basis of these 
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was to clarify technical points of these selected projects and prepare a 
programme for their implementation. 

The second task was to carry out heat ~ux measurements on cathode 
shell of modified and control pots . 

I C. Evaluation of the mearurin& process at BALCO and NALCO. 
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As mentioned above, the main objective of the revitalization programme 
was to achieve normal cell operation. Some important conclusions 
drawn from the experiments carried out during this period relating to the 
existing technology are the following : 

Unfortunately due to improper feeding technology at BALCO, present 
from _the time of installation of pots have resulted in extensive risk of 
sludge formation. The increased sludge in the cathode bottom has 
resulted in unstable cell operation. In order to compensate for the above 
said factor of high sludge formation and achieve a stable operation, the 
metal level was increased and set point was decreased. Presently the set 
voltage is 0.3 volts lower than actual set point as per the voltage balance 
of these cells. This indicates that the present cell~ are being operated at 
low ACD which has led to instable cell operation i.e. sick cells. 

During the experimental period, the first step was removal of sludge by 
introducing a special crust breaking and alumina feeding technology. 
After a period of one week no sludge was found at the cathode bottom. 
This sludge removal gives a possibility to decrease liquid level i.e. 
bath/metal. Some typical data of changes in bath and metal level are 
shown in Fig No. 1. The experimental results were summarized in File 
No. 7 (Smelter) (at JNARDDC). 



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

After increasing the set point, cell operation was observed to be more 
stable. As a result anode effect value was increased and the Si content in 
metal was decreased. The experimental data of metal quality were 
summarised in File No. 8 (Smelter) (at JNARDDC). These observations 
and data indicate that the cell operation approched nomlalcy. 

Simultaneously with the abo\'e action the deck plate was cleaned for all 
the experimental pots. Broken bath was removed from the deck plate 
area in order to avoid any risk of sludge formation. 

Typical data of metal quality and set point changing are shown in Fig::!. 

During the experiments the following traditional and non traditional 
measurements were performed : 

-anode voltage drop 
-~athode voltage drop 
-elec.trolyte temperature and composition 
-anode lea 0 

-anode-cathode distance 

These non traditional measuring data can be found in File No. 9 
(Smelter) (at JN ARD DC). The anode and cathode current distribution 
also was measured and data can be found in File No. 10 (Smelter) (at 
JNARDDC). Some typical anode and cathode current distribution data 
~an be seen in Fig. 3. 

On the basis of experiments/measurements carried out during this 
mission, following parameters were achieved : 

- on six experimental cells the normal state was adjusted, based on 
data and analysis of last year's measurments 

- sludge and deposit removed from •young "cells 
- liquid level decreased to 48 cm from 60cm 
- anode casing decreased 
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- removal of hard deposit on ".old• cells was not possible by special 
alumina feeding technology, thus removal of hard deposit was 
possible only manually. The risk of iron picking was increased 

- For proper adjustment of heat balance of the cells, following 
actions are needed: 

- improving anode and cathode current distribution 
- one reason for large volume of skimming generation is 

poor anode current distribution 
- to approach proper heat balance 
- broken bath addition and bath tapping are needed 
- improve the anode effect killing procedure 
- introducing process monitoring, that was determined 
durin~ the last vear ... -

The main conclusion cf the revitaization programme is: 

- revitalization of each cell is required , in this period all cells 
indicate abnormal operation 

For introducing pot controller system the basic requirement is normal 
cell state and narrow range of fluctuation in the operational parameters. 
So it is extremely important to reach normal cell operation before the 
insatallation of pot controllers. 

Evaluation of measurin~ process at NALCO : 

NALCO expertt requested to carry out heat flux measurements in four 
control and four experimental pots which were 

Control pot-; Experimental pots 

B-004 
I B-005 

A-004 A-002 
A-030 A-029 
A-094 A-106 
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The heat flux measurements were done for the bottom of cathode shell 
at 18 different points and 24 different points on long side of cathode 
shell. All measuring data was handed over to NALCO experts, and 
same measunng data can be found i11 File No. 11 (Smelter) (at 
JN ARD DC). 

The proper thennal design for long cathode life can be achieved by : 

- adequate ledge formation 

- prop~r location of bath eutectic crystalization isotherm. 

Heat flux measurements on long side of cathode shell were carried out 
on metal and bath level. The results for two typical cells are 
summarized in the Table I . 

TABLE I : Heat flux (W /m2) on long sides of cathode shell 

Measuring 1 2 3 4 5 6 Total 
pots 
Control pot A-094 
Bath level 3286 4920 4617 4422 3238 5571 I 4342 
Metal level 3877 3847 3881 4878 4676 't523 4280 
Modified pot A-106 
Bath level 3444 3512 4442 4455 3806 5103 4127 
Metal level 4072 3488 3838 4457 3663 4277 3966 

The heat flux data for all the eight cells of NALCO can be found in File 
No. 12 (Smelter) (at JNARDDC) 

Heat flux measurements on bottom cathode shell carried out at 24 
different points. The results for two typical cells are summarized in the 
Table II. 

I 
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TABLE II : Heat flux (W /m2) on cathode bottom 

Measuring 1 2 3 4 5 6 I Total 
pots 

Control pot A - 094 
Side 1 741 984 832 658 1372 1462 i 1008 
Centre 571 1294 1091 1359 1498 1839 ! 1276 
Side 2 694 1202 966 1029 1151 950 ! 999 
l\fodified pot A-106 
Side 1 558 1065 1370 1606 1586 879 l 1178 
Centre 505 1356 1480 1352 1635 2064 ~ 1399 
Side 2 724 1422 1179 1816 1744 1444 i 1388 

D. Preparatory work for cooperation between Kaiser Aluminium 
Technical Se"ices Inc. <KATSD and Jawaharlal Nehru 
Aluminium Research Development and Design Centre 
UNARDOO 

During last year's mission a proposal was prepared by experts of 
JNARDDC in cooperation with counterparts at BALCO for 
improvement of cell status. The objective of this proposal was to 
achieve maximum benefits with miniumum investment and changes in 
cell construction , with laying emphasis on improvements in .technology 
and I or work routine. 

The Director and Chief technical adviser of JNARDDC discussed with 
BALCO management about the participation of JNARDDC in 
modernisation programme that the main work would be carried out by 
Kaiser Aluminium Technical Services Inc. (KATSI). There after it was 
decided to send a description of capabilites of JNARDDC in the field of 
aluminium electrolysis to KATSI. 

This description was handed over to Kaiser reorescntative in BALCO. 
The Kaiser representative expressed his satisfaction over the equipments 
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installed in mobile van, for carrying out all measurements required by 
KATSI (Annexure X). 

Kaiser representative requested JNARDDC to prepare a proposal for 
transfer of available measuring data and evaluation, which were 
collected bv JNARDDC durin~ measurements in June 1992 and - -
revitalisation programme in M~ay 1993. This proposal was prepared and 
handed over to Mr Dhameja of KATIS. 

E . QTHER ACTIVtl'IES 

i) At beginning of the expen mission the following materials were 
handed over to JNARDDC : 

- Data on thermodynamical propenies of materials used during the 
electrolysis from JANAF Thermochemical Table 

- Possibilities of 5 N purity aluminium Production 

- Calculation of heat isotherm in cathode lining (User's guide in 
English) 

- Description of user's guide of the carbon test (On floppy disk) 

ii) During the expert mission a meeting was organised with 
representatives of Norton firm. The objective of this meeting was 
to detennine the technical specification of silicon nitride, which 
will be used in electrolysis laboratory later on. The proposal of 
Norton firm is enclosed (Annexure XIV). It is recommended to 
buy these material before installation of electrolysis laboratory. 

iii) The effect of power interruption on energy consumption and 
production was calculated for Indian Aluminium Company. The 
results of calculations are enclosed (Annexure XV). 
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The most important task carried gut during the expert mission was to 
prepare the details for installation of carbon and clecrolysis laboratories. 

Following description of standard methods oo carbon laboratory on 
requested were decided: 

- ISO 6257 Sampling pitch for electrode 
- ISO 5940 Detrmination of softening point by ring and ball 

method 
- ISO 6372 Sampling procedure 
- ISO 687 Sampling procedure 

Two measuring procedures are requested in electrolysis laboratory : 
- method for determination of electrical conductivity of cryolite -

alumina melt 
- determination of liquidus temperature in cryolite-alumina melts 

A list of items to be procured before j~lation of carbon and 
electrolysis laboratories was prepared. 
This list includes: 

- the accessories, consumables and chemicals 
- main specificatios for the offers 

This programme was realised with very close cooperation with Mr Basu 
(carbon laboratory) and Mr Das Gupta (electrolysis laboratory). This list 
was handed over to general services department of the centre for 
collection of offers and procurement on 30lh April 1992 

The most important item as per the expert is the furnaces for electrolysis 
laboratory, immediate action is needed for purchase. 
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l"~ITED :"'ATJ•::-..:s l:"Dl"STRf..\L DE'\"E~OP!\fE:"'T ORG."-'."!ZATIC:'." 

POST TITLE: 

DATE REQUIRED: 

DURAIIQB: 

DUTY STATIO?i: 

PURPOSE OF 
THE PROJECT: 

RE0UESI DOM IRE G0\1:RRKElfl' OF IBQIA 

\ 
; 

JOB DESC!!PTION 

DP/IID/88/0!5/11-05 

Expert · in aluminiua electrolysis process evaluation and 
control 

September 1991 

12 monthl in split missions u follows: 4 months in 1991. 4 
months in. 1992, and 4 months in 1993. 

.Nagpur, India, with travel vi thin the country 

The i.Dmediate objective of the project is to assist the 
Governaent of India in setting up a f'unctioning J.luminitllll 
iesear~, Development cwi Design Centre consisting of: 

-~ 

a) ilmin.a Production Research Department 
b) Allllinilll Electrolysis Department 
c) Analytical Research Department 
d) General Services, instrumentation and Control 

Department (incl. Wortshop and ftai&tenance} 
e) General Admini.stratim and Finance Department 

The Centre vill develop capability of carrying out the 
folloviDg aain functions on behalf of and in co-operation 
vith the bauxite processi.Dg/alumina production and aluminium 
aelter industries in tbe coantry: 

a) A.saillilation and adaptation of available tedmologies 
b) ProYidiDg recome.ndaticma and ad hoc or applied and 

analJtii:al research to local industries in procea1 
illpronmmt, transfer of technology, etc. 

c) Set~iDg up and operating a data bank 
d) Pn>Tiding training of lDd..ian engineers 

.... I .. 

Applicftons _.mm.Ill·:·· llM• ...... int dlil.lab DeioipciM thould be tmt 10: 

PNjlctP 1IRw£•1nt.,...,D$1L 1•of' • DllllOpliillliaM 

UNIDO,V-1 I fl dC...,P~ ... M.A-Mm,.va.-.AmDl.a 

..... - . -· - -·-- -·----
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DUTIES: The expert vtll be required to assist in the setting up of the 
Alllllinium !lectrofosis Research Departmert of the Centre. and in 
particicula? )f p:ocess e•aluation and control laboratory. The 
expert will undertake and/or assist in research and investigations 
on aluminic= ~lect:~lysis process evaluation, monitoring and control. 

His main du:its wt:: be to: 

a) provic!e train::ig for the counterpart staff/scientists of the 
Centre in ::ie measurement and monitoring of electrical 
parameters of the electrolysis cells, (voltage, fluctuations, 
noise, anodic/cathodic current distribution) as well as then1al 
state, magneti:: field, anode gas composition and gas collection 
efficiency. 

b) assist a."l.d train in measurement and evaluation of process data 
for alc:iinium electrolysis cells through a special mobile van. 

c) assist and tn~n in preparation of deuiled energy and material 
balance of altminilml electrolysis cells. 

d) prepare techn:.cal proposals for improvement of cells operat1C1n 
based en experimental measurements and process data collected. 

The expert is ·expected to submit progress report after completion of 
every split mssion assignment and a final report. 

QUALIFICATION: University degree (preferably Ph.D.) in Chemical. Metallurgical 
or Electrochaical Engineering. Extensive experience in the 
experiller.tal/a.easureamt techniques for characterization of 
aluminiuit electrolysis cells parameters, evaluation of process 
data, preparation of energy and material balance of cells. 

LANGUAGE: 

BACKGROUND 
INFORMATION: 

English 

The Indim alaminium industry looks back to a history of 44 
years. The first alllllinillll smelter (in Alumpars, Ic:erala) was 
put into opention in 1943. At present there are five alumina 
plants in operation and si.% aluminium smelters with an overall 
capacity~ of about 587,000 and 580,000 tonnes per year, 
respectively. These facilities belong to five aluminium 
companies, n.mely Bharat Aluminium Company Ltd. (Balco), 
Hindustan Alminium Corporation Ltd. (BIRDALCO), the Indian 
Aluminium COl!PaDJ Ltd. (IllDAL), the Madras Alumini1.111 Company 
Ltd. (IW.CO) aad the Rational Alllllinium Company Ltd. (JW,CO). 



~I 
I 
I 
I 
I 
I 
p 

I 
I 
I 
I 
I 
,-
1 
I 
I 
I 
I 
I 
I 

alllllinim smelting is more than half of the total installlecl 
capacity of India. This ind.icates the decisive influence of the 
public sector on the future of the industry. The sustained grovth 
and developnent of the alminim industry in !:tdia, apart from 
requiring the adoption of suitable long ter:i polic:es in relation to 
production aanageaent, output, pricing, and fiscal levies, is also 
in need for technology and .. rtet development, vbich vill gradually 
be handled by the proposed Centre. 

During the past years, India bl!caae one of the leading countries in 
the vorld bavin& substantial bauxite reso.aces, ~fter the discovery 
of large deposits in the Eastem Coast in the nearly l970ies. The 
total bauxite reserves of India are estimated to be of the order of 
2, 650 aillion tonnes, which places India on the fifth place in the 
vorld list. . 

With the vast reserves of bamte ad coal in Incia, the tluminim 
industry has abitious plans for a faster growth rate keeping in 
vie~ the future demand in the foundry and e%pOrt potentials. 

