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ABSTRACT 

The present report on Aluminium Electrolysis Evaluation and Control is the result 
of the second expert mission DP/IN0/88/015/11-06 carried out in India from 25th 
February to 17th June 1994 {with briefing. debriefing and report preparation from 22nd 
February to 21st June 1994) 

1be objectives of mission were the following: 

1. Assist in installation, commissioning and start up the Aluminium Electrolysis 
Department (Camon Technology) in the Centre (JNAROOC). 
Review of methodology/procedure already available and provide additional 
information. 
Preparation of acceptance reports. 

2. Preparation of status report on carbon electrodes (raw material. technology. 
quality specific consumption etc.) in the aluminium industry in India. 
Discuss it with the representatives of the carbon and aluminium industries in a 
two day workshop in the Centre. 

3. Preparation of a list of R&D projects proposed to improve the quality and specific 
consumption of carbon electrodes in the smelters in India. 
Conclusions and recommendations of the status report 

4. To elaborate and agree with the companies detailed R&D programmes for joint 
projects with the industries. 
Connect the start up programme for the Laboratory with the elaboration of a case 
study on a selected project. 

According to these terms of reference three smeller~ (BAI.CO, NALCO, 
HINDALCO) were visited and a two day workshop on "Carbonaceous Materials and 
Anode Technology in Aluminium Industry" in Nagpur, JNARDDC was organised. Some 
detailed R&D programmes, protocols and technical proposals were prepared and agreed. 

All these activities have been carried out and details are provided in the Report, 
following by findings, conclusions, proposals and recommendations. 
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INTl{()DUCTION 

This report has ht.-cn written by Dr. E. IANKO ac; a result of the second expert 
mission carric..'ll out in India. Nagpur under the UNUP/UNIDO project UP I IN[) I 88 -
015 at Jawaharlal Nehru Aluminium Research Development and Design Centre 
(JNARDDC). Nagpur. 

According to the job description DP/INU/88/015/11-06 with the post title: 
"Expert in Aluminium Electrolysis Process Evaluation and Control" (as per Annexure-J) 
the expert was n.-quin.-d to assist in the instdlation. commissioning and start up of the 
Aluminium Elc..-ctrolysis department of JNARDDC. In addition to the job description 
some constructive St!ggestions have been given to the expert at the briefing in UNIDO 
VIENNA by Mr. T. Umf. BSO. in UNUP-DELHI IJy Mr. Ramamurthy and at 
JNARDOC in Nagpur by Ur. J. Zambo. CTA and Ur. T.R. Ramachandran. NPU. Both 
the job description and suggestions formed the basis for the work programme prepared at 
tire very begining of the mission as gi\-en in Annexure-11. 

It can be seen from the work programme that the activities and duties as per the 
job description were extended lo cmhon rnw materials and anode production activities. 
ll1is was dune due In the foct that these problems arc very close tu the objectives of job 
description and are essential for starting activities of Aluminium Electrolysis Department 
and for Indian Aluminium Industry at the present time. 

According to job description and work programme at JNARDUC main objectives 
were the following: 

• To elaborate with aluminium r:(tmpanies detailed R&U programme for long term 
cooperation between JNARUl>C and the industries to improve the quality and 
specific consumption of the carhon electrodes in the Indian smelters. 

• To assist in selling up of laboratory equipment and co11trol methods for 
Aluminium Electrolysis Uepartment (Carbon Laboratory). 

• Training the personnel of the Centre and Aluminium smelters in methods of 
investigation for improvement of production technology, control of raw materials 
and electrodes. 

These objectives were not revised and carried out in totality. As a result of the 
second mission long term cooperation programme was prepared and laboratory 
equipments were conunissioncd. 

1 
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Details of selling up of the Aluminium Ell.-ctrolysis Research Department (C.:arbon 
Laboartory) as well a!'> pmposals fi.n further extension of R&D activities in JNARDDC 
including research and testing equipment are given in section "A" of the report 

Sections "B". "C". "D" of the report reflect the results of activities in technical 
assistance. achievL-d c..luring visits to aluminium smelters and at the workshop. 

Based on the experimental material and p1 ~ess data collected. recomendations 
are made to JNARDIX' and the aluminium companies of India (ao; per para "D" of the job 
description UNIOO anc..l lJNDP). 

2 
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ACTIVITIES 

Itinerary and list of main act1v1lles following the job description (as per 
Annexurc-1) and the work programme on St.-cond mission (as per Annexu~e-11) are given 
in Annexurc-111. ·nic main activities. findings. conclusions and n.-commendations arc 
described as foliowing: 

A Sdting up of the Aluminium Electrolysis Rcsrarch Department (Carbon 
Laboratory) 

·111e following arc the planned activities in the Carbon laboratory: 

• assistance in installation. commissioning and starting up of laboratory equipment. 

• reviewing of test pruc~-durcs and analysis 

• reviewing ,,f span..-s. accessories. instruments. chemicals and measurement 
techniques. 

• improvement of existing laboratory equipment and providing with additional 
technique. 

• designing. adaptation and installation of measuring devices, special modules and 
accessories not available in the Centre. 

• providing carbonaceous material samples. data collection and evaluation systems. 

• adaptation of analytical methods and analysis of raw carbon materials and 
electrodes. 

All these activities in starling up of carbon lahoratory were carried out at the 
period of second mission. A well equipped tarbon laboratory was set up where, apart 
from testing and evaluation of raw carbon materials, research work on determining 
optimal technological parameters of anode paste, green an· prebaked anodes production 
procedure will be carried out to meet the requirements of Indian smelters. 

Equipments and testing facilities available in JNARDDC for testing of raw carbon 
materials, green and prebaked electrodes arc detailed in Table I. Brief description of 
analytical methods is also given in this tahle. 

Revision of lahoratory equipment list shows that some units of equipment 
(Goverment input) are not available. 

3 
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Some critical points fact.'tl during setting up of the carbon laboratory are indicated 
below: 

I. Rapoport Fquipmcnt f(,r the determination of cathode swelling in aluminium 
electrolysis cells : Uilatomctcr alongwilh sensor was found damaged when 
transported. It was sent to NALCO for ~tification. 

2. 

3. 

4. 

5. 

6. 

7. 

Digital viscometer model L VTDV -II of Brookfield Engineering Laboratories 
Inc .• USA - for determination of pitch viscosity. Electrical heating system 
(TllERMOSEI.) did no! li.mctiun and we did our best fi.Jr installing it through 
Indian representative in Bombay. 

Lahomtory mixing Machine (Model I.UK K.O K2) for production of experimental 
anode pt.L'>tc in lalx•mtory scale. It is not cquippt.-d with oil heating system and can 
not be started. That system is designed and under procurement. 

Carboxy reactivity apparatus (Model ROC - 146/I) for determination of C02 -
reactivity of baked anc Jes by loss of weight method. This apparatus is not 
equipped with gas purification system and analysis procedure can be fulfilled with 
high purity gas. Such gas is very expensive and purification system for regular 
C02 - gas must be ordered. 

I lydmulic press for mt.'Chanical strength of bakt.-d anodes testing with pressing 
force 500 KN max. This press is not suitable for determiilati!Jn of mechanical 
strength because it is not equipped by measurement system of pressing force with 
destroy force fixer. The press is operating manually. 

Ring and Ball apparatus for determination of coal tar pitch. This apparatus and 
testing method arc rather ohsolctc and more up-to-date system "Mettler" could he 
used for that test. "Mettler" apparatus aad method is more accurate and 
reproducable and is recommended by ASTM and ISO committees. 

From the list of c4uipments, one equipment (Core Drilling Machine-Model PE20, 
Bernat Saliere, France) can he eliminated without hampering the planned activity 
of carbon laboratory. "!nis machine is more suitable for core samples drilling at 
production lines (prebakcd anodes, cathode blocks etc), than for laboratory 
conditions. A smaller mobile drilling machine may be procurred for taking out 
core samples. 

Reviewing the current situ.ition with equipments and testing facilities we can 
conclude that the carbon laboratory is able to start all kinds of activities. but solutions for 
the problems and difficulties listed above is needed. 

4 
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Tiu: lists of investigation and testing. (measurement mctho<ls. services etc.) as well 
as scicntilic focilitit..-s arc represented in my lirst mission report (page 3-6) and arc not 
repcalt..'tl in present report. 

ll1e next critical point in setting up of Carbon laboratory is staff personnel and 
pnwilling services. 

According to project document the following highly qualified personnel must be 
n.-cruitcd for the carbon laboratory: 

• Chemical Engineer with strong background in carbon materials (2 persons) 
• Bachelor in Science or Diploma;, Engineering (2 persons) 

For the starting up of activities at least one experienced laboratory analyst in 
cmhon analytical pwct..'lhm.-s is nt..-c<lc<l in addition. Without such analyst. lahorntory is not 
ahlc to c;trry out mmlytic:il studies for coal tar pitches and calcined petroleum cokes. 

lbe most dillicult task is to find out and train specialists for analytical methods 
such as insolubles in toluene and quinoline. volatile matter, real density etc. That is why 
we propose to n.-cruit one engint."Cr from smelters who has suflicient experience in this 
area. Only a short training programme for improving his knowledge and mastering in a 
university analytical laboratory is required. 

For specialists (HQ) of carbon laboratory can be recommended education 
programme at one of the well equipped laboratory of international repute for example, 
R&D Carbon in Swil7.crland or llydro Aluminium Carbon Centre in Norway. 

lbe staff of Carbon Laboratory must be educated and trained in the following 
areas: 

• Background of carbon materials and anode-cathode technology 
• Analytical procedure 
• Equipment for laboratory and industrial measurement 
• Evaluation of measurement and analysed results 

Detailed requirement on education and training programmes has been given in my 
first mission report. 

H. Preparation of ~fatu~ report on Carbon electrode~ (raw material, technology, 
quality specific consumption etc.) in aluminium industry in India 

At the hcgining of my mission three primary aluminium producers, BALCO, 
HINDALCO, and NALCO were visited for collection of information, data and discussion 
with the management and experts of the companies on improvement of raw materials' 
quality. manufacturing processes and preparations of project proposals for smelters. 

5 
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lkcord n,1tcs of discussions lit:l\\CCll JNJ\Rl>I>(' experts and the management of 
aluminium companies (BAI.( ·o. lllNDAI.< ·o & NALCO) arc represented in Annexure­
IV. 

< )n the h&1sis of these record notes. collected information and data "S!atus report" 
( Annexurc V) \\<IS clahorated an...: discussed at the workshop on May 26-27. 1994 in 
Nagpur (Annexure VII). This report reflects the main proh!ems and difficulties in area of 
carhonan.·ous materials ;md cell anode tcdmnloJ!y in Indian Aluminium lnJustry. < >ur 
condusior.s ;md n.-commcmlations for the Indian primary Aluminium producers and 
Aluminium Ek-ctrolysi~ Research Department (Carbon laboratory) arc the followings. 

Indian petroleum refineries produce C.P.Cokc of high quality(low sulphur, 

\'am.ulimn. ash content. high hulk density, etc.). But. sometimes the quality of C.P.Coke 

supplied to the individual smelter varied widely from their specifications. This is due to 

the degree of calcinalion which is rellected in the real density of the cokl·. The deviations 

have been observed in the real density of coke from the local specifications. i.e .• 2.03 -

2.06 glee for BAI.CO. and 2.05 - 2.0'> glee for NALCO & lllNl>ALCO. The 

inconsistency in the quality of coke adversely affects the quality of anode produced 

Establishment of data hank on ( '.P.Coke in JNARDDC could he helpful m 

tackling this problem. The functions of the data bank will be as follows: 

I. To collect information on installed and actual capacities of the coke calciners. 

2. To collect informa~ion on the product quality. 

3. To match the quality and capacity of the calcincrs with individual smelter's 

requirement. 

4. To make the location nmp of each calciner and smelter and to recommend the source 

of C.P.Coke to every smelter in consultation with all the calciners and smelters for 

procun.·ml·nl of ril!ht qualily nlT.P.Cnkc. 

5. To collect data on qualily of C:.1 1.Coke of each source and lo analyse the variation for 

recommending the supplier to take necessary action for supplying C.P.Cokc of 

rcl1uired spccilication. 

2. IN_TIHUJELl> Ot' c.1.e.n:.cu PH.ODUCTION AND SUPPLY TO 

SMl~l;n:l{S 

6 
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Tlw p1uhkm of inconsisll"nl quality or nial tar pitch supplied lo the smelters is a 

serious t>lll:. Tiu: ahuntlanl mailahilily of crude coal tars hy the Indian Steel industry to 

the pitch di~tillator~ holh in puhlic sedor sk"CI pl<mls (Rourkcla. Bhilai. and 

Vishakapalnmn) and private cnlcrprcnurcs. makes possible to produce a wide range of 

co&tl tar pitch wilh dilkrcnl S(ll.-Cilicalions. But the agn.-cmenl between smelters and 

distillators purely on the hasis of cost criteria leads lo abnormal variations in the quality 

of pitch supplied lo lht: smelters (( ·ost of coal tar pitch produced by VSP is much cheaper 

than RSP & BSP although the ttualily docs nol conform to the specifications of 

lllNl>/\Lt'O & NALCO). Moreover. small pitch distillators hr. ·e also entered thc field. 

Due to this. all smelters arc receiving pitches with sollening point from 90 - 112 <>c., 
quinolene insoluhle from 4 - 14%. etc. 

Fslahlishml·nt of data hank 011 ( '.T.Pitc.:h in .INARl>l>C an<I clahoratiun of 

distribution scheme could he very uscliil from point of view of technology as well as 

economics. The functions of the dala hank will he as folio· vs: 

1. To collect inlCmnation on inslalkd and actual capacities of the pitch producers. 

2. To collect infom1alion on the product quality. 

3. To nmtch the quality and capacity of the pitch producers with individual smelter's 

requirement. 

