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ABSTRACT oy

The present report on "Aluminium Electrolysis Process Evaluation and
Control” is a result of the expert mission DP/IND/88/015/11-05 carried
out in India from 28th Jan. to 29th May (with briefing and debniefing).
This expert mission carried out, is second phase of the total period 12
months.

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

)

2)

3)

4)

S)

Training course for the counterpart staff / scientists of the Centre
and plant personnels.

Assisting the measurements on electrolysis cells through a special
mobile van and evaluation of process data .

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

Preparation of technical proposals for improvement of cell
operation.

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

All these activities have been carried 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
mission 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 description DP/IND/88/015/11-05 with post title
"Expert in Aluminium Electrolysis Process Evaluation and Control”, as
per Annexure - I, the expert was required :

- to provide training for the staff / 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 KATSI and
JNARDDC

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. J.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.




ACTIVITIES

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

A. Training programme for the counterpart staff / 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 (Annciure—lII).

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 VIII).




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
raquested INARDDC to continue these measurements on other sets of
cells. 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 leve! 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 ).




Drs Ramachandran and Zambo discussed different R &D projects with
NALCO management (Annexuré VII ). On the basis of these
discussions, some common projects were agreed upon. The first task
was to clarify technical points of these selected projects and prepare a
programme for their implementation.

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

C. Evaluation of the measuring process at BAL.CO and NALCO.

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
sludgé 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 cells 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 INARDDC).




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 INARDDC). These observations
and data indicate that the cell operation approched normalcy.

Simultaneously with the above 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 2.

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

-anode voltage drop

-cathode voltage drop

-electrolvte temperature and composition
-anode leg

-anode-cathode distance

These non traditional measuring data can be found in File No. 9
{Smelter) (at INARDDC). 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
can 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
during 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 measuring process at NALCO :

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

Control pots Experimental pots
B-004 ‘ B-005
A-004 A-002
A-030 A-029
A-094 A-106




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 measuring data can be found in File No. 11 (Smelter) (at
INARDDC).

The proper thermal design for long cathode life can be achieved by :
- adequate ledge formation
- proper 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 4342
Metal level |3877 |3847 |3881 [4878 [4676 [4523 |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 INARDDC)

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.




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

Measuring 1 2 3 4 5 6 Total

pots

Control pot A - 094

Side 1 741 984 832 658 1372 |1462 | 1008

Centre 571 1294 11091 |1359 [1498 [1839 11276

Side 2 694 1202 966 1029 1151 |950 1999

Modified pot A - 106

Side 1 558 1065 (1370 |1606 |[1586 |879 11178

Centre 505 1356 [1480 |1352 [1635 2064 61399

Side 2 724 1422 (1179 |[1816 |1744 |1444 1388

D. Preparatory work for coo ion n Kaiser Aluminium
Technical rvi Inc. (K nd Jawaharial Nehru
Aluminium Research Development and Design Centre
(INARDDC) .

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 / or work routine.

The Director and Chief technical adviser of JINARDDC 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 JINARDDC in the field of
aluminium electrolysis to KATSI.

This description was handed over to Kaiser representative in BALCO.
The Kaiser representative expressed his satisfaction over the equipments




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 by JNARDDC during measurements in June 1992 and
revitalisation programme in May 1993. This proposal was prepared and
handed over to Mr Dhameja of KATIS.

E . OTHER ACTIVITIES

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

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

- Possibilities of 5 N punity aluminium Production

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

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

i) During the expert mission a meeting was organised with
representatives of Norton firm. The objective of this meeting was
to determine 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).




The most important task carried out during the expert mission was to
prepare the details for installation of carbon and elecrolysis laboratories.

Following description of standard methods on 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 insatallation 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 30th April 1992

The most important item as per the expert is the funaces for electrolysis
laboratory, immediate action is needed for purchase.
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ANNEXURE 1
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S

POST TITLE:

DATE REQU

DURATJON:

1---

DUTY STATION:

PURPOSE CF
THE PROJECT:

UNIDO

27

UNITED NATIF NS INDUSTRIAL DEVELOPMENT ORGANIZATICN

T OF
JOB DESCEIPTION

IND/88/0:5/11~

i

f
Expert in aluminium electrolysis process evaluation and
control

September 1991

12 months in split missions as follows: 4 months in 1991, 4
months in 1992, and 4 meaths in 1993.

Ragpur.. India, with travel within the country

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

a) Almina Production Research Department
b) Alminiwm Electrolysis Department
c) Analytical Research Departmemt
d) General Services, instrumentation and Control

Department (incl. Workshop and Mairntenance)
e) Ceneral Administration and Finance Department

The Centre will develop capability of carrying out the
following main functions on behalf of and in co-operation
wvith the bauxite processing/alumina production and aluminium
saelter industries in the comntry:

a) Assimilation and adaptation of available teclmologies

b) Providing recosmendations and ad hoc or applied and
analytical research to local industries in process
improvement, transfer of techmology, etc.

c) Setting up and operating a data bank

d) Providing training of Indian engineers

. LR
i

.

Applicstions aad communications regarding this Job Description should be sent to:

Project Pemsanel Recrwisment Braach, Depwament of ladustrisl Opsrations
UNDO,V—WMP.O.&MA—W.MWJ
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DUTIES: The expert will be required to assist in the setting up of the
Aluminium Z2lectrolasis Research Departmert of the Centre, and in
particiculer >f process evaluation and control laboratory. The
expert will undertake and/or assist In research and investigations
on aluminit= electr2lysis process evaluation, monitoring and controi.
His main duties will be to:

a) provide training for the counterpart staff/scientists of the
Centre in t35e measurement and monitoring of electrical
parameters of the electrolysis cells, (voltage, fluctuatioms,
noise, anodic/cathodic current distribution) as well as thermal
state, magnetic field, anode gas composition and gas collection
efficiency.

b) assist and trazin in measurement and evaluation of process data
for alminium electrolysis cells through a special mobile van.

¢) assist and trzin in preparation of detaziled energy and material
balance of aluninium electrolysis cells.

d) prepare technical proposals for improvement of cells operation
based cn experimental measurements and process data collected.

The expert is .'e.xpected to submit progress report after completion of

every split aission assignment and a final report.

QUALIFICATION: University degree (preferably Ph.D.) in Chemical, Metallurgical
or Electrochemical Engineering. Extensive experience in the
experimertal/seasurement techniques for characterization of
aluminiur electrolysis cells parameters, evaluation of process
data, preparation of energy and material balance of cells.

LANGUAGE : English

BACKGROUND

INFORMATIUN: The Indian alominium industry 1looks back to a history of 44

years. The first alwminium smelter (in Alumpars, Kerala) was
put into operztion in 1943. At present there are five alumina
plants in operation and six aluminjum smelters with an overall
capacity ' of about 587,000 and 580,000 tonnes per year,
respectively. These facilities belong to five aluminium
companies, namely Bharat Aluminium Company Ltd. (Balco),
Hindustan Alwminiwm Corporation Ltd. (HIRDALCO), the Indian
Aluminium Company Ltd. (INDAL), the Madras Aluminium Company
Ltd. (MALCO) and the Rational Aluminium Company Ltd. (NALCO).

e -y
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aluninium smelting is more than half of the total installled
capacity of India. This indicates the decisive influence of the
public sector on the future of the industry. The sustained growth
and development of the aluminium industry in Iadia, apart from
requiring the adoption of suitable long tera policies in relation to
production management, output, pricing, and fiscal levies, is also
in need for technology and market development, which will gradually
be handled by the proposed Centre.

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

With the vast reserves of baumxite amd coal in Incia, the aluminiwm
industry has ambitious plans for a faster growth rate keeping in
viev the future demand in the foundry and export potentials.

The existing alumina/aluainimm plants in India are based almost
entirely on tachnology imported from various sources. Both im the
areas of production of almina and aluminim, a nuwber of
technological improvements have taken place in 2évanced aluminium
producing coumntries. Import of improved technology is not always
possible, als> its introduction is not feasible in the existing
plants. Import of technology necessitates proper assessments to
determine its suitability under Indian conditions, the available raw
materials, product demands, state of engineering cevelopments, etc.
Though research and development work is being czrried out by the
major aluminium producers in the country, these are mainly directed
tovards solving their day to day process problems in the plants. No
wvork 1is done for the development of process knov-how and basic
engineering. .The technologies followed in the existing plants are
from various countries/suppliers - KAISER, ALUTERV-FKI, VAMI, ALCAN,
MONTECATINI and ALUMINIUM PECHINEY. Apart from the strategic
ioportance of having an indigenous Research, Development and Design
Centre for Alminium, the Centre is expected to save substantial
hard currency payments to the foreign partners.

For meeting the estimated demand of aluminium by the turn of the
century, substantial additional capacities for alumina and aluminium
will have to be set up in the 1990ies. Additional demand for
aluminium by the turn of the century, vhich is in excess of the
currently available capacity wuld be of the order of 440,000 tomnes
per annunm vhich at the current selling price of alminium amounts to
Rs. 1180 crores. Comsidering the payment for know-hov, basic
engineering and royalties for this additional follow-up stage this
would mean an expenditure of at least another Rs. 1.2 billion
equivalent to US$ 95 milliom.

-
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It 1s to be pointed out that the cost for Establishment ‘of the
Aluminiuvm Centre in Nagpur (both Indian Government and UNDP
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 aluminium for aluminium research and development, added to the
price of aluminium (established now by the State in India). The
funds so generated would serve as financial basis for operation and
further extension of the Centre.

¥hen the new alwminium capacity will be established the Centre will
be fully functioning and if it contributes to savings of only ten
per cent of the expected expendituie for project engineering and
royalties, apart from rendering other wuseful services, Iits
establishment wouid be fully justified.

It is to be noted that 21l the leading alu=inium producing countries
have their own % and D centres. Close interactions among these
Centres' Research and educational institutions and industry has
enabled numerous technological advances - this exazple is needed to
be followed in India.

In the light >f the above, a co-ordinated effort in R and D will be
essential for the development of know-how znd basic engineering to
self-reliance in alumina and aluminium technology needed for the
establishment . of future plants without need to go for foreign
consultancy. Future development of alwminium industry in the
country based on indigenous expertise demands the immediate
estzblishment of a self-reliance full-fledged and independent
research, develorment and design centre for ailuminium at the
national level.

The developmernt objective of the project is to aim at self-reliance
in alumina and aleminium production technology and to achieve faster
grovth of the Indian aluminium industry to meet the domestic demand
for aluminium products. This goal will be achieved by setting up of
an Aluminium 2esearch, Development and Design Centre at the national
level which will be in a position to carry out research and
development in the field of bauxite processing, alumina and
aluminium production leading to improvement ir the existing plants
and creating nev production facilities. Thus, the output of the
project will be physical facilities of an Aluminiunm 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 setting up of nev alumina/aluminium production facilities
based on indigenous raw materials and natural resources.
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wvith the use of by-products, design improvements for saving of energy and
materials, development of nev products and alloys. Another particular
problem that the Centre is expected to address is emarating from the lack
of adequate and uninterrupted pover supplies vhic: has led to poor
utilization of capacities in tke recent past. Investizations into energy
saving technologies of alumine and aluminium production will be one of
the important tasks that the Centre will have to tackle.