Ihe existing alumina/ aluainim plats in India are based almost 
entirely on t~cbnology imported fram various sources. Both in the 
areas of production of almina and aluminil:l, a number of 
technological improvements have taken place in acvanced aluminium 
producing co10.tries. lllport of blproTed technology is not always 
possible, als> its introduction. is not feasible in the existing 
plants. Import of teclmoloa necessitates proper assessments to 
detel'llille its suitability under Indim conditions, the available raw 
materials, product demands, state of engineering cevelopments, etc. 
Ihough research and de-relopmmt vorlt is being czrried out by the 
major aluminima producers in the coantry, these are mainly directed 
towards aolving their day to daJ' proceaa problems in the plants. Bo 
vorlt ia done for the dnelo..-t of process knov-bov and basic 
engineering. , Dae teclmoloci• followed in the mating plants are 
froa varioua comtriea/nppllen - DISIR, ALUTERV-Fn, VAKI, ALCAli, 
MORI'ECATW am ALmmm11 fiCiiUif. Apart froa the at?'ategic 
importance of u-riDg m illdigeaoas Research, Development and Design 
Centre for il..Wua, tile Centre ia expected to aaTe substantial 
hard currency paJlll!lltS to the foreign partners. 

For meeting the eatiaated dellllld of aluminium by the turn of the 
century, substantial additional capacities for alm.ina and aluminium 
will ban to be aet up in the 1990ies. Additional demand for 
alumini• by the turn of the cmaary, which is in a:ceaa of the 
currently available capacity wald be of the order of 440,000 tonnes 
per annm which at the current aelllng price of alminim amounu to 
Rs. 1180 crores. CouideriDg the pa,.ait for mov-hov, buic 
engineerillg and royalties for this additional follow-up stage this 
vould 11ean Ul expenditure of at least another Ra. 1.2 billion 
equivalent to US$ 95 million. 

I 
I 

' 
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It is to be pointed out that the coat for Eatablillmen.t ·of the 
Aluminium Centre in Ragpur (both Indian Govemaent and UBDP 
contribution} is of the order of US$ 12.5 million. The financing of 
operations and further development of the Centre is envisaged by the 
Government to be secured through a collection of Rs. 100 per tonne 
of alminim. for almainium research and development, added to the 
price of aluminiam (established nov by the State in India). The 
fmids so generated would serve as financial basis for operation and 
further exten$ion of the Centre. 

When the new alu:iinilm capacity will be established the Centre will 
be fully f1Dlctioning and if it contributes to savings of only ten 
per cent of the expected expenditure for project engineering and 
royalties, apart from rendering other useful services, its 
establishment would be fully justified. 

It is to be noted that all the leading alu:!inium producing co1Dltries 
have their ot.:n !? and D centres. Close interactions among these 
Centres' ResEarch and educational institutions Gild industry has 
enabled numerous technological advances - this exa::ple is needed to 
be followed in India. 

In the light Jf the above, a co-ordinated effort i~ R and D will be 
essential for the development of lmow-how and basic engineering to 
self-reliance in alllllina and aluminium technology needed for the 
establishment. of future plants without need to go for foreign 
consultancy. · Future development of alu::iinill!ll industry in the 
co1Ultry based en indigenous expertise demands the illlllediate 
establishment of a self-reliance full-fledged and independent 
research, devel~~ent and design centre for aluminium at the 
national level. 

The developmei.t objective of the project is to aic at self-reliance 
in alumina and alminium production technology and to achieve faster 
grovth of the Indian aluminium industry to oeet the domestic demand 
for aluminium products. This goal will be achie~ed by setting up of 
an Aluminium :lesearch, Development and Design Centre at the national 
level which vill be in a poai ti on to carry out research and 
development in the field of bauxite processing, alumina and 
aluminium production leading to improvement iz:. the existing plants 
and creating nev production facilities. Thua, the output of the 
project vill be physical facilities of an Aluminium Research 
Development and Design Centre, adequately equipped with specialized 
research and testing equipment and trained professional staff to 
render research and development technology in the existing plants 
and for settiiig up of nev alumina/aluminium production facilities 
bas~ on indigenous raw materials and natural resources. 
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Vith the use ;f b,-f.~u-,-d~lp~b:p~oTment~-f-;.~-~~lq-~f eD.;0-d 
materials, duelojlment of saev products and alloya. Another particular 
problem that the Ceatre ls expected to address is ae.ating from the lack 
of adequate and llllinterrupted power supplies vhic:?l haa led to poor 
utilization of capacities in the recent put. Inveat!iatiou into energy 
saving technologies of almiu and aluminim product!on will be one of 
the iaportant. tasks that the Cmtre will bave to tacltle. 

It is expected that once the Centre is established it vill aeet the 
fast growing technological service needs of the al-=ninim industry in 
India. The Centre will ccmsist of the following depar.::nents: 

ilminina production reseuch depart:Jlent vith fo~r laboratories and 
one pilot plant; 

ilminium electrolysis research department with f:ur laboratories; 

Analytical research departllmt with three laborat:ries; 

General serri-:es, i.nstrmimtations and control c:partaent vith four 
sections; 

General administration anci finance department wit: three units. 

The civil construction works for the Centre started i~ ~agpur in 1990 and 
will be finished by 1992-1993. The centre is ;>lanned to fully 
operate/function by 1994-1995. 

The assignment of the national staff end procure:ient :: equipment st:arted 
in 1989-1990. The fl.est RID works are expected to ~:art in 1991-1992. 
Training of the staff will be carried out ill India and abr:ad. 

For a more detailed infomatiCllL reference could be ::.ade to the Project 
Document and the Detailed Cenue Design. 

' 

.·1· •' • ' .• · ••• 
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SCHElllJl.E PROGRAMME 

1) Preparation of proposal to introduce the capabilities of the centre 
for Kaiser Aluminium Technical Service Inc I KA TSI I. 

• 10th February 

2) Organization of training programme for new staff members on the 
background of the laboratory measurements in cryolite alumina 
melts. 

llC 15th March 

3) Finalization of the laboratory equipments in the carbon and 
electrolysis laboratories 

4) 

- Clarification regarding the requirement of consumable 
materials and chemicals 

• 15th March 

Visit to BALCO, Korba smelter 
- To organise and prepare for the revitalization programme 
- To inform the BALCO management about the measurement 

programme 
- To carry out the first phase of the measurements 
• 4th April 

5) Visit to NALCO, Angul smelter 
- To carrv out the heat-flux measurements on the base of .. 

schedule programme prepared and agreed upon on last 
m1ss1on 

- To discuss and finalize the next measuring programme 
• 6th April 
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6) Visit to BALCO, Korba smelter 
- To continue the revitalization programme 
- To discuss the partcipation of .JNARDDC with the Kaiser 

Aluminium Technical Services Ir..:. expert 
x 3rd May 

7) Ellaboration of the proposal to Kaiser Aluminium Technical 
Services 

x 7th May 

8) Evaluation of the measuring data 
:c ~nd May 

9) ~fission re;>ort prcparati?n 
=< 2.+ th .Mav 
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THE l\IAIN ACTIVITIES 

1) Training programme for members of the aluminium electrolysis 
department. 

and 
Training programme for members of BHARAT .-\LUM~lUM 
COMP.~'IY and NATIONAL ALUMINIUM COMPANY. 

2) Carrying out measunnent programme, revitalisation programme 
and technological tests at BHARAT ALUMINil"M COMPANY. 
Korba 

and 
Heat-flux measurements at NATIONAL :\LUMr\IU~1 

COMPANY, Angul. 

3) E\'aluation of "revitalization programme" md heat flux 
measurements. 

~) Preparation of proposal for KAISER AL UMr\IU~l 
TECHNICAL SERVICE (KATSD according :o the agrc>!mcm 

between BALCO and JNARDDC. 

5·> Elaboration of the proposal for KAISER TECH:\"IC . .\L SER \'ICE 
1 KATS!) in which me~urements are to be ~:rried out .;urmg 

BALCO modernization bv JNARDDC. 

6> Other activities were : 

ai Preparation of the list or equipmem. ~cccssories. 
consumables to be procured for carbon Jnd electrolysis 
laboratories. 

bl Calculation of voltage and energy balance during the ~nergy 
modulation of INDAL smelter 



• 
I 
I 
I 
I 
I· 
I 
I 
I ANNEXUREID 

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



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

TRAINING PROGRAMME FOR MEMEBERS OF ALm-IINimI 
ELECTROLYSIS DEPARThlENT 

OBJECTIVES 

I ) To understand the mesurment methods used fer : 

study of cryolite - Alumina melt 
B.-\LCO revitalisation programme 
understanding the background of high penormance smelter 
technology. 

Principi.!s of measurment methods for process study in cryoiit\! -
.liumina melts. 

Study of Jnode & cathode processes 

In 1.!k;;:roch\.!mical processes chemical rea~tion 1..:. oxwauon ar.~ 

rcduc:ion take place due to potential applied between two dectrodes :~ 
~ontacts with d\.!ctrolyce. The principle for studying the electrochemicai 
rl!accion :ind its kinetics is to determine the rate - determining step in thi! 
proci.!s5. The dectrochemical reaction is determined by transport 
phcnorr.i!non 0r chemical reaction due to which this is considered as 
"di ff us ion or kinetics limiting current ". 
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l\IEASURING l\'IETHODS AND TECHNIQUES FOR srunv OF 
ELECTRQCHEMICALPRQCFSS 

MEASURING TECHNIQUES 

GAL V ANOST ATIC 
- CHANGING CURRENT STEP BY STEP 
- CHANGING CURRENT BY IMPLUSE 
POTENTIAL CONTROL 
- PONTENTIOSTATIC 
- POTENTIAL SWEEP 

Decomposition potential of cryolite-alumina melt can be determined by 
the method shown Fig. l. For determination of decomposition voltage 
1)f ~iurrtina. the graph obtained can be extrapolated (at inert Pt electrode) 
JS shown in Fig.2. 

In F?g. 3 the extrapolated value is the decomposition \·oltage of alumina 
in presence carbon electrode and aluminium melt. 

The alumina decomposition voltage can also · be determined bv 
:h.!modynamical data - voltage demand for alumina decomposition is 2.1 
- 2.2 V without consumable carbon electrodes. 

On using carbon electrodes the voltage demand for the decomposition 
.:onsists of the following voltage components : 

JI Equilibrium potential (non-heat generation element, it means the 
electrochemical work) 

J) Depolarisation potential 

i"i Overvoltage (heat generated voltage components) 
ii) Carbon burning ( heat generation element) 
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i .z.. 1-~ .:_ \1CL"7.! 

~: .. ~JOULE'S HEAT IS NEEDED FOR DECOMPOSffiON 

f; !-=ANODIC & CATHODIC OVERVOLTAGE l.l- 1.2 VOLTS. 
!: ':l hi EQUILIBRIL~f POTENTIAL ,,. ' 

.~~ 1. (THE ELECTROCHEMICAL WORK OF PROCESS. i 

'l> LL 
The extrapolated decomposition voltage of alumina is not enough for 
determination of voltage demend for aluminium production. The voltage 
demand of production is determined by thermodynamic function. 

Components of decomposition voltage 

I] Equilibrium potential 

2] Anodic overvolta2e 
IJ Diffusion 
iii Reaction 

3] Cathodic overvoltage 

METHODS FOR DETERMINATION OF 
VOL T.-\GE CO\f PONENTS 

Decomposition Potential 

Determination oi electromotive force or" gaivanic .:eil 

I 
Al , ~a3AIF6 + AI203 I C02 j C 

I 

I 
Al : ~a3AIF6 + Al203 I CO I C 

I 

DEC0~1P0SITION 

EMF of galvnic .!lements give the value of ~quiiibrium potentiai 1 Fig . .+). 
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E = EO + (RT I nF)(lna AI2Q3) 

If C AI203 - saturated in cryolite 

a Al203 = 1 so E = EO 

Thus we see that EO-E depends on the activity of alumina in melt 

Value of E decreases with increase in CO generation . 

DETER.\flNATION OF ANODIC QVERVOLT AGE O~ GRAPHITE IN 
CRYOLITE-ALUMINA MELTS 

If the molten aluminium surface is 100 times higher than .mode surr~:e we 
consider the cathode as a non-polarised electrode. The curr~:u is 
disconnected and the memory oscilloscope reading is take:i and ploct~::i as a 
function of time (see Fig. 6). 

In Fig. 6 the venical voltage drop me:isured. is known .:s ohmic ·:nitage 
drop. The difference between voltage (V2 _ V3) gives the :nodic 
overvoluge value. V 3 is cons~dered as 'quasi equlibrium ~otential'. 

To separate the electrochemical kinetics measurements ..:uring the :mode 
lnd cathode process. potentiostat and reference dectrod;!S :ire us.:~. For 
the study of anodic process. polarisation curves are ~iatted whi::: arc 
obtained by potential sweep method (Fig 7). 

Voltage between the reference electrode & graphite ~:;!~trade is :o be 
adjusted ·md the !"'!suit (as current) is to be measured. T'.':is ~urvl! :s also 
-:ailed the 'SO-CALLED' polarisation curve or \'Oitamogr:m iFig. S,. 

Limiting current 
- Diffusion limiting current 
- Kinetic or chemical limiting current 

\Vith graphite in cryolite-alumina melt, the form of polarisltion curY~ is as 
shown in Fig. 9. 
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ELECTROCHEMICAL MEASUREMENTS FOR STUDY OF 
DISSOLVED ALUMINIUM IN THE BATH 

Potenti:il sweep method (Fig 1 Q). Limiting current is proportional to 
dissolved alumina concentration After calibration by this method the 
alumina dissolution process can be detected. 

Studv of alumina dissolution in ccyoiite melts 

1) Test with mixing of molten electrolyte 

2) 

This method is suitable to determine the effect of electrolyte 
composition and superheat on alumina dissolution. In this case the 
aiumina is dispersed in the melt. 

Tnis is suitable to evaiuate the effect of physical - chemical 
propenies of alumina for dissolution. In this case mixing is not 
used during the test. 

The de~crmination of liquidus temperature of bath 

Liquidus temperature is determined as shown in Fig 11. After switching 
\Jff the .!:1ergy supply unit of furnace, the temperature is to be measured 
in func:ion of time. Use or Pt crucible in presence of carbon is 
(orbicid~n. 

