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Executive Su1nmary 
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 ~7th March to 26th May ( with briefing and debriefing). 
This expe11 mission is the first pa11 of third phase of the total period 12 
months. 

According. to the tenns of ref en:nce during the expert mission the following 
activities were undert&k~n: 

A.) Training the countcrpan staff ; scientists of the Centre relating to 
physico-chemical and ekctrochemical measurements in crvolite
alumina melts. 

B.) Assisting in the installation of electrolysis laboratory 

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

D.) Assisting in repairing the radiometric density gauge. 

E.) Otkring assistance in preparation of individual work-plan for Experts 
of Aluminium Electrolysis Dcpa1lm!.!nt. Work plan of second phase of 
this extemkd expcrt mission. 

F ) Preparati<'n of Plant measurements at INDAL Company 

All thcsc activitics have been can-icd out and details arc provided m the 
rq)1)rt. fnllf1\\t:d hy conclusions. pwposals and recommendations 
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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 procedurcs~equipment and consumables for the 
measuring methods 

• individual program of the Scientists of Aluminium Electrolysis 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 Alwninium Company with 
using of mobile measuring van 

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

• the main equipment and description of measuring prr1ccdurcs are a\'ailable 

• procurements of accessories and consumabks arc in going on 

• Scientists of the Electrolysis Laboratory are trained in the physico
chcmical and electrochemical measurements of crvolitc-alumina melts 

The activities arc to be made for compktion of Aluminium Elcctroh·sis 
Laboratory 

• completion of procurements and putting into npcr;itiPn nf all measuring 
technique 

• procurements of one sophi:'tic;:!l.:d in1111 in furnace ;111d boron nitride 
materials (tube and crucible) arc to be initiated 
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INTRODUCTION 

This report has been prepared by Dr. J. Horvath based on this expert mission 
carried out in India under UNDP/UNIDO Project DP/IND/ 88/015-
Jawahar!al Nehm Aluminium Research De,·chlpment and Design Centre 
IJ:'\ARDDC). This 2 months mission is a part of the thirJ part of 12 months 
expert assignment. 

According to the job description DP/ IND I 88 I 0 I 5 I I I- 05 with post title 
"Expert in Aluminium Electrolysis Process Evaluation and Control". 
as ~r Annexe-I, the expert was required : 

• to prO\·idc training for the staff I scientists of C cntrc relating to physico
chcrnical and electrochemical measurements 

• to assist in installation of Electrolysis Laboratory 

• to prepare a proposal for second step of BALCO modernisation taking 
into account modification of alumina properties on cell parameters 

• hl assist in preparation individual work-plan of the Scientists in 
Electrolysis Laboratory 

• to prepare the plant measurements at INDAL 

In addition to the joh description some constmctive suggestions han~ hecn 
!.!ivcn at dchricfing in UNIDO Vienna hv Dr. T. Grof. BSO and at - - . 
JNr\RDDC, Nagpur by Dr. J. Zambo, Chief Technical AJ,·iscr and Dr. T.R. 
Rannchandran, National Project Director and Mr. N. G. Shanna. Deputy 
Dirl:..:tnr of JNARDDC. 

Job description and suggestions fonned thc has is for thc s<.:ht:duh: pr• 1~ramme. 
prepared at the heginning of this mission (Annexe- II ) 

It <.:an he notict:d in the scheduled programme, that the activities and dutics as 
per the job description were extended by preparation of plant measurements 
at Indal Smelter, Alupuram. 
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ACTIVITIES 

Itinerary and list of main acll\"lltes follm\·ing the job description, as per 
Annexe I and the programme on mission as per Annexe II are described 
below: 

I.) Training programme for the counterpart staff I scientists 

The focus of the training progr:mune was to demonstrate the capability of 
electrolysis lahoratory for studies of prop~rtics and process in ct yolite
alumina melts. During the training programme \\'l! ha\·e followed the stmcture 
of electrolysis laboratory, which is 5hown in Chapter "Installation of 
ElectrolYsis Laboratory. - -

TI1e main elements of the training pro~~amme are demonstrated on the basis 
of stmcture of Ekctrolysis Laboratory, as shown below~ 

Structure of Electrolysis Laboratory 

A I Properties A2 Processes 

All I .iquidus tr:mpcraturc A21 Dissolution Processes 
Alumina 
Aluminium 

Al2 )kn:-;itY A22 Electrode Reaction 
,\node: reaction 
Cathode reaction 

AD H..:rt;·iL;ll c1 •:1lf11cti\·itY i\23 Interaction with carbon 

Ai4 lhc:rmod> namic properties 
Gah·anic cdls 
C0111xntrat ion clements 
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A 11 Liquids temperature: 

Application area: 

A I 2 Density measurement: 

Application area: 

A 13 Electrical conducti\'ity: 

Application area: 

recording phase diagram 
superheat detem1ination 
electrolyte structure by cryoscopic method 

molten electrolyte and metal 
effect of electrolyte additin~s 
detection of phase transition process 

hath chcmistrv modificati11n 
stmcture analysis by determination of 
degree of dissociation 
detection of phase transfonnation processes 

A14 Them10dynamic properties: 

Application area: 

A 2 Processes 

A 21 Dissolution Processes: 

Alumina dissolution: 

structure analysis by detennination of 
actiYitv ( alumina, NaF, AIF~ ) 
cquilihrimn potential detcnnination 

Application an:a: c.:ffc.:..:t of alumina pl°\lpc.:ni~·:-. 1111 

Aluminium dissolution: 

dissolution < frnm sc.:ttkd s:1mrl1.: i 

effect of ekc1n1lytc.: cnmpt1:-iliPn 1111 
dissolmion ( from dispc.:rsc.:d :-.ampk ) 
crust generation prnpc.:ni<.'s f limiic:d way ) 

7 



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

Application area: bath chemistry modification 
prediction in current efficiency 

A22 Electrode reaction: 

Application area: detennination of decomposition voltage 
detennination of anode and cathode 
potential 

A23 Interaction with Carbon 

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 

Application area: detennination of anode "Jnsumption during 
electrolysis 
detcnnination of cathode swelling during 
electrolysis 

2.) Installation of Electrolysis Laboratory 

There are two documents, viz Project Docum~ntation and Measuring . ~ 

Procedure prepared by International Subcontractor- to put into operation the 
Electrolysis Laboratol)· as a part of the Aluminium Ekctrolysis D~partment. 
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As per the Projct·t Document the list of equipment was made relating to the 
Electrolysis Laboratory: 

I.) Real- time signal analyser 

2.) Digital \·oit:ncter 

3.) T emper.iture measuring system 

-l.) Multichannel digitising oscilloscope 

5.) Oscilloscope Measurement System 

6.) Plotter l\fohicolour Pen Plotter 

7.) Digital Programming PO\ver St!pplier 

S.) Programming Signal Source 

9 . .) Impulse Generator 

10.) Impedance Meter 

11.) Poccntiosla! 