It is expected that once the Centre is established it vill meet the
fast growing technological service needs of the almninimm industry in
India. The Centre will consist of the following deparwents:

- Aluminina production resezrch department with fotur laboratories and
one pilot plant;

- Aluminium electrolysis research éepartment vith f:ur laboratories;
- Analytical research departmant with three laborat:ries;

- General servizes, instrumentations and control Z:partment with four
sections;

- General administration and finance department wit= three umits.

The civil construction vorks for the Centre started iz Jagpur in 1990 and
will ©be finished by 1992-1993. The centre is »Jlanned to fully
operate/function by 1994-1995.

The assignment of the national staff znd procurement :I equipment started
in 1989-1990. The first R/D works are expected to s:art in 1991-1992.
Training of the staff will be carried out in India and abrcad.

For a more detailed information reference could be zade to the Project
Document and the Detailed Centre Design.
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1Y)

2)

3)

4)

5)

Preparation of proposal to introduce the capabilities of the centre
for Kaiser Aluminium Technical Service Inc / KATSI /.
* 10 th February

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

* 15 th March

Finalization of the laboratory equipments in the carbon and
electrolysis laboratories
- Clarification regarding the requirement of consumable
matenials and chemicals
* 15 th 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
= 4 th Apnl

Visit to NALCO, Angul smelter
- To carry out the heat-flux measurements on the base of
schedule programme prepared and agreed upon on last
mission
- To discuss and finalize the next measuring programme
* 6th April




6)

3)

N

Visit to BALCO, Korba smelter
- To continue the revitalization programme
- To discuss the partcipation of INARDDC with the Kaiser
Aluminium Technical Services Irnc. expert
* 3 rd May

Ellaboration of the proposal to Kaiser Aluminium Technical
Services
* 7 th May

Evaluation of the measuring data
* 22nd May

Mission report preparation
< 24 th May




1)

4)

(J!

6)

THE MAIN ACTIVITIES

Training programme for members of the aluminium electrolysis
department.

and
Training programme for members of BHARAT ALUMINIUM
COMPANY and NATIONAL ALUMINIUM COMPANY.

Carrying out measurment programme, revitalisation programme
and technological tests at BHARAT ALUMINIUM COMPANY.
Korba

and
Heat-flux  measurements at  NATIONAL ALUMINIUM
COMPANY, Angul.

Evaluation of ‘“revitalization programme” and heat flux
measurements.

Preparation of proposal for KAISER ALUMINIUM
TECHNICAL SERVICE (KATSD according o the agrezment
between BALCO and INARDDC .

Eiaboration of the proposal for KAISER TECHNICAL SERVICE
(KATSD in which measurements are to be carried out suring
BALCO modernization by JINARDDC.

Other activities were :
a)  Preparaton of the list of equipment accessories.
consumables to be procured for carbon and electrolysis

laboratories.

by  Calculation of voltage and energy balance during the energy
modulation of INDAL smelter
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TRAINING PROGRAMME FOR MEMEBERS OF ALUMINIUM
ELECTROLYSIS DEPARTMENT

OBJECTIVES

) To understand the mesurment methods used fer :

- study of cryolite - Alumina melt

- BALCO revitalisation programme

- understanding the background of high pertormance smelter
technology.

2)  Prncipies of measurment methods for process study in crvoiite -
ziumina melts.

Study or anode & cathode processes

In ciecrrochemical processes chemical reaction 1.2 oxidation ard
reduction take place due to potential applied between two electrodes in
contacts with electrolyte. The principle for studying the electrochemicai
reaction and its Kinetics is to determine the rate - determining step in the
process. The clectrochemical reaction is determined by transport
phenomenon or chemical reaction due to which this is considered as
"diffusion or kinetics limiting current ".
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9)  Depolansation potential

ME METH AND TECHNI FOR Y OF
ELECTR CAL PR

MEASURING TECHNIQUES

- GALVANOSTATIC
- 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. 1. For determination of decomposition voltage
of uiumina, the graph obtained can be extrapolated (at inert Pt electrode)
as shown in Fig.2.

In Fig. 3 the extrapolated value is the decomposition voltage of alumina
in presence carbon electrode and aluminium melt .

The alumina decomposition voltage can also -be determined by
:hemodvnamical data - voltage demand for alumina decomposition is 2.1
- 2.2 V without consumable carbon electrodes.

On using carbon electrodes the voltage demard for the decomposition
consists of the following voltage components :

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

1) Overvoltage (heat generated voltage components)
i1) Carbon burning ( heat generation element)
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ALUMINIUM (=)

Figure (1)

DECOMPOSITION VOLTAGE
(ALUMINA)

TURRENT

. ——Mt'r

'/_A . I\ ! I ; L : 1
> : 'z 14 16 18 20 21 22 24 26 28
SECCMFCSITICN VOLTAGE (V)

FIGURE (2)




UELUMPFUOI HHUN VOLIAGE
(IN PRESENCE OF CARBON ELECTRODE)

CURRENT {l)

0 1 1} 12 13 14 .5 16 1.7 "3
DECOMPOSITION YOLTAGE (.

Fiqure (J3)




2 V-2 T ovzLTe

—JOULE'S HEAT IS NEEDED FOR DECOMPOSITION

' TANODIC & CATHODIC OVERVOLTAGE 1.1-12 VOLTS.
< EQUILIBRIUM POTENTIAL
~ (THE ELECTROCHEMICAL WORK OF PROCESS .

The extrapolated decomposition voltage of alumina is not enough for

determination of voitage demend for aluminium production. The voltage
demand of production is determined by thermodynamic function.

VOLTAGE c': A‘,O‘ ‘-‘?‘V

DE ce. f'-llﬂf‘-bl'(:ON

Components of decomposition voltage
1] Equilibrium potential
2] Anodic overvoltage
i) Diffusion
i) Reaction
3] Cathodic overvoltage

METHODS FOR DETERMINATION OF DECOMPOSITION
VOLTAGE COMPONENTS

Decomposition Potential

Determination or electromotive force ot zaivanic cail

i | i
Al NajAlFg + AbO3 |CO2 | C

| |
Al ' NajAlFg + AhO3 |[CO | C
? I |

EMF of galvnic 2lements give the value of equiiiorium potentiai (Fig. 4).
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E = E0 + (RT / nF)(Ina A[203)

If C A1203 — saturated in cryolite

aAPRO; =1soE =EC

Thus we see that E9-E depends on the activity of alumina in melt

Value of E decreases with increase in CO generation .

DETERM N DI VOLTAGE ON GRAPHITE IN
CRYOLITE-ALUMINA MELTS

If the molten aluminium surface is 100 times higher than :node surrace we
consider the cathode as a non-polansed electrode. The curraat is
disconnected and the memory oscilloscope reading is taken and plott23 as a
function of time (see Fig. 6).

In Fig. 6 the vertical voltage drop measured, is known s ohmic -oitage
drop. The difference between voliage (V2 . V3) zives the :nodic
overvoltage value. V3 is considered as 'quasi equlibrium cotential’.

To separate the electrochemical kinetics measurements Curing the znode
and cathode process, potentiostat and reference clectrodzss are usec. For
the studv of anodic process. polarisation curves are piotted which are
obtained by potential sweep method (Fig 7).

Voltage between the reference clectrode & graphite ciactrode is 0 be
adjusted nd the resuit {as current) is to be measured. T:ais curve s also
called tha 'SO-CALLED' polarisation curve or voitamogrzm :Fig. 3.

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

With graphite in cryolite-alumina melt, the form of polarisation curve is as
shown in Fig. 9.
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ELECTROCHEMICAL MEASUREMENTS FOR__ STUDY OF
DISSOLVED ALUMINIUM IN THE BATH

Potential sweep method (Fig 10). Limiting current is proportional to
dissolved alumina concentration After calibration by this method the
alumina dissolution process can be detected.

Study of alumina dissolution in cryoiite melts

1) Test with mixing of molten electrolyte

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.

J)  This is suitable to evaiuate the effect of physical - chemical
properties of alumina for dissolution. In this case mixing is not
used during the test.

The derermination of liquidus temperature of bath

Liquidus temperature is determined as shown in Fig 11. After switching
off the energy supply unit of fumace, the temperature is to ve measured
in funciuon of time. Use of Pt crucible in presence of carbon is
rorbidden.

Electricai conductivity measuring technique for crvolite-alumina melts
The measurement is carried out in following ways :

aruficial bath without carbon, using Pt probe for measurement

- industrial bath in presence of carbon Pt clectrode, BN or graphite
crucible are used.
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In the measurement of electrical condﬁctivity, the total impedance of the
measuring circuit, Z

Z = Rp+X: +X
where,
Rpm - real resistance
X - inductive component of impedance
Xi - capacitive component of impedance
Rm = Ro+Rftk
where,
Ry - ohmic resistance of the electrolvte
R - the polarization resistance of the electrolyte due to
frequency effects
X - the constant resistance between wires

At verv high irequency of polarization resistance of electrolyte, Rf is
decreased significantly and it's value is neglected

Al fixed high rrequency Ry, is considered the reai component of circuit.

The 2lectrolvie conductivity K can be obtained by using :

7
i

A (dRp/dL)

where.

X - the conductivity of electrolyte

A - cross section area of conductivity cell. it is determined by
caiibration

dRpy/dL - is measured during the experiment
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THE THEORETICAL BACKGROUND OF BALCO
REVITALISATION PROGRAMME

Elements of high performance smelting technoiogy

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

- Compensated magnetic fields

- Voltage/or resistance regulation

- Efficient alumina feeding technology
- Stablized bath composition

- Good frozen progile

- Low superheat

COMPENSATED MAGNETIC FIELDS (BUSBAR ARRANGEMENT
: DESIGN AREA)

- Proper anode and cathode current distribution (cell operation)
- B, -verucal magretic field component minimum

- Reduce the horizontal current in metal
- cican cathode bottom to decrease horizontal current
- tficient alumina feeding technology to avoid sludge formation

- Proper {rozen profile (cathode design and cell opertion.)

- Low superheat to decrease the aluminium dissolution and provide
2nough heat for alumina dissolution (ceil operation )

SLUDGE PROBLEM

Bottom crust _(Hard muck)

This is hard laver of alumina which adheres to the bottom of the cell.




Laboratory resuits

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
important of which is :

tendency to agglommerate and settle

We can distinguish between the following extreme cases

- Effective dispersion of individual grains

- Extensive agglomeration

- Formatton of large particles or lumps, partly dispersed
- Settling of alumina and dissolution of settled material

- Dissolution of top crust by splashing of bath.