Elt:ctric:i conductivity measuring technique for cryolite-alumina melts 

The mt!~surement is carried out in followine wavs : ... , 

anificial bath without carbon, using Pt probe for measurement 

industrial bath in presence of carbon Pt electrode, BN or graphite 
.;:1.1cible are used. 
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. 
In the measurement of electrical conductivity, the total impedance of the 
measuring circuit, Z 

Z - Rm+ Xe + X1 
where, 

Rm - real resistance 

Xe 
X1 

Rm -
where, 

Ro 
Rf 

k 

inductive component of impedance 
capacitive component of impedance 

Ro+ Rf+ k 

ohmic resistance of the electroh'te 
the polarization resistance of the electrolyte due to 
frequency effects 
the constant resistance between wires 

At very high frequency of polarization resistance of electrolyte, Rr is 
decreased significantly and it's value is neglected 

AL fixed high frequency Rm is considered the reai component of circuit. 

The d~ctrolyte conductivity K can be obtained by using : 

K 
A <dRm/dL) 

where. 
K - thi:! .:onductivity of electrolyte 
.\ - -::-oss section area of conductivitv cell. it is determined bv - -

..;Jiibration 

dRm/dL - is measured during the ;;!Xperimem 
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DISSOLVED ALUMINIUM Vs U~llTING CURRENT 

LIMITING aJRRE:--JT 
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THE THEORETICAL BACKGROlJND OF BALCO 
REVITALISATION PROGRAMI\IE 

Elements of high performance smelting technology 

It is known, that the low energy consumption and high current 
efficiency cell operation are characterised by : 

Compensated magnetic fields 
Voltage/or resistance regulation 
Efficient alumina feeding technology 
Stablized bath composition 
Good frozen progile 
Low superheat 

C0~1PENSATED MAGNETIC FIELDS (BUSBAR ARRANGEMENT 
DESIGN AREA) 

Proper anode and cathode current distribution (cell operation) 
- Bz -vertical magnetic field component minimum 

1educe the horizontal current in metal 
- ..:!ean cathode bottom to decrease horizontal current 
- dficient Jlumina feeding technology to avoid sludge formation 

?;aper frozen profile (cathode design and cell opertion.) 

Low superheat to decrease the aluminium dissolution and provide 
..!nough heat for alumina dissolution (cell operation) 

SLUDGE PROBLEM 

Bottom crust t Hard muck) 

This is hard laver of alumina which adheres to the bottom of the cell. 
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Laboratory results 
Corundum - if supercooled -40°c 

Conclusion 
A bottom crust may form if the cell bottom is too cold. 
Why is the isotherm changing in BALCO cells ? 

Alumina dissolution: 
The rate of alumina dissolution depend on several factors. Most 
imponant of which is : 
tendency to agglommerate and settle 

We can distinguish between the following extreme cases 
Effective dispersion of individual grains 
Extensive agglomeration 
Formation of large particles or lumps, partly dispersed 
Settling of alumina and dissolution of settled material 
Dissolution of top crust by splashing of bath. 

Bard chick muck deposit (very hot cell) 

c~uses 

Hard ~hick muck layer under the ~nodes 

Actions 
Jet a cover of alumina or cryolite (known bath on the crust of the 
bath to retain heat) 
stop or reduce alumina feeding to get an anode effect 
.:ontinue to operate the cell at reduced alumina feed rate :o 
- maintain a low alumina content in the bath 
- higher anode effect frequency 
graduaily, lower the cell temperature 
- frequent breaks without alumina additions 
- shunting part of the line current from the cell 
- l!xchange bath with normal operating cell 
- metal additions 
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increase the cell voltage (resistance) i.e. set point temporarily 
-if possible, lower the metal level and increase bath level. 

Cause of carbiding is that temperature is over 1050°C and liquid 
movement out of control. We say carbiding, because more A14C3 
dissolves in bath decreasing conductivity so the anode-cathode distance 
is less than expected which results in back reaction. 

tapping metal and bath 
add cold m~tal 
add cryolite 
keep cryolite at crushed bath on surface to try to reform crust. 
add dry salt 

Raise the voltage to 8-lOvolts during above actions, slowly voltage will 
come dqwn to about 6volts by itself. 
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LIST OF PARTICIPABTS OF 'i'RADIDfG PR<>GRNelE 

I AT BALCO, KORBA 

I DESIGNATIOR 

I ~.c. GUPTA SENIOR MANAGER (Sm) 

R.P. SINGH SENIOR MANAGER {Sm) 

I M.G. SINGH DEPUTY MANAGER {Sm) 

I 
AMIR CHAND SENIOR ENGINEER {Sm) 

D.K. BHASIN SENIOR ENGINEER {Sm) 

I L.K. PANDEY SENIOR ENGINEER {Sm) 

S.B. SINGH SENIOR ENGINEER (Sm) 

I S.K. JULKA SENIOR ENGINEER (Sm) 

I 
M.C. GOEL ASSTT. GENERAL FOREMAN 

Y.K. TI WAR I ASSTT. GENERAL FOREMAN 

I T. RAMNATH ASSTT. GENERAL FOREMAN 

S.K. MI'M'AL ASSTT. GENERAL FOREMAN 

I B.K. SINGH FOREMAN 

I 
S.N. PATHAK FOREMAN 

J.N. DUBEY FOREMAN 

I B.D. SINGH FOREMAN 

H.L. SAHU FOREMAN 

I R.K. RAM FOREMPu"l 

I J.K. TI WAR I OPERATOR 

D.P. SRIVASTAVA OPERATOR 

I B.L. SAHU OPERATOR 

K.P. PANDEY OPERATOR 

I S.N. SRI VAS OPERATOR 

I K.D. VAIDYA OPERATOR 

B.L. SHUKLA OPERATOR 

I P.K. BHASKAR OPERA·roR 

I 
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LIST OF PARTICIPARTS OF TRADIIHG PROGRAMME 

A".l' BALCO. KORBA 

DESIGNATION 

R.P. SINGH SENIOR MANAGER (Sm) 

D.K. BHASIN SENIOR ENGINEER (Sm) 

Y.K. TIWARI ASSTT. GENERh.L FOREMAN 

M.C. GOEL ASSTT. GENERAL FOREMAN 

S.K. MITT AL ASSTT. GENERAL FOREMAN 

B .1:. SINGH FOR EMA~\ 

S.N. PATHAK FOREMA!\ 

E.V.R. NAIDU FOR EMA!\ 

K.N. SINGH OPERATOR 

s. KANWAR OPERATOR 

s. YADAV OPERATOR 

R.P. SINGH OPERATOR 

K.D. VAIDYA OPERATOR 

B.R. BAI RAG I OPERATOR 
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SUBJECTS TO BE DISCUSSED WITH Mr. P.N. SHARMA GM(Works) AT 
KORBA ON 18-19 MARCH 1993 

l. Information on discussion wicb '.\lr. Azad C'.\ID in Debi on 15 Februar~· 
1993 

Record Notes on the ~feeting i5 gi\'e:: in Annex.ure I. 

2. Participation io the modernisation project for Korba Smelter 

Copy of ietter to Kai~; Engineerinf and TAT A Engineering on services offered by 
JNARDDC Annexuie :i. 

3. Programme for revitalisation and de\·elopmeot of aluminium electrolysis 
cells 

Ob_iecri,·e of the p:-o_:e~: is to ope:-a:e ;i group of 25 test cells by a joim ream of 
BALCO and JNARDDC and investip.te / test the following problems: 

3.1 ~onnalisa1ion of cell operation* by 

removal oi deposits and siudges 
removal of broken i:Jalh from deck plate 
increasing eel! volt~ge 
adjustment oi barn and metai Ievei 
:idiustment of aiumina layer ie•:ei in accordance with alumina quality 
demonstratior. :raining io!" :-oom in ct:arge and operators 

"'To ensure the o;:>eraJon accordin; to the revised operational manual intensive 
supervision is considerec until the .::ompucerised controi syste:n is installec in the 
frame Ol mudernisation ~rogramme !O be contracted. 

Detaiied description a:· :iaramecers. won> programme and updated operationai manual 
are encioscd (Annex Im. !t is sugges:eci :hat the present set or 25 cells should include 
the group of thinee:1 ::e!!s on which work has already been carried out , and special 
task force should be for.;ied for ?.ii the shifts for operation of the rest cells. Involvmem 
of the special measuring :earn of BALCO and JNARDDC is also considered. In view 
of the \·ery tight time s~hedule oi the international experts in the Centre plant 
authorities are kindly requested to st?.rt the programme - if possible - without delay 
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3~ Effect of s~udge i deposit nmoval on need for Clthode rmewal of 

revitilised c:lls 

It is consi~red. Liar the sludge I deposit rr.ay prOlec: ±e a.tborle bottom by covering 
of the existi:g faiiures I cacks, therefore after its r:::ioval the impurity level in the 
me!J.i .:an be inc:e:?.Seri dramatic:lily and the pot may h~ve:o be shut down for rene~-ai. 

3.3 Improvement in metal quality in the revi~ised cdls 

- without :~ai1ges m quality I impuricy leve! :n the raw materials and bv 

immprovemem i.'l aiumi.iia quality ;>recessed 

3.~ De\'e!opme::t / testing of the elements of the second phase of 
modernisation programme viz..: 

• e:Te:::: of jurnir.a qu.2iity (gcin size. ::::i~urities e::.) on processing ?arameters. 
• ~.-~ .. ,;,.:.,.,; ... -.. ·'"t ;.,,...,,~.;no -:na· c .. ,< .. :.,~;,;,.,a ···1·,;, -"mo· ill:lrion of anoo·e "'r·e:::· --··---·~ .J.J u•~---:: ~ .w..JL vlc-.~~~ .., wa. ._..,, ""'• .. 

~:ec:::·.:or: by :nrrc<i!!c:!on or Oar br~~e:-s 
• :::cG:r:=:::cn oi :a~~ c~er.tisrry - inc:~e in e.'{c~s of .\if; ! MR ~- 35 - 2. 65 
• 7.oJ:fe.i z.O.:e o~Gon - -.viih and ·.1,.·nholll accitionai J'..nes and consideration 

or' J;:: :a!te ::cmoiogy 

"··n~-:r .-.~ ··1s;t or·J·N · RDr-r-c ,.,, .. f'W!~ ;n -: .. ...,;num ,.;,_..,.1·vs;s 
t....n ... l •. .;::, ;.. .... , ; 1 /'\ LJ •·· ... "t'-u • ...:...'""'.~" 1 liri.P•--u. ' 

obje:::t:•;es oi ail deveiooment 
~eql!rrec Jluminium quality 
...::!':3.!icd ·.i.·ork ?rcg:J.m:ne md time sc::ec~ie 

I I 
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Record notes of ciscussicn of U?7'.PJ):C :::.~erts wit~ =~lco 
?lant persor.~el en 18th ~arch 1~93. 

The J~~RD.CC Team of ::xperts met r,:r .P .~:.Sharma, G?·Y(~·:crks i 

and appraisec hL~ ~nd collea~es abcut t~e JrhPD=c ~roposal 

for =evital!.sation cf Korba smelter ?:!.an~. :... ccp-y cf the 

inc ,...~ .. he ... "" .... -;,.. __ ,....~....,-e ·.~,,. ": = ::;- :..... :'..- ·.·r- l.~ ...... l.. ... d ~~ 
-· _ ....,_ """"' ... v ... " pr---=--.;•'-·· ... _ ..... - ...... - .. q .. , --·· .. ":"-•\...,,~·~ .. - ..... 

,.. \ _, -: ...... 1 "':' ........ -- _, 

~c"=icn. 

C-.--· ~--- ci.r: _....,~ 

-···-

'?) 

c:-) :t:rat.i.cr. 

::-:onth •. ;::er 
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a) !or the three selected cells slucq~ removec action 

will be taken up by the raising cell voltaqe,skipping 

are al urr.ina f eeCi.ng till th~ onset of AE while breaking 

t..~e crust every hour ar:c cell covering to be done by 

broken bath of S"ml size for cooling the cell. 

b) ~otal li~ui~ level will be brouc;ht cown to prescribed 
level 47 ems ard cleaning of deck plate, will be done. 

!t is to b9 noted that big lumps cf crust/bath r.ot to 

be char~ec into the cell as it i~creases the risk of 

sluc~e formation. If tte total hei~ht of ~etal and 

~ath ecr.'t r?.ach this level, manual slucge removal 

is neeeec. 
c) .::..::ter ar.oce st-.:d ?l.:llinq extra vol tac;e to be provided 

~o cCffi?er.sate for th~ higher cell resist~nce. 

d) ~o~tine checking of ?Ots to be cor.e by t~chnical 

section t~ice : week. ~lso re~~i~ec to ~~asure the 

a~oce/cathcde current distribution. 

e) 3lowl '! e:·:t::~cin9 the ?rcgramme to other cells • 

.:: ) ··- - 1·1· nc o-= St",.: rlev; i~lt:.S '11' ll ~e ..;one .. ,.. "'""'Ve - .· .. c,_.. • _ . -..,...,. - 1 .. _,,,.,, - : - \.. • ~ - ll.U 

=~~7.er a~ode c1.:~!9ent Cist:-ibuticr.. 

q) :::ur:-er c.!. ~~nin~, ~as hocc seal inc;, lic:!"lt:.nc; up of 

bu~r.ers ~re to b~ measur~d. 
h; ::: tr:~ 3,:-cond staqe t!"e ~ro:::>osec alumina fe~dir.c; 

-:ec!"'.r:clcc.• :s to be ir."':=ccucec wi-:~ ?rope:- al i.:..-:t:!.na 

i) .;.:cce e:: ec"t voltage is tc be ~on.:. tored r~gul a:::l y, 

:er ~~is ?UI?CSe ciqital ~;ol tameters will be ?rcviced 

:.:: th~ e:-:;:eri:":'IP.ntal ?Ots. 

• ) : :-:-= i:;-:::c~a ~c :? o: f illi::c uo of cell bl.?.ck boa:-c was _, . .. . 

~:cut c~ll op~=~tion. =~ was 1~r~ed t.1~t the s2.tne 

~ill =e cone a: t.~e earliest. 

2 

'• ~I 
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k) At a later staqe this enerimental ~up of 

25 cells may be :ed with ?:ALCC Alumina for 

certuin period o: time to as3ess t..~e ?er:o::::nance 

of BALCC cells with coarser low alumina. 