12.) Density Measuring Equipment 

13.) Cathode Swelling Dcccnnining Equipment 

14.) Anode Consumption Determining Equipment 

I~ .1 Low Frt:ql11.:nl:y Signal Sourl:\! 

9 
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14 

20 

21 
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24 

35 
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List of General Purpose Equipn1ent 

!6.) Real-Time Signal Analyser 02 

17.) Cassette Data Recorder 05 

18.) Tape D~1ta Recorder 06 

19.) Multichannel Oscilloscope for Industrial Application 07 

20.) R-L-C Set and Standard 

Structure of Electrol)·sis Lahorator)· 

TI1e main target of setting-up of Electrolysis Laboratory is: 

• to understand the process taking place in Hall-Heroult Cell 

• to give more accurate data for the modelling of process 

In order to reach the above mcntionc<l target the following sL"hcmc is proposed 
for the setting-up of Electrolysis Lahoratory: 

Properties 

Liquidus tcmperaturc 
equipment: 
Tcmpcrattm.: measuring system 
description of procedurc a\·ailahk 

Density 
c4uipmcnt: Density ;ncasurin~ 

dcscripcion of prrn.:cdure a\·ailahk 

Electrical conJucti,·it\· 
cquipmc11t: 

10 

Processes 

Solution prol.'csscs 
Alumina dissolution 
cquipmcnt: it is done 
description of procedure 
aYailahlc 
:\luminium lL;solution 
c4uipment: 
it is to he donc 
dcscri pt ion 1 lf procedure 
a\'ailable 
Ekdrnchcmk~il proccsscs 
Anode rc:action 
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Impedance analyser 

description of procedure is to 
be modified 

Thermodynamic data 
gah'anic cell 
concentrntion cell 
equipment 

K.eal-signal analyser 
Digital multimeter 

Cathode reaction 
equipment: 

Potentiostat, Pulse generator 
Multichannel oscilloscope 
Measurement plotting system 
Programming signal source 
Oscillosl."o~ measuring de\·icc 
Description of procedure is 
available 
Interaction with carbon 
Anode consumption: 
equipment: it is to ~ done 
procedure is h) he elaborated 
Cathode swelling test: 
equipment: it is available 
Description of procedure is 
available 

Cn the basis of measuring procedure description the measuring scheme wcrc 
maJc and the equipment were installed for the following experimental 
technique.( Annexure-111) 

Determination of carbon anode potential 
in cryolitc-alumina melts 

Determination of alumina decomposition 
voltage in cryolite-alumina melts 

Alumina dissolution process 

Liquidus temperature 

II 

Fig. I. 

F 
. ..., 
1g. -

Fig.~ 

Fig.4 
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MEASURISG SCHEME FOR THE DETERMINATION Of All'~INA 
DECOMPOSITIO'.\ VOLTAGE IN CRYOLITE-All'~l~ . .\ MELTS 

l 

I 

I I I I I 

~I 
! I 

0 I I I ll 0 111 
0 4 i ~ : 

0 I I ; I! I 01 
LJ 'Ii I 

0 i 11 O' 
0 

I I al 
0 ol 
0 

l~I 0 
0 
O• 

----

(Fig.21 

1 - H.P. CFRRENT SUPPLY (Ref. No.13 Proj D.) 

2 - PEN PLOTTER (Rei.No.II f'roj.D.) 

I ) - SHUNT FOR CURRENT MEASURING 

I 
I 
I 
I 

4 - ELECTROLYSIS CELL 
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LIQUIDUS TEMPERATURE MEASUREMENT PROCESS 

0 

0 

0 

0 

...____.~~-7 

.._....,._....,._ __ 3 

1. Furnace \Vith Heating elements 

2. Pt. Crucible 

3. Refractory Brick Stand 

-i. Temperature Recorder (Keithly) 

5. Plotter 

6. Pt- Pt-Rh Thermocouple 

7. Cryolitc-alumina melt 

14 
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ALUMINA DISSOLUTION PROCESS STUDY 

6 
7-

0 

1 

Fio 4 
~ 

1.- FURNACE WITH HEATING ELEMENTS 

2.· CRYOLITE -ALUMINA MELT 

3.· THERMOCOUPLE 

4.- SPOT LIGHT 

I~ 

"3 

2 

5.- MIRROR 

6.- MOTOR 

7.- Pt.- MIXER 

8.- Pt.- CRUCIBLE 
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The installation of the Electrolysis Laboratory is con~idered only partly 
completed. To achieve the full o~ration arc requestc:d the followings items: 

Electrical furnace, 2 Nos. with power supply and 
temperature controller. inlet of inert atmosphere 

High purity graphite cmcibles. 

Quartz tubes 

Corundum crucibles 

Platinum crucibles 

Ceramic tubes 

Thennoelements ( Pt-PtRh, Ni-NiCr) 

Laboratory mixer with platinum 

Current interruption unit 

Ref. No. Gov.Inp. 

24.~5 

-1-7. 

47. 

47. 

47. 

.i9. 

49. 

52. 

54. 

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

Inconel crucibles 

Quartz funnel 

Mirrors 

Spotlight 

Platinum mixer shaft 

Platinum mixer propeller 

Pincer with Pt-slipper 

16 
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Test tube holder 5 

Holder for mirror. mixer ., 

Crucible tongs to Pt. crucible 5 

Rotame<er for argon gas 

Nitrogen gas 3 

Chemicals mainlv r\!quired m the Eh!ctrnlvsis Laboratory are the 
follo\\'ing: 

Argon I Nilwgen gas 

Liquid nitrogen 

Industrial electrolyte 

Alumina ( high purity ) 

Aluminium ( high purity ) 

Cryolitc (natural ) 

Aluminium fluoride 

Lithium fluoride 

Cakium fluoride 

Sodium chloride 

Sodium hisulphalc 

Copper granules 

Hydrochloric- Acid 

17 
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Ethyl- Alcohol 

C02 gas 

The following materials are considered a..; consumabk : 

Them10couples. 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 clements and refractories for furnace lining 

18 
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3.) Second Step of Balco l\1odernisation Taking into Account 
the Alumina Quality the Cell Parameters. 