4. To make the location map of each pitch distillalor and smelter and to recommend the 

source of C.T.Pitch tu every smelter in consultation with all the pitch producers and 

smelters for procurement of right quality of C.T. Pitch. 

5. To collect data on <ttmlity of C .T. Pitch of each source and to analyse the variation for 

recommending the supplier to take necessary action for supplying C.T. Pitch of 

required spcci fication. 

3. Pl!OHLEMS AND 01u..-:cnv1<:s OF TllE SMELTEHS IN THE FIELD 

OF CAJ{HON PltOl>UCJION TF,CllNOl.OGY 

3.1. HINDALCO 

In spite of old e'luipmcnls. I llND/\LCO maintains high level technology and 

good quality pre-haked anodes. But they have some critical points which do not permit 

them lo advance to the upper level. including reduction in carhon consumption from 

present level of about 430 kg/ton of aluminium hy ahoul 20 kg. The main point in the 

7 
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h."Chnolo!~Y is press machine (pressin!! process in closeJ form without vibmting). The 

latest inh:rnatit.. ' practice is lo use \·ihrnforming in stead of pn:ss fonrung. 

Om:n anodes prm.luee<l at I llNDALCO have horizontal cmcks. cavities. 

aggn:gatillllS. ch:. Baking pmn:dun:s can not eliminate these <lclccls and further 

improvement of baked anode quality cannot be achieved. 

After the discussion between JNARIJIJC experts and lllNIJALCO management. 

both sides agreed that introduction of new \·ihro press machine will help in solving this 

problem as well as it will he possible In get anodes with increased dimensions and douhle 

in weight. 

Thl· carhon cnnhnl lahor;1lo1y is 11111 properly Cllllippc<I to ccmtrol the green and 

baked anode quality. Existing equipments for raw materials' control arc insufficient and 

not upto date. This situation adversely allccts the development of carbon production 

facilities. 

3.2. NAl.CO 

The most critical areas in carhon production is mixer & press equipments. 

Production of green anode block is equipped with vihro press (2 nos.) supplied by 

Pechiney which have following shortcomings: 

• The press supported on springs and rubber pads, is improperly balanced; press 

form is not monolith and not equipped with suction of fumes. 

• The mismatch of capacities between mixer and the storage prior to the press leads 

to the generation of large quantity of green anode paste as waste. 

Due to the problems of vibro compactors, low bulk density of green blocks and 

non-uniform stnocturc characteristics arc ohscrvcd which lead to hi~h percentage of 

waste in the f(mn of green and baked anode. Since 1992 the 4uantity of waste has 

substantially increased. 

R 
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The e4uipments installed arc so close that opportunities fi.,r modification and 

n:strm:tming ;uc wry limih..·tl. 

The suggestion for impro\'ement in the current situation are the followings: 

• To select properly designed press machine with suction of gas and monolith fonn 

particularly for hig size anodes for installation in separate area. 

• To design and install a separate line for processing of green and baked waste. It is 

inc\·itahlc. hccausc annual genl·ration of\o1.·astes is high. 

Other problems at NALCO smelter are 

• Firinl! of fumt.· deposits and explosions in exhaust gas duct system of haking 

furnace. 

• Low lifo of flue wall refractory hricks of baking furnace. 

• Cleaning system of recycled thimhlcs as well as corrosion of induction furnace 

linings. 

These arc &tlsn important hut less severe than the problems of green ano ... •es 

pressing procedure and waste fommtion. These problems can be solved with JNARDDC 

assistance and international consultants. 

3.3. HAI.CO 

Present paste consumption of BAI.CO smelter is very high (570 kg/ton of Al) and 

n:duclion of it hy J0-40 kg/ton of Al is an important task for this smeller. After reviewing 

the anode paste quality and technological parameters of anode formation in cell houses. 

we conclude the following : 

• Anode production facilities arc maintained on good level and to normal 

conditions. Anode paste tiualily (porosity. mechanic<il slrenµlh. electrical 

resistance. etc.) is also satisfactory. 

• /\node formation pmamelers are most critical points (current distribution . 

temperature of liquid part. cone height. etc.). The current distribution per stud 

9 
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varies to a large extent due lo variation in stud lengths. Anode lop temperature is 

I 60 °l' .. against normal temperature of 130 -140 oc etc. 

On the basis .,r this analyses, we clahoralc the drall programme of coopcrnlion as 

I. Calibration of existing anode studs lor impmvement in current distribution m 

an-.ldes. 

2. Installation of artificial cooling systems in liquid part of anodes, 

3. Improvement in anode cases design. 

4. Repairing of damaged current studs by friction welding methods. 

5. Improvement in raw carbon materials quality. 

A long term programme of laboratory assistance between JNARDDC and 

BALCO is to be made to fullill the ahove. These programmes will be helpful in reducing 

carbon consumption by about 30 - 40 kg/ton of Al. 

In conclusion. it can be said that no 1mtjor or serious reconstruction for BALCO is 

rcl1uired. There is no international experience available in the sodcrbcrg designs and 

procedures which can be implemented in BALCO smelter. Improvement in technological 

situation in anode paste production and anode formation procedure arc most important 

programmes for BALCO. Additional reduction of carbon consumption is possible when 

general technological situation will improve lo high level. 

C. R&D programme for the joint project' with the indu!ftrie!f 

Taking into account the various problems suggested by Indian Aluminium 
Industry, and the availability of staff and equipment in JNARDDC, three R&D 
programmes for cooperation with BAI.CO. lllNDALCO and NALCO were elaborated 
and agreed with smeller's management (Annexure VI). 

On the basis of 1.hese programmes the following list of main R&D projects 
proposed to improve the quality and specific consumption on the carbon electrodes in 
smelters of India is formed. 

I. Improvement of quality an<l supply system of raw carbon materials (pitch and coke), 
organisation of data hank in JNARDDC with participation of coke and pitch 
producers. 

10 
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2. Technical assisl:mce in modcnisation of pressing process for production of gn..-cn 
anodes al NAl.l'O and lllNDALl'O smelters. 

3. Improvement of existing ring open haking fomacc opemtion at NALCO for 
climim1tion of lire and explosions in exhaust gas duct system and increasing the lite 
of lluc wall bricks. 

4. Tl.-chnical assistance lo BAI.CO smelter for achieving reduction of anode paste 
consumption from the present level of 570 kg/ton of Al by about 30-40 kg. 

5. Dry anode technology for Soderberg cell pots (BALCO) for reduction of tars and 
polycyclic aromatic hydrocarbons (PAii) pollution into the potroom atmosphere. 

6. Technical assistance to BALCO. HINDALCO and NALCO for inducting specific 
testing of raw carbon materials. gn.-en and prebaked anodes. to improve the control 
labomtory facilities according to recent requirement to control methods. 

More dt:tailed programmes for these projects are represented in draft programmes 
for coopcmlion in Annexurc-VI. 

IJ. WORKSllOI' ON PIU>DllCTION 01,. CAltHONACEOUS MATEIUALS 
AND ANODE TECHNOLOGY IN ALUMINIUM INDUSTRY 

A two day workshop was organised at JNARDDC. Nagpur. to provide the latest 
relevant technical information/literature and to present lectures on the latest developments 
in this area. In addition sufficient time was provided for round table discussion on carbon 
materials topics and formulation of R&I> proposals. Keeping these factors in mind the 
following objectives were envisaged: 

• To analyse the present silt:alion in production of carbonaceous materials and anode 
technology in aluminium industry. 

• To analyse the possible ways in improvement and development of electrolysis 
prncess on prebaked and Soderberg anodes. 

• To promote activities and cooperation on development of anode and cathode 
materials production. improvement of their quality. 

• To discuss the raw carbon materials llualily and the way of their improvement in 
domestic producers. 

11 
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• 

• 

To educate the smelters experts in the field of up-to- date technology for green and 
hakt.-d anode production. dry anode ll.-chnology (Soderhcrg cells). cathode blocks 
control testing etc. 

To contribute to t..-stablishing long tcm1 Research and Development programmes and 
promote activities on priority projt.-cts including detailed planning, programming 
and implementation. 

The following litemture survey papers were presented and discussed at the 
\Y(lrkshop (the participants were providt.-d with complete text of the material presented). 

• Raw carbon materials, coal tar pitch and calcined petroleum coke (5 pages, 4 
references) 
• Production of anode paste and green anodes (11,2) 
• Baking procedure (6,3) 
• Baked anode quality (4,1) 
• Soderberg anode technology improvement (4.2) 

The programme of the workshop. list of participants from the companies and 
rewmcndation of the workshop are given in Annexure VII. Copies of the papers of 
references quoted were given to the participants. 

12 
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TABLE I 

EQUIPMENTS 6 TKGTING FACILITIES AVAILADLK IN JNAIWDC FOR 
TESTING OF C.P. COKE 

Cha.racturl­
stics/tests 

Physical 
Test 

Chemical 

Description 

Gram; lomet.r ic 
composition 

Bulk density 

Specific 
electrical 
resistivity 

Hardgrove Grlnd­
abili ty Index 

Peal density 

Equipments & testing 
facilities available 

Ro tap Sieve 
Sieves. 

Shaker, 

RDC-147 RESIFLEX COKE 
!lUVP l lccJ by M/ :s. IUH.> 
Carbon, Switzerland. 

RIJr. .. 14 7 RES I FLEX 
COKE supplied by M/s. 
R&D Carbon, 
Switzerland 

Hard grove Tester 

Helium Pycnometer 
Model 1305 supplied by 
M/s Micromeritics, USA 

Moisture content Analytical facilities 

Volatile matter A:;alytical facilities 
content 

Ash content Analytical facilities 

Elemental analysis 1. Analytical 
of Fe, 51, Ni, Ti facilities 
v, s 

13 

2. XRF (PW 1480) 
supplied by M/s. 
Philips Export BV, 
Nether lands. 
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TABLE I (CONTD.) 

EQUIPMENTS & TESTING FACILITIES AVAILABLE IN JNARDDC FOR 
TESTING OF C.T. PITCH 

Cbaract.eri­
st.ics/tests 

Physical 

Chemical 

Description 

Softening Point 

Viscosity 

Flowability 
Number 

Equipments & testing 
facilities available 

Ring & Ball apparatus 

Viscometer Model LVTDV 
II supplied by M/s. 
Brookfield Engineering 
Laboratories Inc., 
U.S.A. 

Mould, Measuring plate 
Oven etc. supplied by 
M/s. Aluterv - FKI 
Ltd. Hungary. 

Distillate content Distillating retort, 
Heater etc. 

Moisture content Analytical facilities 

Coking value Conradson apparatus 

Toluene insoluble Analytical facilities 
content 

Qulnolene Analytical facilities 
insoluble content 

Ash content Analytical facilities 

Sulphur content Analytical facilities 

Effect of heating 

Elemental analysis 
of Fe, Si, Ni. Ti, 
v, s. 

14 

Heat treating 
equipment supplied by 
M/s. Aluterv - FKI 
Ltd. , Hungary. 

XRF (PW 1480) 
supplied by M/s. 
Philips Export BV, 
Netherlands. 
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TABLE I (CONTD.) 

EQUIPHF.NTS a TK!iTING FACil.ITJKS AYAll.Alll.K IN JNAHDDC FOH 
T~T J NG ot· GHl!:KN ANODK HASS 

Charac:: t.r.r l -
st lcs/ tcs Ls 

Preparation 

Physical 

Chemical 

Uescrlptlon 

Production of 
green anode mass 

Bulk densit.y 

Plasticity 

Elongation No. 

Equipments a testing 
facilities available 

Jaw crusher. Disc 
pulveriser. Vibrating 
screen, & Laborato=y 
kneading & mixing 
machine. 

Physical testing 
facilities 

Physical testing 
facilities 

Physical testing 
facilities 

Benzene soluble Analytical facilities 
content 

Anthracene soluble Analytical facilities 
content 

Volatile matter Analytical facilities 

Ash content Analytical facilities 

Sulphur content Analytical facilities 

15 
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TABLE I ( OONTD) 

KQUIPHKNTS a TKfiTING FACILITIES AVAILABLK IN JNARDDC FOR 
TESTING OF DAKKD ANODK HASS 

Cha tac t.r.r 1-
stlcs/ Lcs Ls 

Physical 

Chemical 

Descrpltlon 

Daking of green 
anode mass 

Apparent density 

RP ... l density 

Specific 
electrical 
resistivity 

Compressive 
strength 

Car boxy 
reactivity 

Air permeability 

Ash content 

Elemental onalysis 
of Si, Fe, Ni, Ti, 
v. s. 

16 

Kquipaents a ~esting 
Coclli~les available 

Furnaces for primary 
baking and seconJary 
baking with micro 
processor based 
controller, and 
accessories. Total 
system supplied by 
H/s. Aluterv - FKI 
Ltd . , Hungary . 

Physical testing 
facilities 

Helium Pycnometer 
Hodel 1305 supplied by 
H/s Hicromeritics, USA 

Hydraulic press, DC 
power source, variable 
resistance.etc. 
Hydraulic Press 
supplied by H/s. 
Aluterv - FKI Ltd., 
Hungary. 

Bending unit, 
Hydraulic press, etc. 

C02 Reactivity 
apparatus (Hodel RDC -
146/1) and Tumbling 
apparatus (Hodel RDC -
181) supplied by H/s. 
R&D Carbon, 
Switzerland. 

Air permeability 
apparatus 

Analytical facilities 

XRF (PW 1480) supplied 
by Philips Export BV, 
Netherlands 
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SI. 
No. 

