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Executive Summary

The present report on " Aluminium Electrolvsis Process Evaluation and
Control” is a result of the expert mission DP/IND/ 88 /O15 / 11-O5 carried
out in India from 27th March to 26th May ( with briefing and debriefing).
This expert mission is the first  part of third phase of the total period 12
months.

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

A.)  Traming the counterpart staff / scientists of the Centre relating to
physico-chemical and electrochemical measurements in  cryvolite-
alumina melts.

B.)  Assisting in the installation of electrolysis laboratory

C.) Preparation of technical proposal for second phase of Bharat
Aluminium Company (BALCO) modemisation. Effect of properties of
alumina used on cell operation.

D.)  Assisting in repairing the radiometric density gauge.

L) Offening assistance m preparation of individual work-plan for Experts
of Alummium Electrolysis Department. Work plan of second phase of
this extended expert mission.

)y Preparation of Plant measurements at INDAL Company

All these activities have been carried out and details are provided in the
report. followed by conclusions. proposals and recommendations




During this expert mission the above mentioned tasks were fulfilled:

« training provided on using of properties and process study in the R&D
activities( the course material can be in the archive of Centre)

« finalisation of the procedures.equipment and consumables for the
measunng methods

« individual program of the Scientists of Aluminium Electrolvsis Department
to realise the earlier decided tasks

« calculation for the effect of alumina quality on cell operation relating to
BALCO modemisation, it is proposed to use this calculation in
preparation of feasibility study

« measuring program was finalised at Indian Aluminium Company with
using of mobile measuring van

The summary of present status of the Electrolysis Laboratory is followings:

» the mam equipment and description of measuring procedures are available

« procurements of accessorics and consumables are in going on

« Scientists of the Electrolysis Laboratory are trained in the phyvsico-
chemical and electrochemical measurements of crvolite-alumina melts

The activitics are to be made for completion of Aluminium Electrolysis
Laboratory

« completion of procurcments and putting into operation of all measuring
technique

« procurements of one sophisticated import furnace and boron nitride
materials (tube and crucible) are to be initiated
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INTRODUCTION

This report has been prepared by Dr. J. Horvath based on this expert mission
carmed out in India under UNDP/UNIDO Project DP/IND/ 88/015-
Jawaharlal Nehru Aluminium Research Development and Design Centre
(JNARDDC). This 2 months mission is a part of the third part of 12 months
expert assignment.

According to the job description DP/ IND /88 / O15/ 11- O5 with post title
" Expert in Aluminium Electrolysis Process Evaluation and Control”.
as per Annexe-l, the expert was required :

* to provide training for the staff / scientists of Centre relating to phvsico-
chemical and electrochemical measurements

= toassistin installation of Electrolysis Laboratory

» to prepare a proposal for sccond step of BALCO modemisation taking
into account modification of alumina properties on cell parameters

- loassist m preparation individual work-plan of the Scientists in
Electrolysis Laboratory

« to prepare the plant measurements at INDAL

In addition to the job description some constructive suggestions have been
given at debriefing in UNIDO Vienna by Dr. T. Grof. BSO and at
INARDDC, Nagpur by Dr. J. Zambo, Chief Technical Adviser and Dr. T.R.
Ramachandran, National Project Director and Mr. N. G. Sharma. Deputy
Dircetor of INARDDC.

Job description and suggestions formed the basis for the schedule SWoCramine.
&8 Jratis
prepared at the beginning of this mission (Annexe- 11)

It can be noticed in the scheduled programme, that the activities and duties as
per the job description were extended by preparation of plant measurements
at Indal Smeclter, Alupuram.
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ACTIVITIES

Itinerary and list of main activities foliowing the job description. as per
Annexe I and the programme on mission as per Annexe Il are described
below:

1.)

The focus of the training programme was to demonstrate the capabilitv of

Training programme for the counterpart staft / scientists

electrolysis laboratory for studies of propertics and process in civolite-
alumina melts. During the training programme we have followed the structure
of electrolysis laboratory, which is shown in Chapter “Installation of
Electrolvsis Laboratory.

The main elements of the training programme are demonstrated on the basis
of structure of Electrolysis Laboratory, as shown below:
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Structure of Electrolysis Laboratory

Propertics

Liguidus temperature

Density

Electnical conductivity

Thermody namic propertics
Galvanic cells
Concentration elements

A2

A2l

A2

A23
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Processes

Dissolution Processes
Alumina
Aluminium

Electrode Reaction
Anode reaction

Cathode reaction

Interaction with carbon
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Al3

Al4

A2

A2l

Liquids temperature:

Application area:

Density measurement:

Application area:

Electrical conductivity:

Application area:

recording phase diagram
superheat determination
electrolyte structure by crvoscopic method

molten electrolvte and metal
effect of electrolyte additives
detection of phase transition process

bath chemistry moditication

structure analysis by determination of
degree of dissociation

detection of phase transformation processes

Thermodynamic properties:

Application area:

Processes
Dissolution Processes:
Alununa dissolution:

Application arca:

Aluminium dissolution;

structure analysis by determination of
activity ( alumina, NaF, AIF3)
equilibrium potential determination

cftfect of alumina propertics on
dissolution ( trom settled sample)

effect of electrolyte composition on
dissolution ( from dispersed sample )
crust generation properties  limited way )
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Application area: bath chemistry modification
prediction in current efficiency

A22 Electrode reaction:

Application area: detemunation of decomposition voltage
determination of anode and cathode
potential
determination of anode and cathode
over voltage
recording of polarisation curves
by potentiostatic method
by potentiodynamic method
at low sweep rate
at high sweep rate ( impulse method )
by galvanostatic method

chronopotentiometry
A23 Interaction with Carbon
Application area: determination of anode consumption during
electrolysis ;
determination of cathode swelling during
electrolysis

2.) Installation of Electrolysis Laboratory

There are two documents, viz Project Documentation and Measuring
Procedure prepared by International Subcontractor- to put into operation the
Electrolysis Laboratory as a part of the Aluminium Electrolvsis Departiment.