General and Background 
The alumina f ceding to the bath has two ways: 

Batch feeding 

Point feeding 

Batch Feed l\fethod 

Advantages 
• Simple Process 
• Easy to Operate 
• Reliable 
Disadvantages: 

• Large Fluctuations in Alumina Concentrations 
• Large Variations in Bath T empcrature 

Point Feed l\1ethod 

Advantages: 

• More Constant Alumina Concentration 

• Small Variation in Bath Temperature 

• Low Tendency to Muck Fonnation 

• Fewer and More Easily Controllable AE' s 

• Better Bath Level Control 

Disadvantages: 

• Alumina is Not Preheated 

19 
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• Alumina is Not Preheated 

• Can Cause Excessive Heat Losst>s 

• Fluoride Emis~ions Im:rease 

Analysis of the required alumina propenics m rdationship \•·ith cdl 
construction and the alumina foeding method: 

The main requirements of !he alumina should : 

• be easily soluble in the bath 

• fonn a crnst and co\'er the top of the cdl 

• prO\-ide 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 intcrc: t arc: flow ahility. dustiness. attrition 
index, moisture uptake, heat conducti\·ity. 

Batch Feeding 

Soderberg Cells Pn:bakcJ Cells 
\Vhecl hrcakt~r or h~tr-hrcakcr Side or Central breaking 

Alumina specifications for siJc-hrcak pots : 
• can use floury as well as sandy alumina 
• the alumina should be well-calcined, No hydrate 

• BET specific s1.1rface 35-50m2/g(highcr BET area increases tendency to 
chemisorbe water) 

• less fines. low attrition < I 0%- >O mi<:ron 
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111e future trends arc wheel breaker tlk! cell constructiora i:-. convened to 
knife-type breaker and introduced a rn. 1,.:tied crust 
breakin2 and feedin~ ~\·stem bv the: cell a~ :1ation. 

.._ - .. -

open side breaking c~ll construction is com·erted to 

hooded point feeding technology and similarly to 
this central knife-type breaker is changed to point 
feeders. This trend indkates a significant 
modifications in requirements of used alumina 
quality. 

Point Feeding Method 

Soderberg Pre baked 

Alumina specifications : 
• only sandy-type alumina is used 
• BET surface area 45-80 m2/g 
• LOI ( 300-1000 C ) 0.6- 0.9 % 
• Hydrate < 0.5% 
• Sieve analysis -45micron < 20+100micron,<15% 
• Good flow ability 

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

In the newly installed smelters point feeders are applied. 

\Vhcn alumina gets into contact with the bath three possibilities can be 
visualised : 
• crust fonm.1:ion 

• agglomeration ( partly freezing ) 

21 
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• dispersion of single grains followed by r.ipid dissolution 

Initially the alumi1~a dissolution process is <lctcnnined by heat transport 
process. \\'hen cold alumina is added. hath freezes :~t0und th~ grains. TI1e 
bath temperature drops abruptly by addition of alumina due to 

• heating of the alumina 
• endothem1ic dissolution process 

The heating and dissolution process of alumina ..:an be di\'ided in consecutive 
steps, which are the following: 

• cold alumina hits the bath surface, shdl of frozen bath fonns 

• heating. y --7 a conversion 

• sintering, agglomeration due to the conversion ... ... ... 

• frozen shell melts. dissolution Pegins 

The temperature drop re)ating to dissolution of l % AI203 can be calculated 
assuming that all the heat is from the bath without effecting anv 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..t °C 

In the light of above it will he analysed the changing of alumina properties on 
c:ell parameters, in connection with the RALCO modernisation. The expected 
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parameters after finishing of first stage of modernisation are the followings: ( 
Variant I) 

Energy consumption: 
Current efficiency: 
Cell voltage: 
l\·folar ratio: 
Average alumina content: 4.0<k 
Calcium fluoride content: 4.09l: 

16.500 kwh/ t 
85<it 
-t70V 
2.80 

Line current: I 00 kA 
Cell voltage: 4. 70V 
Current efficiency: 85% 
Anode voltage drop: 450mV 
Cathode voltage drop: 400m V 
Bus bar \'Oltage drop: 300m V 
Anode effect voltage drop: I OOm V 
EMF( Electromotive Force): l 650m V 
Liquid temperature: 965°C 
Used alumina type: floury 
Scheduled crust breaking 
Interval: 2.0h 
Alumina consumption: 
Superheat should be: 

1.0%/h 
min 20C 

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

Liquid temperature: 
Used alumina: 
Scheduled crust breakim? .... 
Interval: 
Alumina consumption 
Superheat should be : 

965°C 
sandy 

2,0h 
1.0 <K/h 
13°C 

The second phase of BALCO modernisation incluJes the introducing of 
knife- type crust breakin~ with modification of alumina feeding technology. 
The pot controller also wili be upplied d~ring this cell operari0n. 
(Variant III ) 

23 
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Superheat should be: 13cc 

Th~ calculated results are summarised in following Table 

Varaint I Variant II ! Variant I II 
Molar ratio 2.80 2.80 2.65 
Average alumina content 4.0% 4.0~~ I 3.0~o 

-
Average line current 100 Kt. 100 KA 100 KA 
Electroh1e temperature 985°C 978°C 96Y~C 

Anode volta!!e drop 0.45V 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 l.89V 1.91 v 1.93\/ 
Aluminium production 
Voltage drop on ACD 2.0V 1.95V I. T!.V 
gap I 

Electromotive force l.65V l.65V 1.70V 
Cell Voltage 4.70V 4.65V 4.57V 
Current efficiencv 85% 86 -o, .) lo 88.4~0 

Heat losses 280.4 KW 280.1 KW 254.9 KW 
Dailv production 685.o kg 697.2 kg 708.6 k!! 
Energy consumption 16.48 k\Vh/kg 16.26 kWh/kg 15.40 k\Vh/k!.! 