Hard thick muck deposit (verv hot cell

Causes
Hard thick muck layer under the anodes

Actions
- zet a cover of alumina or cryolite (known bath on the crust of the
path to retain heat)
- stop or reduce alumina feeding to get an anode effect
- continue to operate the cell at reduced alumina feed rate o
- maintain a fow alumina content in the bath
- higher anode effect frequency
- graduaily, lower the cell iemperature
- trequent breaks without alumina additions
- shunting part of the line current from the cell
- exchange bath with normal operating cell
- metal additions




- 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 AlsC3
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 8-10volts during above actions, slowly voltage will
come down to about 6volts by itself.
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LIST OF PARTICIPANTS OF TRAINING PROGRAMME
l AT BALCO, KORBA
l NAME DESIGNATION
l M.C. GUPTA - SENIOR MANAGER (Sm)
R.P. SINGH - SENIOR MANAGER (Sm)
l M.G. SINGH - DEPUTY MANAGER (Sm)
AMIR CHAND - SENIOR ENGINEER (Sm)
l D.K. BHASIN - SENIOR ENGINEER (Sm)
' L.K. PANDEY - SENIOR ENGINEER (Sm)
S.B. SINGH - SENIOR ENGINEER (Sm)
I S.K. JULKA - SENIOR ENGINEER (Sm)
M.C. GOEL - ASSTT. GENERAL FOREMAN
l Y.K. TIWARI - ASSTT. GENERAL FOREMAN
| T. RAMNATH - ASSTT. GENERAL FOREMAN
S.K. MITTAL - ASSTT. GENERAL FOREMAN
' B.K. SINGH - FOREMAN
l S.N. PATHAK - FOREMAN
J.N. DUBEY - FOREMAN
' B.D. SINGH - FOREMAN
H.L. SAHU FOREMAN
l R.K. RAM FOREMAN
l J.K. TIWARI OPERATOR
D.P. SRIVASTAVA OPERATOR
I B.L. SAHU OPERATOR
K.P. PANDEY OPERATOR
l S.N. SRIVAS OPERATOR
l K.D. VAIDYA OPERATOR
B.L. SHUKLA OPERATOR
l P.K. BHASKAR OPERATOR
i




LIST OF PARTICIPANTS OF TRAINING PROGRAMME

AT BALCO, KORBA

NAME DESIGNATION

R.P. SINGH - SENIOF MANAGER (Sm)
D.K. BHASIN - SENIOR ENGINEEF (Sm)
Y.K. TIWARI - ASSTT. GENERAL FOREMAN
M.C. GOEL - ASSTT. GENERAL FOREMAN
S.K. MITTAL - ASSTT. GENERAL FOREMAN
B.K. SINGH - FOREMAX

S.N. PATHAK - FOREMAN

E.V.R. NAIDU - FOREMAN

K.N. SINGH - OPERATOR

S. KANWAR - OPERATOR

S. YADAV - OPERATOR

R.P. SINGH - OPERATOR

K.D. VAIDYA - OPERATOR

B.R. BAIRAGI - OPERATOR
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SUBJECTS TO BE DISCUSSED WITH Mr. P.N. SHARMA GM(Works) AT
KORBA ON 18-13 MARCH 1993

1. Information oo discussion with Mr. Azad CMD in Dehi on 13 February
1993

Record Notes on the Maeting is given in Annexure [.
2. Participation in the modernisation project for Korba Smelter

Copy of ietter to Kaiser Engineering and TATA Engineering on services offered by
JNARDDC Annexure ‘L.

3. Programme for revitalisation and development of aluminium electrolysis
cells

Obiective of the proizc: is 10 operaiz a group of 25 test cells by a join: team of

BALCO and JNARDDC and investigate / test the following problems:
3.1 Normalisation of cell operation® by

- removal or deposits and siudges

»  removal of broken bath from deck plate

«  ncreasing cel! voliage

+  adjustment of bath and metai ievei ,

*  adustment of ziumina laver izvei in accordance with aiumina quality
+  demonstratior. ‘raining for room in charge and operators

“To ensure the operauon according to the revised operational manual intensive
supervision is consiGare¢ until the computerised controi system is instaliec in the
frame of modemisation programme 0 de contracted.

Detaiied cescription oI parameters. work programme and updated operationai manual
are enciosed (Annex [II. [t 1s sugges:ad that the present set of 25 cells should inciude
the group of thineen c2iis on which work has aiready been carried out , and special
task force snould be inrmed for all e shifts for operation of the test cells. Involvment
of the spzcial measuring :2am of BALCO and JNARDDC is also considered. In view
of the very tight ume schedule of ihe international experts in the Centre plant
authorities are kindly recuested to start the programme - if possible - without delay




2 Effect of sludge / deposit removal on need for cathode remewal of

revitzlised calls

It is considered, thai the sludge / deposit may protec: ‘e cathodz battom by covering
of the existing faiures / cracks, therefore after its removal the impurity level in the
metai can be increased dramaticaily and the pot may savero be shut down for renewal.

3.3 Improvement in metal quabity in the reviziised cells
_ without zhanges in guality / impuricy level n the rew materials and by
immerovement in ajlumina guality processed

3.4 Developmext ! testing of the elements of the second phase of
modernisation Jrogramme Viz..

impurities 2:C.) O proc:ssmv parameters.

—ewey

. eifec: of ziumina quaiity (grain size.
. :omecyied crust Dreaiing aad CTust SrEng ity combinaton of anode effect
~regicon DY InEOEuUCIon Of 0ar preaxers

. megrfoomen of Tt chemustry - increasa in excass of AiFs / MR 2.85-2.63
. modifed anede oversLon - -vith and -vithout adcinonal cIanes and consideration

of oy Taste .&",.".!1010""

st

Senna e st of INARCDC axpents ‘0 2 UMIKUM SiCIOIYSIS

. otiectves of ail devetopment
. reguirec aluminium guaiity
. lzraied work prezrzmme and ume schecuie

o

F3

Torezchoocronisio 0\. !'""3..’50
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Record notes of discussicn of SFARDCIC Zxgerts with Z:zlco
Plant perscrrel cn 18th iarch 1393.

The JNARDEC Team of Ixperts met ¥r.P.M.Sharme, GH(vcrks;
ané zppraise¢ him zné colleacues abcut the JYARDIC croposai
for ravitzlisation cf Korba smelter Flarnt, =~ cepv cf the
orcposal was handed over <o BALCC. The rewitzlisaiicon
preposal was cenerally acrzel vpon by 2:1IC. for Cemzila
inc of the work procramme Mr.i.S.3inch, Ir.ie-.{(Smt with

Dr.Zorvath, UNITCC I:pert was ragusstef to <iscuss s=pzracel

Zhz ‘cllewing teints wer2 =grzeC upcn:

h) 1 =raininc preocramme fcr the cper:zcrs inC Juperwiscrs
ané 2o0em Incharces will fe el cn 12,2.27 to b

Zcllowes vp v = number of arocrirres T miake the

- 4 P - - - -
-he orooosed ravissliz=cicon Flan,
V- - - - - - - A ~mn - mAn tam mm” -
€) ZInitialle I cells nmamelw 321,710 L III will be Zslar-ad
= - «pe - e 2 -
“or rameval of slucdce i3 per *he Troposed nlan cf
— v
zcticn.
N " - .ou - S - ween T ImYRSY o, - -~ -
, - WRE AimToel LT WO OTR2 Llaanoev LToeIIT S nzvw o=
.. . . , .
3ancial americing cwzw Ind o mkasurine crsw will Ze
—-.' ~ — - -— - -~ <’ ..
~zcvired =po c3r—r cutT T2 axperimants 3UuUCCR3IsTULLY.,
- . S e . 2 R A - 4 -
n) Z2ge’ er the ermeriarce o <“haze I cells, Iurther cz2ils
1Y % - -l = mqged bt mm e fn ™ ‘:“’)
will 2% TiKen " O I2r I=SVilis i Nl ol GUIINE Sl Bus
=Y . - Epmpregmac A =my gagei k=l jonmian alin ars 1T A
) Z&lien« Zeztupsl oI TIn2 CEVITELLISTTL TLID T T Iz
- - -~ < -~ ~ = - -
uzcn., szez v sten 1isting 15 3nclisen,
- = 3 e . N ops TV i - -
¢) Zuraticn ¢ exgerimentil ZerloC 13 ETUICML tels o=
- PUS P ~ - - | I S P
month., After +ni3 orrize tno Zalcs'z ITIIUIONS L.l

. , L. . .
mairrzin the Aacribel saramertars, 09 TILN
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SALISNT FEATURE OF REVITALISATION PLAN PRCGRAMIE

a)

Tor the three selected cells sludge removec action

will be taken uwo by the raisinc cell voltage, skipping
aré alumina feeding till the onset of AE while breaking
the crust every hour arcé cell covering to be cone by
broken bath ef Smm size for coolinc ths cell,

motal liguid level will be broucht cown to prescribed
ljevel &7 cms =@ cleaninc of cdecXk plate, will ke done,
Tt is to be noted that big lumps cf crust/bath rot to
be charce¢ into the cell as it irncreases the risk of
sludce formation. If the total heicht of metal and

hath den't reach this level, manual sluéce remcval

Jor=3

is neecec.

after arocde stud prllinc extra veltace to be providec
=c compernsate for th2 hicher cell resistance.

~cutine checkinc of pots to be core by technical
secticn twice z week., also recvireé to measure the

anoée/cathcde current distributicn.
5lowlv ext2réinc the orecramme to other cslls.

“arkinc of stud [lexitles will pe done tc have
necter znoée current ¢istributicr.
zur-er ciezninec, cas heod sealirc, lichtinc up of

burnars are to b2 measurad,

-~ tha 32coné stace tre proposec zlumine feedirc
sschrnelecr 15 te be irtze ccucad wizh proper alwn

ct voltace is to be menitored raculearly,

Jl
g |
(o]
nl
D
(1]
[ Y
[
[§1]

Zg- =his surpcse ¢igital voltameters will be proviced
in the exgerimental dots.

Inz impertanc: of f£illinc up 0% cell black bozazd was
szresza¢ vpon :s this given very waluvable informztion

azcut c211 oparztion. T was acrzed that the szme

will be cone a:z the earlisst.




k) At a later stace this experimental crcup of
25 cells may be fod with FALCC Alumina for
certain period oI time to assesz the psrZormancs
of BALCC cells with ccarser low alumina.