As per the Project Document the list of equipment was made relating to the

Electrolysis Laboratory:

I.) Real- time signal analyser

2.) Digital voitmeter

3.) Temperature measuring system

4.) Multichannel digitising oscilloscope

5. Oscilloscope Measurement System

6.) Plotter Multicolour Pen Plotter

7.) Digital Programming Power Supplier

8.) Programming Signal Source

Y.) Impulse Generator

10.) Impedance Meter

11.) Potentiostat

12.) Density Measuring Equipment

13.) Cathode Swelling Determining Equipment
14.) Anode Consumption Determining Equipment

5. Low Frequeney Signal Source

Ref.No.in Proj.Doc.
02

03
04
o8
09

11
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List of General Purpose Equipment

16.) Real-Time Signal Analyser 02
17.) Cassette Data Recorder GS
18.) Tape Data Recorder 06

19.) Multichannel Oscilloscope for Industrial Application 07

20.) R-L-C Set and Standard 42

Structure of Electrolysis Labhoratory
The main target of setting-up of Electrolysis Laboratory is:
« to understand the process taking piace in Hall-Heroult Cell
« to give more accurate data for the modelling of process

In order to reach the above mentioned target the following scheme is proposed
for the setting-up of Electrolysis Laboratory:

Properties Processes
Liquidus temperature Solution processes
cquipment; Alumina dissolution
Temperature measuring system equipment: it is done
description of procedure available description of procedure
available
Density Aluminium dissolution
cquipment: Density incasuring cquipment:
it 1s to be done
description of procedure available description of procedure
available
Electrical conductivity Electrochemical processes
cquipment: Anode reaction

10
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Impedance analyser Cathode reaction
description of procedure is to equipment:
be modified Potentiostat, Pulse generator
Thermodynamic data Multichannel oscilloscope
calvanic cell Measurement plotting system
concentration cell Programming signal source
equipment Oscilloscope measuring device
Real-signal analyser Description of procedure is
Digital multimeter available
Interaction with carbon
Anode consumption:

equipment: it is to be done
procedure is to be elaborated
Cathode swelling test:
equipment: it is available
Description of procedure is
available

Gn the basis of measuring procedure description the measuring scheme were
made and  the equipment were installed for the following experimental
technique.( Annexure-III)

Determination of carbon anode potential
in cryolite-alumina melts Fig. I.

Determination of alumina decomposition

voltage in cryolite-alumina melts Fig.2
Alumina dissolution process Fig. 3
Liquidus temperature Fig. 4

L----------




MEASURING SCHEME FOR THE DETERMINATION OF
CARBUN ANODE POLENLIAL 1IN CRYOLEEYE-ALUMINA MELTS
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MEASURING SCHEME FOR THE DETERMINATION OF ALUMINA
DECOMPOSITION VOLTAGE IN CRYOLITE-ALUMINA MELTS
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- H.P. CURRENT SUPPLY (Ref. No.13 Proj D.!

- PEN PLOTTER

- SHUNT FOR CURRENT

- ELECTROLYSIS CELL
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MEASURING
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LIQUIDUS TEMPERATURE MEASUREMENT PROCESS
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1. Furnace With Heating elements
2. Pt. Crucible

3. Refractory Brick Stand

4. Temperature Recorder (Keithly)
5. Plotter

6. Pt- Pt-Rh Thermocouple

7. Cryolite-alumina melt
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ALUMINA DISSOLUTION PROCESS STUDY
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Fig 4

.- FURNACE WITH HEATING ELEMENTS

- CRYOLITE -ALUMINA MELT
.- THERMOCOUPLE

- SPOT LIGHT

5.- MIRROR

6.- MOTOR

7.- Pt.- MIXER

8.- Pt.- CRUCIBLE




The installation of the Electrolysis Laboratory is considered only partly
completed. To achieve the full operation are requested the followings items:
Ref. No. Gov.Inp.
Electrical furnace, 2 Nos. with power supply and

temperature controller. inlet of inert atmosphere 24.25
High purity graphite crucibles. 47.
Quartz tubes 47.
Corundum crucibles 47.
Platinum crucibles 47.
Ceramic tubes 19.
Thermoelements ( Pt-PtRh, Ni-NiCr) 49.
Laboratory mixer with platinum 52.

Current interruption unit 54.