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. \Vork-plan of second phase of 
this extended expert mission. Other activities. 
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As requested. the prepared \Vork-plan for the Scientists is shown below: 

U.B. Agrawal Scientist 
• Data cdlecting for t~asihilit\' report for INDAL. as requested hv 

COMFAR program 
• Assistara:e in preparation of BALCO R&D report 
• Assistance in measurements at IND:\L & NALCO 
• Assistan~e in the acti\'ities of Electrolysis Labor..itory 
• Rt!sponsible for procurement of GOI input 

S. Dasgupta Scientist 
• Organisation of the installation of Elt:ctrolysis Laboratory 
• Installation of equipment as per operational manuals. 
• Temperature measuring unit potentiostat interface. impulse gener..itor 
• Carrying out of electrochemical measurements hy using artificial ccll 

arrangement for getting practice, 

• Current interruption method. electrical conducti\'ity measurements. 
de.:omposition \'Oltage measurements, potential sweep methods, 

• Alumina c=ssolution measurements in cryolite without mixing 
• Sandy and floury alumina comparison 

K. G. Dcspande 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. Scn{:,ar Scientist 
• PrcpJration of BALCO R&D Report, taking into account the following 

materials: 

• Mohik \·an equipment description, Balco measurements of the first and 
secon<l pha:-e, r~sulls of cell status and revitalisation programme 

• Preparation for INDAL measurements checking of equipment and spare 
• Preparation for the NALCO mcasl'remcnts. magnetic field induction and 

heat-flux measurements 

25 
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Work-plan for the second phase of the expert mission: 

• Carrying out of the measuring prngram. evaluation of the measured data. 
as per Annexe IV 

• Preparation of the Final Report for INDAL plane 
• Preparation of the Technical part of Feasibility Stttdy for INDAL Plant. 

(point feeding and cell automation) 

• Assistance in NALCO measurements and preparation of the Process study 
measunng program 

• Assistance in installation of Electrolysis Laboratory 

Other activities: 

• Participate on seminar "Status of Electrolysis Laboratory" and 
"Specifications of Smelter- Grade Alumina" was organised in Cenrre 

• Preparation of two mat~rials relating to HSS anode paste specifications 
and cell automation as per requested by INDAL 
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r-o ~.-r: J 1_1 LF,_: 

I 

novc111t>~r !'J'JL 
'-" ._.,· 

.JOB DESC?.U'TI Ol{ 

DP fl ftn/88/0!Sll.l-05 

\ 
; 

!:yt>ert - in a.lu:tlilil!!!l electrolysis pl"OCess i e,.dutttion nnd 
l c.o~~rol 
' 

As soon as possible 

T•o montl1s 

Ji;-lpur • India, ~ith tta•e.l \ii thin tlte couuti.y 1 

-~J._ I 

= m..di~t• objectiv• .:'tho project i•I t.o assist We 
Cove.I:IJ.!l!e!lt: of India in. set.:t:in.g up a functioning Alm!tl.nia:i 
~ea.rc;h, Development aEi Design Centre consi~t:in& of: 

j 
~> !.llliil.inz. Production Rese.'1r'Cl1 Department: 
b) llum.inilllll Electrolysis Depa.rtcent 
c) J.nalytictl Research »epartmcnt . 
d) ~C%3l Se.rviccs, i.Dstrtmleu.ution and Control 

Deputmen.t (incl. Wod:shop and Maintenance) 
e) Cene.ral J.chri.nistr:ition .and FiD.2llce Departlllent 

I 
!he Ccntte vil1 develop capability of c~rryi.ng out the 
follov'...ng main !unctlons on belullf of andj in co-op~rat:ion 
vith the bauxite proce.c;sinr..f alu::tina production and a.l'Ola!ni'U!ll 
s;zelte.r industries 1n the COlmt.ry: I 
~) .!:>::d11llation and adspt.ittfon of 1tnilable tcclctologies 

I 
b) Providing recomcndatJon.!I 2nd 1ld hoc or applied ond 

m:ialytlca.1. re.search to lOC3l industries in! procem; 
ii::provemcnt, trznsfer of t:echnology, ~tc. 

cj .Set.~!.ng up and operating .a dl!t.a bmk 
d) Pm7idi.ng training of Indlan engineers 

- .. - I .. 
.... ,_ !-' ---- -----·-

/,pplQUof~ --1O'.lfMl'-.....Qtit~11"9:iirding d.is.Jol> ~.....er~ CI04.'ld ~ :J co: 
. I 

Prc!r~ P~ Reetcitmmt Bnnch, ()q;wb,,_.. of :.dmt.ri::ll Opentiom 
I 

umoo Vtar11t~c.ttt.P.o.e.3oo_~1400. View11.Ar.uia . . I 
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' I 
'.Tl!•_· <.:.X;.>ert vi 11 I:-~ r~qutred to 11:o:sist in the settln& :ur of t.h~ 
, A!to::?in!u.": f.!f'tt rol:5is Research Q.epartmel't of the Centre, and fn 
: P:trt idcult!r :>f r=-ocess evalue.tion end control hbore.tocy. The 
. I 
: c~pcrt ':."ill l:nder~~ke and/or ~sslst in research and. tnvest1gat1ons 
: on :!!uslah::: ·~ler.t:=l;sis process e\'alu2tion. nonitori.!lg a~d control. . ~ I 
: Hi~ I:!."!irt <lu::ics l."i:: be to: 

:.~) ;'ro-..-it!~ t r~i~.& for tlle counterp:!rt st:aff/scient.iLs oC thr. 
Centre in :::.~ mr::tsur.-..eent and monitori.n,g of / ell"t:tr·ical 
p."!r:?mcters of t:hc clcctcolysis cells, (voltaJ;e, fluctul!tions, 
noi~e. ~nodicicdtltodic c~rrent distribution) as ~ell! as therro~l 
st:tt:c, ~~r.neti:: field, nno<!e g.l!S composition and g:a~ 11 collection 
e(ficieicy. I 

h) :!!;sist a.'ld tr.cin in me.asoreoent and e'C"c.lue.tion of process d.at.a 
for alt::ibti.u::; ~lectrol.ysis cells ~hrough a. special ciobile van. 

I 
I 

) 
- .% - • • ' d -1 d -!.d m•t .. r1- -1 c 11sslst ;t!lc tr<!:n in prepar~t1011 o,. et.ai e E.l:lergy c.i• .. .... ~ 

b;ah.nce of d:=;in.=.ll!:? electr:>lysis cells. 

t!) I p:-cpar~ t'!~cal propostls for improvecent of cells nperatiou 
b~!led C!1 '!'..xpe~:.:::ent<! 1 ce1'St::=emcn~ .end process d<!.U. collected. 

llte e.xpen is 'e.xpttc::ed to submit progress report ~ft:er 
every split ::Ussioc. 2ssi.gm:ient and a. final report. 