1) Chancing of metel contamination alsc will be
fclloweé éuring the experimentals, all negotiaticon
of cell operation will improve the mstal cu:=litr,

the effect will Z= measvred,

v
: ! i
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ANNEXURE VII




M-,
Dr.
Mr
Mo
M:
Mr.
M-

RECTORE NOT=S ON DISCUSSIO.\.' WITH NALCO MANAGEMEINT ON
IOINT R & D ACTIVITIES AND OTHER ACTUAL TOPICE
BHUBANESW AR MARCH 4 1995

Participants:
NALCO INARDDC
S.N. John Dr. T.R. Ramacnandran
S.K. Tamouz Dr. J. Zambo -
L. K. Panda
M. L. Kampam

N. G. Sharma
P. Vidvasagar
S.P. Manapatra

Drs. Ramachandran and Zambo discussed with Mr. Johri some operationzi probizms
with respzct to deputation of M/s Vidvasagar and Sharma to the Centre as Deputy
Directors. They also sought the cooperation of the ALUMINIUM ASSOCIATION OF
INDIA 12 conducting the Workshop on SPECIAL ALUMINA in Bangaiore :n Octover
1033 anc the possibiiities of holding 2 meeting of ICSOBA in Visaxhzpatnam in
Feb/March 1994,

Tna R & D proiects were discussed with the managemant of NALCO heaced by Mr.
72nca anc the outcome of the discussions is summarised below:

SELECTED PROJECTS FOR ANGUL SMELTER

()

Tharmai measurements to be carried out on normai cells and thosc it modisiec
insu:zuon bricks preparatioin of an overail heat balance s required.

Overall measurement of the state and operation ol selected Jots. Presently e
compensation of magnetic field of ots in the vicinity of those shui cown is of
interas:. therefore magnetic measurements should be stasted: however breparauon
of a programme for the complete measurement and evaluation of ceil state and
operation would be finalised during the next visit of JNARDDC experts.

Utilisation of used pot linings. It was agreed. that INARDDC wouid prepare 2
literature survey for selecting the possible options. On the basis of gereral layout
and :2ntative material balance supplied by the Centre, expecied investment and
operziional cost for each technology would be prepared by NALCO Angul Plant.




W)

Qe

!\l

In the joint techno-economical evaluation the economy of the selected technologtes
would be compared with the safe method of storage for the used pot lining.

Graphitised cathode blocks will be installed in 10 pots this year at Angul. It was
agreed, that INARDDC wouid evaluate the expected changes in heat transier
characteristics in these cells and recommend the way of possible compensation oz
increased heat losses by better insulation and [ or change of operationzi
parameters. The modified pots will be monitored according to the agreed
programme.

NALCO is interested in joint activities in anode carbon R & D particulariy
from the point of view of increased anode block density. The Centre Wik
orepare detaiied infomation on equipment and methods to be implemented and on
this basis possible areas of co-operation will be selected.

Modelling of cell construction and operation. NALCO has a great inlerest o
organise joint zctivities with the Centre in this field. NALCO is ready to consicas
aii forms of co-operation inciuding fielding voiunteers. forming ‘ot iam o7
undertaking any part of a complex programme organised / co-ordinated Dy 2
Centre.

Special alumina chemicals. NALCO has been approached by 1 cabie proguce
company to supply very fine ATH with low soda content !0 be used as nir2
retardant. JINARDDC was reguested (o consider action for promoung production.
The Centre feeis that the suniect can be handled in the frame Of Jrojecis oo
cevelopment of special alumina products. to be discussed in the wworkshop in s
area to be heid in Bangaiore in Octcber 1993.
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(A GOVT. OF iNOIA ENTEHPRISE)

REPORT ON MEASUREMENTS AND DISCUSSION WITH NALCO EXPERTS ANGUL.,

6-15 MARCH, 1993.

PARTICIPANTS:

NALCO JNARDDC

i} MR S B NAYAK DR J HORVATH (UxIDO)

ii)} MR S P MAHAPATRA MR G S SENGAR
ii1)MR P R PAVITHRAN MR A K BASU
iv) MR S N SINGH MR A AGNIHOTRI
v) MR K V BHARDWAJ
vi) MR R N JENA

JNARDDC experts informed NALCO , aboul their purpose of visit, wnich was
as follaws:

. To carry-oul thermal measuraments decided in April,

1¢€=2

2. T3 finalise °he measuring projramme for selected proj=:is which were
dec:iiec 1n Shubaneswar, 4lh March 1993 at NALCO Lead s-fice.{mnnax-
ure—>L3

3. To study and collect information on measuring srocedure for

evaluation of carbonaceous materials.

'y For &

veal balance of conlrol and experimental pots, N~LCO rejuestied

Lo carry outl thermal measurement in 4-control and <-experinental
pols, which were:

Jontrol potls , Euperimental pols

T30 B-00S

A—2Z8 A-029

~—lR4 A-106

JHARCCC 2:.:erts carried oul measurement for 3d-cells as agrsad wilh “ALCO

1N foliowing way:

A=, iU -easursmen’ was jone completely for the :zalhode :nell
ieneniisg  on acc2ssibility of measuring poinls a3 dliiussesl  siih
ALZC.

22>  reatl  Jlux  weasurement from cathode shell osotilom wa: done 3% 18
i:f72rant poinls, based on ihe temperatureprofile drawn earlisr.

P Aeal  flux al 24 Ji1fferent points on the long side of :athode snell
A5 metar :nc salh level .as measured. These meaz.rement: were
isTizs Ul cniy arter remo.al of the side slabs from the cell: a3
LWEr2 W4a3 MO access from zerd level.

2v)  ALL measuring zata was nhandes over to NALCO ( Annexure= I1 5.

v)  JMARDDGC  auperts expr2ssed “hal these measuremenls daia are very
a3aral  for 3ri2ntation purpose of cathode heal losses but no% for
compl2te  2vaisation of heal ‘balance in order to extend Lhe
smudification ‘ar complete pot line. NALCO rzquested JNARDDC o make
a praliminary evaluation of thermal balanc2 1n these sot3, with a
view o identlify the following:




l' a)
lI b}
ll c)
l L
L

l' 1)
ad )

/)

{A GCT. GF INOIA ENTERPRISE)

adequacy of measurements far thermal balance, if rejuired mea:.r2ment
scheme may be modified in fulure.

sugjest any improvemen'/change in physical propertlies o~ the
experimental insulation, HYSIL.

sujgest any change in parameters of pols with HYSIL :nsulatic-.

Similar conclusion can bLe drawn for graphitisad cathode 310c¢ks
installed (10 pots) in NALZO, on the base of heal flux measu-2menls
to be carried out at that time. It is not passible o com:_ately
avaluata the heat balance for introduction of chanie of :aThode
blocks to whole pol line. NALCO requesied JNARDDC 2 def:.-2 any
other measurements thal is required for evaluation and ge-z:-lian
small changes in current afficiency and enargy balancs. SNARZII a1il
communicate details of measurements required by Jul:, "99C.

“or complete evaluation the lotal heal and enerjy tal
to check the operational chanjes caused by modifical:
an bricks and cathode.

0

nce
T 0

SNARDLC expressed that the presenl technology is gac2.lent, .7 as
per information of NALCO experts, they dc not have ans iInfc atio
on process technology Jiven by technclogy supplizr i -
access any aperational changes thalt may laie slace 277z
modification.

a
o
]
]

"

Unfortunately enerjy/heat GLalance which would ce 5>uilal.:  Tor
avaluation of above menlioned modificatlion are nol i/aliaf.z. mAv
modificalion may increase risk of unstable cell operai.on.

Therafore for any modificaiion 1n 2xisting pols, 1L 135 "ec2s:s’. Lo
carry oul very detail process study; wniih will o¢ Zazza 3n T-z-7a.,
siactrical baiance and 1i5 changing wiih “Junciion 3 Tlme.

_NARDLCC  experts expressad ~hat the mopilz van pr2:37. 19 ..=]LCCZ

r
ji/es a aoppertunily 10 siudy he process technoiogy .- we2rw  Zzlal.
for thae existing NALCO cells.
Fillowing equipments installad 1n mobile van zan 2 .:izd far  L2harll

srac2ss swudy’

Zala acjuisition system . 2.1 moniloring
qeal fiux metler.

~jema Lhermavisian,

Anode 7gas analysis ( currani 2fficiency ).

Anode/calhode current distridution measur2ment wilh -~2:zpect ~. “.ime.
CMARDLC expressed thatl it .s presenliy ready to car-c. ul on=z=t Tl
neasuremenls in existing 2xcerimental cells and lals~ @69 CoLErnL-
.s32d cathode Slock installaag cell also, if rejuirea lv HALCC.
It is also necessary to spec:fy here thatl as per the .lem 70 2 oy
ANNEXURE-] ), JNARDDC 1s ready to carry oul nagneliz  cleld
neasurement as and when rajguired by NALZD, “o give ul 27 Sr
magnelic  field in vicinily of Lhe shul down pols. _TROEC L mEzaly
3 measure Lhe dJiffareni magnetic flux comooner® Al di - -
pasitions near the shut down pols and normal poils Lo Lra2r Ll DL .dy

and  rcollect data for the magnelic field ‘compansation cecolam
2x:staing in NALCO. These measurements are proposed .n ~ui3’9C.
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(A GOVT. CF INCIA ENTERPRISE)

It is proposed by JNARDDC that to carry out to complete evaluation
of exisating & modified pats, it is necessary to carry out detail
process study with the help af mohile van.

JNARDDC has given a brief dacumentation to NALCO orn raia of JNARDLDC
in Carbon Research Technaiogy (Annexure-III). JHARDDC axperis
carried a detail discussions with NALCO personnel from Carbon
Paste Plant & Anode Baking Plant regarding the eval:atlion pracedures
existing in NALCO for Cardcnaceous materials. It wsas informed Lo
NALCO thal JNARDDC Carbon laboratory will likely o be installed
during the end of 0Oct®93.

JNARDDC experts informed MNALCO thatl during the installation
Carbon laboratory at Nagpur, JNARDCC will use ra- maleriais f
testing from NALCO. The tes: resulls will be comparaa w»ilh that
NALCO. As the JNARDDC has & nore complex method for 2vaiualion, 1
resulls will be sent 1o NALZ] with complete evaiual.dn procesure 0
data, to be verifiea aul atl NALCO end. The JNARCDC znz MNALES agreeg
that afier the insta.lation of Carbon laboralsry &anc :smpar:ison  af
Test vresul?s, & joint praject activily for 1ncr:ase anoda buit
densily wili be taken up in lhis field.

o OO0
R PR B e T /]

e

It is well agreea that by he end of Auj’93 NALS 0 -il. be senuiny
the following raw matarials to JNARDDC , Najgpur ror avaiuatian:

1) Coke - SC ~13.
11) Pitch - 25 -9.
1z:) Green Anode - 22 3.

Pastle.

.o

1v) Pra-pai.ed ancda- C nos.

core sample.

As  reguired by NALZS the Li:ilisation of useg Psi-..s5inings ,  Lae
JNARDDC :informed <Shat the -iltarature for the same w~iill L& made
available by the 2na of 3epl’?3.I11 i35 recommenaed i, _I:~ARDDC 2xperis
o arrange 3 joinl me2ting 3. the 2na af Sapt®9Z insrizs L9 proczss
the ,0ss51niz 3laps o the Tiz:¢ of wlilisatiom 3fF 2™l pol-linings.