The accessories and chemicals are also required for the installation of the
Electrolysis Laboratory. The list of these items is shown. below:

Nos
Inconel crucibles 5
Quartz funnel 5
Mirrors 5
Spotlight 3
Platinum mixer shaft 2
Platinum mixer propeller 2
Pincer with Pt-slipper 2

16
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Test tube holder

Holder for mirror. mixer
Crucible tongs to Pt. crucible
Rotamezer for argon gas
Nitrogen gas

Chemicals mainly required
following:

Argon/ Nitrogen gas
Liquid nitrogen
Industrial electrolvte
Alumina ( high punty )
Aluminium ( high purity )
Cryolite ( natural )
Aluminium fluoride
Lithium fluoride
Calcium fluoride
Sodium chloride
Sodium bisulphate
Copper granules

Hvdrochloric- Acid

h-l‘--------

12
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in the Electrolysis Laboratory are the
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Ethyl- Alcohol
CO» gas
The following materials are considered as consumable :
Thermocouples, Pt-PtRh, Ni-NiCr,
Graphite electrodes ( rods )
Graphite crucibles
Boron nitride crucible
Boron nitride tube, one side closed tube.
Tungsten or molybdenum wires
Ceramic tube

Heat elements and refractonies for furmace lining
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3.) Seccond Step of Balco Modernisation Taking into Account
the Alumina Quality the Cell Parameters.

General and Background
The alumina feeding to the bath has two wavs:
Batch feeding
Point feeding
Batch Feed Method
Advantages
« Simple Process
« Easy to Operate

« Reliable
Disadvantages:

« Large Fluctuations in Alumina Concentrations
» Large Vanations in Bath Temperature

Point Feed Method

Advantages:

More Constant Alumina Concentration

Small Variation in Bath Temperature

Low Tendency to Muck Formation

Fewer and More Easily Controllable AE's

Better Bath Level Control

Disadvantages:

« Alumina is Not Preheated

19




+ Alumina is Not Preheated
o Can Cause Excessive Heat Losses
« Fluoride Emissions Increase

Aunalysis of the required alumina properties in relationship with cell
construction and the alumina teeding method:

The main requirements of the alumina should :

« be easily soluble in the bath

» form a crust and cover the top of the cell

» provide heat insulation

 protect anodes against air burning

« be suitable for the dry scrubber process

Some important properties of alumina are the following:

Alfa- content, BET specific area, angle of repose, LOI, -42 micron, bulk
density, and other properties of intere: t are:  flow ability. dustiness, attrition
index, moisture uptake, heat conductivity.

Batch Feeding

Soderberg Cells Prebaked Cells
Wheel breaker or bar-breaker Side or Central breaking

Alumina specifications for side-break pots :

can usc floury as well as sandy alumina

« the alumina should be well-calcined, No hydrate

« BET specific surface 35-50m2/g(higher BET arca increases tendency to
chemisorbe water)

e less fines. low attrition < 10%- 30 micron

0
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Major concern : dusting

The future trends are wheel breaker the cell construction i~ convented to
Knife-type breaker and introduced a uio.‘fied crust
breaking and feeding svstem by the cell an-  nation.

open side breaking cell construction is converted to
hooded point feeding technology and similarly to
this central knife-type breaker is changed to point
feeders. This trend indicates a significant
modifications in requirements of used alumina
quality.

Point Feeding Method
Soderberg Prebaked

Alumina specifications :

« only sandy-type alumina is used

« BET surface area 45-80 m2/g

« LOI(300-1000C) 0.6-09 %

« Hydrate < 0.5%

« Sieve analysis -45micron < 20+100micron,<15%
+ Good flow ability

The Soderberg cells are operating with point feeding system only in
experimental conditions, their use is not wide spread.

In the newly installed smelters point feeders are applied.
When alumina gets into contact with the bath three possibilities can be
visualised :

o crust formaiion

» agglomeration ( partly freezing )

h----------
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« dispersion of single grains followed by rapid dissolution

Initially the alumina dissolution process is determined by heat transport
process. When cold alumina is added. bath freezes ziound the grains. The
bath temperature drops abruptly by addition of alumina due 0

« heating of the alumina
« endothermic dissolution process

The heating and dissolution process of alumina can be divided in consecutive
steps, which are the following:

cold alumira hits the bath surface, shell of frozen bath forms

heating. ¥ — ¢. conversion

sintering, agglomeration: due to the conversion

frozen shell melts, dissolution begins

The temperature drop relating to dissolution of 1% A1203 can be calculated
assuming that all the heat is from the bath without effecting any freezing.

Heating Alumina 200- 977° C 94 200 J/mol
Average Heat of Dissolution 125 000 J/mol
Specific heat of bath =331.5 J/mol

Heating 200-970 °C =5.4°C

Dissolution =8.0°C

Total temperature drop = 13.4 °C

In the light of above it will be analysed the changing of alumina properties on
cell parameters, in connection with the BALCO modernisation. The expected

o
to
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parameters after finishing of first stage of modemnisation are the followings: (
Variant I)

Energy consumption: 16.500 kwh/ t
Current efficiency: 85%

Cell voltage: 170V

Molar ratio: 2.80

Average alumina content: 4.0%
Calcium fluoride content: 4.0%

Line current: 100 kA

Cell voltage: 4.70V
Current efficiency: 85%
Anode voltage drop: 450mV
Cathode voltage drop: 400mV
Bus bar voltage drop: 300mV
Anode effect voltage drop: 100mV
EMF( Electromotive Force): 1650mV
Liquid temperature: 965°C
Used alumina type: floury
Scheduled crust breaking

Interval: 20h
Alumina consumption: 1.0%/h
Superheat should be: min 20C

By introducing sandy-type alumina without any changing in cell operation
practice the parameter should be the followings; ( Variant IT)

Liquid temperature: 965°C
Used alumina: sandy
Scheduled crust breaking

Interval: 20h
Alumina consumption 1.0 %/h
Superheat should be : 13°C

The second phase of BALCO modemisation includes the introducing of
knife- type crust breaking with modification of alumina feeding technology.
The pot controller also wili be applied during this cell operation.