I 
co::pletion of 

I 

I Un.i•crdty de.tree (prcfcn.bly Ph.D.) in Che!:lical, tfetallurgicd 
or El<:cttoche.:ticAl .Engineed.Dg. Extensive experience in t:he 
ezpcri.til!~ttl/~e.asur<!:len~ t:echniqaes for chu~cte.rlz1ttion of 
.l!.ltr.:J.inic: f'!lect.rolysis cells parameters, C:VUtJl!.cio~ of process 
<U.u, preparation or energy and .mat:eri.!.l balance of cc.Ur.. 

I 

English I 
I 

T ~;:i:·~:;~, Tl ~Jr{: 
The lnd.hn "1.=in.iw. industry looks back to a hiLory of 44 
yen.r:.. The first: aluutlnitl!ll snuut:er (in AlU!!!pars,. l:eutl.a) vas 
put into opcntion in 19~3. At present ~here u~ five a.l:mnlnl!. 
pbnts ~ OPC!:?.tion and si.% alualn!um smelters ,.ithj am overall 
capacity• of about 587,000 8Dd 580,000 tOimcs I per ye.ar, 
rc:;pccth-cly. 'Ihe.:;e f~cllitfcs belong to five a.lU!!llnitmt 
ci:i:.pui.1?~, nmely Bharat Alu::U1uU!!l Compl!cy Ltd. (Balco), 
F.indu.<;t?.n Al~in!m:i Corporl!t!on Ltd. (IIIlIDJ.LCO), ! the Indhn 
A1U!!linhm C~ Ltd. (Iml!J.), the Pla<!rat{ Almtriltft!I Company 
Ltd. (lll!.CO) tnd the Nntionz.l AIU!n!nitm Company Ltd. (RALCO). 
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With the coa::cn!ssionin& of RI.I.CO the t;hl\re of 1'..hf' public ~P.ctor in 
nJt:::ifniu:i sm~Itlug is aore thui hAl! of t.he totll.l: in..~t:Alllr.d 

c~ti~city of Iudie?. Th.is indicates the decisi~e influence of the 
pu?>l ic sector on the future of the indust rv. Tbf! sustained gro-tt 
.an..! cevelopoent of the aln:niniu::i industr:: fo. !ndia, ! .apart from 
rrquirinr. tht- zdoptio11 of suitable long ter::i policies in, rebllon to 
1;;:·0.i;:ct:ion c:u~ag('ment, output, prid.n.g, '-,d fise:tl le'l-"i~s, in al~o 
in r>e>1•cr for t<.'c!moloty and 1:2rket devt'JorcE<..at, ..-hich '-"ill gradually 

I 
h~ hr..ndlcd by the proposed Cmtre. : 

I 

! 

Du: Inr, the pa~t years, India 11ecZ!:!e one of the l~<!dln.g countrl~!> In 
t!ie w-odd lt2viur. substantial bauxite r~scurces. c:ftcr tile discovery 
of j.'?rg~ cir.pod~~ in the Disteru Co'lst iu t:he ne.arly 1~70ie~. 111r. 
tot.:!.l h;:utite reserves of India .are t"~tiuted. to be of ~he order of 
l,650 l:!il!ion tonnes, ~.ti.ch places Indb en the fifth plcce in the 
;;orld list. . I 
Wi~'i the vast: r<!scrvcs of bauxite and cocl in India, tht> ~luminium 

I 

ir.dustry bas mabit:ious plans for c. faster gro•""th r~r:e; keeping in 
vi~_. f'.hP f1n:ur1> drm;ind in the fotmdry '°.nd ~ort potentics. 

I 
!"hr. i!.7i5t:L~ :iluminz/alu:Un.itl.'!l plants in India are ~~$<'<1 almost 
<·1z~.in~!y on t:1>chuology it:?portN froc vnrious so-;trc~s. 6oth in the 
~:-t::?.s of production of tltI!!li.n.a and al.ll!lin.it:::, .n [ ntl!:lber of 
tcc:!-.nolotic:tl improvet?en.ts have t"'-lcf!D. place in 2dvmced alumi.nima 
prccuci.u& cou:itries. hlpon of improved. tec:b:nology is noc alv1tys 
po5sible, tls, ic..c; intTOduction is not feasible in the existh1g 
i.•la!!~s. Import of tcclmolo~ necessiut~-. proper as~eS511lf'nts to 
c~tt!tninc its suitability uoder Iudi~n conditions• the a.vu leble r11v 

' ~~tP.rials, product demznds, state of engiueerill& developoents, etc. 
l"houz.jl research and dcvelopcent ~ork is being c~rri~d I ollt by the 
c~jcr ~lt=i~~:::::o p~vdace---e in the country, tue.se a.r~ ma.inly dlrcct~d 
to;;~ r.olvJns their d~ to d(Y process proble:::s in the! phnts. Bo 
vori: 1G done for the development or process lnov-hoV and basic 
en.glueerl.ng. ,ll.te tedmolotics !olloved in the e.D.stin3 plmts are 
fro~ \"~rlouc. cot:ntrlec/cnppll~rs - KA.ISER, ALUD:£V-n::I, 1vJJU, ALCA.!i, 
.f'105I.t.CAl'l1iI and ALD!fmlJZf l'EClilliEt. Apart froe. the strategic 
kr-0rtnncc of hnving m indigenous J?e~earch, DC!Ydopmen.t .,.nd Dr-~fv.n 
Cic.tre for Alcninim, the Centre is cxpectf!d to snc 1 sohr;t~tid 
hl!!d currcocy paye?'.?llts to the foreign. partners. 

l'"or cicctin& the estiutcd. dC'llllnd of dta!Jli~ by the I u1m of tbe 
cr.nt:ury, sobsbmtial additional ~p2cftles for dU!llna e'.nd aluminJU!D 
•1 l l hnvc to be i;ct llp in the l990ics. .Additional demand for 
~Jcinfu:t by the turn o! the Cl'.nt:ury 1 'Vflkh fa in UCeCS O{ the 
current!y ~\"3ilablc <".J1p11dt:: vould be of the o:"der of 440,000 tonnes 
~·r~r r.mnr.:i 10hicil gt the currr.nt: nclllng price of a.hrunlW:: amounu to 
i=:::. llSO crorc~. Con.5idr.ring tlte payment for tnor-hov, b8nic 
r.:;;;.U?ccrinr. ~nd roy~J tic:; !or thi~ 1t<l<U t;icm!.l follow-up 1tl~r,e this 
~ould ~ean zn cxpendit-urc of at lr.nst another Rs. 'll.2 billinn 
c~ct ~~1 eul to us~ 9s m111au. I 

' ' ' ' 

I 
I 
I 
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'-" ...._, 
i"t !:: '-O be pointed out t.lu1.t t.hf? cost !or EstabUsb.llaent: ·~r th,. 