SHARCEC 2:perts arganised a Lec:ura far trainlng 37 el perionnel
tn the riela af "Zasics of ~.uminium Zlactieclysis’. ZZ exsculives
from -1 Lo &-7 gJrage and Cne Supervisor aitended “ne .a2clure.

MALCC has emprasised very muLini on modelling of Cell I:I7s
speration. JNARCOC :nformec "ALIS apoul “heir furirzs L

v nes

d1ra2clian. -% was s2cided -hi> She wor:—:nop 0 AGLz..i) AL JNARDCZ

wrucLion anc
ans .n “his

~

ot

in Nasgpur in last Jortnignit ar Sepit2 will de slacLingpeint  for
modelling act:ivities. Durin: lhe mocailing work-sns: a Joial  Leam
wi'l be formed in <lose :z:siperation with difforzcn’ Jniversities,
research 9rJanisalions ANg Ziumlnlum indusliies. T-i3 team and  ils
progrezs  will S8 Co0rfuinEled Dy +HARDEC . .nL-S -3guestad Lhat
development 3¢ novdels snouil s@ a Line Jound Lrogrita. the initial
work may bLe for develapplag a” W@rMAas Ja.AnC2 w0d2. «nLos should  o#
axlanded Lo +.ecleic and sagnetic mode.s. Modeis 22 .erified oy
actual measurament  ai MALCID. JMNARCIC :iaformed NALIS  thal ih has

already taken some steps 1n this dirz2clion 4nd wi.l 22D NALCS w2l
informed aboul ihe projress made.




(AGGVT. CF INDIA ENTERPRISE)

7. A joint team has to be formed between NALCO and JNARLZ: for carryinj
out detail process siudy with the help of mobile van. This mobile
van studies will be carried out joinlly lo access +r: changes 1n
Operatian after the modification . In this direction 200 team will
be given a training at JNARDDC Nagpur on the =z:iipmenis and

evaluation procedures.

a. A detail discussion with Add.Gen.Manager Mr.S.B.Nay:z-. had taken
place in the field of calivration of Pot line curren- m2asurement,
earth leakage current measurements and fore-casting -z life of the
Patlining and Pot failure mode etc. It was also g-:ntad out by
Mr.Nayak to provide detaiiad technology for welding z.uminium Bus-
bar /Risers withoui interrupting D.C currenl :.e. mz:netic field.
For alli the above poinis a:scussed wilh MNALCO, a tech-:.:3al prograsme
will be prepared by JNARDDC al Nagpur and will be ser” 33 NALCS.

)

- Heat flux and some Sensars w~ill be transparted by J1.2=2ZC to BALCO.
Remaining Sensors wili be in safe custoay of NALCGC .11 The naul

projgramme.

HALZO JNAFRZZC

3 = Mahapalra. Dr. o HZ-.aWh.
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EXPERIMENTAL AND MEASURING RESULTS

In first phase of revitalisation programme. siz c2ils in
celi house no. 3 were selected for experimentzation. cut of
which 2 nos. (322 and 323) wers old cells and res: (321,
324. 325 and 325) were new. As per the work zrograc=e long
side crust of these new cella was broken every hour and
aiumina leveling done on the long sides aZter br=2king.
After a pveriod of four to five days set point fcell voltage)
was increased for the “young cells”. Aiter this Incrsase in
voltage there was stable operation ocoserved in ths cells.
This affect was indicated by lcwering cZ eleczrolyte
temperature. increase in anode effect value and cecr=asze in
Si content of the metal.

Next step was to decrease the bath and metz. leve_. zs per
zhe targest heizht given in the drawing of rezor= :suzaittad
-5 2ALCO i.e. 28cam :f metal level tefore %tazolng ¢ 26cm
3 -2r tapping zné 17-iZcm bath level. Zecause 3I 26I ziudege
removai irem the young ceils the metal ana zath ilzvel was
decreased in a caZs way. This process waz ful_zwed by
measurements ané can oe Seen in annexure - 7. The cnanging
AT eleczrolyte cemperature and Si content in sath -=n aiso
se seen in arnexure - YII. The modified a_umina Zeeding
system wae established in the young celle ani =20z cludge
was remcved wizh oroposed bath and metal heiznt.

‘ng c=he measuring period "deck piate waz cleznes and

Zuring th ing
spraker 2ath was remcved Irom deck pilate ares zn< i3 lumps
7 arugc Wwere oot 2nErZes 1ln cell guring <he: perii: wnich
secrease the »nek of siucge formaticn at né satnaas COnIom
sue =5 net Jizaslutisn oI these crust Lumps

TAy =-ne 9igd =2eils <ne situation was lore s-opliniize. 3Y
-nmeraducing She echedule Irust Breazing 3IYET M :AC ilUmina
‘aading -ecnnc.cgy iand orezking 5T leng ailde =nd zniTe sice
~emnued <he sort s.adge Zeorm hhe szZhcce tanTLm I The
e lz. Ia zhess ceil: zhe nath and meTz. L2ve_ waZ izireased
Eve LWl aut  InSartunatelv  duriniz o oL o o Eobd
_lguid LEvel IlME somnrmz ity WAS I2TECLEC Ge
surwent  iizorizution ang owuring Tness ne . ne
Lizuig Lsvel was mere than 3vem. iIiz as
mizn rizi of c2il l23gage Irom the er par on
-~e hagiz a7 <he me:surements Aand I Itz =z Wwag
sanciyudes -hast hard Tuck cannot be remsves I r¥ace
57 shess cells Tvoagive ~enzioned TETICCE. the
nard depszic remevi. DrUSSCuTe TOTS 1iZ2% ig
~esammenied <nzT Che tart 2eposlt 3pcu-2 he _y
and during caig nzrd eposit  rem wal . nt
iizrpigucion Jata snhould be  aiways se checred, he
orocese o 2Xperilent once hard depcsit was remcv2d form
cel 322 tut there wag no improvement in cathede zurrent

3 T

annexure - VIII.
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UnZortunazely in middle part of the experimentation perioed
skimming in the bath was very high. Due to this hign
skimming. high Zrequency o  anode effect, sludge at the
cathode zottom 13 was not possible to acjust the set zoint
fcr temperary pariod. Thus it was ccacluded that wizhout
rexoving the czrbon cskimming it was not possibiz  to
successiully continue the experiment. That was the reasca it
was Dprcoosed  that  carbon skimming should be  rezoved
evervdar. Asd simuitaneously anode operation section 2 be
censulites fregusntly for modification in ancde current
distributicn ¢ reduce the carbon skimming. For <his a
me=ting was organised with anode operation secticn
exc.ain them thes importance oI anod2 current distrizuiicn
ang nacessary action was precposed Icr the same annenure -

= Y —_——Ca ~
-ve

PUPY O

Thes main reascn in our opinion for the high skimming in the
ce_l le Zus Tz iloproper anode current distrizution. After
anz.veing the &ns2e current distribution date and resuits
{Ennexs iz

e 7?77, iz czn be concluded that current lscadinz is
T Ior 2 _evels ang it Keeps on changing.

0.

Evervdav zmelter nanagement was consultec and was exp.z:ine
£2uT thz measurement results and protlems in the cells wit

o wed T

1

1
approzorizie procesure Zor resgoliving the problems (annexure -

Hez27T telanc

Der.zc zus I3 .,

.. L»regular zncie effects : The ancce eifecis were very
irregular and itg Irequency was very nizh . During the znode
gil=2ct 11 wWas nst possibie to break :the sides and :Czec
3_U.TInE TEo3use oznual breading was a Long periol Job

i sncde surrent distributicn data 2nd cazihsde  current
ilzTrizuziIn Zatz showed improper current discributicn in
anIzz ans cathzas.

T was :zzreed with smeiter management that it is not
oces15.2 30 3olve all these problems in 3 no. of cells and
<ns znms_t2r panaZement droposed not to extend the experizent
tn 22 ac. 27 z2lls. During one month experimental perics on
~n2 naze 37 axgeriment procecure, smelier management declied
~hz2 L3 will zomtinue these experiments in only 3 no. of
el 203, 325 and 324). During second phase the main Iscus
27 worx will be <o follew up and fulfill all the work
proc=cure wnich were recommenced in work plan submittec to
ZAL.C manzgerment and was not Zoilowed in the period of one
menth experimencai period except for the cathode.

e wzs not proper during the experimen:iz:zion

L—-:v—-—_r.- -




[ o

The improper anode current distribution data was a
hincderence for adjusting proper cell voltage to ccmpersate
for higher resistance. The marking of stud £lexi:tle,
changing of the stucs and proper tightening oI the cizzts
will be dcne for better anode current distrituticn. In case
ol improved anode current distribution by following =zzove
procecure but carbon skimming not reduced in that case will
be mocdification in ancde paste. All the 13 experimenzal
ceils were suppiied with digital voltmeter which helpes in
determining the anoce effect value and was very help <he
data for analysis of pot operation during the experimen:.

All cell decx plate was cleaned anc removal of crust dens =
per the work plan.

Some prodiems was accrued during experiments. The Iirss
prase or revitalisation programme orf BALCO mocernizaczior was
successrully  complezed. the remecval of S0l sluzs
decreasing I metal ancd tath level and cieening orf :
piate was done as per the programme. This acticn givas
possibilicy of good alumina feeding technclogy, which is the
vasic requirement of modernisation. ©On the base <3
experiment it was concluded that hard sludege is vary
i1iZficult to remove form the cathode bottom. Eut <w=ry
carerui.y using and necessary cat.ice
current distribution data can be done with lowering :ins
meral level. The experiment clearly 1indicates zhat =2
Sursher improvement during  the revitalisation progrizze
wizhecut TediZving .

]
Wy e

wer
~

’

he ancde current and cathode current diztribuzicn
jod 4 ~ - 3 . + -
aeducing the skimming generatinn
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ANNEXURE X
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ANNEXURE XI




JAWAHARLAL NEHRU ALUMINIUM RESEARCH
DEVELOPMENT AND DESIGN CENTRE NAGPLR

DESCRIPTION OF THE FACILITIES AVAILABLE
FOR MEASUREMENT AND MONITORING OF STATE
AND OPERATION OF THE ELECTROLYSIS CELLS

MARCH 1993




The JAWAHEARLAL NEHRU ALUMINIUM RESEARCE DEVELOPMENT AND
DESIGN CENTRE is being established in Nagpur by <z=
Government of India with the assistance of UNDP. The Cenirzs
has as its constituents the departments of aluminz
production research, a’uniniun electrolysis  Tesearch.
analytical techniques and instrumentatica and control.