(Variant IT)

23
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Superheat should be:

13¢C

The calculated results are summarised in following Table

Varaint | Variant [I__ | Variant III
Molar ratio 2.80 2.80 2.65
Average alumina content | 4.0% 4.0% 3.0% _
Average line current 100 KA. 100 KA 100 KA ]
Electrolvte temperature | 985°C 978°C 965°C
Anode voltage drop 045V 0.45V 0.45V
Cathode voltage drop 0.40V 0.40V 0.40V
Busbar voltage drop 0.30V 0.30V 0.30V
Voltage demand for|1.89V 191V 1.93V
Aluminium production
Voitage drop on ACD |2.0V 1.95V 1.72V
£ap
Electromotive force 1.65V 1.65V 1.70V
Cell Voltage 4.70V 4 65V 4.57V
Current efficiency 85% 86.5% 88.4%
Heat losses 2804 KW 2380.1 KW 2549 KW
Dailv produciion 685.0 ke 697.2 kg 708.6 kg
Energy consumption 16.48 kWh/kg | 16.26 kWh/kg | 15.40 kWh'kg

4.)  Assisting in repairing of radiometric density gauge.

The repairing procedure is not completed.
5.)  Offering assistance in preparation of individual work-plan for Scientists
of Aluminium Electrolysis Department. Work-plan of second phase of
this extended expert mission. Other activities.




As requested. the prepared Work-plan for the Scientists is shown below:

U.B. Agrawal Scientist
« Data cellecting for feasibility report for INDAL. as requested by
COMFAR program
*  Assistance in preparation of BALCO R&D report
« Assistance in measurements at INDAL & NALCO
* Assistance in the activities of Electrolysis Laboratory
* Responsible for procurement of GOI input

S. Dasgupta Scientist

« Organisation of the installation of Electrolysis Laboratory

« Installation of equipment as per operational manuals,

« Temperature measuring unit. potentiostat interface. impulse generator

« Camying out of electrochemical measurements by using artificial cell
arrangement for getting practice,

« Current interruption method. electrical conductivity measurements
decomposition voltage measurements, potential sweep methods,

« Alumina d*ssolution measurements in cryolite without mixing

« Sandy and floury alumina comparison

K. G. Despande Scientist

« Assistance in installation of Electrolysis Laboratory
« Finalisation of use of spent pot line report

+ Assistance in preparation of the plant measurements
+ Assistance in Carbon Laboratory activities

G. S. Sengar Scientist

« Preparation of BALCO R&D Report, taking into account the following

materials:

« Mobile van equipment description, Balco measurements of the first and

second phase, results of cell status and revitalisation programme

* Preparation for INDAL measurements checking of cquipment and spare
o Preparation for the NALCO measvrements, magnetic field induction and

heat-tlux measurcments




Work-plan for the second phase of the expert mission:

« Carrying out of the measuring program. evaluation of the measured data,
as per Annexe IV

« Preparation of the Final Report for INDAL plant

+ Preparation of the Technical part of Feasibility Study for INDAL Plant.
(point feeding and cell automation)

« Assistance in NALCO measurements and preparation of the Process study
measuring program

« Assistance in installation of Electrolysis Laboratory

Other activities:

» Participate  on seminar "Status of Electrolysis Laboratorv”  and
"Specifications of Smelter- Grade Alumina” was organised in Centre

« Preparation of two materials relating to HSS anode paste specifications

and cell automation as per requested by INDAL
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PUNITED NATE NS INDUSTRIAL DEVELOPMENT ORGANIZATICN

REQUEST_FROM IfIE GOYERMMEN] 0T INDIA

Job DESCRIPTION

DP/ikB/B8/015/11-05

-y ot

TOSEITIILE: Expert  in aluainivam electrolysis process ievaluetion and

control

DPATE: BZQUIRED:  As soom as possible

I‘_{T_;_'?,l,; I0R: Two months

)
t
'
i

RUTT STATIOR: Kzgpur, India, vith travel within the couut:iy

!
] T el
, "

A"" [R "C : 122 irmediate cbjective of the project is! to assist the
Covernment of Indis in secting up 2 funcr.lomng Alusinioee
Rr:.ea.rch Developaent ard Design Centre cons;suny, of:

2) lenm Production Research Department

b) Almminium Electrolysis Departxzent

¢) Analytical Research Department

d) Ceneral Services, instrumentation and (,nnr.rol
Department (incl. Workshop and Hajntenance)

¢) Ceneral Adainistraticn and Finance Department

The Centre will develop capability of carrying out the
following main functions an behalf of audl in co-operation
with the bauxite processing/alumina production and alwainium
s=elter industries in the countrys

2) Assimilation 2nd adaptation of aveailable tcc}mologies

b) Providing recommendstions and ad hoc or applicd and
enalytical research to loecal industries in process
irprovement, traznsfer of technology, etc.