J.lt::_iin.!~'":l C<!i1lre in Nqpur (~..1th IndiP-Il Govcnmentj and UllUP 
'.f'.ontrit,utioa) is of the order of US$ 12.5 cilllon. lhe Cin.ancln.g of 
: nper;?t i or.:s ;ud further developmen::: of the Centre is envisk~ed by the 
: Gu.-cr n.-;::>nt to be .secured throu£h, a coll cct:ion of Rs. lop per tonne 
:•-•f ~l.::r.inicm for tlumini'lEl research md de•elopment, added to the 
-p:·ic<! ·:.>f ;ilumi:P.lllel (established uou by the State in I~tfh). The 
; f.iwh ::o tener.atcd o;ould serve <s !iuancial basis for oP,eration .ind 
l funhcr e.nension of the Cen.tre. I 

: 
. ~.lie.n t.?1e. nf"W' ctlU?:.lni.c;;i capacit:y ._ill be establisbec! the ;ce.!1U-e vill 
, he folly functiou.i.n..~ auu i! it coutdbutes to savinr.s ?r only ten 
; {-'er •:•~ct oC the expected expc::diture for project l!ngiiae(!r~ and 

i 
: royalt.l•!.S, a~ f"rom rendering olher useful servlces, its 

l 
jcst~blish~cnt vould be fully jus~ified. I 

'.It is r.o be not:ed ~t 2.11 tlle !.e.c.di.ng al.U!!Unitai producir.lg cotmtries 
~h."?\"c their o•n R and D centres. Close inter~ctions bol!.£ these 
: c~nal's: • Res~erch anci ednc.at.ional institutions 211d industry b<?.s 
: c;t:!?'-1l~d nu:nerou::; t:echnologicc.l e<c!V2J1ces - this exa!:!_ple ls needed to 
'.he follo•ed in India. j 

i 
Ii.l tho: li&h~ ·'3f t:.h~ .:!hove. a co-o:Ldinat:ed effort in R a~d D vill be 

~ ~s~cut icl for the developnent: of knov-ho~ c:id basic eniineering tn 
~ sclf-rcliace in al'C!lli.nz zn.d cl~um tech!ioloC" net!'~ed for tte 
'c~'-;ih J.i!;MCD.t: ~ of future pl.;mts 1"ithout need to go for !oreit;u 
! con!;ult~ncy. ·: Fu~e deve!op!::~t of alu:nin.il!!ll i.I!dus~ry in t.he 
; cot;.itry ba~ed on inaigenous expertise deimds t:he: i.m!liedi2te 
: est:~blisc;:;e.-it of c. self-reliC!lce ful.1-fledt;ed :io.nd I :independent 
I · I 
! rcsc2rd1, cien:l.il.Jfil~~ 2110 cesi~ cent:re for al.mJ.nilI!n at: die 
~ rnu. ionaJ. level.. I 
! I 
;The developG?CLt objective of die project is to ala at self-reli.ence 
: ii • .2.lu:nLT\.& liUd tl'U!:liniam production technology znd to a.ciile~e faster 
i s;ro•lll o! lhe Inclizn a.lWJ.f.niur.i indusl:ry to meet die domJ.:;tic d~d 
; for <?J.tl!l)inium produces. lhis gotl vill be achieved by s~t:ting up of 
' I 
: s.1n l.lr..e;JniU!!l ~c.-;carch, Devel.opcEilt .and Design Centre at the u.ation:tl 
i lP.vel loilich vill be in & position to carry oat remsarch end 
~<lc•dopme!lt :in the field o! ba.uxi.t:e processlllg, ~l\C.lna and 
i z.lmninim production leading ~o improvement in the exi~t ing plants 
. f.nd crezdng ncv production f~cilities. Thus, the output of the 
; project viU be phyoie&l. facUitics of ~ Alurdnitin: Research 
; LJev~Lor~ent and Der.isn, Centre, ~.dcquatcly equipped. vi th! EtpcciaJ i:ted 
; rc£carcli znd testing equlpoent znd trninr.d profe"!on.ejl CU.ff to 
, r·~ndcr rc:::~!!.!'~h '!'~d dev-elo~1t tedmology in tl1e exisLJng planu 
; :md for scttl~& up of nC\i al.u~ina/alu::iin!u:? production: faciU.tics 
: be$;t:d on indi~Cllous ra...- 02.tcrinls and ruu:urtl resources. I 
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iu additl~ ~he Centre "ill h.uidle rd.1ttcd proj~c suJ as de~Ung 
•·it~ the use or b:;-r.rodu«:ts. de.sign il[i>rove~~u for ca.vlng orj energy and 
r:;t i:=-!f.l:;, ~e•elo;ia°f!:lt o! n~"· product"~ .P.I?d ~llo;s. Anothui perticul•r 

. I 

p:ublt::. t.hnt lhe (;eucre i:. i!.:.;'~:ted to 11.d~tess is e?an~tlllg from the lad~ 
t:f i ~c!equ"-te imd unlncerruptee po'Oler supplies "irlch has l~ to poor 

. I 
lltil!Z~tion or capAcities ill tt.e r.ecc.t past. mveeti11>•tion.." iinto energy 
:"i~·:!>?~ t.rdtu~lo&l~ of du::i.l~ ~d ~luch:la::i production ,..nil be one of 
;,h-.:i l:~pollt•.nt tasks Utat. the Ce:J.t.re '"ill haTe to u.ckle. j 

I 

: I:. i:; ~xrcctt!tl ~.h."'lt once ~e C~:re is esablished it vU.l 11eec the 
:;st t.~ro1"it\t. teclmulogic-tl se:vice t.ccds cf the all.!n..ini\!:'l industry in 
!&1tiin. The Cent.re will con.-.is:. of rll~ follo•ing dep:-trtl:!ents: I 

' i 
t~ 1 u::1 !n ~n<!. J;'roduction. rcse::.rch dc;.<rl!:!cut l."ith four 12borhtories and 

I ouc pi lot ;>12'.nt; l 
r 

!tltrainiu:i electrolysis research c:part.eent \t"ith four lc.bo.tatories; 
I 
' l 

I 
/,nalyticd r~carch dep.:?It!ent: \t"i:.!l three lcboralorles; 

{;t:~1ertl :)crvi·!r..s, ~t~~t~tic::.s !tl!d control departmmt vith four 
I :a~ct.ions; 
I 
I 

Gc~er~l ~dmln.istr~ticn nnc !i.ne.ncc dcp~rt=ent ~ilh three Units. 