ITn the fraze of the alunminium research department, an
electrolysis process monitoring unit was established anz
appropriate activities already started. The eculppents

available in this unit include the following:

- 16 channel data acguisition and processing systsx,
including potential separator, filtering procecdure z=2

processing software (noise aralysis, controlled tappinc
procedure, anode eZfect prediction, anode ff=cz
paramecers, potential discribution in AC gap, EIMF etc.

- Heat Zlow meter (Kem-therm)

- AGA thermovision

- Magnetoneter-I for measurements in molten meta.

- Magnetoneter-II for neasurements in pot room air

- Noncontact thermometer

[}

Temperature measuring unit

As a part of the activitlies of this unit, the Zcllow:ins
neasurements have already been carried out on a set oI ¢
(thirteen, in Korba in crder to characterise the present
status of cell operation:

- all electrical parameters of the cell
* noise analysis
* value and duratizn of anode eifect, resistznce

change before ancde effect

* ceil resistance as function of time for
determination of ceil routine (stud pulling,
alumina feeding, anode position changing)

* electromotive force (EMF) by current sinking
method

* potential distribution in anode cathode gap




4
!

- thermal state measurements

* electrolyte temperature and superheat

cetermination

* heat flux measurement

* surface tepmperature on construction elements
- magnetic field measurements

* magnetic field components in molten metal

* magnetic field components in potroom

In addition traditional zeasurements such as anode vc_tage
and electrolyte composition were alsc made.

The following software programmes are used for evaluaticn of
cell operation :

- Calculation of voltage and enmergy balance from
measured data

- Calculation of magnetic field induction components
from measured data

- Calculation of anode and cathode current
distribution from measured data

- Calculation of the voltage losses in ACD-gap
The complete evaluation svstem is sho#n in Annexure I.

To nodel the cell operation <the following computer
programmes are used

- Calculation of heat temperature in cathode lining
- Calculation of metal velocity and distortion

The measuring procedures znd the cczpliete evaluation mezhcds
are used to deterzine th2 energy and voltage balance of
cells and to improve the parameters of the existing cells.
All the data measured eariier (June 1992) were stored in a
computer.

Based on these measurements and the evaluation of resul:s
the status of cell operation was determined, and a pbroposal
elaborated for improvement of performance parameters. These
measurerents and evaluation methods are suitable for
improvement of the existing situation by improving the plant
discipline and introducing new cell operation procedure.

-——--———-—----1
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Results of some typical measurements are indicated in tZe
following section.

- different kinds of noise

* normal noise (Fig.l a)

* wavy (Fig.l1l b)

* noise caused by spike (Fig.l c)
- EMF values (Fig. 2)
- anode effect on sick pot

* increasing phase (Fig. 3 a)

* wnole anode effect (Fig. 3 b)

- Process monitoring change of resistance (therefors
alumina content) with time (Figs. 4 a,b and c)

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

- Typical anode and cathode current distribution (FIgs. 3
and 7) ‘

- Heat losses (Table I)

- Magneto-hydrodynamic curves for existing technolc3y
(Fig. 8) ’

- Voltage components in ACD-cap

- Some identification studies for modelling of
existing cell (Fig. ¢}

211 these nmeasuring equipnment would be mounted in a moklle
A fra-

van in the next month and zhe van could be easily moved Ir:z:
one area to another.




. _ ANNEXURE-T
| DETERMINATION OF MHD-CURVE |
—
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|
|
ANODE GAS MAGNETIC FIELD | |NOISE | |ANODE POSITION;
i COMPOSITION INDUCT{OR EMF | MEASURING :
. : MEASURMENTS | |ANODE | ! —
| : EFFECT

| !

| | L

l | !

1 . ! ] s
HAPTMANN- BRAUN | M&GNETIC FIELD DATR ACGUISITIOM;
INFRARED GAS | INDUCTON SYZTEM
ANALYSING ' MEASUREMENTS .

C02/CO CONTENT | IK MOLTEN METAL ;
— !
i
- 1
PEARSON-WADDIGNTON Bx, Be, Bz THERMAL
EQUATION FOR DETERMINATION STATE
CURRENT EFFICIENCY TVALUATION EVALUATIGN |
- —~
f N
Hz ABSOLUTE | | NOISE l
& AVERAGE " [ewecrromorrve] —L——
VALUE —— FORCE VALUE ANODE |
EFFECT |
INSTABILITY LEVEL INDIRECT WAY TO INSTABILITY
AT DIFFERENT ANODE SVALUATE CURRENT MEASUREMENT

POSITION

ESFICIENCY




rable I : HEAT LOSSES IN THE CELLS

CONSTRUCTION HEAT AREA TOTAL % HEAT
ELEMENTS LOSS HEAT LOSS LOSS
(W/n?) (m?) (XW)

Cathode shell 348.83 27 9.5 4

botton

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 1.25 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 15.16 6

Alumina layer, - - . - -
stud losses etc.

Total - - 238 100
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DISCUSSION WITH EXPSRT OF KAISER ALUMINIUM
26 ~PRIL 1993
Discussion was organised bv Mr. LK. Agarwai GM (Planning) in 3ALCO =775 -
New Deir:, tollowing the sz-iier conzos of "NARDDC on pessidie czmilioauer 7 e
Centre it the modemisation grogramr: Jf BALCO's aluminrium smeizr 2 Nor-2.

The roilowing persons were present:

KAISER TATA BALCO INARDSC
ALUMINTUM (KA) ENGINEERING T2
Ranv Dhameja N.K. Manakuaiz I.X. Agarwai Dr. T.2.
Project Manager ~ Manager Busirz:;  GM (Planning)  Ramacnandras
Deveionment R.L. Khitha Dirzcior
Dv. GM Dr. .. Zzmbo
CTa

At th= ouiset a brief information on =2 2stabiisnment of INARDDC :na the .:ivina
aiready started in the fieid of measurs=2nts of aluminium electrolysis ceils wa: Zver
ov Dr. Ramachandran.

(" .-mrea vn T R

The ietter orfenng the services and in:2-mation on capabiiity of the Cenire
nas not rzached Mr. Dhameia: therz-are :he data required for :ne iaboroioa of
engimeering for pot control system wz: Jiscussed in detaii. On the dasis ¢f discuiion

Authoniuas of the Cantre reir, that;

« JNARDDC 1is presentiv capable :: colisciing . measuring ang vauauns 0 o2
datz required ior KA to clabora:z :ngmmeenng soiution (soltware: [0r DO . atfC.
system

-

+  Reporns on measurement  carmes ot o May o june 1992 ane oropesl: e
modarasation of BALCO's smeizzr it Korba consist of all daiz a6 inier=auces
necessary for KA In the present si222 of work

JINARDDC couid wransrer us2tui informzion on cell operaiion in view i

- the Centre in co-operation with :=z 2xperts of the company are vo2raing - 2rous

of cziis at Korpa with parame::rs and work rouunes se! o1 e Sziis cf

measurements and evaluauon

- international experts of the Centre -2 extensively invoived in the c2veiopmen: anc
operzuon of ceils simiiar to or ¢7 :7e same type as those in RKuroa: thev ‘
avaiiadle for consuitation and co--72ration in the Centre from Sesiember (-23 0

March 1994




INARDDOC in the frame of a bilateral contract with KA are ready to:

transfer all available data recently coliected and measured in connection with
modemisation of BALCO smelter at Korba

carry out anv additional measurements - if any - required by KA for the przparation
of engineering packages in the present stage

carry out all measurements required for the fine tuning of pot control system in the
phase of operation of test control units

The following actions were agreed:

experts of INARDDC would be availabie at the site on 1st and 2nd May 1993

when Mr. R. Dhameja is at Korba
the measurement capability of the Centre will be demonstrated and information on

the available data and experences gainec with the expenmental cells will be
provided

In case Xir. Dhameia finds. during the meeting with the experts of the Centre. that the
the capability ior undertaking measurement and reliability of data to be transierred 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 expenimen:al controi
units for fine tuning shouid be agreed

any other services (training, supervision etc.) which may be offered o KA
required from INARDDC should be discussed and recorded

Mr. Dhameja wiil inform authorities of KA on the outcome of the discussion and the
site visit, while INARDDC would consider and submit to KA the financial aspects of
their proposal . wnen the scope of work is outlined.




- ) . .
. = B bl Lo S R TN -
Chamejz was Intrzoucszi T
casure -o inTroduse e o

re ¢ inTroguce . Tro=T
= "o - v mm - o -
msasuring 2qulT;mEnIE =z

(LT RIS |
(KR
1L
'J

the mezsaring egulsmenies z=nc
eme TS - -~ «

Iield on eluminium
tnh Mr Dhameja abou:
!!IE'S.I‘." g °3L ""le....- pots] C'.-;E::‘. R i)

Ne =~

ation programme 3% 3ALID noInz nEra o o
DY halser reprece
van appearef sussic:

S recuired dv nATZI.

representative follswing

- .7 w=zg inizrmed Dy Kailser representziive thal Iaor tre
insTz_lztisn  2f  experimental pot controlisrs. IiTe
mezcurenent will be needed and nheat Ziux neasuremenIz zre
neece :,o dezezrmine heat state o cell in this perigz. 1=

czed., for the description of Jata Acquisition Syscenm.
Z ent to the KATSI centre for the study oy z:p=r

21 tziser re Tre centative assured JNARDDC that on the ozs:-=
2f zzterial <hat was handed over to him by JNA&RDDC ang :z--=
impression, ne will inform the Kaiser management and Zasz =n
this :.riorma ion Kaiser management will inform the JNAZIZZ
Emw =

y other Zacilities and services required by them.




b

Or the btase of the above :nformation and detail ciscussion
wizh Kaiser representative. it was decided that tne JHUARRDC
will prepare a praposal cn the activities. se>-ices and

ecessary requirements arnc¢ send to DirecIor . Techniczal
er-izes’ Raiser for his ccnsideraticn.

o
-
2
<

FOR ZAISER FOR JNARDDC TEAM

RAJIV DHAMEJA

| Y
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JAWAHARLAL NEHRU ALUMINIUM
RESEARCH DEVELOPMENT AND DESIGN
CENTRE NAGPUR

PROPOSAL FOR MEASUREMENTS AND DATA
EVALUATION ON BALCO ELECTROLYSIS CELLS

MAY 1993
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JAWAZARLAL NEHRU ALUMINIUM RESEARCH DEVELOPMENT AND DESIGN
CENTRE NAGPUR

PROPOSAL FOR MEASUREMENTS AND DATA EVALUATION ON BALCO
ELECTROLYSIS CELLS

in

22 on the discussions held between the representatives
<ns Jawaharlal Nenru Aluminium Resesarch Developrent and
sign Centre (JNARDDC) and Mr Rajiv Dhameja of Kaiser

HER WA ¥ BV
N R ]

Zu=inium on 26th of April at New Delhi (Annexure - I )} anc
> st of Mav at BALCO, Korba (Annexure - II), a pronosal :s
Zrzczred v the Centre for nar°1c1patlon in  the
~cisrnisaticn programme of the saelters 1in the 3harat

~.czinmlum Ccozpany by way of making mneasurerments on  the
r2lysis pots and evaluation oI the mneasureZ data
zwing the record notes of discussions with M= Ra;
n2msTa2 at 3aALCC, Korba, this proposal 1is divided in
Tnra2s sections, details of wnich are given below:

ft

i
<C

SECTION - I

In1z sscticn basically consists of three parts Inclucing,

b

- RO the data (traditional and nentracicionai;
csilected during measurements by the JNARDDC ctear 1n
Zune, 53292 for the determination of the cell state.
Jetalls are enclosed as Annexure’ IZI1.