1) Chanqinq of met2l contamination also will be 

fcllcwec curing ~;e expe~i.~entals, all negotiat:cn 

of cell operation will improve t~~ metal ~u=li-=;·, 

the effect will ~~ measL-red. 

I 
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:{ECORD ;\07£.5 O'.\ DISCUSSIOS WITii ~ALCO ~l.\'.\"AGE:'\~£~;T O'.' 
JO~T R & D ACTIVITIF.S AND OTHER AC11JAL TOP~C; 

BHCBANESWAR MARCH.& I99j 

Participants: 

~-;LCO 

\t:-. S.!\. Johri 
Dr. S.K. Tammie:. 
!\tr. L. K. Panda 
\tr. ~L :.... Kampani 
\tr. N. G. Sharma 
\tr. P. \"idyasagar 
\1:-. S.P. \tahaoatra 

JN ARD DC 

Dr. T.R. Ramacilandran 
Dr. J. Zambo 

Drs. Rarr:achandran and l.ambo discussed "'ith Mr. Johri some operanon::.i probiems 
wtth res~: to deputation of Mis Vidyasag21' and Sharma to the Centre :is De;:mty 
Dirc:.:tors. They also sought lhe cooperation of the ALUMINIUM ASSOC.-\ TIO~ OF 
~'.':DIA in .:or.ducting the Workshop on SPECIAL ALUMINA in Bangaio:-e :n Octooe:
'. 99 3 anc the possii>iiitics of holding a meeting of ICSOBA in Vis.L:..:h~patnarr. ir. 
:=::b.' March i 994. 
T:te R & D projects were discussed wit.Ii the managemant of NALCO h~ced by \fr. 
?.::icia anc the outcome of the discussions is summarised below: 

SELECTED PROJECTS FOR ANGUL SMELTER 

Tne:-::l:tl measurements to be carried out on normal ~ells and :hos;: · ... :1:ii mooi:iec 
iinir.~ in April '93. To arrive at the right .:onclus1on for the use e:· :!':digenous 
insu:~Lion bricks preparatioin of an overall heat balance is required. 

OH·rall measurement of the state lnd operation oi selected ?OtS. ~=-csentlv :h~ 

.:o:n~nsation of magnetic field or ;:xJtS in the \'icinity of those shu: cown is oi 
inte:-es:. therefore magnetic measurements should be staned: howeve~ ;Jreparation 
of a programme for the complete measurement and evaluation of ceH state and 
ope:--ation would be finalised during the next visit of JNARDDC experts. 

Uilisation of used pot linings. It was agreed. that JNARDDC wouid ;Jrcpare a 
literature survey for selecting the possible options. On the basis of ger.eral layout 
and :entative material balance supplied by the Centre. expected investment and 
ope~:.ional cost for each technology would be prepared by NALCO .-\ngul Plant. 
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In the joint to:hno-economiCJl evaluation the economy of the selected technolog!es 
would be compared with the safe method of storage for the used pot lining. 

4. Graphitised cathode blocks will be installed in 10 pots this year at AnguL It was 
agreed, that JNARDDC wouid evaluate the expected changes in heat transfe: 
characteristics in these cells and recommend the way of possible compensation o~ 
increase.d heat losses by better insulation and f or change of operationc.i 
parameters. The modified pots will be monitored according to the agreed 
programme. 

5. ~ALCO is interested in joint activities in anode carbon R & D particularly 
from the point of view of increased anode block density. The Centre v.iL. 
prepare detaiied infomation on equipment and methods to be impleme:ued Jlld or: 
this basis possible areas of co-operation will be selected. 

6. '.\lodelling of cell construction and operation. SALCO has a gre:!t !merest :!I 
vrganise joint :i.ctivities with che Centre in this field. NALCO is re:i<iy to cons1c;: 
.tli forms of co-operation !nc!uding fielding voiunteers. forming joint :earn 0:

undertaking my part of a comple."< programme organised ! co-ordin2ced :Jy '..!~::: 

Ct:ntre. 

1. Special alumina chemicals. '.'IALCO has been approached by J ..::ii:>ie pro<iuce: 
·.:ompany to supply very rine :\TH with low so<ia content to be :ised as :::e 
retardant. JNARDDC was rec;:.iested to consider :iction for promoting pro<iuc:ion. 
The C~tre feeis that the suoject can be handkd in the ir.une of :Jrojec:s ~:: 
~evelopme:u oi special alumina products. to be discussed in the ,,i;orksho9 in ::.:s 
:lfea to be he!d in Bangalore :n Octcber 1993: 
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(A GO'IT. OF lNDIA ENTERPRISE) 

REPORT ON l'EASURB'ENTS ANO DISCUSSION WITH NALCO EXPERTS ANG\JL, 
6-15 l"IARCH, 1993. 

PARTICIPANTS: 

NALCO 

i) MR S B NAVAK 
ii) MR S P MAHAPATRA 
iii>MR P R PAVITHRAN 
iv> MR s N SINGH 
y) MR K v BHARDWAJ 

vi> MR R N JENA 

JNARDDC 

------------------------
DR J HORVATH <U:,;:oo) 
MP. G S SENGAR 
MR A K BASU 
MR A AGNIHOTRI 

JNARDDC experts informed NALCO , about their purpose of v~;it, whicn was 
as fallows: 

~. To .:arry-out :hermal measur2ments decided in April, -:c;=2. 

:. "7°J iinali;2 :~.e :il~asurin•1 pro•1ramme far selected proJ~·:ts . ..,i-. .. cn were 
lle:::.::t?·.: in =~.utaneswar, 4th :1arch 1993 at NALCO l";ead ·:7"fice.:;.n~e:c
ure-l.} 

... 
.:; . Tu study and collect information on ~easuring ~rocedure 

evaluation ut carbonaceous materials. 

for 

! • ~or ~.eat balance of control and e:cperimental pots, ~;:.'-.CO re·:;uesteJ 
ta carry au: thermal measurement in 4-contrQl and ~-exper;~~ntal 
pot;, which ~ere: 

E~perimenta: ?Ots 

B-00~ 

A-002 
A-029 
A-lOb 

~ru:,Rcr:c ~:,;er\.; .:arneu ~ut measurement for a-cells as .:i•Jr~-:?ti wit~. ·:ALCO 
: n fa i ~ •J w in •J ·.11a y: 

. \ 

.: ~ :. ~!a ·..: :. .-~ •j 
., .. , ... ....,, 
.11r1L..-u. 

:~ :u;~ ~.ea;urement fr~~ cathode ;hell ~ott~m was Jone ~: 

on :~e temperatureprofile dra~n earli~r. 

i'!u:: :.:. .::~ Jlffer!?nt ;:"nnts on the lon•1 side oi :athode ;;.ell 
·~·, 11-?· .. .:i: ::.,~ ,:,a~~. ~ev~l ~o; rr.easured. T~1ese mea:_r~rr1en7.: ·.:ere 
.;_;.-~:::·.: .,;u:, :r.:y ar'ter r~m.::i,al ot" the ·;ide ;labs fro;:. ·,t-1e •:e::: a:; 
:;·,·:-(~ ...1a5 nu :iCCes; from zerJ level. 

:~> ~:: m~a;urin1 .:a:a was ~ande~ over to NALCO< Annexure- II >. 

·1 > J~:ARDDC ~:{~•ert> ~:<pr~ssect ·,:-iat tt.ese rr1ea.;urement; .:;ai.a are very 
~;~i~l ~or Jr~-:?ntat1on purpose af catho~e heat losses. but no: for 
·>Jmpl ~ ·.~ ·?Y~~..iat•on oJi' heat ·balance i.n order tu e:<tenu U1e 
~~Jif~c3t~on :Jr complei.~ pot line. NALCO r1~uested JNAROOC i.~ ma~e 
..t ;:ir~l1m1nar; e'laluation of t~.ermal balanc~ tn these ;ots,· with a 

' ~1~w to 1Jent1fy the following: 
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(A GC'IT. o;: !NOIA ENTEHPRISE) 

ade·~uacy of measurement:; f'o:- thermal balance, if re•:tU.l red mec.::.-~eir.ent 
scheme may be •odified in future. 

sug1est any improvement/change in physical properties o: the 
experimental insulation, HYSIL. 

suggest any change in parameters of pots with HYSIL l~sulatic~. 

Similar conclusion can be drawn for graphi tised cathode ~:.tlcks 
installed C10 pots> in NALCO, on the base of heat flux meas4·~ments 
to be carried out at tt.at time. It is not p\Jssible :,., coir.::a:ely 
evaluate the heat balance for introduction of chan·~e of :.:.:.:ioue 
blocks to whole pot line. NALCO re·~uested JNARDDC :.J Jet':-~ on~ 
other measurements that is required for evaluation and ~e:=::i~n 
small changes in current efficiency and energy bal.;nce. J~~R::: ~lll 
communicate details of measurements re·~uired by Jul::, "992. 

~or complete evaluation the total heat ana energy ~a:~nce :s -=~~e~ 
:a check the operational d1an•1es caused :::.y modif'lc.:.:::'.'1 oi ::-:-~.:.:.;.

;Jn brick; and caU1ode • 

..;~JARDDC e:,pressed t~1at t:-1e present technolo·~Y is e.:c~:lent, :_: as 
per· information of NALCO e;cperts. they do not t-,ave an/ int'c .. -.c.tlan 
on process technology ·11ven by i.echnolo~y suppli:r ;.n o• ·.:., • . .; 
access any operational chan•1es that iaay ta; e ;.lace :~·~ =~
modification. 

Unfortunately energy/heat balance which ~oul~ ~e ~u1:a~-~ ;or 
evaluation of atov~ mentio~ed modificat:on are not ~1a1:~~:~. ~ny 
mod1f1cation may increase risk of unstable cell operat:on. 

i~.eret"'ore far any iraod1t'icar.~on in -?:-:ist1n·J put.;,:.~:..:; -:~c·?;;:·_. :u 
:arry out very detail process studyi wn1~~ ~ill ~~ ~oa~~ Jn :-!·~a:. 
~lact~1cal bal~nce and it; c~anging ~ith iunc:l~n J: :~m~. 

-~•ARDCC e:<peri.s e:-:presseu ·.hat tt1e mor,1:~ van ~-re=-::-·. ~ n • · . ..:.=tc;::: 
j~~es a Jppertun1ty to ;t~df ~~e proces; technoio~~ - ~er~ 

:ar :~e e~1stin9 NALCO cel:s. 

- .......... 
-: .. a ... 

::-.Jllowln•J equipments lnsta::ad in iT1obile ·1an •:an:,.: -=-~·l •·Jr .:=· • .,.l: 
~· r'"J c ~ '5 ; ; tu .:1/ : 

:ata ac~ui;it~on ;~s:em 

-ie;it flu:. meter. 
~gema t~ermov1s1on. 

~node gas analysis < current efficiency l. 
~noJe/cathode current d1str~~ution measur~ment wit~ ~a~p~c~ :: ::.me. 

~~JARDCC e:{presseu that lt :.; iiresentl/ rea'1y t.;, .:.ar··: ;;Jr,;-,~::,-. 
. ~.ea;urerr.ents ln e:<istin•J ~:~~er1rr1ental cell> and !at=· ;n :C. ::·,;.·,
.:>a-d cathode !:!lock instal!ell cell also, if requ:.reu :.._.:JAL..:::. 

!t is also nec~ssary to spec~fy here that a> per the ~:em ~a _ ;i 
ANNEXURE-l l, JNARODC 1 s ready T,o carry ou ':. r1a•Jne ~. l..: · :. ~: ..i 

rieasurerr.irrtt as .;.n.:1 wl"1~n re?quired by NAL.:O, ':o •J)Vr? :;ut. .:.:-· .; ~· .r 
::,it9ne::.:.c. field in ·11c1nity of tt1P. :>i"1ut. !own 110L~. _·;.;.~:ic.: ~= -:;,;;: 
·,o mee1sure the different ma.fnet~c nu:.: comoont?r·, _\t d:. :,.·:-:·. 
posit1ons nlfar the shut down pots onJ normdl pa'i..'i l:". ~:-a.~r • · : .• .:..1 

.>n.J i:olleCt data for tht ma9netic t'lc?ld 'COn1pc.n;di.lO!i :':.Jl!'!1 
~x:.st1ng in NALCO. These measurements are prop~sed :.n ~ug'9~. 
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(.l GOVT. CF !saA ENTERPRISE) 

It is proposed by JNARDDC t~at to carry out to com?lete 
of exisatin9 & modified pots. it is necessary to carry 
process study with th~ help ~t mobile van • 

eval uat.i on 
out detail 

JNARDOC has given a brief documentation to NALCO or: '":Jl~ at JNARDDC 
in Carbon Research Technola9y CAnnexure-ll!l. ~~~~DOC experts 
carried a detail discussions with NALCO persor.~el from Carbon 
Paste Plant & Anode Bakin9 Plant re9ardin9 the eval~ation procedures 
existin9 in NALCO far Caroonaceous materials. It Jas informed ta 
NALCO that JNARDDC Carbon laboratory will likely :o ~e installed 
durin9 the end of Oct"93. 

JNARDDC e~perts informed ~ALCO that during the ~~stallation ai 
Carbon laboratory at Nagp~r. JNARDCC ·~ill use :-a. ::iater:.a.ls for 
testin9 from NALCO. ihe tes: results ~ill be camp~~~~ ~ith :~at ai 
NALCO. As the JNARDDC has a ~ore complex method ior ~valuation, the 
results will be sent to NALCJ with complete evalua:~an proc~~ure oi 
data, to t.e ·-1enfie11 aut at ~:ALCO end. The JNARIJDC :.n·.: ~·lALC: a•1ree11 
t:-.at after ::-.e insta~lation ;Jf Carbon labora.t.:;ry .:.;-• .; =~iapar:.;on Ji 
Test resul:;, c. joint project activity for incr:.:as.:: anotle buE 
density ~1li be ta~en up in :his field. 

It is well agreell that by :~e end of Aug"93 NAL:O ~L-- be sentl!n~ 
the following raw materials :J JNARDDC , Na~pur ior ~vaiuat1J~: 

Cui..e 

ii ) Pitch 

; .. \ .. -.. Gf"een ;:.noue 

i·.,rl ?re-Dai.ell ancae
•:ore ;ample • 

c: -_1.; :\. •J. 