!n~:ci~ll co"st.i-uction ~orks fc~ 
·.;!_!.i be finished b~ 1992-1993. 
r.;--:r~:;f!/ttm.ction by 1994-1995. 

' 
thE: Ce:i.tre stuted in liagpur in 1990 and 
~~ centre is planned to fully 

I 

'ih~: ~si&J:m>ent o! the nztiona.l staff ad procureomt o! equi~t started 
:n l'!>S9-71990. TI1P. first EID 10orks arE expected to st~rt in 1

1

1991-1992. 
1·r."?ininr. !of t:h.c st:.2..ff vi.ll be carriEd. oat in India and abroad. 

For; ti. core detailed info[111.'!.tioa. re.ference could be C!adc ~o the Project 
!i·_,cu;;:r(l~ i~.m! t.he Detdlcd Centre Design. 

: 
; 
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Annexure II Schedule Prrn?ramme ... 

1.) Training for the Scientists in connection with the installation of the 
Electrolysis Laboratory 
Functi"'ln of the Electrolysis Labor .. uory in the R&D acti\'ities of 
Aluminium Electrolysis 
Structure of the laboratory. methods for the detennination of propert:es 
and processes taking place in cryolite- alumina melts 
Theoretical background of the applied experimental technique the main 
difficulties during measurements 

::!. ) Installation of Electroly5is Laboratory. 
The following measuring methods must be demonstrated: Alumina 

dissolution 
Electrochemical reaction. specially relating to the anode reaction 
Detem1ination of the alumina decomposition \'Oltage 
Detem1ination of the anode potential by interruption method 
Liquids temperature measurements 
InstalJation of the potentiostat 

3.) Alumina Specification and its Effect on Cell Parameters during the 
Second-half of the BALCO modernisation. 
Alumina properties and feeding technology 
Relationship between the proposed alumina specification and cell 
parameters ( energy consumption, current efficiency ) 

4.) Preparation of the meJsuremcnts in INDAL plant by using the mohilc 
van, as requested. 

5.) Assistance in the repair of the radiometric density measuring gauge. 

6.) Preparation of indi\'idual work-plan for the Scientists in the Aluminium 
Electrolysis Department 

7.) Programme and work-plan the second phase of the expert mission. 
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Annexure III 

REAL TIME SIGNAL ANALYSER 

Dvn~unic si!!nal an~ilvser is both a one ch~mnd & two channel Fl--1 si!!nal - - - -
analyser. As a one channd analysc:r ils frc4u~nl·y mcasuremcm range is from 
488 micro Hz. to I 02.4 MHz .. as a lwo channel analyser its frc4ucncy 
measurement range is from 244 micro Hz. to 51.2 MHz. The analyser also 
contains a built in signal source & disc dri\-e. 

Input Range : +27d8v (31.7 Vpk) _ l 5 ldBv (39.9 
mVpk) 

Dynamic Range 
Noise 

Common Mode Rejection 
Residual DC Response 

Absolute Amplitude Accuracy 

Range is adjustable in dB increments. 
70dB 

: (-51 dB\· range - Rs= 50!l. 16 rm s 
averages ) 

: Frequency <I= I khz 
: Input Range (c:Jv) DC Level 
27 to -35 < -30 dB 
relative to full scale 
-37 to -51 < -20 dB 
relative to full scale 

: +/- 0.5 dB = +/- 0.03lk of input range 

(488 µHz to 102.4 KHz DC coupled) 

TEMPERATURE MEASURING SYSTEM 

Keithly - 500 series measurement & control system is a system capable of 
~u:quisition of various signals connected through the interface cards for 
swragc & analysis with the help of IBM or compatible PC. It can directly 
acc~pt up to 16 diffon:ntial input channds. :\II types of thermocouple inputs 
e.g. B .E . .J. R. K. S, T can be connected directly to the interface module 
card. with automatic cold junction reference adjustment. 

Temperature Range : -200°C to 1700°C Depending on the type of 
thermocouple used. 
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OSCILLOSCOPE MEASURING EQUIPMENT 
( :'\fndcl HP -5-1503 A From Hewlett Packard U.S.r\.) 

An anolog scope has two major signal paths. The first is veni,.:al signal path. 
which ultimatcly is responsible for deflecting the CRT ~am n:nically in 
response to the input signal. ll1e second path is the horizontai. It triggers the 
scope & moves the beam from left to right across the screen. In a typical 
display , time is represented horizontally & \"Oltage is represented by the 
vertical axis. Digitising scope capture the data by sampling ic . storing: it in 
memory & processing of the data to automatically measured parameters such 
as frequency. time interval . rise time etc. 

It is a general purpose 500 M Hz band width. It has four channels & instant 
hard copy can be made when connected tr, a plocter. 
Repetitin: Band width : de ro 500 MHz. 
Single shot band width : de to 2 MHz 
Maximum Vertical Sensitivity 
Maximum Sample rate 
Number of channels 

: lmV /div. 
: 20 Msa/ S 
:4 

Memory Depth : I k/channel 

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

PM 5705 generates pulses between 0. I Hz to I 0 MHz. with a fixed transition 
time less than I 0 nanoseconds at 5 Volts amplitude . Pulse duration, 
amplitude & base line off set are continuously variable . Thl' main pulse 
output provides a 1 to 15 volts normal or complementary pulse train across 50 
n or 330 Q source impedance. 
Pulse Dur~1tion 

Main Pul~c output 

Mains supply 

Mains Frequency 

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

: Amplitude Continuously \'ariablc from +I V to + 
15 V in to 50 Q with current limited to 300 mA. 
: 200 -260 V Switch selectable 

I 00 - 130 V ------do------
: 50- 400 Hz 

JO 
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Power Consumption 
Temperature Range 

:40VA 
: o -40°C 

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

Digital storage oscilloscope is a 2 channel oscillosco~. 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 
Maximum input voltage 
Maximum test voltage 
Rise time 
Noise (20 m\' IO\") 
Dynamic Range 

: +/- 3% ( only in calibrated position) 
: 400 V (de+ ac peak) 
:500V 
: 7 nano seconds or less. 
: < 0.5 sd. 
: At MHz. --- +/- l 2V 

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 voltages (fixed, 
adjustable or programmable) & with an appropriate resistor, inserted in the 
external circuit, as current generator (Galvanostat). TI1e potentiostat is 
equipped with built in centre/zero meter for output voltage monitoring & built 
in centre/zero meter for output current monitoring. This instmmcnt is 
particularly useful for the manual or automatic plotting of electrochemical 
systems, for potcntiokinctic studies as well as for three electrode programmed 
voltammctry. 