-

2l Zvaluation / recommendation repor:t prepared by SNARDDC
0 determine the cell state of BALCO smeliter with the
Zollowing contents :

- Anaivsis of cell operation
- Analvsis ¢f voltage components of cell

- Anode voltage drop and anode current distrizuticn

- Bath voltage drop; sludge formation, hard muci
removal and skimming generation

- Cathode voltage drop and cathode current
distribution

- Vol:zage balance of existing cell operation
- Abnormalities in cell operation

- Conclusions and recommendations




n-----------

- Reasons for low current efficiency and high
energy consumption

This part also provides information on typical voltage and
energy balance for the BALCO cells.

{1ii) Revitalisation programme based on the evaluation
and recommendations report; this part contains
details of revitalisation programme which was prepared
on the basis of the evaluation of the measured data
and the conclusions drawn from them. It consists of
two sub-sections which include all the measurements
carried out during the revitalisation programme (March
and April 1993) and evaluation of the data
collected. The main contents are:

Information on all the measured traditional and
non-traditional data collected during the
revitalisatior programme.

- Main topics of revitalisation programme 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 programme

- Main steps of revitalisation programme and the
paraneters of cell operation achieved after execution
of this programme including sludge removal, set point
increase, adjustment of metal and bath height,
alumina 1levelling 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 distribution, anode effect
killing problems and hard muck removal problem

1 the data collected during the implementation of the
vitalisation programme are available; this along with the
luable experience gained by the personnel of the Centre

>

i
-4
e
e
-

ing the implementation of the programme can be shared
h KAISER.

-
-
w




SECTION - II

This section consists of two parts including

{1) Measurements required for monitoring the cell bexavior-
in our opinion one set oI measurements will pe of
inmense use for tuning the pot controllers beizre anc
after the installation. In this measurement the DATA
ACQUISITION SYSTEM can be used for monitoring the cell
behavior in detaijl.

b
~

Thermal nmeasurements including heat flux and
temperature - the heat £flux measurements «w:ill be
carried out with KEMTHERM heat flux meter and with
different heat sensors as required before and alter the
installation of pot controllers. Terzerature
neasurenents for which the heat flux sensors cannct be
used, e.g. as in busbars, will be carried out v NONN-
CONTACT infrared type telethermometer.

po

SECTION - III

[ 4
Tals section consists of a brief introduction to 2all cthe
zJulpnents housed in a mobile van for carrying out thermal,
tectrical and magnetic measurenents on electrolysis cells
:nd  2n  introductory write-up cn the capabilities of the
2ntre in the fie.d of aluminiun smelting (Annexure - IV}.

‘e would also lixe to add that the Centre will be able to
tzrrv out other -easurements wikich in our opinion will be
I .:m-ense use 3uring the ncdernisation progrars=e. The
2asurerpents are

- Alumina granulometry

- Bath analvs:s

- Current eZ:iciency measurement (short term by zas
analysis)

-IARGES FOR MEASTREMENTS, DATA EVALUATION AND OTHER RELATED
“CTIVITIES

-5 per the discussions Wwith Mr Rajiv Dhameja we are
croviding details of charges for undertaking “arious
:zTivities:

Tor sectiz- 1 relating <o the parts (i), (ii) and
(iii), a br.af cre-feasibility report will ke made
available w.th 2all the details requested and the
charges Wil. be 25 follows :

- »

Y ¥
~"ALUATION/RECOMMI2DATIANS
*ZVITALISATION P=:3RAMME

us s 75,000

4 se as

S m e e e v s o — s - ———— -
S




2. Charges ror the measurements described in section II
which will be carried out as per Kaiser’s requirements
are as follows:

THERV:T MEASTREMENTS

We zare abie <o complete measurements on one cell in a day
(24 ors).

Charces : US $§ S00/DAY/POT

We =rz able =c conitor 13 cells at a tize:

Charzes : US $ 600/DAY

any  sther <Zfacilities and services required by Kaiser
aluz:zum  during the modernisation of SALCO smelter can be
provided sutject to their availability at the Centre.




ANNEXURE - III

NONTRADITIONAL MEASUREMENTS

1- List of cata

Loise - 325 noise data fcr 13 cells

znode =Ifect - Whole, developing and
increasing data Zor 13 cells

node znd - 15 data for 13 cells
Zathode current

iistrizution

Cell aonitoring - Current, voltage and corrected
voltage data for 13 cells Zor
a period of 25 davs
Stud pulling
Alumina content trend

detection
TMF va_ue - 40 data for 13 cells
vMetal zsuching - Construction elerent drop,
zethod anode - cathode distance data

for typical cell

TRADITIONAL MEASUREMENTS

- Zath tacperature
- vetal neigh%

- 3ath height

- cathode drop

- Ahode drop




THERMAL MEASUREMENTS

- Heat flux measurements for one typical cell

- Measurenents with Thermovision for one tyzical cell

MAGNETIC FLUX MEASUGREMENTS

- Magnetic field components in the dolten netal /3y, By,
3,) on 10 points for one typical cell °
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PRODUCT DRAWING

SLNO A B ?

4 120 Moo 7

t T

A | 3 2o lm T

/ ./é 1 | y %o loo 7o

. o ——— e .-

 Tuyse_{o%n~ _ENDED)

N = 3G
LRETING, NST20GelE

A
CPLL. DImEASITNS

i | : N (”'!’j
L One  EnD Crosen T U BE : '
SR. NO.™ A 8 c 0 E Fo G H
PRODUCT NB -SiC DATE - 343
CUSTOMER naslad Nt M '
Jawo ned GNO DRG. NO. 3T 3o
CUSTOMER DRG. NO -
| CUSTOMER PART NO. - GNO PART NO SV 39 )




Product Information

Nitride Bonded Siicon Carbide

Adiroabenont beoe'

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 efectrical conductivity

* O % * X % #

* Kiin Furniture like Batts, Hanging Setters, Hollow Bars and

Tuses in thinner sections for ceramic industry.

Hail Cell side walls (in Bricks or other shapes) in eiectrolvtic
reguction of aluminium oxide.

+ Zincand Copper smelters tapout and condenser lining.

* Thermocoupie Sheath, Launders, Nozzles, Spouts. Feed Stoppers.
Spoons etc. in non-ferrous foundries.

* Sprav Nozzles in SO Scrubbers.

« Wezr resistant lining for pipe bends.

- erwbtrmaan e -

Cherrical anaiysis

. s W ocp 4 4000 PREEASERRD XY
N . RS EN A I T S
e . . ¥4
3
0
N,

SHW Min (%) 73

Max. use temperature (Deg. C} 1200
Bulk Density Min (g/em’; 2.3
; Apparent Porosity Max (%) 18
Modulus of rupture Min (Kgem™
; atroom temperature 329
i at 1250 Deg. C 430
! Cold c:ushing sirength Min (Kg'cm=' 2C0
; Emissivity 0.6+
Thermal conductivity (W/mk) 15
5 Electrical Resistivity (Ohm/mm) 36Co
! . ..
g ;
’ GRINDWELL NORTON 17D

Industrial Ceramics Division, Army & Navy Buil dina. 148 M .
Tel: 244727 Telex: 011.82840 Fax: 0222073711, &+~ ° Koec. Bombey-400 023

SR =
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VOLTAGE COMPONENTS AND ENERSY 3ALANCE IN THE AC GAF
AT THE DIFFSRENT CURRENT LIADING WiT= CONSTANT HEAT _3S3I% -

- MEASURSD DATA

TYPE GF CELL ) : SGD:PBEQU
CRYQLITE RATIO -
AVERAGS ALLMINA CONTENT e
CALCIUM-FLUCRIDE CONTENT £y _Pf.?u
SLECTROLYTE TSMPERATURE ';f : JE3.00
AC DISTANCZ t:?s ,-:
_INE CURRENT .4;? Xy
ANCDE WIDTE f:::
ANQODE LENGYF :*
CELY VCLTAGE - : .-
TURRENT MCTULATION =
T ZE=TIIENCY .
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VOLTAGE COMPONENTS AND ENERGY BALANCE IN THZ AC GAP
AT THE DIFFERENT CURRENT LOADING WITH CONSTANT HZAT LOS5ES

MEASURED DATA

TYPE OF CELL : SDEREZRG )

CRYGLITE RATIO :  2.EZ

AVERAGE ALUMINA CONTENT (%) £.50 i

CALCIUM-FLUORIDE CONTENY (z) : 6&.33

ELSCTROLYTE TEMPERATURE {C) : 965.3C

AC DISTANCE (cm) = 3.02

L INE CURRENT (<R) = ZE.C9

ANODE WIDTH fem) 3 199

ANODE LENGTH {cmi ¢t 2T3

CEit VOLTAGE ros S.I=

CL_ARSENT MODULATION - S 25.2C

CRIENT EFTICIENCY cey s 82U ge.Clu

AMCSS VGLTAGE DRCP SN 5,23 0.22

~a==20Z YOLTAGE JRCE Vol 3.20 Cc.2s

=_Z=aR LILTASE SREP PR SRS F C.:1=

= =25 I35 OF SRGRT CIFTLIY Py e o= .81

~a_TULATED DATA FROM PLANT SATA s IE <& 235.2 -
- 1 277

=-_1_13FL™ POTENTIAL WY : t.IZ 1,227
~-=12312 CVERVECLTAGE V)
ZaoooC SSACTION CVEAVOLTRGE v
2..00iC JIFFUSICN OVERVOLTAGE )

G

.
:
H
H
~2 -LLATED E.M.F. , : :
SSZZIFIC AZSISTANCE OF zZR7F (ozmi ot Q.17 Q.&.7
RSSISTANCE OF SLZCTROLYTZ ,55; s EL.IeZ 61 .0cE
= _SZIZTRILYTZ YOLTASE DRCP SNAVE M 1.52¢
UL TaGe DRCP BETAEEN AC =°F TS B P 1.22¢c
—aLCuLATID CELL VCLTAGE Vios Z.si 2.2<c
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- - . g~ =-
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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