2~ • •J. 

~~ .~ 

' ·J. 

.. - '.105 • ..... 

~i re~u1r~tl ~Y ~AL:~ the _::l1sat1on oi usetl ?~t-::~:n1nqs 
JNARDDC :niarmed :~c.t t~i :1:erature ;ar the ;a~e ~ill 
dvailc.~le by t~.e -oinu .;,f .3e~:·~3.lt li re.:omrr11?nue·j :..: _:~;.~DOC ~:<per~.; 
:o arr~n9e a JOlnt ~eeting a: :he ~ntl Ji Sept'93 i~~r:e~ :o ?roc:s; 
~~~ ~oss1~!~ ;teps ~n :~e ::~:~ oi ut~::;at:Jn Ji ;~.:-: ?Ot-:~n1ngs. 

_;~JAROIJC ~.:j7;ert; .Jr·j.iin:;ei.l.:. :e·::ure ~··Jr '.ra::u;-,.; oi ·.,:..._,:;:; i=-•u;onne: 
:.i\ t!""1e r'telil .J:· "SoSlC.i Qt <umtnium ~;_~Ct;"Clj.il.i'. -- e:<o?CU~.!.\/i!S 
?ram ~-! to E-7 Jra11e and C~e S~perv1sor ~ttende~ :~e :!ctur~ • 

~AL~O has empnas~sea ~ery ~~=~ on mo~ell~n9 oi Cei: ::~:;truc:;.on anc 
•Jperat;.on • .;iJARCDC :nr'orme..: -.,;L.::J atuJui. ::-.eu· r'•.lr~.:-=.- ;~ans ;.n ~.~1l:. . 
J1rect1on. :: ~as Jec:~ed ::-a: :he ~ari-inop :in ~0~~::~:i~ at JNARc:: 
~n Na·~pur ;.n :a:;t :·;:1rf.111·;~: Jr'~~~·;.'·?: ... 1:: je ,· . .:.···.~;o·1pc:ant fo; 
modelling ~c::~1t1es. Dur:.~; the mocel::ng ... ork-;~;~ a JOl~t team 
.... i ' .1. lJ e for rr1 e J in ·: lo i e : : ; ;:. er at lo n ..., i ~. h ·l • r ~· ~ r ; :-. : Jn 1 v er s ._ i. le s , 
r0;;~earc~. ·Jr·Jc.n1::.ai.;.un; :Vil! i~1.ur11n1u.r. i.n~1.;st::<!'s. -·;.; ·.eam :.nu :!.; 
pr'..l•Jre::~ .-11:: :1o? ,;.;oriJ;.r-.:i~ . .:tl i:iy ..;M.:.RDCC • :ir:.L.:'.: ~·~uested t.~1at 
j i:.> v e l o i:i m ~ n ~ :i f T1 a ii e ~ :; ; ii o 1J : .; ;.; e .:. t i , r. o? :. o 1.1 n ,J ;; r o •j r :: "'.' .. -r. :: .. : h e ;. n ;. t ;. ii • 
• ..,or-I..; :r1ay !:it:! ~·.;,r Jt:!•1·!l·.Jpp1n•.1 i. ·._.c,e,·ma~ ::i.:1 •.. \ni:.? ;,o.:-oi. ,.;-,~.;.· ;;·,oulJ ·-= 
~:d.enue1J ;.,) ~:actnc .:1nJ .:-:a-~:1~T.1c 1r10J~~.:.. :10Je~:. :.:? .er::·~:?d ~/ 
~ctual 1T1P.asur~rr1t?nt ai. NAL.•::J. JNAR::::.: :1t'orrru~1j :1AL.:.J r.:·,ai. ~~ hcH 
al~~~Jy takdn iom~ ~t~ps in :~ii direct:u~ ~nJ ~~:: ~~~~ NA~;c wd:~ 
informed about ~he pro~resi ndJe. 
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(ACCV!. CF INaA ENTERPRISE) 

A joint team has to be formed between NALCO and JNARD:: for carrying 
out detail process study with the help oi mobile van. This mobile 
van studies will be carried out jointly to access t~: changes in 
Operation aftH the modification • In this direction : . .:.~co team will 
te given a trainin1 at JNARDDC Nagpur an the ::~:pment; and 
evaluation procedures. 

A detail discussion with ~dd.Gen.Manager Mr.S.B.Nay:·. had taken 
place in the field of cali~ration of Pot line curren: measurement, 
earth leakage current measurements and fore-casting t~: Life of the 
Potlin1ng and Pot failure mode etc. It ~as also p::~ted out by 
Mr.Nayak to provide detailed technology for w~lding :.uminium Bus
bar /Risers without interr~pting O.C current i.e. m~;netic field. 
For all the above point; a:scussed wit~ NALCO, a tec~-::al pro9ra~me 
will be prepared by ~~:ARCOC at Nagpur anu ~ill te se~: :u NALCO. 

Heat nu:{ and some Sensars »ill be trans~orted by J: . .:..=::c to 3ALCO. 
RemaI.nin•J Sensor·; >11ill ::.~ :;l ;afe custo.iy or NALCO ·.::: the ne::~ 
pr O•J r amme. 

. ' 
~"' .l~· ~ ... ;---: " - ::. ~.---

- I 

~______, ·I ..) :--

, - .::- / ~ /•..... I ] i L. 

~ -··1•L ran ,,,, . " . _,"' 1. •• 

J.NAi=::: 

.• , 

·.L~/·. 
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FIRST PHASE 

I 
· . .zc~k pi.an ; an~e:rure -

[N'l'RODUCTION 

- , .... 
::..-.~-· .. 

::...:·:'.:ZZC'': · . .;· --
........... -- .... .,, 

- "': .... ~:,,-., .... = - ,, 
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EXPERIMENTAL AND MEASURING REroLTS 

In first pha:ee of !"evitalisation programme. six c~lls in 
cell house no. 3 we:-e selected for experi:len:ation. cut of 
which 2 nos. r 322 and 323) were old cells a.."ld !"e::: ( 321. 
324. 325 and 325) we!"e new. As per ~~e work ~rogr~~e long 
side c:-mst of these new cell3 was broken every hour and 
alumina leveling done on the long sides a=~er breaking. 
After a period of four to five days set point 'cell ~oltage) 
was increased for the "young cells". After this inc:-ease in 
voltage there •.i1as stable operation observed in the cells. 
TI1is affect was i~dicated by lowering c: elec:!"ol1~e 
\:empera~ure, L"lcrease in anode effec~ value a::d dec:-ea2e in 
Si content oi the me~l. 

Next ste;> was to dec:-ease the bath and mer.a:. Le•ri:.: ~ :::s per 
~he target height g::.::en i.n the drawi:lg of !"e;or-: ~·.;::i.it-:ed 
:.:i 2ALC:J i. ~. 28c:n .-;: :ne':.al level be:ore ~a;;ii.~g ~::ci 26c:n 
~::e!" :a.?ping ~r.ci 17-~Sc:i: bath level. 3ecauee Ji ~c.:: ~iudge 
:''=:::<.oval :rc:n :he yct;.."lg ce ils the me1:aj_ anci ::<:-c:!': ~=·n~ ~ was 
dec::-eased in a sa:'! •11ay. This process wa~ fo 1:.:·•l?li by 
:neasure~ents a::ci ca~ be seen in anner.Ire - 'I:. The ·:~anging 
oi elec-::-olyte ~empe!'at".1::-e and Si content in oath -::n also 
ne seen in ar.ne:rur~ - t/i. I. The moai:ied a_~au:i.:i :eeding 
sye~em ·..ras e~i:ablier.ed i.:1 the young cells a:-.::: sof: sludge 
~~s removed "Ni:h prQ?')sed bath and :e~al hei€~t-

:r..i:-:!.:1g ::!~e ::easuri::g ?e!"iod deck ?iate ·..rrJ.~ c ~>:.":::e'.! and 
:o;r~Ker. :;it!1 :.r:~::: r-emc·:eci ::-~m deck, ?iate a?:"ea =.in~ :;:.g ~u:nps 
~: ·=~~~:. ·..i~:-~ ::o~ ::::~r~e'i in ce 11 du:-::ig :.!la: ?t::~::: .. ..,hich 
:!~c:-'::.:i~~ ~he :':SK rJ: ~i~C~e formaticn ~'t. ~!":e :~~:-.'=.:-~.-:-- :ot.-:om 
.~~~ :.:> ~c~ ,ji.~=olut.i.~~ oi ~hese r;~u~t. :'..L-:tp.s. 

. . . . . . . ' . 
=~~c~~g :ec~~c_:gy ~~c or~~King 

=-~~o,1ed -:he :=':!-: ~-·...:cge :orm 

. . . . . . 
.:, :. ~~:: :::.:.~.: -'/ 

' . . 
:;:.~n r::.3,; ~._, .. 
. . . . 

-.:;~ :)a~:..:: .J: 
:e~.l. ~~~!tag~ f:-om ~he ·..:;per p~:-: ;: :~:.-. "....:n 
:~e :ne~~i;=-~~.enr,s ,:ind ~'l!::.!l tz : :: ·,-3 :.~.~·-: : :. ·..v~e 

- . ' ... :-. :~:.z :!~~ ~ne 
. . . . . . 

::~!'~1 ·.:.:;:.>e::.: :-<?:no·1.~. ?:--::::,.:;dure :nc:-c: ·.:::..:::.:·.:_: .-,;.: ~s 
:"!·:::~:runer..:!ed ::-.~:. r.he :;ar".i ·;epos i r. ::r.c·;.:.:; be :-e:::c·1~,_: :-.?r...:a.:..:. :1 
::nci during ::-..:.s ~,~~'.i .·.!eposit. r~~c·:al :~~:horj~ :t::-:-~nt. 

cne~Y.er.i. :n t.he distribut~on ja:a e~ouic be always be 
?roce~~ oi r?:.:~e-ri:ner.: or.ce hard depcsi t 
cell no. 3~2 cu: the-r~ was no improve~ent 
di~tributian d3ta. se~ an~exure - VIII . . 

was ?:"~mrJ·:~·! form 
in ~~thode ~U~!'ent 

...;_.:. ''"""' ~ ~·llfl. ' ..• : .• 
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Un:ortuna~ely in middle part of the experimentation ?eriod 
skimming in -.;he bath "as very high. Due -co this high 
ski=ning. high ::-equency o~ anode effect, sludge a't the 
ca:hode oottom :: was not possible to acijus't :he set ?Qin: 
r~:- ~e:n:;:::::-ary p-:?:::-iod. Thus it was con:::luded that w::hou: 
:::-e:::oving :he :~::-ban ski:::iing it was no't possiol: t~ 
su=::ess::::.~y cor.:.:..nue ~he experiment .. That was ttae reas~n i-: 
"Wi:as ?'!":::;:::sea :ha~ ca:-bon skimming should be re::oved 
e•:e'!"::d.a::. A..-.C: Sl::ultaneously anode ope'!"ation section :~ be
=c~su:::= fre~ue~'tly for modifica"Cion in anode c~:::-=-e~: 
di.s:ri=~:ion :c reduce the carbon skimming. For :~:s ~ 
rr1ee:i::i.g :..as o:-~~nised wi:.h anode operation sec:.i.:::-. ':.::.. 
e:-:~~a:~ ~~e!D ~~E- ::npor~ance of anocie ::~:--:-en-: d.isi:~:..::::.io:-.. 
a.."":;: :1ecessa!'y a:: ion was proposed !er :he sa=ie anne::::.:-~ 

7~= ~ai~ '!"eascn :~ our opinion for :he ~igh ski.:::min~ ,_ :he
::e __ :s =~e :,: :::lprope~ anoae cur~en-: dis't~ !.but: ion. ;..::.e:-

: -:..-.,...0·••9 ... , 
\ -·-·--·~-- -
c::.=:e~en: 

:he c.::~d.e cur:-e!!.t distribut.ion da~.:. and r-e~:;ltz 
·~?'?: .: :. ce:.n be cone luded tha.:. curren~ l oad!::g is 
tor ~ :evels and i: keeps on cnanging. 

E> .. ·~~~:da~.· ::::nel :.e!9 ::ianagement was consul teC and ~as e:-:~· :::!"lee! 
ac~:..:: :~= ~eas~=-e~e~~ reeul:s and proble~.s in :he ce~:s #it~ 
a;::;::-::;::-::::e :::-::::::e=':.!:::-e :or :-esolving :he ?roble:ns i anne:-::;:-e -
;{ ~ . 

:-:e.~: =a_a~~e wes !'lot prcpe:- during :.he e:~?e:-imen~.:::ion 

e::es:. 

, , 

The ancce e:ife:::::.s we:-e ·:er"/ 
=.:::,de 
:eec 

a:..:::.:=:::g ge~e:-::.~:on was ·:e":y high .. 

_,, ... _Q"_ ...... __ .. -··-
::.::.-:::-:.::..:: :::-. .:a.:..:. showed 

. . . . . 
a :...s-:. :- :ou: :.::-~ 

-·""''=_, ~ . .,, =--- -~----
:.g~~ed ~~:. ::i 
:.:> sol.·1e all 

smelte:- :nanagemer.t tha't it lS 

these ?roblems in 5 no. of cells 
:10t 

and 
:~= z~e::e:- ~a~agement proposed not to ex"Cend ~he expe~:=ent 
~::. .:.: ::c. -::'. .:::e:~::. i)uri~g Jne ::ionth e:<?ed.ment.al perici on 
:he ~32e :~ ~x;e~::ent proceciu!'e. smel:e!' manage~ent dec~jed 
::i=.: · - .:~:: .:~:::.::.ue these experimen-=.s in only 3 no. of 
:e __ 2:s. 3~5 ~r.d 324). Dur:~s second phase ~he main :=cus 
J: we!'!. ·..;::: be :o follow up and :ful£ill all the ·..;ork 
?=-:~~~~!'e ~r.:c~ ~e:::-e recommenced in work plan submittec to 
3;..~:C· ::ia:1:.ge:r.en: ~nd was not followed i:i the period oi one 
~c::.:~ ex?e!':~en:~i ?eriod except for the cathode. 

1. , 
! . • r 
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The improper anode current distribution data wag a 
hincierence for adjusting proper cell voltage to cc:nper..:ai:e 
for higher resistance. The marking of stud flex::le, 
changing of the stuce and proper tightening oi the c::;:;s 
will be done for bet~er anode current distribution. In :~se 
oi improved anode C'U!'!'ent distribution by following a.:ove 
procecure bu~ carbon skimming not reduced in that case ~i:l 
be :nocii.ficat ion in anode paste. All the 13 experime:-.:al 
ce.ils were supplied with digital voltilleter which helpe~ in 
deter:nining the anoce effect value and was ve!'y help -:~e 
data for analysis of pot operation during the experi=en~. 

All cell dee~ plate was cleaned and removal of crust de~= ~s 
per the work plan. 

Some problems was acc!'ued during expe!"i::le~ts. 1':.~e ::.::-s-: 
pr.ase of revitalisation programme oi BALGO ~ode!'~i=a-:io~ ~~s 
~ucce~si"..!2...!.:; cc:npi.eteci. the removal oi so:-: si:::=~-
""lec~~a.3:::~ ~= :net.a.: '3.nd ha~h le,1ei and cleenir..g oi ::':.:: 
?~ate ·11~~ icne .:.s pe:- :he progr.~.::ie. Thig ac-r.icn gi·;-:-; ~ 
possibili~y of gooci alumina feeding technology, whic~ is :~e 
basic requirement oi mociernisation. On the base .... 
e:~pe?"i:nent it ..,ag conclucieci tha~ hard gludge i3 ·:~:--; 
a::t.:...c-.;l: ta remove form the cathode bo~~om. Eut ·:::r7 
caref'.J.i.2.y u3ing and necee3ary ca~:.:=e 
cur:-ent di.et:-!.bution data can be done wi:h lowe!'~ng :::e 
:ne~ai :eve L The e:<t'eri:nent cleady indicates t.ha~ =--~ 
:~r~he: i~p:-ovemen~ during· the :evitalisati.on pr~gr~e 
Ni~hcu: =.cai:ying 

.:.:.~.s:. :e!' :::g 

FOR BALCO 

! . ; 
(I 

I · I nr => ,/ 
1' i/ 
.l . 4' 
I.: ,;· 

R P SINGH 

. . . . 
a~s~:-:ou:. :c:: 

, 
............. I::;:·: ........ ······ 
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The JAWAHARLAL NEHRU ALUMINIUM RESEARCH DEVELOPMENT A!.~ 
DESIGN CENTRE is being established in Nagpur by ~=:= 
Government of India wit.~ the assistance of UNDP. The Cen~== 
has as its constituen~s the departments o: alutli::: 
production research, a:ur.r.in1un elec~rolysis =esear=~
analytical ~echniques and ins~=umentaticn and cont=o:. 

In tile fra:ie of the alm:i.inium research departne:r::, :.:: 
electrolysis process moni~orinq unit wa:; established a::= 
appropriate activities already started. The equipmer.-:s 
available in this unit include the following: 

16 channel data acquisition and processing syst:~. 
including potential separator, filtering procedure a::= 
processing soft#are (noise analysis, controlled ~app:::~ 
procedure, anode ef:ec~ predic~ion, anode er::::-: 
paramecers, potential distribution in AC gap, £:·!: Et::. 

Heat :low meter (Kem-~~er:i) 

~GA ther:iovision 

Magnetometer-I for measurements in molten me~a: 

Maqnetoneter-II for oeasurements in pot room ai= 

Noncontact thermometer 

Temperature measurinq uni~ 

A.s a par-: of the activi":ies of th.is unit, the :cllo...-:.::~ 
~eas~remen~s have already ~een carried out on a set a: ce __ s 
( thirtee11~ in Korba in c:::-der to characterise the presa::-: 
status of cell operation: 

all electrical parameters of the cell 

* 

• 

• 

* 

• 

noise analysis 

value and durat:~n o: anode ef!ect, resis~ance 
change before anode effect 

cell resistance as :unction of time for 
de~ermina~ion of cell routine (stud pulling, 
alumina feeding, anode position chanqing) 

electroootive force (EMF) by current sinking 
::ie~hod 

potential distribution in anode cathode gap 
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thermal state measuremetits 

* electrolyte tenperature and superheat 
determination 

* heat flux ~easurement 

* surf ace tecperature on construction elements 

maqnetic field measurements 

* maqnetic field components in molten metal 

* maqnetic field components in potroom 