Maximum output voltage : +/- 20 V. 
Maximum outpllt current : +/- 25A. 

Minimum response time : 7-IO µseconds. 

DENSITY MEASURING EQUIPMENT 

31 



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

(FROM ALUTERV F.K.1.) 

The radiometric densitv gauge determines the dcnsitv of the cryolite-alumina .. -.,; - .. .. 
melt sample on the basis of attenuation of rJdioactive gamma radiation by 
means of computerised data acquisition & processing. The test sample is 
placed in the f umace 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 S\VELLING DETERMINING EQUIPMENT 

Strength of lining materials for Aluminium cells can be detennined by the 
elongation of the specimen under test during electrolysis of cryolite-alurnina 
melts. The equipment consist of a furnace with temperature regulator. D.C. 
power source for supply to eleurolytic cells & a dilatometer for precisely 
measuring the elongation of sample under test during electrolysis. ll1e 
graphite crudble 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. 

Dilatometcr Measuring Range 
Scale Factor 
Measurement Error 
Reproduc.ibility 

Voltage -- 4 Volts. 
: 0--2 mm 
:0.02mm 
: +/- 1% 
: +/- 0.4% 

MEASUREMENT PLOTTING SYSTEM 
( PLOTTER MUL Tl COLOUR PEN -- 7090 A ) 

Measurement plotting system combines the capabilities of sc\·eral 
measurement graphics devices as a stand/alone equipment . It can function as 
~m X-Y Recorder . a wave form recorder or a digital voltmeter, when used 
with a computer H.P. 7090 A , may serve as the front end of a data 
acquisition system or as a graphic plotter. 

No. of Input channels 
Type of input 

: 3 
: Floating Guarded 
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Time base range 

Accuracy 

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

b) Direct record mode -- I second to 24 
Hrs. 

: +/- 1% 

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

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

I) \Va Ye forms 
2) Duty Cycle 

: Sine, Square, Pulse. Triangle. Ramp 
: 20%, 50%, 80%. 

3) Range 
4) Accuracy 

: 0.001 Hz. to 50 MHz. 
: 0.001 % 

5) Power : 200VA max. 

IMPEDANCE ANALYSER 

4 I 92 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 
Frcljuency Accuracy 
Impedance measuring 
range 

Maximum resolution 

: 5 Hz to 13 MHz. 
: +/-50 ppm 
: 0.0001 n to 

1.2999 M Q 

: 100 µQ 

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

:n 
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for a spc~ified period of time. Samples can be taken through a copper rod . 
111e electrolysis power is supplied through a D.C. power supply. 
Crucible size : 150 mm dia. X 175 mm Ht. 

Rating 
Thermocouples used 

Wall thickness : I" 
:9KVA 
: 2 Nos. 

SCHLUMBERGER DIGIT AL VOLTMETER 

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

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

DC Voltage 
DC Current 
AC Voltage 
AC Current 
Temperature Measurement 
(Using Pt. Resistance Thermometer) 
Resistance 

Range 

200 mV to 1000 V 
2000mA 
200 mV to 1000 V 
2000mA 
-200°C to 600°C 

0.2 KQ to 1000 Mil 
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1. ! ·! 11•·1ri~ 1 1~~ <:r.:,·~PAN«~ L11'~1·rcr; 

""LUPUPA.t.A 

! • 

2. 

3. 

5. 

/ o. 

7. 

n. 

IHNUTES or DISCUSSIO:\S ·.-:ITH 
Dr . .1. HOHVATH & Hr. U.C. AGt\E\·i,;l OF J;~;i.RDDC 

cc~paring the status of Cell Oper3tion in Canadian and ~~K d~SiQnS. 

M~gnetohydrodynamic curves ie. % C.E. Ve. ACD for these pots on 
the basis of electrical, thermal and magnetic measurements .. 

Energy and voltage balance for these Cells. 

Deco::-:;:iosition voltage and bath voltage \·till be r.:ec:sured ~-1ith 
actual ACD measurement. 

Technical material presentation during the r:ieast.:i:'er.ier. t ~er iod 
fc;:- educating shop floor e~ployees. Technical ~E~e~ic:l will be 
prepared by JNARDDC. 

Comparison of bath temperature measurements with Alupuram's 
measurements. 

Deterr.;ination of bath liquidus and hence super heat of our 
operation during the measurement pe~lod. 

. >"~··· 
Discussion on feasibility of providing point feeders a~.d pot 
controllers. Function and description of pot controllers \·till 
be sent immediately by JNARDDC. Fin~l report will be prepared by 
end of October 94. 

Dr. Horvath proposed that we send a 25 Kg CP Coke ar.d 15 Kg pitch 
sa-;;ple of our normal granulometry for them to suggest the cptimum 
binder percentage. 

Th2 ~bove experiments are scheduled for the month of Septe~ber 1994. 

St~: rt Report en speci ficatic:1 
:::;-cci fic2tions, 1·:hich 1·1as requested, 
\·r::::k. 

of alumina and c:;~cric pC?stc 
will be sent by ~~A~DDC in next 

Ti~::' c;;lh;:c'.c lic;:it distribution c<.1lcubtions progr<ir::~1c 1·:ill t;~ prcscntr.c 
d:i::ing the r.;c;:i~.;uring period. 

r:;: ter 1·:::s discussed rCCJ:lrd.ing the ] :ic:ition of r::tibilc v;;n. D.ir.:,'r::;ion 
of mobile v;:in will be sent. 

!'r. flon:1lh nnj l·'.r. U.G. /\~pn-1:11 1·1ould like to toke this r;·rort.unity lo 
,~xrre:;:; t.hdr c:;r:1lil.uc!C'~> for the excellent hospitnlily cxlcnd~'cf duriniJ thdr 
d!"iH.. 
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