¢) Setilag up and operating a data bank

d) Pro7iding training of Indiau engincers

Applications s Communaations ceganding ts Job De=arioton chould be xcnti to:

Progect Peonnnel Recraitmemt Branch, Depwtmeos of tadastrial Opmbom
URDO, Vieams r2errtionsl Cestre, P.O. Bex 300, A-H00, Viewa, Arm'a
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Tl The expert will ha tequired to assisc fn the setting 'up of the

 Aluninfuz Tlectrolzsis Research Departmer: of the Cemtre, aund in
D particiculer of F-ocess evaluetion end control leboratory. The
. expert will tnderizke snd/or assist in research and iuv:estlgations
: oa alumlain elect-:lysis process evalgztion, menitoring and control.

; His pain dutics will be to:

a) prrovide trajci=gy for the couaterpart staf{/scicntifts of the
Centre  ip e meisurerent and monitoring of | electrical
parameters of the electrolysis cells, (voltzge, fluctuations,
rnoise, anodic/cathodie current distribution) zs welll as thermal
state, =aguetiz field, snode gas composition z2z¢ gas! collection
efficiacey. ;

- - - - 1
b)  assist and trzin in measurement and evzluation of process data
for 2lzinius slectrolysis cells through a special moibile van.

!
! .
) #ssist sné train in preparetion of detziled energy z-_.nd material
i bzlance of 2l=in‘um electralysis cells. f'
!
prepere techrical propossls for Improvement of cel.l:s operation
based ¢n experimental neesstizements end process dats collected.

. The expert is ‘expeczed to submit progress report sfter colzpletion of
! every split dissior assignment and a final reporc.
!

CHRLIVICAT)ON: Universisy degzee (preferebly Ph.D.) in Chemicel, Metallurgical
; or Electrochezical Engineering. Extensive experience in the
i experimertal/reasurement tecimiques for charscterization of
elmisice electrolysis cells parameters, evalustion! of process
date, preparation of cneigy and materisl balsnce of gclh:.

LGHACE Euglish
!
!

Fhe Indian alminiuvg industry looks back to a history of 44
years. The first aluminime smelter (in Alurmpars, :{cxala) vas
put into operztion in 1943. At present. there are five glumins
plants in operation and siv 2luninium smelters vith mm overall
«:apacit.yE of about 587,000 and 580,000 tozmc:j per year,
respectively.  These facilities Lelong to five aluminium
cozpenies, mnemely Bharat Aluzinium  Compeay Led. (Baleo),
Findustan Alesinioa Corporstion Ltd. (HITDLLCO), gmc Indien
Aluninivm Corpany Led. (13D4L), the Madras Alwinimm Company
Ltd. (KALCO) end the Kationzl Aluziniim Compeny Ltd.| (RALCO).
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With the commissioning of RALCO the share of the public sector in
ahminfua swelting is opore then half of the total: installled
capacity of India. Tnis indicates cthe decisive influence of the
pudlic sector on the future of the industry. The sust#ined grovth
a2nd development of the almriniuwm industry fn India, !apart from
requiring the adoption of suitable long term poiicies in,relation to
production manggement, ootput, pricing, znd fiscal levifes, is also
in need for technology and market developceat, which &'1}1 gradually
be bzndled by the proposed Centre. :
Du:ing the past years, India beczme one of the leading coumtries In
the vorld havivg substzntial bauxite rescurces, zfter the discovery
¢! large depocita in the Eastern Coast iu the nearly l9101eq The
toral hauxite reserves of India zre esticzted to be of the order of
2,650 million tomnes, shich places India on the fifth plzce in the
world lise. .
With the vast reserves of bauxite and cozl in Indiz, r_lixe 2luminiuvm
irdustry has ambitious plans for 2 faster grosth ratel keeping in
view the furure demand in the foundry and export potentials.
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The ezisting a2luminafzlusinium plants in India are b :sed almost
cntirely on techuology ipported from various sotnirees. Both in the
zreas of production of 2itmina and 2lumirivs, 2! number of
tecrnological improvenents hizve taken plzace in zcvanced 2luminium
produciug cowatries. Import of improved tectmology 19 not alwvays
possible, 21s> its introduction is not feasible in thﬂ existing
plzais. Import of techmology necessitates proper asse-,sments to
dezemmine its suitsbility under Indisn conditions, the avulable raw
raterials, product denznds, state of engimeeripg devclop:lents, etc.
Thouza research and development work is being can::led[out by the
cejer zluminizm producers in the country, these are mainly dirccted
toverds solving their d=y to day process proble=s in the plants. Ko
vork is done for the development of process }.nov-hov end basic
epgineering. The tecimologics followed in the exl.sting plants are
froz verious.comntries/suppliers — KAISER, ALUTERV-FRI, IVA!SI, ALCAR,
MORIECATIRI end ALUNIRIUM PECHIKEY. Apart from the strateglc
icportance of having an indigenous Research, D«velopcxent end Design
Ceitre for Alwminims, the Centre 18 cxpected to seve' substantial
hard currency payments to the foreign partners. |

Yor nceting the estirsted demand of zluminium by the jturn of the
century, substential addit{onal czpacities for elmina and aluminium
will have to be sct uvp in the 1990ies. Addnional demand for
egizzinfun by the turn of the ecentury, vwhich {8 in excess of the
currently zvailable capacity vould be of the order of 440,000 tonnes
per anmm vhich st the current selling price of aluminium smounts to
£n. 1180 crores. Considering the passent for knov-hov basie
czzincering and royaltics for this additional follow—up stege this
wvouid rean an expenditure of &t least another Rs. {1.2 billion
eqeivelent to US$ 95 million. }
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Tt fn o e pointed ocut that the cost for Establishment ‘of the
cAjuniniig Centre in  Kegpur (rothh Indian Govcnmcm.l end URDP
_contribuetion) is of the order of US$ 12.5 million. The finencing of
cnperations 2ud further development of the Centre is envis'aged by the
JSoveinzent to bLe secured through a collection of Rs. 100 per tonne
cof zluninion for zluminiuwm research znd development, added to the
‘price of alumipium (established now by the State in India). The
f*um ie generated vould serve :zs fimancial basis for operanon and
rm tiwer extension of the Centre.