In addition traditional r:ieasuremen<:s such as anode vc:.. ~age 
and electrolyte composition were also made. 

The f ollowinq software programmes are used for evaluati~~ of 
cell operation : 

Calculation of voltaqe and enerqy balance from 
measured data 

Calculation of maqnetic field induction components 
f roa measured data 

Calculation of anode and cathode current 
distribution from measured data 

Calculation of the voltaqe losses in ACD-qap 

The complete evalua~ion system is sho-n in Annexure I. 

To ttodel the cell op!?ration -::i.e following co::puter 
programmes are used 

Calculation of heat temperature in cathode lininq 

Calculation of metal velocity and distortion 

~he neasurinq procedures a~d the cc=ple~e evaluation rne~::cjs 
are used to deter::ine -:::~ energy and voltage balan=e ~f 
cells and to improve the ~arameters of the existing cel:s. 
All the data measured ear~ier (June 1992) were stored in a 
computer. 

aased on these measuremen-:s and the evaluation of resul -:s 
the status of cell opera-:ion was de~er:iined, and a proposal 
elaborated for improvement of perfor=.ance parameters. :hese 
:neasurer.ents and evaluation methods are suitable for 
improvement of the existing situation by improving the plant 
discipline and introducinq new cell operation procedure. 
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Results of some typical J:teasurements are indicated in 
following section. 

different kinds of noise 

* normal noise (Fiq.l a) 

* wavy (Fig.l b) 

* noise caused by spike (Fiq.l c) 

EMF values (Fig. 2) 

anode effect on sick pot 

* increasing phase (Fig. 3 a) 

* whole anode effect (Fig. 3 b) 

Process monitoring change of resistance (therefore 
alumina content) with time (Figs. ~ a,b and c) 

Potential distribution in ACO gap (metal touching; 
(Fig. 5) 

..... 0 ..... _ 

Typical anode and cathode current dist=ibution (?:gs. 6 
and 7) 

Heat losses (Table I) 

Magneto-hydrodynamic curves for existi~g technolc;y 
(Fig. 8) 

Voltage components in ACO-gap 

Some identification studies for modell~ng of 
existing cell (FiG. 91 

1'.11 these oeasuring equipnent 'Would be .:.ounted in a ::ioc:_e 
van in the next month and -:he van could be easily :noved f ::-::::. 
one area to another. 
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ANHEXURE-I 

DE'£ERHINA':'ION OF HHD-CURVK 

ANODE GAS 
i COMPOSITION 

~.AGNETI C F !ELD 
I NDUC.-:' ! ON I MEASUP~'S 

NOISK ! IANODK
1 
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EMF I I MKASURI NG : 
ANOD1': i I --- ____ : 

L---.------' 

'------....----' EFFECT I 

HAP.'l'MANN- BRAUN 
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I ANALYSING 
C02/CO CONTENT 

L-------....J 

PIU\RSON-WADDIGNTON 
I~QUATION ft'OR 
CURfil.'NT EFFICIENCY 

Hz ABSOLU'f~ NOISE 
& AVERAGE 

. 
J 

'--------. 

MAGNETIC FIELD 
INDUCT:ON 
MEASUIIDtKNTS 
lt' MOLTEN METAl. I 
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Table I : BEAT LOSSES IN THE CELLS 

CONSTRUCTION HEAT ARD TOTAL % BEAT 

ELEMENTS LOSS HEAT LOSS LOSS 
(lf/•2) (m.2) (kW) 

Cathode shell 348.83 27 9.5 4 

bottom 

Upper cathode 1929.33 16 31.0 13 

shell(long side) 

Upper cathode 1929.33 5.4 10.49 4.3 

shell(short side) 

Lower cathode 542.43 7 3.8 1.5 

shell(long side) 

Lower cathode 542.43 2.31 ~.25 0.5 

shell(short side) 

Anode casing 3611. 95 25 90.3 38 

(long side) 

Anode casing ,3611. 95 6.5 23.5 10 

(short side) 

Anode top . 944.00 15 i.; .16 6 

Alumina layer, 
stud losses etc. --·------------------------------------------
Total 238 100 
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DISCUSSION \VITH EX?SRT OF KAISER ALlJ~tI>."IUM 
26 _:.PRIL 1993 

Disc:.mio:: was organised !Jy Mr. LK .. \~·wai GM tP!anning) i!'l 3.;.:...co :-:~·~ :::: 
~kw De::::. followir.g the e.'!..""iier con;:.:.::~ ot :\'ARDDC or. possibie ::-2"::.:::Jauc~: ·:· ::-;.: 
Centre ir. :he modernisation ;Jrogramr.:= Jf B.\LCO's aiuminium sme!:;;'.'" .:: ~o:--.:.. 

The foilowing persons were present: 

KAISER 
ALUMI~lt:\1 (KA) 

Raji\' Dt:ameja 
Proje:::: \1anager 

TATA 
E~GISEERI!\G 1-:-~ 

N.K. \tanaktafa. 
Mar.a!:':er Busir::::) 
De\'eioomem 

BAL CO 

I.!\:. Agarwai 
G\1 (PlanningJ 

R.L. Khitha 
Dv. GM 

J~ARDJC 

Dr. -:-.::!. 

D:'.'"e.:~or 

Dr. : . Z.:mb0 
CT.:... 

.\t the ou:set a brief inforr.mion on :::::: estabiishment of JN'ARDDC .:.1a the _,.:::·:n:e: 
aircady started in th-.: tieici of measure-::ems of aluminium electrolysrs :e!ls -.\~:: ;!\·e:
ov Dr. Ramachandran. 

The :e!te!'" offering !he services and i:::·:'.'"mation on cJpabiiity of the(;;:::'.'"~ in::::, :'...::~ 

~as not '.'";'!J.Ched Mr. Dhame_ia: the;::>re :he data reamrcd for :::;! .:!:ibor:::: ::: .- : 
~ngi~eer::1g for pot control system we..: jscl!sscri in licuii. On th:: :Jas:s c:· J tsc:.:c .::or. 

.\uthont!;!S of the Centre fei!. :hat: 

JN . .\RDDC is ;Jresentiy capable ~ ~· ~oilec:tng . m~sunng ana ::·:~uaun:.: ·-~ 

data :-eqmred for KA to dabora::- :!!gmeermg soiuuon 1sorrware~ :·ar ;io: . ~:1trc. 
svste~ 

Rcpo:-:s on measureme:-it carrie.: mt :n :-..fay . ; une 199::'. .:r:c 7rop\' .. .:.. : . ;: '." 
mode:-:i1sation of BALCO's sme:::'.'" :.t Korba consist of all dau .:...•c :mc:-::::mL·:-. 
ne~essan· for KA in the :Jresem s~.:: or work . . -

J~r\RDDC couid :ransr"cr :;sdui info:-~.:.:ion 0:1 cell operation in view.):: 

the C;::me in co-operation with :~: ;:xpem of the company are ~'::'er:mn!; .: ;:-ou:
of ce!is at Korba with parame:::-s and work routines set ,':1 :he ·:-:.s:s c:· 
measurements and evaluatio;i 
international exoerts of :he Centre :..:e extensively invoivcci in the ~e·;dopr..;:-.: 2.i.-:: 

oper.mon of ce!ls simiiar to or c:· ::1e same type ;is those in Ko~~:i.: :hey 
availabie for consuitation and ~o-·~:-eration in the C:.!ntre from S.::J:embt:r 
~farc:i 1994 

.·' ·.,.::i, . ... -
. '' _.,.: :0 
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JNARDDC in the frame of a bilateral contract with KA are ready to: 

transfer all a·.-ailable data recently collected and measured in connec:ion 'Aith 
modernisation of BALCO smelter at Korba 

• carry out any additional measurements - if any - required by KA for the p;~?aration 
of engineering packages in the present srage 

• carry out all measurements required for the fine tuning of pot control syste:n in the 
phase of operation of test control units 

The following actions were agreed: 

• expem of JN.-\RDDC would be available at the site on lst and 2nd ~tay 1993 
when Mr. R. Dhameja is at Korba 
the measurement capability of the Centre will be demonstrated and inforr:-:ation on 
the available data and experiences gainet with the experimental cells will be 
provided 

In case ~tr. Dhameja finds. during the meeting with the expens of the Centre. that the 
the capability for :.mdertaking measurement and reliability of data to be transferred are 
satisfactory : 

the list of data needed for KA in the present stage will be discussed and finaiised 
measurement programme 'for the group of cells furnished by experimenLal controi 
units for fine :uning should be agreed 
any other services (training, supervision etc.) which ma?' be offered to KA , 
required from JNARDDC should be discussed and recorded 

, 

Mr. Dhameja wiii inform authorities of KA on the outcome of the discussion and the 
site visit. while J~ARDDC would consider and submit to KA the fi11GJ1cial ;:,spects of 
their proposal . witen the scope of work is outlined. 
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~eq~es:e=. :::::- -:he ciescription oi 

cell 
.Jata Acquisition Sys:e::;. 

' - to t.he KATS I cen~:'e for the ..:.·-- .:..-- ':"' 
....... !:" -· - - -

:~e!!" end .. 

JNARDD~ that on :he 
-..o him by JN.'-.RDD8 and 

i.~?ression, he will inform the Kaiser management and 
~hi~ inforinati::m Kaiser management will inform the 

t,as-: 
Jt·lt-.:.: :: 

.; I ~~:ser :-e~:esentative assured 
=::erial :hat was handed over 

for ~ny other :acilities and services required by them. 
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o~ ~ne base of the above :~iorma.tion and detail c:scussion 
w:.. :.:: Ka:.se!' represent.at.ive. it was ciecided t.har. :.:i.e jNf..?.P..DC 
~:.:.:. p:-e?are a pr::>posal :::: the activi~ies. s-=:-·::ces .;nd 
ne::essa:-:.· require:::ents a::C. send to Direc-:or : :ecnr .. i::al 
3e~·.-:~e~; Kaise~ fa~ his cc~sid.eraticn .. 

FUR JNARDDC TEAH 

.. 
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JAW'AAAR!.AL NEHRU ALUMDIIUM RESEARCH DEVELOPMENT AND DESIGH 
CENTRE NAGPUR 

PROPOSAL FOR MEASUREKEHTS AND DATA EVALUATION ON EALCO 
ELECTROLYSIS CELLS 

3.:::=·= on the discussions held between the representatives 
:::: -:::: Jawaharlal Nehru Aluminium Research Oevelopz::ent and 
Jes:.=:: Cen:.:-e (JNARDDC} and Mr Rajiv Dhameja of Kaiser 
~:..~=.:.::ium o~ 26th of April a~ Ne~ Delhi (Annexure - I ) anci 
::::-: :..s-: o: May at BAI.CO, Korba (Annexure - I:), a pro;Josa.!. i.s 
:::-:::.::-ed !:•.: the Centre for par:.icipat:ion .:.r:. :.!le 
====~~isatio~ proqra .. e of the sael~ers in ~he 3hara~ 
~:..~=.:.::iu~ Co=pany by way of making Deasurenent:s on ~~e 
=:..:::-:::-olysis pots and evaluation o: the measured da~a. 
?:::..:..:::·..:ing :.::e record notes of discussions with ~!::- Rajis 
:::~=;:a a-: 3;.LCC, Korba, this proposal is divided ;.:1~c 
-:~=-== sec:.io~s, de~ails of •hich are given below: 

SEC:'!ON - I 

~ec:.ic:: ~asically consists of three parts :ncluc:ng, 

··-- :.=:e data (t::-aditional and ncnt:raci.:.:.ional~ 
::ol.lec:.ed du::-ing measurements by the JtlARDDC ;:ear. i~ 
.::.me, :992 for the determination of the eel::.. s~<?.':e. 

:etai~s are enclosed as Annexure' r:r. 

:::•:alua:..:.on / recommendation repo::-:. prepared by .;~rM.RDDC 
-:o det:e:-:iine tile cell state of BALCO smelter ~i:.h :.he 
:o!lo~i~g contents : 

Anal~sis of cell operation 

.;na:.;·sis cf voltage: ::or.tponents of cell 

Anode voltage drop and anode c:irrent dist:!"i!::.iti.cn 

Bat:: voltage drop; sludge fornat:ion, hard muc}: 
removal and skimming generation 

Cat~ode voltage drop and cathode current 
dist:-ibution 

Vol:age balance of existing cell operation 

Abnor~alities in cell operation 

Conclusions and recommendations 
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- Reasons for low current efficiency and high 
energy consumption 

This part also provides infonaation on typical voltage and 
energy balance for the BAI.CO cells. 

{iii) Revitalisation prograue based on the evaluation 
and reco-endations report; this part contains 
details of revitalisation proqramae which was prepared 
on the basis of the evaluation of the aeasured data 
and the conclusions drawn froa them. It consists of 
two sub-sections which include all the measurements 
carried out during the revitalisation proqramme (March 
and April 1993) and evaluation of the data 
collected. The main contents are: 

Infornation on all the aeasured traditional and 
non-traditional data collected during the 
revi~alisation proqrar:uae. 

- Main topics of revitalisation proqrallllle that was 
undertaken for normalisation of the cell operation 
based on the data/evaluation carried out in June, 
1992. The content of this revitalisation programme 
discussed are as follows: 

- Basis of the revitalisation proqra:mm~ 

- Main steps of revitalisation prograJIUle and the 
parapeters of cell operation achieved after execution 
of this prograJllJlle including sludge removal, set point 
increase, adjustment of metal and bath height, 
alumina levelling on 'the crust, anode casing 
adjustment with respect to bath level and bottom of 
gas hooding 

Limitations in the implementation of the 
revitalisation programme including high skimming 
generation, improper anode current distribution, 
improper cathode current di~tribution, anode effec~ 
killing problems and hard muck removal problem 

.=:.l l the data collected during the implementation of the 
:-evitalisation programme are available; this along with the 
·:aluable experience gained by the personnel of the Centre 
:h.:ring the implementation of the proqraJDJ11e can be shared 
;.;ith KAISER. 
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SECTIO!I - II 

This section consists of tvo parts including 

(i) Measure~ent~ required for ~onitoring the cell be~avior
in our opinion one set o: measurements wil: be of 
imaense use for tuning the pot controllers be:::::.-e and 
after t.lte installation. In tllis •easurement t.~e DATA 
ACQUISITION SYSTEM can be used for aonitoring t.~e cell 
bo-havior in detail. 

ii) Ther.:ial aeasure.ents includinq beat flux and 
temperature the heat flux measurements •ill be 
car:-ied out with KEMTHERM heat flux Deter a::-:d wi~h 
different heat sensors as reauired before and a:~er the 
installation of pot controllers. Tec;era~ure 
~easure~ents for which the heat flux sensors ca::-:nc~ be 