I. 

2. 
3. 
4. 
5. -
6. 
1. 
8. 
9. 
10. 

11. -12. 
13. 

14. 

15. 

UES<. 'RI PTION 

Tc.-mpc1;alurc mc;asm ing inslmmcnl 
\'olt-;ampt.-rc meter (analog/digital) 

Thermostat 
Simple power supplier 

Contact thermometer 

Volt meter (Digital) 

Power supply unit 
Electric furnace (mullle) 

Sampler 
Paste mixer 

Coke oven (Conradsnn apparatus) 

Air permability meter 

Grain-size distributor 

Compression strenath meter 

Air llowmetcr 

TAHLE-2 

QT NOTES 

5 under prrn;urcmcnt 
K undt.-r proc.:urcmcnt 
2 under procurement 
I under procurement 
I under procurement 

I under procurement 

I under procurement 
3 Ordered 

I under procurement 
I T<'• he deleted. One oil heating 

system for kneader mixer 
available under UNDP input to 
procured 

I under procurement 

I Ordered 

I Ordered 

I Modem equipment to be 
procured as available press fro 
Aluterv-FKI is not suitable as a 
C.S. meter 

I Ordered 

17 
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ltE<.;Ol\ll~NDATIONS 

To the Ce11tre 

I. To complete the rccmitment of Carbon laboratory staff according to project 
document. including 

• Chemical Engineer with strong background in carbon (2 persons) 
• Bachelor in Scit.'llCC or Diploma in Engineering (2 persons) 

;md one analytical laboratory analyst with strong background in carbon materials 
analysis. 

2. To equip the laboratory with special instruments and devices (thermocouples, gas 
measurement devices, sampler etc.) for industrial investigations and measurements 
at the running equipments such as Sodl"r!Jerg anodes, vibro compactors, bakmg 
furnaces. mixers etc. 

3. To organise carbon information service by collecting informations on quality of raw 
carbon materials (domestic and foreign producers). and bank of samples. to 
elaborate the optimal supply scheme (pitch and coke) according to smelter 
specifications. 

4. To formulate and start-up the cooperation programmes and projects from the third 
quarter, 1994 between JNARDDC and aluminium smelters according to Annexure­
VI. 

5. To establish in the Centre a special scientific Bulletin JNARDDC (for example 4 
issues per year) for publishing views and articles in the area of metallurgy of 
aluminium and fabrications. 

6. To organise for specialists _(I IQ) of Carbon Laboratory an Education programme al 
one of the carbon centre of international repute. 

To the Industries 

I. For NALCO Smelter 

• 

• 

To organise a special expertise with participation of independent (international) 
experts for clarifying the reasons of low quality of green anodes and high anode 
waste output. To make independent conclusion for modernisation of vibro 
compacting equipment. 

To revise specification of refractory bricks of flue wall to increase the alumina 
content ( 50 % min.) and to include the limits of impurities content (f e203 + Ti02. 
CaO + MgO, Na20 + KiO). 

18 
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• To et1uip the exhaust gas duct with special temperature/pressure devices and steam 
injecti11n system to avoid fire and explosions. 

2. For I llNOALCO Smclh.-r 

• To establish carbon control laboratory for testing of green and baked anode quality 
and lo c.-quip this laboratory with modt."fn control equipments. 

• To modernise the green anode production facilities with micro processor based 
weighing and batching system and installation of modern vibm a>mpactOf"_ 

3. To BALCO Smelter 

• To start up in 1994 studs' calibration programme for improvement of anode current 
distribution in cells. 

• To carry out the programme of convert~ng Soderberg anode from wet to "ry anode 
technology. 

During our visits to Smelters and some meetings in JNARDOC these probk ... _; 
were identified, objectives defined and agreed to and recommendations for immediate 
and future actions made, as can be seen from the reconts notes of discussion of BALCO, 
NALCO & HINDALCO. 

19 
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ANNEX URE-I 

R.:QUEST 1'1{01\I TllE GOVERNl\'IENT 01' INUIA 

.IOU UESCl{llYrJON 

DP/IND/88/015/J 106 

POST TITLE Expert in aluminium electrolysis process evaluation and control 

DATE REQUIRED April 1992 

DURATION 12 months in split missions as follows : 
4 months in 1992. 4 months in 1993 and 4 months in 1994. 

DUTY STATION Nagpur, India, with travel within the country. 

DUTIES The expert will be required to assist in the setting up of the 
Aluminium Electrolysis Research Department of the Centre, and in 
particularly of process evaluation and control laboratory. The 
expert will undertake and/or assist in research and investigations 
on aluminium electrolysis process evaluation, monitoring and 
control. 

His main duties will be to : 

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

b) Assist and train in measurement and evaluation of process data for aluminium 
electrolysis cells thmugh a special mobile van. 

c) Assist and train in preparation of detailed energy and material balance of aluminium 
electrolysis cells. 

d) Prepare technical proposals for measurement of cell operation based on 
experimental measurement and process data collected. The expert is expected to 
submit pmgress report after completion of every split mission assignment and a 
final report. 

20 
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ANNEXURE II 

WORK PROGRAMME FOR DR. E. IANKO, EXPERT IN CARBON ELECTRODES 
FOR ALUMINIUM ELECTROLYSIS 

March -June/July 1994 

Activities: 

1. Assist in installation, commissioning and start up the Carbon Laboratory in the 
Centre 

Review of methodology I procedt:red already avaiiable and provide additional 
information if necessary 
Preparation of acceptance reports 

2. Preparation of status report on carbon electrodes (raw material, technology, 
quality specific consumption etc.) in the aluminium industry in India 

Discuss it with the representatives of the industries on a one I two day worluhop 
to be organised by and in the Centre 

3. Preparation of list of R&D projects proposed to improve the quality and specific 
consumption of the carbon electrodes in the smelters in India 

Conclusions and recommendations of the status report 

4. To elaborate and agree with the companies detailed R&D programmes for the 
joint projects with the industries 

Connect the start up programme for the Laboratory with the elaboration of a 
case study on a selected project 

Programme: 

One week visit to each of the primary aluminim producers, BALCO, NALCO, 
HINDALCO and optionally INDAL for collection of information, data and discussion 
of the issues listed above with the management and experts of the companies. This 
should be done at the beginning of the ex~rt's mission. 

Organisation of the workshop in the Centre at least one month b~fore te departure of 
the expert 

Detailed programme for lhe scheduled activities is given in the Annexure enclosed 

Feb 22, 1994 
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DATE 
FEB27. '94 
. 

28 FEB-6 
MAR 

7MAR-
II MAR 

12 MAR-
28MAR 

29 MAR-
4APR 

SAPR-
BAPR 

9APR-
21APR 
23 APR-25 
APR 
26 APR-
I MAY 
2MAY-
4MAY 
SMAY-
16MAY 

17-18 MAY 

ANNl-:XURE - II (CONTD.) 

l'ltO<;ltAMl\U: <W Ult. K IANKO, lJNIUO l<:Xl'io:ttT 
IN Al.tll\UNllll\I PIU>l>UCTION 

POST (NO: 11-06) 

PLACE ACTIVITIES ACTIONS 
Arrival Study of documents Implementation of 
Nagpur Programme/itinerary programme for preparation 

objectives & conlt.•nl of report 
JNARDL>C. R~viewing of h."St procedures and 
Nagpur methods of different carbon materials 

with reference to aluminium smelters 
Programme for Workshop on Carbon 
materials. 
Programme for installation of equipments 

BAi.CO Visit to BAI.CO To contact CMI> I EJ>. 
SMEl.TER. Formulation of project and discus.'liun (Wurks). Korba 
Korba 
JNARDOC Prcpartion for worko;lmp 
Nagpur Reviewing of spares accessories 

Preparation fin Acceptance Reports 
Preparation of project proposal for 
BAI.CO 

lllNDALCO Visit lo HINDALCO To contact S/sri A.K. 
SMELTER. Formulation of project and discussion. Agrawal!V.K. AgrawaV 
Renukoot O.S. Choudhuri 

NALCO Discussion at NALCO 11.Q. To contact CMD I E.D. I 
SMELTER. Formulation of project and <liscussion G.M.(SM) 
Angul 
JNARDOC, Preparation of rrojcct rroposal 
Nagpur for lllNl>ALCO& NALCO 
Bombay Visit to Brookfield I.Id .• Consultation To contact with 

for erection of viscometer. representative of company 
JNARDDC Starting of I .ahoratory equipment 
Nagpur 
NA.I.CO I >iscu!lsion!I with NA I .C< > for projects To contact with Sri M.M. 
Bhuha11eswar taken Seth, CM (R&D) 
JNARUL>C Detail study on dry anode paste 
Nagpur technology 

Discussion with Aluminium Product1s for 
projects taken. 
l>iscus!lion with C'arhon material 
manufacturer!! on improvement of raw 
111·11crial lltmlity. 

Calcutta Visit to lllLl>IBARI I.Id .• 
For organisation of calcined anthracite 
production in India - discussions 
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l'>MAY- N;i~pur 

13 JUNE 

ANNEXURE - fl (CONTD.) 

Workshop (lwu tloiys) To cc1111<1c1 all primary 
aluminium producers, 
carbon raw materials 
producers. 

Preparation of status rcpon on carbon 
electrodes, its raw materials, 
manufacturing processes, qualily 
control/laboralory testing procedures etc. 
Acceptance report <'f equipments. 
Preparation of conclusions and 
recommendations 
Preparation of final report 

23 
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ANNt:xmu: - 111 

ITINERARY AND LIST 014 l\IAIN ACTIVITIES OF THE EXPERT 
MISSION H\' DI{. K IANKO AT .INAIU>DC IN NA<;PlJI{ AND 

SOME Sl\-IELTERS IN INDIA 

WEE...: DATE Pl.ACE ACTIVITIES 
I st 2 2/111/lJ.t ST.PTB - VIENNA TRA\l:L 

2:":/112/'J.J VIENNA BRIEFING AT UNIOO 
2.J/112/1).J VIENNA - DEi.iii TRAVEi. 
25-2Ct/112/'J.J DELHI BRIEFING 
27/02/94 DELHI - NAGPUR TRAVEL AND 

ARRIVING TO mm· STATIO 
2nd 2K/112/94 NAGPUR PREPARATION OF WORKSHO. 

(,fll]/9.J PROGRAMME. REVIEWING 0 
EQUIPMENT INSTALLATION 
PROGRAMME. 

J rd 1/l/').J NA<.il'llR - KORUA TRAVEL 
K-11/0.l/94 KORBA PREPARATION OF WORKING 

PROGRAMME FOR JNARDDC -
llAU'O SMELTER 
< ·c X Jl'ERATI< >N 

11/113/94 KORBA - NAGPUR TRAVEL 
-Ith 14-211/03/')4 NAGPUR PREPARATION FOR \VORKSll 

REVIEWIN<i OF SPARES 
AC'CESSORIES PREPARATION 
OF PROJECT PROPOSALS FUR 
BALCO SMELTER 

5th 21-27/0:l/94 NAGPUR STARTING Of LAUORATOR Y 
EQUIPMENT (RESIFLEX. 
RAPOPORT TESTER) 

6th 28/03/94 NAGPUR PREPARATION Of MATERIAL 
FOR VISIT TO UINDALCO 
AND NALCO SMELTERS 

2WOJ/94 NAGPUR-RENUKOOT TRAVEL 
10/0 l/'J.J - RENUKOOT VISIT T<J lllNIJALC<J SMEl.TE 
111/0.J/IJ.J ELABORATION OF C'Ol'EJ{ATI 

l'ROGRAl\tME 
7th 4/04/94 RENUKOOT-ANGUL TRAVEL 

5-8/114/94 ANG UL VISIT TO NALCO SMELTER. 
ELABORATION OF 
COOPERATION l'RO<ill.AMME 

9- I0/04/IJ4 NAGPUR COOPERATION PROGRAMME 
Klh I 1-17 /114/'J.J NAGPUR l'HEl'Al(ATION OF JOINT 

l'IHJ<iHAMMES FOR JNAIWIJl' 
AND SMELTERS COOPERATI 
AND REPORT ABOUT VISIT T 
SMEl.TERS 

1J1h I K-2 1/04/'J.J NAGPUR STARTING THE LAHORATOR 
E<.ll11Pl\1ENT (\'ISCOl\1ETER) 

22-2-t/04/1)..J NACiPIJR. noMBAY TRAVEi. 
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Ill th 

II th 

12 lh 

13th 

1-1 th 

15th 

lh lh 

17th 

IM lh 

! \ __ , l/11 l/'l I 

----
.!5/11-1/'J-I 
25/11-1/'J-I 
.!h- lll/11-l/'J-I 
l-1/115/'J-I 
2/05/'J-I 

l-1/05/'J-I 

-1/05/1)-1 

5-l(JO:\/'J-I 

•J-15/11.'i/11-I 
I (J/115/'J-I 

17-1 R/05/'J-I 

I '1-2!/0:\/'J-I 
2.l-2'1/05/'J-I 

.lO-.l 1/115/CJ-I 
1-5/116/CJ-I 
(1-12/0(1/'J.J 

I :l/0(1/'J.J 
11-1.J/O(i/')-I 
15-1 h/Oh/'J-1 

17-1 1)/ll(i/').J 

20/f "1/'J.J 
2 1/11(1/'J.J 

----
UC )I\ 111 A Y 

UOl\IBAY 
OOMBA Y - NAGPUR 
NA<iPllll 

NA(jPlJR -
Bl ll IRANESWAR 
Bl ll IBANESW AR 

BllllBANESWAR -
NA<iPllR 
NACiPlJR 

NA<il'tlH 
NA<iPl!R -
CALCtnTA 
CALCUlTA 

NA<il'l!R 
NAGPUR 

NAGPUR 

NACiPl!R 

NAGPUR 
NAGPUR - DELJll 
DEi.i ii 

l>Fl.111 - VIENNA 

VIENNA 
VIENNA - STl'IT 

')I". 
L.) 