l
T-en the nev aluminiva capacity will be established the Cc'xtre will
:ie {ully functiouing and if it contributes te savings of only ten
iper west of the expected expezditure for project engineering and
.royalties, apart from remdering other useful services, 1its
%cstabl ishaent would ‘be fully justified. i

L. is 10 be noted that 21l the leading 2luminicm producu'rg countries
‘have their own R and D centres. Close interzctions aoopg these
iCentres' Reseerch a2nd educztionzl institutions 2znd iadustry has
.enahled nmerous technological zdvances - this exanple is needed to
'bo folloved in India.

.Iu the iight of the zbove, a co-ordinated effort in R and D will bLe
;esaentizl for the developnen: of know-how 2zad basic engmeenng to
chlf—rclu_.ce in 2lwminz 2pd zluminium technology needed for the
:establisheept ; of future plants without need to go for foreign
‘cousultancy. - Future developzment of aluminitm industry in the
;covniry based on indigenous expertise demznds the, immediate
establistzent of =z self-relizace full-fledged and Lndependent
rresearch, development and desiegn centre for alunipivn at the
inational level.
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lhe developaent objective of the projfect is to aim at self-reliance
‘in 2lwmina and eltminiwm production technology 2nd to ach.leve faster
;frowtht of the Indien aluminium industry to meet the domc..tic demend
for 2luminivm products. This gozl wil] be achieved by setcing up of
(an Aluminium escarch, Developmezt and Design Ceatre at thﬂ nstional
‘]enl vhich will be in & position to cerry out re,qntch end
c’cve-opmm.. in the field of bauxite processing, alu:n.lna and
g]mnimm production leading to improvement in the existing plants
'end creeting new production fecilities, <Thus, the output of the
project wvill be phyaical feciliti{ece of en Alveinium Regearch
tvevrlomont and Design Centre, adequately equipped vithispecialized
.reecarch and testing equipment a2nd trained professio 1 steff ¢o
.Tender rczeerch snd development technology in the existing plants
(end  for sculng up of nev alu=ina/aluminivs ptoduction' facilities
:besed on indigeirous raw materials and natural resources.
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Lircumepl jzid the Deteiled Centre Design.

rate /(u-ctxon by 1994-1995.

PoIn additlm.,d ihe Centre vill lhendle related projuncs such as dealing
witl the use of by-rroducts, design improvezents for saving of] energy and
rateriels, developmeuat of mew products =rd ealloys. Anotherv perticuler
e ob': thal the Geprre is ¢zpezted to address is emansting fm the lack
of jadequate 2ad uninterrupteé power supplies vhich has led to poor
utilizztion of capacities in the rece=: past. Investigations linto energy

ing techuologies of alumine end 2lumiriuz production v‘l].l be one of
the; importent tasks that the Ceatre vill have to tackle. .

: i’:. is expected that ouce the Cexire is established it vill meet the
lest uwing teclmological service zeeds of the aluminivm industry in
F:uiin. "hc Centre will consist of the folloving departments:

i
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- ¢ fluainina production resesrch dezzrtment vwith four lzberatories and
: oune pilot plant; g

- ! pAluminiwa electrolysis resesarch ézpartment with four laboﬁatories;

-~ ¢ anzlytical research departzent vith three lzboratories;
- ¢ Ceneral scnl-'os, jnstrursatsticzs spd control department with four
! sections

- i General sdministraticn ané finance depertment with three t.}nits.
!

’:“-.e; vil construction works fcr the Centre stzrted in Ragpur in 1990 znd
be finisned bz 19%2-1995. ire centre is planned | to fully

' 1]
The assigiment of the national stz2ff zad procurenent of equipm'ent started

1989:1690. The first E/D works are cxpected to start in; 1991-1992.
1-r.~.ininy,§of the steff will be carried out in India and abrosd.

Foria more detailed informatica reference could be made to the Project
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Annexure 11 Schedule Programme

1)

Training for the Scientists in connection with the installation of the
Electrolysis Laboratory

Functinn of the Electrolysis Laboratory in the R&D activities of
Aluminium Electrolysis

Structure of the laboratory. methads for the determination of properties
and processes taking place in cryolite- alumina melts

Theoretical background of the applied experimental technique the main
difficulties during measurements

2.)  Installation of Electrolysis Laboratory.
The following measuring methods must be demonstrated: Alumina
dissolution
Electrochemical reaction. specially relating to the anode reaction
Determination of the alumina decomposition voltage
Determination of the anode potential by interruption method
Liquids temperature measurements
Installation of the potentiostat
3.)  Alumina Specification and its Effect on Cell Parameters during the
Second-half of the BALCO modemisation.
Alumina properties and fecding technology
Relationship between the propesed alumina specification and cell
parameters ( energy consumption, current efficiency )
4.)  Preparation of the measurements in INDAL plant by using the mobile
van, as requested.
5.)  Assistance in the repair of the radiometric density measuring gauge.
6.)  Preparation of individual work-plan for the Scientists in the Aluminium
Electrolysis Department
7.)  Programme and work-plan the sccond phase of the expert mission.