used, e.g. as in busbars, •ill be car:-ied out ::iy ?lOU
c~~rrAC: inf::.-~red type tele~~e~ometer . 

.;ECT!ON - III 
• 

:-:iis section consists of a brief introduction to all the 
::::ui;:::::ient:s housed in a mobile van for carrying out ~::.e~al., 
.:!.ec-::::-.:.cal and i:::.aqnetic measure:ient:s on electrolvs.:.s ce!.!.s 
.::1d an int:::.-oduc-:;ry write-up en the capabiliti~s of -:he 
~~n'::::-e in t.~e fi~:d of alw:liniw:i s~elting (Annexure - IV}. 

:e -.,;culd also lik:? to add that -:.he Centre will be able to 
;~r::-:: out ot~er :=easuremen~s •hicn in our opinion ·..-il:. be 
·- :=.:::ense use jurinq the ~odernisation proqrar.:e. The 
-:as~rement:s are : 

- Alumina g=~nulometry 
- Bath analys:s 
- Cur:-ent e:::ciency ceasure~ent: (shor~ ~erm by ~as 

analysis) 

.:URGES FOR !il:AS~~E?lTS, DATA EVALUATION AND OTHER RELATE!> 
:.:TIVI'!'IES 

·.::i pe:r ~he di3:::ssi•:ms •ith 
::-:Jvi.ding det:ai.:.3 o: charges 
l:-:ivit:ies: 

!-!?' Rajiv Dhameja 
for undertaking 

:or sec~i::-. l :-elating ~:::> the parts ( i), 
(iii), a =~:~f ~re-feasi:ility report will 
available ~:~~ ~11 the de~ails requested 
charges wi:~ ~e as follo-•s 

: .;.T;,. 
:-:AI.UATION/RECO~~;:>A':':'JNS 
7 ZVITALISATION P~·: ;:aAJo!!-!£ 

us $ 75,000 

·.;e are 
·:arious 

( ::) and 
be made 
and the 
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2. Charges ror the aeasureaents described in section II 
which vill be carried out as per laiser's requirements 
are as follot.-s: 

We a::e able <:o ::oaplete measurements on one cell in a day 
(2~ l"'.rs). 

Cha::-;es : OS $ 500/DAY/POT 

DAT~ ~CQU!S:7!0N SYSTEM 

We ::::-: able -:.o ;::onitor 13 cells at a t.:.:e: 

Cha::-;es US $ 600/DAY 

,,;ny ~~her- :ac:.:.i~:es and services requi::::-ed by Kaiser 
.=;.1u:::~um d~::::-.:.ng ~e aodernisation of 9ALCO smelter can be 
prov:ded su:jec:. to their availability at the Centre. 
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ANHEXURE - III 

NONTll.DITIOHAL KEASUREMEllTS 

1- Lis-= of da-=a 

.;node e:f ect 

.!..node and 
:athode curre?:t 

Cell :lonitoring 

~F va.:.'le 

~etal -=~uchinq 
~ethod 

- 325 noise data fer 13 cel~s 

- Whole, developing and 
increasing data :or 13 cel:s 

- ~5 data for 13 cells 

- current, voltage and correc~ed 
voltaqe data for 13 cells :or 
a period of 25 days 
Stud pulling 
Alumina content ~rend 
detection 

- ~o data for 13 cells 

- Construction ele~ent drop, 
anode - cathode distance data 
for typical cell 

T'RADITIONAL MEASUREMENTS 

3ath :.e=perature 

~~t.al teigh~ 

3ath height 

-:at.hode drop 

.;node d:-op 
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THERMAL MEAS1JREKEllTS 

Seat flux measurements far one typical cell 

Measure?:lents •:.th The!"movision fa::- one ty;Jical cell 

MAGNETIC FLUX HEASti'REHENTS 

Magne~:..c field components in the ~olten ~e~a: {3x, By, 
Bz} on !O pai~~s for one typical cell 
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~esearch ~evelo~g~nt ~ Design Cent:e 
:-::rn~a .\pa:-:::ents, Katol !toad, 
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, , ---· -.. , ,. .,,, ~ : ..,,;-:.,...:.. 

:=:~? ?~::~:7 ;~::AGER 

...,,,~~~~===.=...:a....=:.......:..~------------~~~--.:.....~--------------------------·~·~··111111111•;liiilor.lliri. 
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Product Information 

Nitride Bonded Sii:con C~rbide 

* Very high strength at elevated temperature 
* Non-wetting by non-ferrous metals 
* High thermal conductivity 
* Excellent emissivity 
* High resistance to thermal shocks 
* Very high resistance to abrasion 
* Resistance to chemical attack 
* Low electrical conductivity 

* KiI:i Furniture like Batts. Hanging Setters. Hollow Bars and 
T:..:.Jes in thinner sections for ceramic industry. 

• Hall Cell side walls (in Bricks or other shapes) in electrolytic 
reauction of aluminium oxide. 

• z:nc and Copper smelters tapout and condenser lining. 
• Thermocoupie Sheath. Launders. :'iozzles. Spouts. feed Stopoers. 

Spoons etc. !n non-ferrous foundries. 
* SprJy Nozzles in SO~ Scrubbers. 
• \\'e:r resistant lining for pipe bends. 

C!ler.-:ical anaiysis 
:: :c Min 1~·01 

:-1ax. :..:se temperature !Deg. Cl 
Bulk Density Min (gtcm3 ) 

:\pparent Porosity Max(%) 
;-todulus of rupcure Min (Kgtcm:\ 

ac room temperature 
ac 1250 Deg. C 

Cold c:ushing strength ~in (Kg:cm:' 
Emissivity 
Thermal conductivity (W/mk) 
Electrical Resistivity rOhm/mml 

G~!NDWELL NOKTON LT!). 

75 
1:co , ::; 

-·"" 
18 

1:0 
~.::;, ...... . ..,',.) 

3CO 
0.9~ 

15 
30CO 

Industrial Ceramics Division, Army & Navy Building, 148 M.G. Road, Bombay-400 023. 
Tel.: 244727 Telex: 011-82840 Fax: 022-2023711. 
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VOLTAG~ CuM?ONENTS AND ENE~5¥ 3ALANCE IN THE AC GA? 
AT THE DIFFERENT CURRENT ~~ACING ~~;~ CJNSTANT HEAT ~J5=E: . 

MEASURED DATA 

TYPE OF CELL 
CRYOL !IE r\A7IO 
AVERAGE ALUMINA CONTENT 
CALC!Li~-FLUCRiOE CONTENT 
ELEC7ROLYTE TE~?ERATURE 
AC DIS7ANCE 
L ! NE c:..;RnE:'IJ'i 
ANODE !MID7~ 

ANODE LENG7r 
CE;...!... VCL. TAG=: 
:~RRE~- ~C~~LA7!0N 
:~;~:::~- E~=::iENCY 

:.\lCJE ,;ij!_ T;.L:E ::>RC? 
:ATHCCE VGLTAGE ~RGP 
3u53AF\ 1/CL 7~GE ORO? 
VO~TAGE ~~c= GF SHCRT C~?c~:7 

::::~:~:=~~~ ?~7EN7IAL 
=~-~c::: av:::=vCL7AGE 

--... --- ... -· --=.•-=.-,;~I . ..;:-.:. 

---=---=--,-------····-., __ -..;::. -=-·-··- ----· --·-· w-,,....,_,;,.._, , 

•,If,._,..----
·'.J- .. ':""'. :.;..., --·. ---- VCL7A:::E 
~c::=:::: ~~ ~:ST~NCE 

.-.._- ------:..-' ------
::~!E~::·! ::~=:::::~JC" 
JA:: . .'' ==.:J:..:::-ro~J 

... 
...... 

.. , -. 

._ ... 
-·· \ ':. , . .; 
:_; 

. -- : 
. -··'. 

.. --·- ·• 

-- ' . ._ .. 

"' .. ·. 

:.as 
'1.50 
c.=o 

~c:s.oo 

5 -~') 
ro6.00 
::0 
65:: 

----

-. . .,, ·--
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VOLTAGE COt1PONE:.NTS AND ENE::tGY BALANCE IN THE: AC GA? 
AT THE DIFFERENT CURRENT LOADING WITH CONSTANT H:AT LOSSES 

MEASURED DATA 

TVP~ Or CELL 
CR VOL ITE RATIO 
AVERAGE ALUMINA CONTENT 
CALCIUM-FLUORIDE CONTENT 
EL~~TROLY~ TEMPERATURE 
AC DISTANCE 
LINE CURRCNT 
A:\IODE wr::>TH 
ANOD::: LSNGTH 
CELL VOLTAGE 
C~R~ENT ~CDULAT~~~ 
c~q~E~T E~=rc!E~CY 
A:>~::~ VGL 7AGE D::\C? 
:~-~~:~ ~CLTAGS ~~G? 
~-~~~~ ~=~7A3~ J;:? 
. ·-· - ... -- --~:::> .... -,, __ -~~ -~&...;. u:- '-'"- --- t 

::::~:~:~~~~ ?CTENT!AL 
:~-~:~:: CVE~VCL7AGE 
~~=::c =::~:-:-:a~ GVERVOLTAG~ 
;.· .. ::~c ::::rFUSICN OVERVOLTAGE 
:~L:~LA7ED E.M.F. 
==:::::~!: ?E5IS7A~CE OF 2~7~ 
RE~:~T~~CE OF ELECTROLYTE 
s_::::7;:~v1::: VOLTAGE D~C? 
VC~7~GE JRCP BETWEEN AC ~~~ 
:~LC~LA7EJ CELL VOLTAGE 

,.... ·---··-"'I-::--::.:--.-:.!""" 

._,--. ·=-=- --· . ·-· -... ---=-._~ .,.__ ..... ·..;:. 

- ----....... - ..... ~=. 

s~~~~~;:; 

2.E5 
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VOLTAGE COMPONENTS AND ENERGY BALANCE IN THE AC"GAP 
AT THE DIFFERENT CURRENT LOADING WITH CONSTANT HEAT LOSSES 

MEASURED DATA 

TYPE OF CELL 
CRYOL!TE RATIO 
AVERAGE ALUMINA CONTENT 
CALCIUM-FLUORIDE CONTENT 
ELECTROLYTE TEMPERATURE 
AC DISTANCE 
LINE CURRENT 
ANODE WIDTH 
ANODE LENGTH 
CELL VOLTAGE 
CURRENT MODULATION 
CURRENT EFFICIENCY 
ANODE VOLTAGE DROP 
CATHODE VOLTAGE"DROP 
BUSBAR VOLTAGE DROP 
VOLTAGE DROP OF SHORT CIRCUIT 

CALCULATED DATA FROM PLANT DATA 

EQUIL!BRUM POTENTIAL 
CATHODIC OVERVOLTAGE 
ANODIC REACTION OVERVOLTAGE 
ANODIC OIFFUS!ON OVERVOLTAGE 
CALCULATED ~.~.F. 
SPECIFIC RESISTANCE OF BA7H 
RESISTANCE uF ELECTROLYTE 
ELECTROLYTE VOLTAGE DROP 
VOLTAGE DROP BETWE~N AC GA? 
CALCU~ATED CEL~ VOL:AG: 

( Y.) 

( Y.) 

<C' 
<cm> 
CkA> 
<cm> 
<cm> 
·cv > 

CkA> 
( Y.) 

lV) 
(V) 

CV) 
CV) 

iV) 

:vi 
I' f '\ 

' ... ' 

·. JC7!!) 

' f .~ j 

. . 
: 

SDERBERG 
2.85 
4.50 
4.50 

985.00 
S.00 

108.00 
230 
650 

4.43 

84.00 
0.35 
o.~o 

0.25 
! .00 

:ca kA 

. ..,~
•• -...::..1 

0.065 
•j • .+7<? 
).01.; 
: . 785 
0.'1!7 

:.;..,)9C 

;..s:: . ~.,~ •• ..,J _ _, 

:.s:: 

CALCULATED CF ENE~GV BALAN~E ~T -- ~NC~~~3:~G ~EA7 ~CSSE5 

LIQU!O 7EMPS~ATLlRE 
SUPERHEAT 
VOLTAGE DEMAND OF Al ?~ODUCTION 
~NERGY DEMAND OF Al PROOwCi!ON 
MODIFIED CE~L VGL7AGE 
MODIFIED AC DISTANCE 
MOOIF!ED ELEC~ROLY~E VOL~AGE DROP 
i·H:~A i LOSSES 
ENERGY EF=:c:E~CY 
DAILY PROOUC~:ON 
ENERGY CONSUMPTION 

- ' 

CV> 
I '( ;N ) 

i'..i) 

-.cm; 
·. •.; l 

: k .N} .. , . 
• ,. I 

!7.948 
: .880 

:·j3.036 

-: ! . : 76 
:5.710 

54.00 
90.00 
0.17 
0.20 
o. :3 
o.so 

54 kA 

. ..,~

.L. ·-~' 
0.014 
0.409 
0.007 
l .656 
0.417 
:~.099 

').76: 
0.761 
! . :o: 

! . 97S 
lOb.675 

7.076 

4.60C 
:75.40:. 
:!.l)So 

391. 702 
:3.428 
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VOLTAGE COPFONENTS AND ENERGY BALANCE IN THE AC GAP 
AT THE DIFFERENT CURRENT LOADING WITH CONSTANT HEAT LOSSES 

MEASURED DATA 

TYPE OF CELL 
CRYOLITE RATIO 
AVERAGE ALUMINA CONTENT 
CALCIUM-FLUORIDE CONTENT 
ELECTROLYTE TEMPERATURE 
AC DISTANCE 
LINE CURRENT 
ANODE WIDTH 
ANODE LENGTH 
CELL VOLTAGE 
CURRENT MODULATION 
CURRENT EFFICIENCY 
ANODE VOLTAGE DROP 
CATHODE VOLTAGE DROP 
BUSBAR VOLTAGE DROP 
VOLTAGE DROP OF SHORT CIRCUIT 

CALCULATE~ DATA FRCM PLAN: DA7A 

E~~ILL3RLlM ?OTENTi~L 
CAThODIC OVERVOLTAGE 
ANOD!C MEACTION OVEnVOL~AGE 
A~OD!C OIF=usroN OVEMVCL7AGE 
CA~~ULA7E~ E.M.F. 
SP~Cr~rc ~ESrSTANCE OF BATH 
RE5!57ANCE OF ELECTROLYTE 
ELE~7ROLYI~ VOLTAGE DROP 
VOLTAGE u?C? BETwEEN AC GA? 
CALCULATED CELL VCLIAGE 

Lrcuro TE~?E~ATURE 
SUP£Ri-1E47 
VCL7AGE JEvANO OF A: ?~CC0C7::~ 
ENE~GY DEMAND OF Al ?qOGLC~:o~ 
MGJ:FIED CE~L VOLTAGE 
MCDI~iED AC DISTANCE 
MOO!FIE~ E~E:TROLYTE VOL~~GE :;c? 
HEA- '-OSSES 
ENE~G~ EF=::IENCY 

: SDERBERG 
: 2.85 

<X> : 
<C> 

4.50 
4.50 

: 9E5,00 
5.00 

28.00 
: 150 

C Cat) : 

<kA> : 
<cm> 
<cm> 

<V> 
: 230 

<kA > : 
c 'r.) : g.;. 00 
( v) ·::; . .:s 
c v) c. 4(; 

CV> •J.:5 
( v) ;; • 9(J 

CVl 
CV> 
iVl 
( v) 

CV l 
C ;c:n) 

: f J) 

CV l 
CV> 

: 

IV) : ; 

. _.,'7 
... ---· 
0.J7~ 

·:J. <lQ(: 

: . ac.; 

o: . 0~E 
:.70C 
: ,. 7C'i' 
.:: • .::i(;9 

9o7. -~5: 
( : ) 

iV l 

c kw> 
( v) 

(C:TI) 

;v :· 
(j,...,;} 

: . :6':' 
s:.~::c; 

~== :.-.=; -- . ---- -- -..::._ . .,·--JA:~v ?RO~UC7ION 
ENE~GY :CNS~MPTION 

i < g; 
·-<Whtkg: !5 . .:(,7 

. . , ?7: 
, ........ 
" .. ~ . 

• ·1.. . .... ·~ 

• 

....,,.. 
' 

:.:..oc 
«7C.OC 
c.: :" 
( ... ;. J. _...,, 
C.06 
r • c; ·- .... _ 

1) • ..:.: : 

0 • .::.: ! 

~ .. -,,,. ........ 
e:: . .:..;a 

., :::;:: ...,._.,,_ 
• - ""C:: .. __ ,_,_ 

: . =-= 
:7'.C5c 

:, . ;;.: : 
:6. ~ :o 
- • - . ·= 

:: . a:: 

4. 
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VOLTAGE C011PONENTS AND aERGY BALANCE IN THE AC GA? 
AT THE DIFFERENT CURRENT LOADIN6 WITH VARYING HEAT LOSSES 

l'tEASURED DATA -

TYPE CF CELL 
C:RYOLITE RATIO 
AVERAGE ALU!"IINA CONTENT 
CALCIU'1-FLUORIDE CONTE~'T 
ELECTROLYTE TEMPERATURE 
AC DI57ANCE 
LI NE Cu'RRENT 
ANODE WIDTH 
ANODE LENGTH 
CELL VOLTAGE 
CURREN! MO~ULAiiON 
C~RREN7 E~FIC:IENCY 
Ai'.luO:'. VOL TAG:'. DRO? 
C~7~CJE VCLIAG:: u~u? 
s~sa~n VOLIAGE ORO? 
VOL7~G:: DKOP OF SHLr.\i CI~:~:T 

, 
ECu!~!3RU" ?o:::Ni:AL 
C~IHCJ!C OVE~VOLIAGE 
ANDO!: REAC7!CN OVERVOL7:.~; 
Ht..:OD:: O!FFL!SIOI\: OvERVO!.. 7;:.~; 
:A~C~LAIED E.M.F. 
=~::c::=rc RESI57ANCE OF s~-~ 
R:'.5~57ANCE OF ELE:7~C~V7~ 
E:..EC7~~LYTE VOLTAGE J~O? 
VOL7A~:: JRu? ?E7~E~~ AC~-
:A:..Ct.::.AIED CELL 1/Q;.. 7AGE 

<X>. 
ex; 
<C:) 

C:::m> 
c icA > 
<c:m > 
<c:m i 

<V> 
<kA > 

( ., ' ••I 
:v) 
<V > 
CV> 
CV> 

<V> 
CV> 
CV} 

<V) 
(I~',.." 

c JCo"':I i 
( f Ji 

\V > 
{Vl 
( :,,' j 

LIQU~D TEM?ERAiC~E ( -~> 
SUPE~~EAT <~> 
VOL i'AGE DEMAND GF A: Fri.::;:;..:".":J:-; <V> 
E~E~GY DE~AND GF A! ?RGD~:-::~ C~W> 

MCOIFZED CE~L VQL7A5E CV} 
MODIFIED AC DISTANCE <c:m> 
MODIF!ED ELECTROLYTE VOLi:O~E iiRGP <Vl 
HEAT LOSSES < icW > 

(Yo) 

<kg) 

: 

ENERGY EFFIC!E~CY 
DAILY PRODUCT!ON 
ENE"GY CONSUM?TION <kWh/kg> : 

SDERBERG 
2.85 
4.50 
4.50 

985.00 
5.00 

108.00 
::o 
650 

4 ... 3 

E4.00 
o.:s 
u.~o 
0.25 
! .00 

!08 ;cc. 

. -..,..,. .. •-' 
C.OoS 
0.47Q 
Ci.014 
l. 785 
O.•a7 

14.099 
! .523 
. =-~ .. ""'.:.-' - =....,_ ...... ..;....,, 

967.052 
:7.948 

: .880 
:c::. ei:;o 

275.-'04 
31. 395 

731.176 
!~.710 

Sc.40 
E7.50 
c.2e 
c.:2 
0.2(; 
l).80 

:.::7 
c.. o.;s 
o • .::so 
'J.J!l 
... : ~.,,;, 

.:, . ..:: i 7 
:.:: • oqc; 
:.:!e 
: . ::e 
- .-.• c: -·'-"'·-

I ,-----"""'----

: . =:::c 
. - _,, . . ::~ ·--~ 

.:: . .:ao 
:- . :a: 
: • 750 

::0.:2-' 
::.~93 

oCC?.313 
:s.:77 

- ·,., 
..... 
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l"EASURED DATA .. 

TYPE OF CELL 
CRVOL !TE RATIO 
AVERAGE ALUl'1INA CONTENT 
CALCIUM-FLUORIDE CONTENT 
ELECTROLYTE TEMPERATURE 
A: DISTANCE 
L!NE CURRENT 
ANODE WIDTH 
~NODE LENGTH 
CELL VOLTAGE 
CU~RENT MODULATION 
CURRENT Ei='FiC!ENCV 
ANC~E VOLTAGE DROF 
:AiHG~E VOLTAGE DRO? 
~~SBAR VGLIAGE ORO? 
•;::.. 7AGE DRO? Qi=' S~Or\i CIRCL!lT 

:ALCULATED DATA FRO~ ?LANT JATA 

E:Ll:L!SRUM PwiENTiAL 
CA•HOJ!C OVE~VOLTAGE 
~~o~!- R~~--•oN ~v~~vaL-A-= ... iJ. '- -"'- I • u _, -~ I 1:1-