\'ISll IO BIH •ot~MU .D 
l:N<ilNLl:IHN<i I.AB. llNIJIAN 
REPIU:SENT OFFICE} FOR 
CONSlll.TATION IN STARTIN 
f II· VISf ., 11\.11 ·."I l-.I~ 
VISIT TO UROUKFIELU LTL> .. 
TRAVEL 
STAlfllN<i l.ABORATOH.Y 
Ef_lllll'l\1ENT 
TRAVEL 

VISIT Tf) NAI .< "( 1 < >l'FI< ·i: I'< >R 
C "( )( JPERATION PROGRAMME 
l>ISC"l!SSION 
TltAVEI. 

STARTING OF LABORATORY 
EQUIPMENT 1CARBOXY 
ltl:M-11\Tl"Y) 
l'.tEl'AltATION Hm WOHKSll 
TRAVEL 

VISIT TO llUl.DIBARI LTD .. 
OFFICE FOR ORGANISATION 
CALCINED ANTHRACITE 
PRODUCTION IN INDIA AND 
JNARODC - HlJLDIBARI 
("OOl'EltA-1 ION l'RO<iHAMME 
l'HEl'ARATION TO WORKSllO 
C'OMPl.ETION OF WORKSHOP 
l'IU:PAltATION. 
WOH KSllOI' ON l'HOIJl!CTION 
OF CARBONACEOUS 
MATERIALS AND ANODE 
TF<'llNOl.OCiY IN Al.l!MINll! 
INl>IJS.I HY 
COLLElTION OF l\.tATERIAL 
Hm FINAi. REPORT 
l'ltEl'AH ATIC JN C JF Tl IE FINAi. 
REl'<JIH 

FINALISATION OF TUE REPO 
TRAVEL. ARRIVIN(i TO DEi.ii 
llEAl:l 11 C"ON.llHJI. ACl"<Jl{IN 
TO IHJSSIAN EMBASSY 
REQUIREMENT 
AlrnANCiEMFNT flACK TRAV 
VISA TO AUSTRIA VISITH> 
BAU "O OFFICE. lJEBRIEFINU 
UNIJP. 
Tit!\ VF.I. AND ARHIVINCi AT 
VIEl'INA 
l>EBRIEFINCi IN lJNllJO 
Tl~A \'FL 
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ANNEXURE IV 

RecorJ Note of Discussion Between JNARDOC & BALCO for Closed 

Cooperation in the field of Cabon Technology. 

~-re...~ 8 - \O I \9CjL. 
Present-

JNARDDC BAL CO 
·1. Dr. E. la11ko, UNIDO E:-:pert 1. Mr. K.P. Pal, DGM <Sm> 
2. Mr. A.K. Basu, Scientist 2. Dr. P.K. Moitra, DGM <OC> 

3. Mr. G.D. Upadhyay, AGM <Sm> 

4. Mr. C.P.S.Sodhi, AGM <Sm>. 

·t • Tl1e analysis reports of C.P.Coke supplied ty M/s IOC, BRPL, 

lCL, and Goa Cart.on Ltd. during ·1993-94 have been Scrut1inized by 

JNARDDC eKperts and their observations are as f~llows:-

ai The real density varied between 2.03 - 2.07 glee. The 

typical recommended value for V.5.5 Cell is 2.03 - 2.05 glee. 

Effort should be ruade with the suppliers to keep this value 

within 2.03 - 2.05 glee. 

b> The bulk density varied between 0.79 - 0.87 glee. It is 

suggested to specify the B.D. as 0.80 glee minimum a~d in close 

e) The Nickel co~tent of C.P. Coke supplied by his Goa 

Carbon Ltd is rather high at 190 ppm. Effort should be taken with 

the par·t to brin•1 down tt1e value to 100 ppm maximum. 

2. It has Leen inforn1ed by BALCO tl1at aLout 55-60% of the total 

requirement of C.T. Pitch is met from Rourkela Steel Pl~nt, 
20 -30 i~ Fron1 Bl-.ilai Steel Plant and the balance quantit; r ron1 
Viza 11 Steel Plant. The scrutinization or the analysis reports or 
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C.T. Pitch Dy JNARDDC experts received in 1993-94, reveals that 
0 there is wide variation of Softening Point of pitct •• 93 - 110 c 

<R&D>. This ahnorn1,"ll variation "Jversely affects the J)aste •:tuc.d i 

ty. Effort should be taken with all the suppliers to receive 

pitch within closed tolerance value. JNARDOC experts suggest to 
0 

procure C.T. Pitch with Sofening Point 95 + 2 c CR & B> 

3. JNARODC experts request BALCO to give pitch sample of dif­

ferent origin to carry out the rheology behaviours of these 
pitches. 

4. JNARDDC experts has requested to give baked anode samples to 

carry Co reactivity test at their Centre. Written reque~t t1as 
2 . 

already been sent to BALCO. 

5. JNARDDC experts observed that the quality of Anode Paste is 

quite consistent and no modification is required at present. 

6. JNARDDC exl-'erts express that it woud be better to procure 

major requirement of each rawmaterials from one source and re 

strict the minor suppliers to one only. 

7. BALCO has been informed that the Rappaport Equipment at 

JNARDDC is going to be commossioned in April'94. DALCO has been 

requested to send necessary samples for the same. 

B. JN/'lrll>J>C l.':q.•erts ~U•]•Jt.!SteJ to 1-'ut cuolin•.J i..Jates on ll1e top 

of anode durin•J their visit in 1992. Tt.e situation arter puttin·J 
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these r•lates in Cell 127 has been discussed and [tf\LCO infornieJ 

that there is no change in the anode top temper~ture. JNARDDC 

e:<perts e:~plaineJ to take trial after modifyin•;1 the sizes until 
0 

the top tem1=•e rature comes down, to 140 c • However, it has been 

suggested to BALCO to increase thickness of the plate by 20 mm 

and height by 50 mm. It has also been hold to increase the number 

of plates to 8. 

9. BALCO informed that they are facing problems of low baking 

cone at the corners. JNARDDC expert suggested to put insulation 

boxes at the top corner of anode Casing. However it is informed 

to them that some trials in 10 Cells to be taken before arising 

at actual size of insulation boMes. JNARDDC experts request DnLCO 

to provide drawing of anode casing for this purpose. 

10. BALCO explained that non availability of proper size of 

studs at the shopfloor is a major problem. The stud sizes vary 

from 192 - 170 cm. JNARDOC experts informed that Russian Smeller 

use machine to cut deformed part of Anode stud and join one new 

piece by friction welding. JNARDDC experts will furnish the 

requisled information of the supplier I n1anufacturer of tlie 

machine to DALCO. 

·11. JNAHDDC e:°'perls su•1•;iested modified •;JrC\nulun1lric paste to 

take trial in one·cell during their visit in 1992. ll is informed 

that about 80·-B5 MT of Anode Paste was produced and tr i a 1 was 

taken in CP-11 fi27. BALCO informed thC\t observation l·~ of tl1€' tl'iol 

will L(• runiist.~d t.n ~"""nnnr. ~l111rtly. 
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1Z. BALCO has requested JNARDDC for mathematical modelling for 

calculation of pitch requirement based on the coke characteris 
tics and fractions. 

13. In the fourth phase of modernisation. Korba Aluminium Smelt 

er may adopt Dry Anode Paste Technology. JNARDDC offers their 

expertise to take a study on dry anode paste suitable for BALCO 
based on Indian conditions. 

-~~ ~ 

,· 

<DR. i;;·~ - IANKO > .. 

<A. K.~~~ 
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ANNEXURE IV (Contd ) 

RECORD HOTES OF DISCUSSION BETUEEN JNARDDC AtlD !!!§. 
flltl0~-!=0• ~[NtlKQIJ! -

P£RlllO: "nRCH lli 1!!,i !.!! APRIL i!_ fili 

P"'rttctp;ants: 

JN AR DOC 

1. Dr. E. hnico 
UNIDO expert 

2. nr. A.K. Basu 
Scientist 

HINDALCO 

1. nr. O.S. Chaudhary 
Jt. President <Red. Plant> 

2. ftr. V.K. Agrawal 
Vice President <R & D > 

3. ftr. V.S. Surana 
Vice Pre9ident <Red.Tech.> 

~. ftr. Arun Ku•ar 
Dy Chief netallurgist 
<Red. Tech.> 

The process of aanufacturtng ready prebaked anode. quality 
control of anode carbon aaterials and general situation of 
raw ••t•rlals. ier C.P. Coke & C.T. Pitch. was reviewed by JNARDDC 
eMperts alangwlth HINDALCO eMperta. Based an the review JHAROOC experts 
eMpress the fallowing opiniona. 

Raw pat1rl1l1 i£ anodt carbon. 

Calcined Petroleua Coke. 

It l1 to~nd that HlHOALCO received C.P. Coke fro• 6 <1ix> 
Calclner1 during 1993 - 94. The quality of C.P. Coke are not 
conai1t•nt/1table. The aoat i•portant•spec1t1cat1on data which are not 
stable are as follows: 

R•al den1ity varies fraa 2.04 - 2.11 g•1/cc again1t HINDALCO 
specification of 2.05 - . 2.07 g•s/cc. According to be't 
international eMperienc• for anodes ot similar di•ension. the 
raal density should be liaited to 2.06 - 2.09 gms/cc. 

Ash content aainly varies fro• 0.4~ - 0.60% against HINDALCO 
specification or 0.45% aax. So•• partie1 have supplied co~e with 
very high ash cont•nt 

(i) India Carbon li•itedr Budge Budge 0,9BX<Jun•9J) and O.BO -
1.27X<Sept•9J) 

(ii> Blhar Carbon, Baraunl 0.82 - O.B5X<nay '93), 0.44 - 1.6~X 
<Oct.'9J), O.BBX<Hov. '93) 0.94 - 1.50X<Dec.•9J> 0.99-1.27% 
(Jan. •94) 
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1.2 

2.0 

2.1 

The content ot Si. Fe and Ni found so•eti•es significantly 
higher than the li•ittng values of HINDALCO specification. It is 
well known that Fe & Ni act as catalysts for C02 reactivity and 
Si (in s•all q~antity> as inhibitor for the saae. The higher 
content of i•purities deteriorates the quality or pri•ary 
alu•iniu•. 

Coal Tar Pitch: 

It is found that HINDALCO recieved C.T. Pitch fro• 2 <two) •ajar 
indigenous producers and iaported fro• North Korea d•Jring 1993-
94. They are also receiving C.T. Pitch fro• saall •anufacturers 
<10 parties>. 

The softening point of C.T. Pitch supplied by Vi%ag Steel Plant 
varies significantly fro• 97 - 108 deg.C accoapanied by very low 
coking value (48 - 51%). low benzene insoluble <27 34Z>. 
quinolene insoluble (3 - 6X> co•parison to following HIHOALCO 

Speci flcat ions: 

S.P. 109 - 113 deg C. 

c.v. :S6X •in. 

Benzene Insoluble - 30 - 37% 

Ouinolon1 ln1olubl• - 10 - 14% 

- Quality of other supplier• pltch11 are in general confor•ing to 
HINDALCO 1p1citication. 

- Di1tillato conter.t and vi1co1ity ot pitch are not analy11d at 
HINDALCO. The diatlllate content ia an iaportant factor for 
baking proc11• a1 high dlatlllate content of pich lncr•a5•s the 
poroaity at baked anode. The vi1caaity or pitch affect• •iKing 
and pr1a1ing proc••• and the quality or green anodes. 

Production Tachn~logy 

----------------~-~--
Production of gr••n anode paste 

In spite of rath•r old production equlp•ent5 of about 40 year5 
old; high level •aint•nance and according its technological 
characteristics <crushers. screens. ball •ill with air 
separating syste•r ~•ight dosing •v•t•• and •ixer capacities> 
enables the carbon plant to produce anode pasta of satisfactory 
q•iality. 
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~-0 llIHOALCU indicated to seek cooperation of JHARDOC for specific 
e~peri•ental Mork for future development projects without 
afecting day to day operation of the pl•nt. 

JNARDDC ~ 

<Dr. E. IANKO> 

!A~ 

/ /HIHDALCO 

I( 11, .. 
·~( (GL<>'-'~ 

-~ 
<O.S. CllAUOHARY> 

/Q~{~ 
' <V.K. AGRAUAL> 

IU~UR~~· 
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ur-:11 =•· d .. l\1u:~1i!1u .. ;,_.vl.H·l\lir u .. u1Lu 
(h<'ll\ I OFINOIJ\[fll[IU'Hl'.;F) 

~r.!;:U FR PLANT 
ANNEXURE IV (Contd) 

R~cor.:n tJOTES OF DI scuss I ON BETWEEU .J. r~. {:.. E. J - :) . ~ 
r.;:v :!f\"TIDr.&AL ALUMINIUM COMPANY OU IiT.-7.C.-t;.·.e •. 