CRYOLITE RATIO

AVERAGE ALUMINA CONTENT
CALCIUM-FLUORIDE CONTENT

ELECTROLYTE TEMPERATURE (c) :
AC DISTANCE (cm) :
LINE CURRENT (kA) :
ANCDE WIDTH (cm) :
ANODE LENGTH (cm)
CELL VOLTAGE (V) =
CURRENT MODULATION (kA) :
CURRENT EFFICIENCY (%) :
ANODE VOLTAGE DROP V) :
CATHODE VOLTAGE "DROP (V) =
BUSBAR VOLTAGE DROP (V) :
VOLTAGE DROP OF SHORT CIRCUIT (V) :
CALCULATED DATA FROM PLANT DATA :
EQUILIBRUM POTENTIAL (V) :
CATHODIC OVERVOLTAGE V) s
ANODIC REACTION OVERVOLTAGE (WY oe
ANODIC DIFFUSION QVERVOLTAGE RV AT
CALCULATED =.M.F. VY o
SPECIFIC RESISTANCE GCF BATH Jemi o
RESISTANCE OF ELECTROLYTE fFri
ELECTROLYTE VOLTAGE DROP ()
VOLTAGE DROP BETWEEN AC GAP AVD]
CALCULATED CELL VOLTAGE e
CALCULATED OF ENERGY BALANCE AT ~=Z _NCF&%
LIQUID TEMPERATURE PR
SUPERHEAT I
VCLTAGE DEMAND OF Al PRCDUCTION (V)
=NERGY DEMAND OF Al PRODLCTION (KW
MODIFIED CELL VCLTAGE (V)
MODIFIED AC DISTANCE Ccmi
MODIFIED ELZCTROLYTE VOLTAGE DROP '\
HEAT LOSSES kA
ENERGY EFFICIENCY B
DAILY PRODUCTION fnglos
ENERGY CONSUMPTION (KWM/nG i

(%)
(%)

SDERBERG
2.85
4.50
4.50

985.00
5.00

108.00

230

450
4.43

34.00
0.35
0.50
0.25
1.00

iC8 kA

¢ M
- @ man/

0.965
J.479
5.014
..785%
¢.4:17
I=.09¢C

« o=
,.36_.
. =y
1.322
- = ey
- D

3ING HEAT

54.00
90.00
C.17
0.20
0.:3
0.30

54 kA

-~
1.227

Q.014
Q.409
0.007
1.686
0.417
:4.099
V.76
Q.761

1.268

L.972
106.£7S
7.076

- bR B
A JE I S

4.4600C
<75.40%

~1

~1.0Se

391.702

23.428




VOLTAGE COMPONENTS

AND ENERGY BALANCE IN THE AC GAP

AT THE DIFFERENT CURRENT LOADING WITH CONSTANT HEAT LOSSES

MEASURED DATA

TYPE OF CELL

CRYOLITE RATIQ

AVERAGE ALUMINA CONTENT
CALCIUM-FLUGRIDE CONTENT
ELECTROLYTE TEMPERATURE
AC DISTANCE

LINE CURRENT

ANODE WIDTH

ANODE LENGTH

CELL VOLTAGE

CURRENT MODULATION
CURRENT EFFICIENCY
ANODE VOLTAGE DROP
CATHODE VOLTAGE DRQP
BUSBAR VOLTAGE DROP
VOLTAGE DRGP OF SHORT CIRCUIT

CALCULATEZ DATA FRCM PLANT DATA

SGUILIBRLM POTENTIAL
CATHCDIC OVERVOLTAGE

ANGDIC REACTION GVERVOL TAGE
ANGDIZ DIF=USION OVERAVCL TAGE
CALCULATED =.M.F.

SPZCIFIC RZSISTANCE OF BATH
RESISTANCE CoF ELECTROLYTE
ELECTROLYTS vOLTAGE DRGCP
VCLTAGE DRCP BETWEEN AC GAP
CALCULATED czLL VCLTAGE

CALCULATED OF ENERGY BA_ANCE

(&3]
(%)
(C)
(cm)
(kA)
(cm)
{(cm)
(V)
(kA)
(%)
v)
(V)
(V)
(V)

(V)
(V)
(V)
(V)
(V)
(Jcm)
LFy)
(V)
(V)
(V3

LIGUID TEMPZRATURE ¢ 23
SUPERHEAT «(Z)
VCLTAGE SEYAND OF A PRCTUCTICN (V)
SNESGY DEMAND OF a: PROCUCTIGN (k)
MGDIFIED CZ.L VOLTAGE (V)
MCDIFIED AC DISTANCE {cm)
MODIFIZD E_ZCTROLYTE VGLTAGE IRZP (v
HEAT [ (0S3E3 (v
ENERGY ZF=;ZI=NCY t%
QAI_Y PROCLUCTION {«g;
ENEAGY CCNSUMPTION ixWh/ kg

8 00 o5 40 e 20 08 0 ey e % 20 00 20 00 o

e

s

AT ThE JUNCHRANZ NS —=£4T

SDERBERG
2.85
£.30 .
4.50 -
9E5.00
3.00
28.00
1S0
230
L T
I<.0C
8<.090 SC.0C
5.35 G.i7
S.AC C.2¢
G..5 .08
$.%0 £.=3
8 «A 1< xA
1.227 cea?
C.J73 C.222
J.49¢C Q.7
¢.013 0.5:
1.8C= .=
C-'l:/- '/.;.T
51.848 &l.oe8
1.75S C.E85%
.. 709 C.23%
~.aG6G l.22E
-255&23
P27.352
JT.EFLs
L.ZSED LTS
5Z.=3¢< 7.3
5.57C
Z&.iZe
8Z, %45 s2,%:3
32..2:2 Zl.SE=
LB .zed SJL.3s2
18.C7 -Z.882
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l VOLTAGE COMPONENTS AND ENERGY BALANCE IN THE AC GA® .
AT THE DIFFERENT CURRENT LOADING WITH VARYING HEAT LOSSES
' MEASURED DATA - -
TYPE OF CELL : SDERBERG
l CRYOLITE RATID :  2.85
AVERAGE ALUMINA CONTENT (X). : 4.50
CALCIUM-FLUORIDE CONTENT (%) : 4.50
l ELECTROLYTE TEMPERATURE (C) : 985.00
AC DISTANCE (cm) : 5.00
LINE CURRENT (kA) : 108.00
ANDDE WIDTH (cm) : 230
l ANODEZ LENGTH tcm) : 650
CEiL VOLTAGE (V) :  &.4&3
CURRENT MODULATION (kA) : Se.40
I CURRENT EFFICIENCY (%} : E4.00 £7.50
ANSDZ VOLTAGE DROP Wy o+ 5.2 c.2e
CATHCDZ VECLTAGE DRCP (V) : .40 .I2
I SUSRAR VOLTAGE DRI® W) :  0.35 ¢.26
VOLTASE DROP GF SHORT CIACUlT (V) : :.00 0.80
l CALCULATED DATA FROM PLANT DATA :  10B k& €s.4 »A
SGUILIZRUM POTENTIAL Wy s 1.Z27 ey
CATHCIIC OVERVOLTAEE (V) @ G.065 C.066
l ANGDIZ REACTICN OVERVOLTAEE (Vi :  0.479 C.256
GNCDIZ DIFFUSION OVERVOLTE3Z (V) : 0.014 3.211
CALCULATED E.M.F. (Y : 1.785 D.TES
l SESCIFIC RESISTANCE OF 557 (jcmi : - 0.417 o.z17 "
RESISTANCE CF ELECTAQLYTS ifyr :  14.099 12.09%
_ €:SCTEOLYTE VGLTAGE JRGP (V) :  1.5323 1.Z1E
' l YOLTGES DROF SETWEIN AC 3&° V) $.323 .2t
A ZALCULATED CELL YO.TASE (vi ¢ Z.32C z.ClE
l CALCULATED OF ENZASY BALSWCI AT THE 0 % DECRIASEI =IAT LISEIZS
LIGUID TEMPERATLRE {C) : 967.052
l SUPER~EAT (C) : :7.948
VOLTAGZ DEMAND CF AL PRGILITICH (V) : 1.886 L.53e
SNERGY DEMAND CF Al PAGDLZTICN (W) : 2C05.036 -3
MCODITIED CELL VOLTRSE (Vi s l.286
l MODIFIED AC DiSTANCE tcm) T.:.83
MODIFIED ELECTROLYTZ VOLTASZ DRCP (V) : :.750
HEAT LOSSES (kW) : 275.408 723.324
. l ENERGY EFFICIENCY o (%) : 31.395 2Z.253
; ) DAILY PRODUCT:ON (kg) : 731.176 &c%.3213
ENERGY CONSUMPTION (kWh/ka) : :5.716 15.277
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‘AND ENERGY BALANCE IN THE AC GAP

" AT THE DIFFERENT CURRENT LOADING WITH VARYING HEAT LOSSES

1. 2 -
MEASURED DATA T
TYPE OF CELL
CRYOLITE RATIO
AVERAGE ALUMINA CONTENT (%)
CALCIUM-FLUORIDE CONTENT (%)
ELECTROLYTE TEMPERATURE (%
AZ DISTANCE (cm)
LINE CURRENT (kA)
ANODE WIDTH {cm)
ANODE LENGTH {cm)
CSii VOLTAGE )
CURRENT MODULATION (kA)
CURRENT EFFICIENCY (%)
ANCDE VOLTAGE DROF )
—ATHCGDE VOLTAGE DARGP W)
TUSEAR VGLTASE DAGP !
;CUTAGE DROP OF SHORT CIRCUIT V)

CALZULATED DATA FROM PLANT DATA

SSUILIBRUM POTENTIAL (v}
CATHDODIC OVERVOLTAGE V)
ANGDIC REACTION OVERYGLTAGES {7
EN2DIZ DISFUSION OVERVOLTAGE W)
—aLCULATED Z.M.F. )
€=sCIFIC RESISTANIE OF BATH ( jem)
SZ3TSTANCE GF SLECTROLYTE (7))~
* = ZCTROLYTE VOLTAGE DROP 4
yCLTAGE DROP SETWEEN AC GAP (V)
~a4_CUiATED CELL VOLTAGE (V)

. emr e
- e b

—=QUID TEMPIAATURE (T
CUSSRHEAT ()
=i TAGE DIMAND GF AL PRODUCTION (V)
=\vEZSGY DEMAND OF Al PRODUCTION (kW)
~=3:FIZD CELl VOLTASE (V)
~C3IFIED AC DISTANCE (cm)
voZnif{ED TLICTAGLYTE VOLTAGE DROP (V)
=ZAT LOSSES (kW)
ENCRGY EFFICIENCY (%)
JAILY PRODUCTION (kg)
ENZRGY CONSUMPTION

(kWh/kg)

08 89 84 6% e S8 se Ge 08 S5 40 e 03 e 0 S0

as 4e S8 sv ae v e

SDERBERG
2.85

61.068
1.709
1.70%
2.609

ATED CF ENSRGY BALANCE AT THE 20 %% DECRERSZC r

967.052
17.966
1.880
52.63%

68.%65
32.024
189.564
15.407

:57.970
14.981