~~~o~: u!~F~5iON ov:~vOLTAGE 
:~LCuLATED ~-~-~-
S~ECii='!C nES15iA~:E or: BA7~ 
?E5:S7ANCE G~ ELE:TRuLYTE 
E~EC7~CLYTE VOLTAGE DRGP 
•;c;,.. 7 AGE ORO? 5ETWE:E:N AC GA? 
:~~:U~ATED CELL VOLIAGE 

(X} 

CX> 

<C> 
<cm> 
(kA> 
<cm> 
(CID) 

<V> 
CkAJ 

(1.) 

<VJ 
<VJ 
CVJ 
(VJ 

CVl 
CV> 
CV> 
CV> 
CV> 

Cjcm> 
cf J) ·: ,vr = 

CV> 
CV> 

< ·c > 
<C> 

1::;,. TAGE: OE:!"!A;.iD Gr Al ?RODUCT"iON 
:'.':E:~GY DE~A;\;D CF Ai PRODUCTION 

CV> 
C kW> 

CV> 
Ccm> 

VOLTAGE DROP CV> 

v:J:r!EJ CE:~~ VCLIA~E: 
~~~!F1E:~ AC J:STANCE: 
v:J!~iE~ E~E::7~0LYTE: 
:..;E:AI !.OSSES 
~NERGY ErF!CIENCY 
JAILY PRODUCTION 
E~ERGY CONSUMPTiON 

<kW> 
( 'l.) 

<kg) 
<kWh/kg> 

SDERBERG 
2.85 
4.SO 
4.50 

985.00 
s.oo 

28.00 
150 
230 

4.34 

64.00 
0.35 
0.40 
0.15 
0.90 

28 kA 

l .227 
0.073 
0.490 
0.014 
1.804 
0.417 

61.0'EI 
1. 709 
1. 709 
2.609 

967.052 
17.1146 

! .880 
52.639 

bB.965 
32.024 

189.564 
15.407 

:::2.'0 
87.50 
0.28 
0.32 
0. 12 
0.72 

::.c. kA 

1.227 
C.057 
o.4oo 
0.011 
: . 762 
o.~i7 

:: : • 046 
: .367 
: .367 
:.067 

1.936 
.:;.:::; . :59 

C..399 
6.:73 
1. 743 

~5. 172 
32.931 

:57.970 
14.981 

• 

.. ~. 