SMELTER PLANT,ANGUL 
-----·-------- ---·--------------------------- --- - - -

Ii 1.-:··.'H.> n.-;.~.3H; 

1. IH. E .. l1 H JJ~ 

r.~·lll:O r:xrrrn 

111s.r·n u; 

l. ... 
..:. . 

r·n. f:!.L.Ullf1~L'.:"I"_'..:,:·.~ 

f'H. S.F'. 11'.J-f"·Ffiir:: .• C·i. '' . 
1·n. r •. 1·:. r::YJJ~ 
u:nwr:-;r 4 • 

t·1i. ~~.t·J.s:r.:r~ '~~·'·:.:~:-. ~·-· · ~ ··-·~ 

...-~. A.L.l·.V:GJI~s~·-:.r;/:.(~ .. ·:. ::-::·:; 

fFLi.U f.;n::·Jh·1- proi•_ir.:12d <>b::vt 127""'0.'..0:rr gi-een i'JifYJ=y bled.:::. ,·::".! ·:.o 
h .. 1l::::=d ;;no~L: da ... u-i.rig 17'93-94. The C:111Cde di1renticr1~,; i.-..-2 ~!'":' fc! I·:-•. ·- · 

: Avg. wt .• : 1142 f(g. 

E:\•.h b::\kcd ;-:z1nir- lus b(si::> holE~3. Th:.~ apparent density cf 9...-;::·~::-1 . :-::..;·~r-: .i ·. 
1.~.o& gtri/c\'.~ ,;.•11.:.J 1.:::AJ g/c.:c for- I.laked anock~. 

~'lOJ :.ar~lt.;-r U!"."25 tt-e"J~ anc.des in 4{fc:ur) pot l"LUS'..E. T:-.~ lr::il fTl'?t.:;l 
pn:.;Ju.::U.c:o for 1993-94 is abu.lt 196ll0ZI Mr. Tte cells Lire 1Ei..J ;", f· .~; •!T•J 
rn•!5 N.ith \6 .vKXles pt_Y cell. At a current efficiE'rlc:y higher th..·,,,'·"..~~ th:~ 

.:wq. nc:!t c~r-bon ca19..111ptiu1 is about '1.JWJ kg/ten of alLvniniLr-.. Tt ~~ D.: 
IJ';P.·.'t.':r cc.T1!:.a.unpf.ia1 i5 ilbout 14tllJ,J:JtJV1u1 uf aluminiL•m. 

2. JM."f"\1)[(-; ,-·epn~nldt:i ve:-; studied thl~ producticr1 lt"?l-:-tnolo;_lf c F ~::T·.:n .. 'if .r1 
J.•rf'lnl·:r:xi i'\11P"frs i\S ,.o:• 11 .,,.; ;;-;~nbl y t.r'\::tnol~)' ;md !"~ i t11:1 l"; ~ #l ; !""1 ~ ·.~ i 1 p. ·, '· 
la:· 1~;:=::; t('"y:U ,:r ,.,ilh t~LOJ ~J]E'Cialisl~, avaluaU.>d the uu-r-col p1·.:·~·:·;b~, 

~:.i lu:~tion .::.s fol k.N1ing: 

2.1 Pn">:11.1ct.iu1 nf •Jn~"'O anodt~ J'l.Y;te is <1c:etxd1n.J t·:j 1:.i·o:")··!·_·,:L•-.~1 

J.r·,:;ttLh·:tic:n Nith.in J.-ern1is:iiblc vc.triatia1 of parc.¥;cl~::·:;. 

P1TidLK: t.ir:n of 9ff.n1 N1t>:fl·? blor..:ks i5 c."rricd o.1t by ·:ll~:-oi;r ., .. ~ < ~ 
no:;.> ~i1.1pplie."Ll by Fechinr~y "'hich have follc.uinq !.ihorh:crr·ing.:;: 

1·1f~ ,.,. .. ,.:'::--.. ~; !:~tpp,rlt:x.! '~' 5prjnq~ ;tYl~ l:l:\l ... ~·1ci."'t1 l•rir:;.~ti::f:l.:tr'r ~Jv; ··~j 

ti•• 11.1·.11;;)::-nt i·:; divif.lr'd jn vr•r-li.r:~l <•nd to1·i.:T111'_·:: rfu·~··::t.1r·n. 

11 • • 1 , ., ; ·:. n 1 . 11 r, . ., · ; · . 11~ 11 .. u. '" ..,, 'I' 1 i , .i r, ;ri .. ,.,! • • • 1 • : , .. · ' 

Ur• l'11i ~u1·11· (•"'I' ,·t,;.,.,<,., l11n•.1ql1L.ul· ti~~· i'>1:"ll...1'.'• 

·11 • • 1 •• , • . • , , ,, ,, ,,, , , •.• 1 i 111 . u ,, 1 • , 11 ' · 1 •• 1 1 :·>' 1 , ) , 1 , r 1 , , ,. 1 • ,, •. , • 
, .. , ... !llli111l 11 ·!11.·t ;;._, cif j111Jl:11.l of vii: 11 n111prt.-.;:·.j.-q ,..,rd .i11• r1•·1· .... 

11 r • 11 . 1 I 111 l':r 11 - I·: · of ~ • 11 Ii l.1i1.1 d.i ;, 11· ·,j en. 

11. . 1 ., , "· . , . 11u1 , ·:;·,;, ·: .. r1 "; 11, • , •. t. i '·" or { 1.•11f ( \ '':t f' I • '
0 

j I f "t J 

.r!i" I i11•.I 1.nlf di, 1ly ,,f 'l'• 11 •. •11,-.,lr• lil1-. (-,. 

II I.·: I • .. I ;11 I." I I I '' I'' I 

'! ,,, 11. , .• ,;I'' tf JI t' 

·. i.; 11111. \ 11 :" i .\: 

l1i11 !. ·: • Ii I I·:·,,, ; d I I , • ~ •r • •.,. ~. 
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sr.!EL THl Pl.Ar H 
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' • r • "1 ............ :. '·' 11111 ,;. I 1 i.: _,' . It • ·~ t •·•I 

.. , ... 
\"'·'·'"·••=• .tl·t·_ L•.~i-·.:· ci·s.n•c•ct,_~·J.:>~J'-.:s, cr·:·· .. L: c·;.-:: r:_ .• , .. ,_.·_ .. ·.;_. ~·- ~---~; :.~­

,•-.::; •• ?~ :·.:'."' •:f t!.·.::t~· c··F q11~ .. f1 p:-sf:e .:\J'T' t·L:1=:1· ... ·.-.:L 

I 

J t i 
in.•.!i·!ic.fr;,~. ,-.1_ t:;_> 
l .. :.··-:l·.: ···;· fli i --:, ·'~ tC"•fl·.~ 

!·I;' ;: .· r.: . j f. y 0 r t' ·1 j.· .. , i_ '.I ~-- ~: I •·. ~1; • . . I 

r:-.~~:-.'.·.i1.~) lH1:p~r .. lt.1r;~ Lzr Ji.·.11•,i':t" tj1,-·.·:. ; 

p-.-.;' •:. 

' I 

... : : ; ] .. =. "i 

Th::- b:O:l:ir~; p•L··· . .::;::; is i:·uTj~-.j OJt in rinq r•.•!r .. --c.:·:: (.,r."';,-!"1 t·:·''-"--i 
":.if 7•1 S£~tiuG h.'l·.fing b p.its in each ~c..--cl.icn. In g._,-,.:;1-<-:-l 4 

;1·A..1r·kin;1- Tlr.,~ iii",;in pn::bl1;rn:> in b::tking g'"'oCti•:11 at J..:rc.><::;r:fit .•1 .:.--: 

• .. "::' , .l :_ ,_, .• _-. 

fl.!":•::. 

2.4 

a. FE-.:i··io:lical e:<plo:::;ii:n at e::haust g:.:; s1stc1;, n:.·:;ul tir1g ir1 (:--.~.:·~:o:-: 

;\t ~l:t:> pip•! line-, scrubbin<J ctnih!~:·r-s ."1:; t>:-11 -·. .:.i.q~r· :o-- ~,: 

l..Jal·:iny furT1'1c.c:~• fat· laig pL>riod aril.I r~d1..1.:: .. lin·, of c2pY::it/. 

b. LHe of flue wall bricks are ver-y lE-35. Th::! life of •n:.ti=•l 
brick lining w.ois ffi h?al5 "'ith 3 f.in~-;; this 1-ed·.1r_c-d +.-.: t\'.J 
dur frig secc:nd g~1er a tiai br· ic. k5 e.rtd ;t t pr e:::en t c1t..:• .. 1 t ::-·CJ \ : ! '-_:-, 4 
fin?-::3. This may be due tcJ ncn !:-<:\lisf;:;,ct.u1-1 qL1.::-1hl1 of tr·.:.c.! ::. 
i'fltJ impr-oper hr~ating alQ)(] th:- !'..c.:ctic:n 1·:hich n:-7.11 t:: jn 
J>:•r·icxJic;al f4n1ulicr1 of o-1er· h:•CJtL'll ;:cne. 

f'roc:Juct.ic:n of il$'3C":T1bled c"Vlode 

f.'nr...1.k~ riipph:·::; are joirr:xi Nith l>-"'IJ.:ed .:,mxic hy p-J_tring irolh:n e<·~·.t 

ire"- n·e cast iron is nel too in inductic:ri fun1i"•CF..? <3 nc:;;;. >. At 1-·;-e:-r;nt 
1 p~rt of fr0_;h cast ircn is used "'ith 3 p:3rt:; of rrx::yr:lcd c.:nt. in:n in 
u-.;? furnace. 

Tho~ fu111ace i:; h:\ving nonolithic linin9 of '1<7~: ~iHc:1 .;-r:d 1::· !·_-,-j.:· 
ac:id(hinclm'). Th:! 01v..>ral:inq tonperatun? i.~~ J~T/,l dr:-:•::J. - 1~,r,;:1 cl<•].C. 111' 
pr·oblc.11::. focE.\.f by this 1..uii t me: 

-· ... 

j\. 

ti. 

CJr~,"V"\ing !;y~tnTi of n:x:yc::lcd thimhlr.s , .. u-e not 11nr·11r:~1 rP:vl t·jr-.9 
in adt-a?r-ilnr.:e of C CTid fluur ldQ e.al l L·Ji th th? thi111bl~:-:,' L~ifrJ 

nx:yr:lcd. 

r ... n.".·.11] I. (Jr ,1!>1\"(·~ (111,;1·11 ir-n ("·f ; 01:1i: , .... , ...... ··.l ··I ,: . 
.i ""' !· I ; • 11 r I ., I I.,. " I· : "I I 1 I • II I r ·di - • II . ' I I I I 111· I ' ,j I i •. 

,ii. 111•· Ii :,;·.l-.·1· 1<1(,·· 11:d111.iln.J l.ir1i11t.J lr i•·. 

C\1 11 •.• ,.,.i ... r r.1.1.1.,., 11.-nli···., .1 ·i11 i··· .. '.n·;;11 11 .,,. 

, ,, .. ·L 1:1 • '! •• , • , L 4 '·,, 1·11 1 h ;1: r1 \l)l~C .i 11 "' ! Ii .i, '"II;\'( • " , • '"; 

J n:i ·;-. •. '· ,, • 1 , : · 11 r i • r ! 11 11 • n 1 " , 1 1 • , · ! .... , , . ; .. , . :· '" '·:: 11 , .. : : : i1 , .. ':' ! 

, , II I I ., ,, II I '. I I f ., I . •I. •.l· • , , •. ( • . . •: ,. I : J·. • ' I I •I I • :. ' I 1 I 1 '· 1 ' I I • I• 

lti1J r,. 1 ·1,' • \ll l1 \! 1•)' I I'• f.' l• l I·! it1'. 1 · 1 f •.:111 1 
_. I· f: 1

1
1 t 

1 ' , . , , 1 , , r ; ~ · . , , , 1. i .. , c . , i 1 , , ·•. t , ., i • ' , ? · : • , , • .. 1 , 1 ~ 1 , • t • · . , 
Iii I' I ·I·. : I• 'I 11·. I• , • •, : • , r 1 . f t ~. ' .. 1 .. ' , , i 
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•• f I ,, I. •I 

3,4 



I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
i 
I 
I 
I 
I 
I 

4. 

El:;l;:of·at.il.f"I -re .. : llll.:rl:~i:\Sing }jf~:- err b:..~kajrllJ furTl~lLf_- 111..:r.? M•tll 
n·rr·i-·•-n>t;: Lr-id·:~;. 

El<'-boraticn for .increasing Ur- life of ineuct.icn fi.1:-n•c~ 

Unjr.g. 

Jt¥'RrnX: E::perts oHer lo N~ sane addJ.t.iu-ial central n•:th:d -for 
h.•:;t:iric~1 t-.:w1 c:arbc:o mutE:;-ials,gr~en and ba~e:<I anode~. 

[\>Lh Jlr'r.;UOC arn1 t.Yl.f.U t-cprc:Lntativc.-~~ c-l€1Lor.::.t1~J r:•rcr1.z-.:,1!;, ft:r· 
coop::1-aticn in cc.v-tx:n prcxJucticn t.ectTIOlog:1 a~ n.crilia-at;<l in par.::s 2 
t.o 4 t·A-lich t·1ill U.:- prer..,ent£d to Jl\rl..;DOC m.:n:.."'lgerent for detai.l ~tud/ 
c:nd ·f\l'l_Q] will bt~ infornc-<J ac.:cCKd{ngly. 

J.N.A.R.D.D.C 

< Dr. E.Ianko > 

Encl.: PN'.£>-.1.A-£--I 

" 
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STATUS REPORT ON CARBON ELECTR01n:s (RAW MATERIALS, 

TECllNOLO(;\' QUALITY Sl>ECll'IC CONSUMPTION t.:TC.) IN THE 

ALUMINIUM INDUSTRY IN INDIA 

In India, at present the four producers of aluminium and anode carbon arc 

INi.JAL, HINDALCO, BAI.CO, and NALCO. These smelters are equipped differently 

mu.I they have specific problems regarding supply of raw materials, production 

technoiogy, and laboratory control systems. In this report, I review the current situation 

at the smelters in India including 
• Qu;dity of Calcined Petroleum Coke and Coal Tar Pitch 

• Production of green anode paste and green anodes 

• 
• 
• 
• 

Baking cl1uipment and baking procedure 

Quality of anode paste and prebakcd anodes 

Specific problems in Soderberg anode technology 

Carbon laboratory control system 

This report is prepared on the base of our visits to smelters (protocols m 

Annexure IV) and work programme for my second mission. 