Annexure 111

REAL TIME SIGNAL ANALYSER

Dynamic signal analyser is both a one channel & two channel FFT signal
analyser. As a one channel analyser its frequency measurement range is from
488 micro Hz. to 1024 MHz.. as a two channel analyser its frequency
measurement range is from 244 micro Hz. o 51.2 MHz. The analyser also
contains a built in signal source & disc drive.

Input Range :+27dBv (31.7 Vpk) .» 51dBv (39.9
mVpk)
Range is adjustable in dB increments.
Dynamic Range : 70dB
Noise (-51dBvrange -Rs=50Q. 16rms
averages )
Common Mode Rejection : Frequency </= 1khz
Residual DC Response : Input Range (¢.2v) DC Level
27 10 -35 <-30dB
relative to full scale
-37 10 -51 <-20dB

relative to full scale
Absolute Amplitude Accuracy : +/-0.5dB = +/- 0.03% of input range
(488 1 Hz to 102.4 KHz DC coupled)

TEMPERATURE MEASURING SYSTEM

Keithly - 500 series mcasurement & control system is a system capable of
acquisition of various signals connected through the interface cards for
storage & analysis with the help of IBM or compatible PC. It can directly
duqn up to 16 differential input channcls. All types of thermocouple inputs

-B.EJRUK.S, T can be connected directly to the interface module
md. with automatic cold junction reference adjustment.

Temperature Range : -200°C to 1700°C Depending on the type of
thermocouple used.




OSCILLOSCOPE MEASURING EQUIPMENT
¢ Model HP -54503 A From Hewlett Packard US.A)

An anolog scope has two major signal paths. The first is vertical signal path,
which ultimately is responsible for deflecting the CRT beam vertically in
response to the input signal. The second path is the horizontai. It triggers the
scope & moves the beam from left to right across the screen. In a tvpical
display , time is represented horizontally & voltage is represented by the
vertical axis. Digitising scope capture the data by sampling 1t . storing it in
memory & processing of the data to automatically measured parameters such
as frequency. time interval . rise time etc.

Itis a general purpose 500 M Hz band width. It has four channels & instant
hard copy can be made when connected tc a plotter.

Repetitive Band width :dc to 500 MHz.
Single shot band width :dc to 2 MHz
Maximum Vertical Sensitivity : ImV /div.
Maximum Sample rate :20 Msa/S
Number of channelis 14

Memory Depth : 1 k/channel

PULSE GENERATOR ( PROGRAMMING SIGNAL SOURCE)
( PM 5705 FROM -PHILIPS, HOLLAND )

PM 5705 generates pulses between 0.1 Hz to 10 MHz. with a fixed transition
time less than 10 nanoseconds at 5 Volts amplitude . Pulse duration,
amplitude & basc line offset are continuously variable . The main pulse
output provides a 1 to 15 volts normal or complementary pulse train across 50
Q or 330 Q source impedance.

Pulse Duration : Range 50 m seconds to 500 m seconds, Variable
in 7 ranges with continuous control within the
ranges.

Main Pulse output : Amplitude  Continuously variable from +1 V to +
ISV in to 50 Q with current limited 1o 300 mA.

Mains supply : 200 -260 V Switch selectable

100- 130V ---o- do-------

Mains Frequency : 50 - 400 Hz
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Power Consumption :40 VA
Temperature Range :0-40°C

MULTICHANNEL QSCILLOSCOPE
( PM - 3335 - 60 MHz. PHILIPS )

Digital storage oscilloscope is a 2 channel oscilloscope. which can be used
both as an anolog oscilloscope & as a digital memory oscilloscope .

Total Acceleration Voltage :16 KV

Deflection Coefficient : 2 mv/div. - 10 v /div.

Error limit : +/- 3% ( only in calibrated position)
Maximum input voltage 2400 V (dc + ac peak)

Maximum test voltage 1500V

Rise time : 7 nano seconds or less.

Noise (20 mv10v) :<0.5sd.

Dynamic Range : At MHz. --- +/- 12V

At 50 MHz. -- > 8 div.
POTENTIOSTAT

The fast response PRT-20/25 Potentiostat is entirely transistorised &
equipped with a  direct coupled DC amplifier . The basic usage of the
potentiostat is to maintain the potential of a working electrode at a
determined value fixed or adjustable, independently of the other factors,
likely to vary within the electrochemical system in which it is placed. This
potentiostat can also be used as source of stabilised voltazes (fixed,
adjustable or programmable) & with an appropriale resistor, inserted in the
external circuit, as current generator (Galvanostat). The potentiostat is
equipped with built in centre/zero meter for output voltage monitoring & built
in centre/zero meter for output current monitoring. This instrument is
particularly useful for the manual or automatic plotting of electrochemical
systems, for potentiokinetic studics as well as for three electrode programmed
voltammetry.

Maximum output voltage : +/- 20 V.

Maximum output current :+/-25A.

Minimum response time : 7-10 p seconds.

DENSITY MEASURING EQUIPMENT
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(FROM ALUTERV FK L)

The radiometric density gauge determines the density of the cryolite-alumina
melt sample on the basis of attenuation of radioactive gamma radiation by
means of computerised data acquisition & processing. The test sample is
placed in the fumace with inert gas atmosphere & a radiation source (CS-
137) generates gamma ray which is detected by a radiation detector placed at
a opposite side of the source.