I. COAL TAR PITCH 

The typical pitch specifications used in HINDALCO, BALCO, NALCO, INDAL 

smelters are represented in Table I. I. To review the softening points they are according 

to equipment and temperature conditions opportunities of every smelter. But for 

BALCO Smelter softening point of pitch could be increased up to 95-JOOOC (Ring and 

Ball). 

Lower limit of quinolene insoluble content is not normally specified for all 

smelters. For all smelters according International standards lowest quinolene insoluble 

content limit can be specified as 6-7%. The upper limit for prebaked anodes production 

must be not higher tlinn 11-12% and for Soderberg paste 9%. Some variations out of 

these limits arc possible, but their effect on the quality of anode paste will be rather 

negative. 

Benzene (toluene) insolubles are specified for three smelters only. That is not 

normal, because benzene in:-mlublc (toluene insoluble) is the main binder component of 

the pitch. Typical specifications for benzene insoluble (toluene insoluble) is following: 
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l\lcdium sufh:ning poinl pild1 

l ligh solkning point pikh 

2h-:l 1'% (2<J-J)) 

28-34% (J 1-::6). 

Coking valul's (ur lixcd carbon) are according to international experience, as well 

as ash conlcnt and impurities. 

Vmiuus paramclcrs for CT pitch provided by the producers (the steel plants) 

imlicatc cunsidcrahle vmiations. 

Pitd1 liom Bhilai Sh.."\.·I Plant has very low hcnzcnc and •1uinolcnc insoluble 

contents. Pitch from Rourkela Steel Plant had quinolene insoluble content upto 15%. 

Pitch from Vizag Steel Plant had rather low benzene insoluble content and coking value. 

All actual spccrlications arc not stable from party to party. 

The plenty of cmdc coal tars in lmhan Steel and Chemical Industries provide 

production of coal pitch with various specifications. Uut the agreement between 

smelters and distillators on the basis of co~t criteria leads to abnormal variations in 

quality of pitch supplied lo t!1c smelters. Due lo this all smelters arc supplied pitches with 

softening point from 90 to 112 oc, quinolene insoluble from · to 14% etc. which are not 

upto smelter's specifications. Such situation adversely affects the anode paste ( prchaked 

anode) lJuality and optimal anode paste composition and green anode quality cannot be 

maintained. 

We propose to establish systematic pitch data bank for all produc.ers and to 

elaborate optimal pitch supply scheme according to smelters specifications. This scheme 

should include quality specifications, minimum trnnspml costs and all other requirements 

and characteristics. 

We also recommend lo all anode proJucers lo follow pitch specifications for 

medium and high softening point varieties, as well as for control methods. For softening 

point test we recommend Mettler, for coking value - Cunradson, also to include toluene 

insolubles instead of benzene insolubles. Some additional laboratory equipment is need 

for that. 

Sodium content is very important characteristic from the view point of baked 

a1mdc n11huxy 1cactivily and must he ind11dctl in such spccilications (Normal specified 

limit is 500 ppm.). 
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\'iscosity. distillation and impmiti1:s (S. Fe, Si, & Ni) control is reasonable only 

for periodical investigations. mainly by imlcpendent organisation such as JNARDDC. 

Specilications of coke produced hy Indian Calcining Companies arc represented 

in Table 2. I. 

Si-' main (' I' ( '11!..t· tlunn-slil· c1k111t·1s pwtlun· lln· n1!..c 111alc11al of li1lhc1 dose 

quality with low content of sulphur and impurities. Only C. J>. Coke from Bihar Carbon 

has very high ash, and metals impurities content. 

Reviewing of the situation in C. P. Coke supply reveals that there is wide 

variation in real densities. In I <><JJ-<>4 at I llNOALCO smelter real density varied from 

2.04-2.11 glee against smelter specilication 2.05-2.07 glee. Al UALCO Smelter real 

density went up to 2.07 glee, but for VSS condition 2.03-2.05 glee is optimal. NALCO 

uses C. r. Coke with real density from 2.0-2.072 instead of 2.04 glee (min.). 

The establishing of data bank on C. P. Coke actual and typical specifications in 

JNARDDC could be very favourable for improvement of C'.P. Coke distribution system. 

Analytical control system in Indian aluminium and calcining industry is not 

uniform. Practically normal coordination between suppliers and smelters is absent. So a 

very important task of carbon laboratory at JNARDDC is to organise such system and 

recommend most suitable testing methods, specially for regular (typical) parameters: 

Real Density, Bulk Density, Resistivity, volatile matter and sulphur content. 

3. PRODUCTION OF GREEN ANODE PASTE 

Indian aluminium Smelters have absolutely different production equipment and 

technological schemes for preparation of green anode paste. 

BJ\U'O. lllNDALCO Smelters have periodical production scheme and equipped 

hy hatch 111ixc1s. I llNl>AU'O Smelter has manual weighing dosing system of dry 

aggregates with collection of dry 111atc1 ials in moving car. In spite of rather old dosing 

system the Inst one maintnin a good condition of equipment and satisfactory accuracy of 

granulomct 1ic l'om posit ion 
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BAI.CO Smdll·1 is l"tft1ippcd with automatic weighing and hatc.:hing system which 

permits to guarantee high dosing accuracy, instant regulation and changing of 

granulomctric composition. 

NALCO Smelter has the most modern dosing and mixing equipment working in 

continuos scheme. 

In the following we try to compare some technological parameters in green anode 

paste and green anodc..-s production. Granulometric composition (dry aggregate) arc 

represen~ed in Table 3.1 (plant A - NALCO, plant B - BALCO, plant C - HINDALCO) 

Difference in the granulometric compositions reflects the requirement to anode 

of small and big dimension. 

1460 x IOIO x 550 mm big anodes (NALCO) 

Avg. Wt. - 1140 Kg 

500 x 480 x 425 mm small anodes (HINDALCO) 

Avg. Wt. - 155 Kg I 

Biggest size particles -12+4.75 mm and -6+4.75 mm are comparable with anode 

dimension, because the size of biggest particles must be proportional to anode dimension 

directly. But limitation of coarse fraction -12+4.75 mm for big anodes in such 

boundaries are not satisfacted, because variation between -12 mm and 4.75 mm is not 

under control. Fraction 12-IOmm, I0-8 (6) mm must be controlled. 

So if size variation removed to 4.75 mm cracks and cavities in baked anode will 

be formed, if size variation removed to 12 mm, the apparent density of green and baked 

anode will reduce. Normally particles size distribution in that fraction must be relatively 

uniform. The control of separate fractions and summary granulometric composition for 

such distribution is very actual. 

For estimation of fine dust quality percentage we represent some additional 

information in Tables 3.2 and 3.3 (ALCOA), for three sorts of cokes with 

High bulk density 

Medium bulk density 

Low bulk density 

For preparation of summary dry granulomctric composition with maximum bulk 

density the fine fractions (-48+ I 00, - I 00 .-ZOO and -200 mesh) must be dosed as pointed 

39 



I 

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

in Table 3.3. So if luw hulk density coke is ust.-c.I the sum of that fraction to compare with 

coke of high hulk density has lo be inc.:1c<L"e up lo 52.4 % compare with 44.3 %. This 

information is very important for normal regulation of current granulometric 

composition_ 

Soderberg anode paste granulometric compos1t1on 1s comparable with 

international experience and anode paste on the base of actual composition has 

satisfactory quality: 

NORMS ACTUAL 

L Apparent density, glee 1.4 min 1.49 

2. True density, glee 1.99 min 2.01 

3. Porosity,% 30.0 mix 25.75 

4. Mechanical strength, 300 min 312 

Kglcm2 

5. Resistivity.Ohm mm2 / m 15 max 64.62 

6. Ash,% 0.35 

4. PRODUCrJON 014' GREEN ANODES 

4. I Small Anodes (I llNDALCO) 

The smelter produces green blocks in closed form by pressing (total pressing 

force 850 Ton), with a rather old conventional process which is not being followed in 

new international practices. 

Visual inspection of surface structure of green anodes, by JNARDDC experts 

revealed the following : 

• 
• 

• 

Middle and long horiwntal cracks at the center of anode . 

Aggregation and bad pressed structure on the top of anodes (specially at the area 

of nipple holes) 

Other damages like cavities, structure defects, concealed cavities . 
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the three operating cycles : weighing - compacting - discharging are performed 

simultaneously at three diffcrcr.t stations. 

The Swiss R&D Carbon Ltd., Zurich has developed and patented a new 

vibrocompactor which is now in successful operation at Alu-Chemie in Rotterdam. It 

has a paste feed rate of 40 tons/hour and a production rate of 48 anodes/hour average. 

The last one is suitable for both smdtt.-rs too_ 

For NALCO lhc inslallalion of new vihro cnmp;ac;tor will he rt."ttt1irt."tl in the near 

future. Tadjic, Australi:m and Indian smelters (equipped by FUC machines) have similar 

waste problems and these problems are not resolvable without the changing the vibro 

compactors to more perfect ones. 

But at NALCO the vibro equipments designed so close that reconstruction 

opportunities are very limited_ The most practical ste:>s for improvement of current 

situation are the following : 

• To select pro?Crly designed vibrocompacting machine with vacuum facilities and 

uniform monolith (that is very important for big size anodes) for installation on 

separate area (out of existing house). That is an extremely dillicult task. 

• To design and install a separate line for processing of green anode waste 

(crushing, screening machines, storage capacities). That is actual for processing 

of green and baked anode waste. A new batch mixer machine must be installed 

for melting and preparation of green wastes for vibro compacting. Heated green 

wastes will be given in Buss mixer with a separate conveyer line. 

5. BAKING PROCt:DURE 

HINDALCO and NALCO smelters have baking ring furnaces of open type. 

Generally the baking process (Baking temperature schedule, process control facilities, 

firing cycle, rate of heating, etc.) follow the normal baking procedure. But some serious 

technological problems we met at NALCO where gas fire and explosions occur 

periodically. The smelter are requesting more and more stringent control and regulation 

for the exhausting of tars and hydrocarbons. 

The main reason of explosions and fire in the exhaust gas duct is reduction of 

temperature of tluc g;is which results in deposition of pilch fumes where rhe tcmpcralurc 
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ll1ese detects reveal that proct.-ss of pressing is not suHicicnt enough. This is due 

to specific characteristics of pressing process in closed form without vibrating. and also 

pc.."t h;1ps nol s11llil-il·11t kmpt.·1 aim c of pt l-ssing and g1 ;umlomcll i\: \:omtM•sition. The l&L'>t 

two points net.-d special investigation/study. 

4.2 Big Anodes (NALCO) 

Production of green anode blocks is carried out by vibro compactors (Fiver Cail 

Babcock type machines. France) which have following shortcomings: 

• The press supported on springs and rubber pads is balanced unsatisfactorily: so 

the vibrating movement is divided in vertical and horizontal direction. The 

horizontal force is more than vertical force which affects the uniform 

compactness throughout the anode. 

• 

• 

• 

The press mold is not monolith and equipped by two lifting doors resulting 

reduction of impact of vibro compression and increases the crack in anodes of 

such big dimension. 

The press mold and cover weight are not equipped with suction of fumes 

(vacuumation) affecting bulk density of green anode blocks. 

The working space around the press is not suffir.ient which hinders the repair and 

maintenance of the press. 

Due to these shortcomings, low bulk density of green anode block, non-uniform 

structure characteristics, cracks and damages, as well as higher percentage of waste of 

green anodes are observed. 

It is a!so found that the capacity of hot anode paste hopper to store at the pressing 

temperature for longer times is insufficient which leads to waste of green anode paste. 

Vibro compacting procedure and Vibro machines arc very important problem for 

both smelters. From this viewpoint our information about vibro compacting procedure 

and machines will he interesting for both smelters. 

A new turntable machine Humboldt wedag AG (KHO) is recommended for both 

smelttrs. This machine differs from the vibrating compactor with sliding table insofar as 
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1s lower than the fume condensation temperature particularly at the bend and bottom 

zone of the duct. 

The !!as tcmpt.·1aturc n."tluccs wht·n large <1uantity of cold air leaks from the area 

of preheating chambers and mixes with the gases. 

The air leakage may take a number of paths such as : 

• the opening at the head wall cover 

• the opening at the peephole cover 

• the cracks in the brickwork at the top of the flues 

• the packing coke 

The leakage calf..-ulations were made for the first section next to the exhaust 

manifold. where the pressure difference between the flue and atmosphere is greatest 

The height of the nonporous part of the flue wall was varied from 0.03 to 0.36 m. In 

addition, a foi! was placed in the packing coke_ 

The distribution of the air leakage in the heating zone of the ring furnace is 

following (Kg/sand%): 

Kg/s % 

Head wall cover 0.0272 14 

Peephole cover 0.0488 25 

Brickwork cracks 0.1154 SS 

Packing coke and foil O.OOSS 03 

All openings 0.1969 100 

According to these results the sealing of the brickwork at the top of the flues 

would be the most effective way of reducing of the air leakage in to the flue walls. Due 

to the constraction of the flue and the high operating temperature, cracks may form in the 

brickwork after a few operating cycles. 

For elimination of explosions and fire in exhaust gas duct, our recommendations 

are the following: 

I. Maximum hermctisation of cold loaded chamber and preheating zone chambers 

by granular coke protection covering and pla:H;c sheets (NALCO practice). Air 

intake through the leakages must be minimum. 
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2. 

]_ 

Stahle furnace l1per;1tion and observation of prescribed tempcralurc curve. Zero 

pll"SSlllc posilion al the area of el1ualising chamber (between last tiring SL-ctions 

and ht.-ginning nf cooling position). 

Installation of spt.-cial prcssurc/lt:mperaturc control devices in exhaust gas duct 

after the furnace which give immediate signals about mcreac:;~ of 

prt.-sstirl·ftemperntmc This device should he com1t.-cled with the control system 

for immediate switching off all exhaust manifolds. firing frames and cooling 

manifolds 

-t Installation of cmcrµcncy steam lint."S for immediate steam injection into the 

e'\haust µas dtKt li.u cxtinµuishing the fo c aulomalically (art er receiving signal 

from special control devices under point 3 ). 

Low working life of lluc wall bricks of baking furnace is the next serious 

problem of NALCO smelter. Initially for this Smelter the life time of flue wall bricks 

was about Cl8 lin .. -s; this reduced to 45 during second generation bricks and at the moment 

to 28 fires. This is a very poor result in comparison with international experience. 

F. Keller (Aluminium Chemic, Rotterdam, B. V.) indic:1ted that they have 

achieved an average I 00 fire cycles of first generation and 80 fire cycles for second and 

third generation bricks for similar open ring type baking furnace. 

Negative result in NAALCO is due to unsatisfactory quality of bricks and 

improper healing schedule along lhc section (including high temperature gradient in 

preheating zone and formation of overheated zones). 

The comparative Russian Standard for refractory bricks includes 

Al203 50 % min. 

Fc203 + Ti02 3 % max. 

CaO + MgO I % max. 

Na20 + K20 0.9 % max. 

I laogovens Al I luttcnwerk Gmbl I (Germany) specified refractory brick for 

Al:!OJ conlcnl uplo 55%. 
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llaoµon:ns Al ll111lt.•nwcrk ( imhll (( icrmany) specified rcfraclory brick for 

Al20.1 c.:onlt.•nl uplo 55~o. 

NALCO spet:ific.:alion for llucwall rcfrac.:lory bricks specifics Al2<>1 conlcnl a_._ 

43% minimum_ Other impurities are not specified. But mullitc with Fe203 + Ti02 

content more ~:1an 3% has rather low spalling and creep resistance. 

We recommend to revise the mullite specificalion according to international 

slamlanls_ 

6. BAKED ANOtn: QUALITY 

Big baked anode quality (NALCO): 

Bah'll apparent densily. T/MJ 

Cmshing strenglh, kg/Cm2 

Rt..-sistivity. micro-ohm m 

Ash, o/o 

Fe, o/o 

S. 0' 
I, i'O 

Small baked anode <1uality (I llNOALCO) 

Baked apparent density, T/1113 

Resistivity, by Carbotest, 

(micro ohm meter) 

1.5 

> 300 

...-60 

0.70 

0.133 

0.027 

100 

1.59 min 

It is clear that test methods for the determination of prebaked anode properties are 

very puor for both smelters. 

The aluminium industry has developed standardised tests to evaluate baked anode 

samples (Table 6.1 ). These metliods are helpful in diagnosing anode problems and 

improving net carbon consumptior •. 

In 1993, W.K. Fisher (R&D Carbon Ltd., Switzerland) developed the following 

formula relating net carhon consumption lo anode quality parameters anti current 

eflicicnc.:y. At.·111al ncl t:a1ho11 cons11111plion va1ics hclwccn J'J'J to 4<15 Kg/T Al. This 

formula is suilahlc for analysis of current situalion al smelters and improvement of 

prnduclion dala. 
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For example: 1 llNl>Al.("O smelter h;L.,; good upprntunitil."S tu 1cdU1.:e net carbon 

consmnptio•t down lo :N'> Kg/T Al. NALCO smelter d'm;n to 420 Kg/T Al For 

realising lhl.'SC impmvcmcnts the programme of grl.'Cll illlOde procedure and equipment 

must be realised as well as stabilization of all baked anodes parameters. 

The next rather impoatant problem: the carbon control laboratories of smelters 

are not properly equipped to control prebaked anode quality. Particularly, recent control 

methods and l.'lluipmcnt must be implicated a" early as possible 

7. so1n:RHEltG ANODE TECllNOl.OG\' ii\iPiiOVEMENT 

Soderberg Cells Smelter (BALCO) is equipp<..'ll with cells pots of medium 

capacily (I 04 kA) with high and stable l<..-chnological characteristics and good anode 

parameters. With normal technological regulations, the current elliciency must be not 

less than 89 %, electrical power consumption 15,000 kWH, anode paste consumption 

510-520 kg/ton of aluminium. But at the moment the technological situation at the 

smelter is unsatisfactory. 

Anode formation parameters are the most critical points (current distribution, 

temperature of liquid part, cone height, etc). Current distribution per stud varies to a 

large extent due to variations in stud length. Anode top temperature is l<>O''C, against 

normal temperature of I 30- l 40°C. 

On the has is of 1 eceivcd information, we clabo1 atcd d1 aft pmgrnmmc of co­

operation. According to this programme. calibration of existing cuarent studs for 

improvement of current dislrihutiun in anodes is must important and long term point. 

Other activities are installation of artificial cooling system in liquid part of 

anodes, improvement in anode case design, repairing of damaged current studs by 

friction welding method, etc. as well as improvement of raw carbon materials quality are 

also very actual. We are also planning to fulfil a long time programme of laboratory 

assistance JNARDOC lo impmve raw materials and paste 'lua!ily control system. 

Totally this programme is sufficient for redm:tion carhon consumption hy JO -

4Cl Kg/ton of aluminium. 
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atmosphcre during the anode baking process. Regulations impc.>st.-c:I on PAH exposure 

have iniliah.."ll a daangc in VSS anode opcralion from \'l•et ll• dry anode lops 

The ohjl·din.· of sinmll<mt.·uu-. low PAI I emissions and hitking of anode with 

optimum bakt.'11 carbon quality implies a more critical control of operation parameters, 

raw materials and paste production. lbe principal difference between a wet and a dry 

anoc.!e pa.-.lc is n.-Jm:lion of pitch cunlt.·nl hy 2-3% absolute and converting the liquid part 

of the anode top into the dry consistence (solid or soft). When dry anode process is 

01;1imal the PAil t.'fnis..-.ion (tars and bcnw-a-pyn .. "fle) rc..-c:luccs 0-10 times and achieves 

the standard norms. Fur c."tamplc, operational dala NORSK llYURO VSS Plant arc 

following: 

Conventional Ory anode 

VSS opcrl'.tion operation 

PAI I exposure. 120 22 

micrograms/ml 

Current efficiency, %1 86. <) 88.3 

Anode voltage, m V 600 450 

for BALCO Smeller the conversion lo dry anode technology must include the 

following steps. 

• Conversion from medium to high softening point co11I tar pitch with following 

specification : 

• 

• 

Softening Point, °C 

Quinolene Insoluble, % 

Benzene Insoluble, % 

L>ensity, glee 

Coke value 

105 - 110 (Ring & Ball) 

IO- 12 

30- 35 

1.30 min 

55 mm 

C.P. Coke is the same, without modifications. 

Granulometric composition of dry anode paste is rather close to regular paste, but 

fine fractions (-IOO mesh) must be reduced down to J6-J8%, including extra fine 

(-200 mesh) down to 28+/-2% because quinolcne insoluble content in high 

softening point pitch is relatively higher. 

Special kind of anode paste as "Stud hol..- 1rns1..-" production nnast be organised 

This sort of paste is µoinµ for till inµ of stud holes <)11an1i1y of such paste is 7-'J% to 
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total P<L'>te pmdm:tion and sepmale production and storing <tn.: needed. Pitch content 

in stud hole paste is J2-33%, gnmulomctric composition is following. 

- (, 14 mm 

- 4 + 2 mm 

-2+ I mm 

-2 +I mm 

- 100 mesh 

- 200 mesh 

3.0 % max. 

18+/-2% 

18+/-2% 

by difference 

12 1/- 2 % 

34 +/- 2 % 

The + 4 mm fraction is eliminated because big coke particks obstructs lo studs 

putting. 

• A special com.-cting sort of anode paste is recommended for production (more dry 

with pitch content by 2% lower than conventional dry). Quantity is 2-3 % of total 

ptuductiun. This sm l uf paste is going fo1 cu11eclion of 1cla1ivdy "wet" ;modes. 

• A special transport system for separate transportation of these sorts of anode paste 

is needed. 

• Stud cranes must be rcconslrm:tcd for dry anode prucedurc operntions. Every 

crane must be equipped by dosering system, consisted of .;mall hopper, dosator 

and target - device for aiming of feeding convcycr lo stud hole. That is a most 

expensive part of the converting programme. 

• All studs with unc-Ycn weld surface must he machined and calibrated very 

carefully. 

• Mure critical control of upcrntion pmmneters, rnw 111ate1 ials and paste prm.lu1.:tion 

are needed. 

CONCLUSIONS : 

On the base of this Status Report the cooperation programmes between 

JNARDOC and the Smelters were elaborated and discussed with smelters management 

(Annexure-VI). Our conclusions and recommendations arc included in these programmes 

as a working plan of JNAIU>l>C' for next 2-.1 years. 
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Tl31J 1.1 

SKELTli·s PITCH SPECIFICATIOI 

t: ... ~ • .:1 • 
""-'" .... i&. S?, ~c Coting ~I. - BI, BUA DIHSlTT !SB HOISTOil Ma Fe rma cu:oM 

h!l and ialue s s llSIN 1/cc S Mu. I PPH f FM s 
Ri~I S Hin. S Min. 

Pla:~ ! a mu - 5.0 - 20 1.30 D.5 - - . 52 
Iii 1111 Iii 

Ph:t B ua 90 - 95 53 1D 30 20 0.3 
p. HJ ain 

'° Ph:: C m-113 56 10-14 30-37 24 1.30 0.2 o.s 400 200 
ail Ill UI HI 

rh:t D 56-105 50 5-10 25-30 20 1.28-1.30 0.2 0.2 - 0.02 
&Ul 

l i:3:05ITT 15 5rICIFiiD !S 20,000 CPS H!I (1(0CC) and 3,000 CPS M!I (1600C) 
u !!~nrR 
111 ~!ST!L~AT!OS IS SPiCifliD AS 1.0 S H!I (30ucc and 7.0 S ll!I (360oC) 
Itta iSSJLu6Li IS TOLOESI 
~I · q1!nole~! Insoluble BI · Benze~e Insoluble 
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TABLI 2.1 

SlllLTli'S ClLClllD PITIOLIUll COii SPICIFIClTIOIS 

S1!l ter ieal Ash, YH B.D. 11. Koisture Cbe1ical Allalrsis, I Kax. Gra1alo11tr1 
densitJ 11&1. Ku. llin. Ru. I 
1/cc I I I/CC Kn. Kn. 51 re Ti ' s Ii I 

obi u'/11 

Plaat 1 2.04. 0.5 0.5 . 550 0.5 0.04 0.05 - 0.025 3.0 0.02 + 4 lesb 
llll - 251 Iii. . - 41 lesb Vt . 

0 151 111. 

Pla~t B 2.03-2.06 0.45 0.5 0.79 600 0.2 0.05 0.10 0.01 0.01 1.2 1.01 +l2u: 1·171 
-D.2Hu: 

2-41 

Pla::t C 2. 05·2. 07 0.45 o.5 o.a 550 0.1 o.o3s 0.035 0.02 1.2 001 

Pla!:t D 2.03-2.06 0.5 0.4 0.1 0.1 0.05 0.04 0.03 1.2 0.03 

• Toluene de~sit1 
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I AYERACi YIBRATED BULi DEBSITIES or fKACTIONS o; TURii CROUPS or CALCI~ED COf.iS 

I Yibra\ed Bulk Deasitf, 11/13 

Coke TJpe - 4 • 8 - 8 • 14 -14•21 - 28 • 48 - 48 • 100 - 100 • 200 - 2Cii 

~igh Bult Deasitr 0.17 0.91 0.9S 0.97 

~edlu1 Bult Densltr 0.83 0.18 O.IO 0.83 

0.18 D. 19 0.81 0.85 Lov Bult Deasitr 

I 
I 
I 
I AYIRAGI VIIGBT PIRCilTIGIS Of fRICTIOIMS fOR BlllBUK BULl DiMSITJ 

SllllGS or TBlii GROUPS or CALClliD COllS 

~oke T1pe - 4 • 8 

Bigb Bult Deasitr 10.3 

~ediua Bult Deasitr 9.4 

ILov Bult Densitr 

I 
I 
I 
I 
I 
I 
I 
I 

6.0 

- 8 • 14 

21.8 

11.l 

7.2 

- 14 • 21 

15.8 

lS.1 

15.3 

- 28 • u 

10.0 

10.1 

8.1 

51 

0.99 0.99 1.a; 

0.&2 0.91 l.07 

0.90 0.94 LOT 

- 48 • 100 - 100 • 200 - 200 

10.0 12.0 22.3 

8.3 13.8 24.6 

11.2 14.6 26.6 

THI.I 3.2 

TABLI 3.3 
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lt&D 
PREBAl<ED 

C.1rbu11 l.ld. 