CATHODE SWELLING DETERMINING EQUIPMENT

Strength of lining materials for Aluminium cells can be determined by the
clongation of the specimen under test during electrolysis of cryolite-alumina
melts. The equipment consist of a fumace with temperature regulator. D.C.
power source for supply to elecwrolvtic cells & a dilatometer for precisely
measuring the elongation of sample under test during electrolysis. The
graphite crucible in which cryolite-alumina melt is kept, acts as anode, where
as the cathode sample is placed from the top inside the melt. The elongation
is measured through a transducer & recorded on a strip- chart recorder.

Nominal Operating Temperature :970°C

Power Supply :5 KW maximum

D.C. Supply for electrolytic cell : Current -- 25 Amp.
Voltage -- 4 Volts.

Dilatometer Measuring Range :0--2mm

Scale Factor :0.02 mm

Measurement Error D +/- 1%

Reproducibility 2 +/-0.4%

MEASUREMENT PLOTTING SYSTEM
(PLOTTER MULTICOLOUR PEN -- 7090 A )

Measurement  plotting  system  combines the capabilitics of several
measurement graphics devices as a stand/alone equipment . It can function as
an X-Y Recorder , a wave form recorder or a digital voltmeter, when used
with a computer H.P. 7090 A , may scrve as the front end of a data
acquisition system or as a graphic plotter.

No. of Input channels ;3
Type of input : Floating Guarded




Time base range : a) Buffer mode -- 30 mili second in 24
Hrs.

b) Direct record mode -- 1 second to 24
Hrs.
Accuracy t+- 1%

PROGRAMMING SIGNAL SOURCE
(H.P.MODEL -8165 -B)

This programme provides sine, triangle, square wave forms in the frequency
range ImHz. to 50 MHz. The mode selection & parameter setting can be
done either manually or in programmed mode.

1) Wave forms : Sire, Square, Pulse, Triangle. Ramp
2) Duty Cycle :20%, 50%, 80%.

3) Range : 0.001 Hz. to 50 MHz.

4) Accuracy :0.001 %

5) Power : 200 VA max.

IMPEDANCE ANALYSER

4192 A L. F. impedance analyser is fully automatic , high performance test
instrument designed to measure a wide range of impedance parameters as
well as gain, phase & group delay. The two measurement display sections
provide direct read out of the selected measurement parameters with
appropriate units.

Frequency Range :5 Hz to 13 MHz.
Frequency Accuracy : +/- 50 ppm
Impedance measuring  : 0.0001 Q to
range 1.2999 M Q
Maximum resolution : 100 uQ

ANODE CONSUMPTION FURNACE
In this fumace electrolyte can be kept in a graphite crucible. The
consumption of anode can be determined by loss of weight during electrolysis

3
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for a specified period of time. Samples can be taken through a copper rod .
The electrolysis power is supplied through a D.C. power supply.

Crucible size : 150 mmdia. X 175 mm Ht.
Wall thickness : 1"

Rating :9KVA

Thermocouples used : 2 Nos.

SCHLUMBERGER DIGITAL VOLTMETER

It combines high speed digital electronics with microprocessor control to
provide fast & accurate system measurement.

It provides voltage, current & resistance measurement. Scanning timing &
processing facilities are controllable from front pannel. It can measure up to
16 channels.

Range of Measurements Range

DC Voltage 200 mV to 1000 V

DC Current 2000 mA

AC Voltage 200 mVto 1000 V

AC Current 2000 mA

Temperature Measurement -200°C to 600°C

(Using Pt. Resistance Thermometer)

Resistance 0.2 KQ to 1000 MQ
4
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HINUTES OF DISCUSSIONS WITH
Dr. .J. HORVATH & Mr. U.B. AGARNAL UF JNARDDC

i. Ccmparing the status of Cell Operation in Canadisn and N¢¥ desione.

- Mcgnetohydrodynamic curves ie. % C.E. Ve. ACD for these pots con
the besis of electrical, thermal and magnetic measurements.

- Energy and voltageibalance for these Cells.

- Decomposition voltage and bath voltage will be rmeasured with
actuzl ACD measurement.

- Technical material presentation during the mezsuresment period
fcr ecducating shop floor emplovees. Technical meierisl will be
prepared by JNARDDC.

2. - Comparison of bath tempersture measurements with Alupuram's
measurements.

- Determination of beth liquidus and hence super hezt of our
operation during the measurement period.

o s . .. . .
Discussion on feasibility of providing point feeders and pot

3. -
contrcllers. Function and description of pot controllers will
be sent immediately by JINARDDC. Final report will be prepzred by
end of October 94.

4. Or. Horvath propesed that we send a 25 Kg CP Coke and 15 Kg pitch
szwple of our normal granulometry for them to suggest the cptimum
binder percentage.

5. The shove experiments are scheduled for the month of September 1994,

5. Stcrt Report  on specificatien  of  alumina  and  &node  paste
srecifications, wihich was requested, will be sent by INARDDC in next
WK,

7. The cuthoce heat distribution calculations programme will be presonted
during the measuring period.

8. Matter was discussod regarding the location of mobile van. Dimonsion

of mobile van will be sent.

Dr. Horvath and Mr. U.B. Agarwal would like to take this opporlunity Lo
express their gratiludes for the excellent hospitality extended during their
visit.
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