PROPFnllES 

APPARENT DENSITY DAl<ED 

SP. EL. RESISTANCE 

FLEXURAL STRENGTH 

COMPRESSIVE STRENGTH 

ELASTICITY MODULUS Static 

Dynamic 
COEF.THERMAL EXPANSION 20 - 300 °C 
FRACTURE ENERGY 

THERMAL CONDUCTIVITY 

DENSITY IN XYLENE 

AIR PERMEABILITY 

co2 REACTIVITY RESIDUE 

DUST 

LOSS 
AIR REACTIVITY RESIDUE 

DUST 

LOSS 

ELEMENTS XRF s 
v 
Ni 

Si 

Fe 

Al 

Na 

Ca 

K 

Mg 

F 

Cl 

Zn 
Pl> 

1(i6/'e C. f. . 

ANODE JULY 19J2 

METllOU urur rfPICAL 

RANGE 

ISON 030 kg/drn3 1.50 - 1.CO 
ISON 752 µOm 50 - 60 
ISON 848 MP a 8 - 14 
DIM 51910 rAra 40 - rr ..,.., 

- GP a 3.5 - 5.5 
- GP a 6 - 10 
- 10-6 K 3.7 - 4.5 
- J/m2 250 - 350 

ISON 013 W/mK 3.0 - 4.~J 

ISO DIS 9080 kg/dm3 2.05 - 2.10 
- nPm 0.5 - 2.0 

ISON 004 % 04 - 95 
- 01 1 - 10 70 

- 01 4 - 10 70 

ISON 805 01 65 - 90 10 

- % 2 - 10 
- % 8 - 30 

- % 0.5 - 3.2 
- ppm 30 - 320 
- pprn '10 - ~(J(J 

- ppm 50 - 300 
- ppm 100 - ~00 

- ppm 150 - CCJO 
- ppm 150 - 600 
- ppm 50 - 200 
- ppm 5 - 30 

- ppm 10 - 50 
- ppm 150 - 600 
- ppm 10 - 50 
- ppm 10 - 50 
- r 111111 10 - ~Ci 
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ANNEXURE VI 

ltlMl•T l'!iOCll/\l:r-m Hm GOOl'IWA'I' I cm rmn·m1rn .JNl\l<IJIJC ,,_ BAI.CO I ti 
GAIHJON PHOIJIJCT l OH Ai<i•:I\ 

1. Teclu1lcal aG~i~Lancc to achiuvc reduction of ~node 
J•ast.e consumption from prest:nt level of 570 ke/t.on 
o-f Al by abouL 30 kt!-

J • 1 lns l.alla Lion of art.lflcial aluminium pla t.<:!6 cool inf~ 
system in liquid part of anode. 

· 1 . l . 1 Mo<llfy lnt~ t.hc exl !; Lint~ t:Jt1>cr imc:n t.;.1J. c<101 ir1f! :;y !; l.<;1u 
until Lhe top t.empera·t.ure comes down t.o 140•c. 

1.1. 2 'fes t.lne the modified cooling sys·t.em at 1-2 cell~ for 
6 mont.h!i. 

1.1.:i Equipplne cell i>ots by cooling !iyst.em::. in full 
volumes. 

1.2 Calibration of existing current studs for improvement. 
of current distribution in anodes. 

1.2.1 l're1>aration o.r metl1ods for calibration of !it.uds in 
two size groups (175 +/- 5 and 185 +/- 5 cm, for 
example). 

1. 2. J. Pre1.>ara tlon and lmplemcn t.a t~j 011 of' ln:; t.al la I. i 'Jll 

1.J 

1.3.1 

j . J. 2 

1.4 

1. 4.1 
• 

~-

?. • 1 

procramme .for cell pot.s bousc!i. 

Improvement or anode cases de:.;ien for incrc::<J:~j 111~ 
baklnc cone at the corners. 

Testing the heat insulation of the top corners of 
anode casine (5-10 anode ca:.ine) 

l!'ull volume inst.allation of heat insulation .in cell 
houses. 

Repairing of damaged/:ihort. leneth current 51.udJ by 
friction welding method. 

1'o investi(!ate current. s.iLua1.ion .in fri.ct.ion wc.~ldin1~ 
t.cchnolocy and to recCJmmend Lo BAI.GO U1c we 1 cJ i flt.! 
machine of the most suitable construction. 

JmprOY<!JO<.:nl, or r<JW carl>011 inal.crj;d:; qualjl.y. 

To t::;l.ilhl.inh dat.a hank 011 carl>ou mal,erial:;. ,JHfdWliG 
r·< :quo!; l.!; BA I.CO t.o f u rrd :; h red < w ;111 t .i n for ma U c in:-. (<it. 
ln.i:;I. :: l.iuma pur yu111') 
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I 
I . .. . ~ , . .. . 

I ~!. :s 

I :s_ 

I J - I 

I :i -~. 

I :J - :J 

I tJ -

I 
h. 

I 
6. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·r., ! ..... _,, ... ,, 1.11•: ~;il.1i.·1t.i•,,1 1··J··~·~r ::•··1· •1ii.i1 l~/\:L.•;c; !:~ :.!.': 

!"i 0 ,ftl .,,- C.I'. Cok•::; :uul Co;il T;1!· i'i !.-:IH::; 'ltJ;d i 1 • .::. 

I.·, 
TP P"\:1:01111m::ri1J ful.ure <!•1lr!;c: of ;11:i.ion in !;f:]i:t;l.it1!I or 
'l11;1 I i l.y cok1: :1n<.l J• i l.ch :;upp I. j f: r:;. 

-r~, •:orulucl. :;pcci fie Lt::; Lint! of r;_:w f:i!rl1'Jn m<.iL•.:ri.:s!.:.; 
and anode 1•a:; Le. 

To .maly:1n t.lm vi:1co:;i t.y arul di:;t.i I lat.<: <:<111L~:11l. <1f 
p.i l.cht;!i 0 f <li f'fcrcJl l. !>UJJpJ let·~. 

'l'o ana Ly!;<: Um ;!r•a.i n 
di rrermat. :mppll<? .• ::; 

:;t.abi Ii t.y of 

Tu i nve:; t.i f!a t.e COz re;1c t..i vi Ly. 
hc..ike<l anode pa:l t.c. 

,. ,,, 

·r<> coritJu<: I,. !1[,ec i. f i c t.e:; t.j nt! (' f <!<i t..hc:r<Jc I> lock !ii1!iJ:• I (!'!i 

for 5WtdJ ine index by Hc..ipoporL C'luipml!nt:; _ 

To prepare rccommcrula I.ion!; for i ruprovcmcn t. of ca :.·i1r.:.n 
lahora1.ory equipment. 

'J'o t?lal>orate and aerc<? wi t~h BAI.CO for pruw1:;;J L:; I.<~ 
introduce Dry Anode l'a!;te t..r~ch11olot~Y. includint! id t!h 
!joJft..en.inc point Coal 1'ar Pit.ch Sp<!ciflcation, l>ry 
Anode Pa!.it.c composition Ct~rauulc1m~?t.ric compo:;i t.i•111 
and pl tch cont.cut..). ~odcrhc:rt! araodc form;1 t.i <J11 
procedure, anode stud crane!> recon~truction 
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tlA 11'-'i ;;~L. r,Lu1 ·,i.-mr;.; cu;:.•Jl\t: 't ua.H 1:.. L' 
(A Go·: L :Jr IU[)IA rr: I clU'fli'·~ i 
SMELTt :n PLANT ANNEXUKE Vl (Contd) 

DRAFT PROGRAMME FOR COOPERATION BETWEEN JNMARDDC & NALCO 

1. REDUCTION OF ANODE WASTE: 

1.1 f~d•_!L:tiC.:O in gEn~-raticn c;f glC:<erl c')fr::do:: p:Xiltc·~ C:•J"d ~.:r·c-::n .:•r.•J~? 

blacks. 

1.1.1 

1.1.2 

1.1.3 

1.1.4 

. 
1.1.5 

1.2 

1.2.1 

2. 

2.1 

:.~. :.: 

,, ,.,, '"' , ..... :: . "'• 

Improve11unt of c:::isting pr·es~;ing pro=es:; l:.'/ pn:ip:-r b~l01r1ci-·~J 

of vibrating prc-JC:E-Zi5( ctecking and rc1>lacc:m::flt c;f ~pririt;J~' if 
requ.i~d ; in5tallatiui of vibrating n:ntrol tJ;·:-.1ic~->>. 

lmprOVEtr01t in grcnulanetric compo5i ticn , tt?:T.;:.·:::T.atun: and 
mixing caiditicn. 

Selecticn of optinun temperature and time fo;- pre~sir1g. 

Improvement in loading situ.--itic:n of grL'Cn c:inodc p:t:;;te into 
vibr-o fonn • 

To investigate e:dsting press equiprents and to s.--::?lec:t µr-::;:.'G:rly 
de~ignecf prc;:;s ,..,ith vacu..vnation system and mcnolith for-m~ 
ccn~idering sp.:"'ICe available and ccntinuo_1s pr·orJw.:ticn of ;·rnYJfr. 

Ralu.=tiai in e:d~ting stcck of !".c:r-aps of grc:-£.'1'1 2.:-;o:J!? p:.:-;t."", 
gro::~n <V"lf.:X.Jf~ bloc!: ~id b-.:il·:cd .:u1r .. >d1:-.>. 

Ch ha~is of intc::rnatirn.!il e::i:'!.-~riE:ncc-, to t?l·:ll>u:-."\t.:~ ~11:l c:f\.:f­
to l.!.''LO.l a !;r:p·•r-~lle line fu1- cru•:.hin<J f~ !·,:.;r,·..,:nir,:_; I.I 1 • r··.: i · '. i11•J 
slcx:k of w.x;lc,:.;. 

8-.IMI~~TICN CF FIRI1"3 FUE L'€FOSITS Pr-ID E>:f:LCJ311.l ~ IrJ EY.l·n..::r 

SYSTEM. 

To int'>t:illl Hut·~ c_i.:-.~ !;.."\fnpling sy<Jtt:,r1 for· !:.yr,lEi11:\t..ic::~1l .~u1.:l) :--is 
of the:.~ gas;. 

T'> \11!·;L1ll 1 .. r.c1l111l •:°) .. il•'in 1.11 d·!\.i:,c!· 
1w1 .. ..._~,ii. f.?:\ph.r: •. tcr.:;. 

rj n• i11 
... 

'_I I I 1 •.. . ~· :l l . 

To )11 .. Llll r·ru:.,·.1.j .. n !·.~,,;li1.1 f,:ir 1···J1'.····" ,.; 'l'·• t······oi·· 
~;1oJi ld1il"l•I c>I f l.<1.11n:·~·:; i)Jld • .111 .. l1lu1·1i.1·1·,J ~.>y::.t•.,11 ... 

~ 

(\I l.h' IJ \•; j .. ; i Ir 
:•111 I p1 , 11~1 •' t11 

'I\ t 1 ·I l 1 l l.l I~ I 1) 

l'r'o (.I) II• ~I lo d • 

. . 
f •: J ''I } r ·J 1f'"t 't ~ I 1 ) '\I I'•,.• • :.:·11 ·. 

I ,. \1 I . I .i. '" I I I ' I ~ ' i I I I • :: ·: 1lf ,··' • '• 
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·-

(.\ GO"/L CF IUOIJl nnERPRI'.~[:) 

Sf.r1El n:n PIANT 

·~ ~ ..: . ... • 

~·· 

3.1 

3.3 

,. 
•t. 

4.1 

4.2 

... 
·'· 

5.1 

r.- "' .. J • .::,. 

{1. 

{tfi1!r· .ir1:.I .11 .. :.i·I• o-f Ll.nlrol d0 ~·.1i1_,::.. r:da~.:.u::··.I i:-i ~-.:.• ! , .·.x·r-,' 
•~-·~ inv•.::::ti~HUcn {or £f..?llx:tiu1 oi Gjl~.i.11;;_:.:1 t:•l:.!.n'd p~- .--:; .,_:_ 
r:· 1-;:·;1Tr::b~:n> lo .--.c::-.ic·.t·~ funelc.':;~ fl•.•!:· g.-.s. 

To r;tudy t:;:isting brick ~;pc>ei·ficalic.:n .:.<niJ CT•r1p::.rr: 1-1-'.::.h int: ~r:=.1-
tic.n:tl iw.:.•clicr,.;-; for similar cv1od;:- -::;.i:-Q .:·nd furn::;::r:-:: .o.nd tr..; 

1-ecomcnd propar brick's SJk.--Cificaticn. 

To rept-e=e:nt for -r~ to replace e:d~ting ce1-C:'1r.ic p•otE·=tico 
tulY.:?S of therno.:oJple;; with h?at '-< ct..:::·mic.:.l n:.•::;i;;-.t>.·••t st.e;,cl 
pro~>eticn · tubt:. t·~ i-1ill fun;ish tte ~ize: of E:.:.islir.~ t•_•::.-::. 

To select '-~ ra:::oraTF-nd optinurn thcrirr:xcvples typ~~ for b?rr•VO:·n\­
tun.~ upl.o l:Btl de:.9.C. 

ItU'8\SU"3 CF LINU.[3 LIFE CF INIX..r::TIOIN A..R·t:.cE 

lmprovarc1,t of pr~paratia1 of rc."Cycled cast in:n thimble<..> fc!­
el iminaticn of cartrn and f luoridc imp..irities. 

To investigate e:<isting situaticn CmalE.!rials, pro::edurE'.:i) being 
carried OJt in inductiai furnace-;; lining and present 
propc;::als to t.l·~ for increasing lif_e tirre of lining. f'.~OJ 
tus fLu-nio:.h .. :d all kind~ of !i~ifit:itt.icns to Jf,~{"\DOC. 

TO Il\f,,'ESTIG".\TE/S1\JD'{ 9XFE FCH r.£IX.CTICN IN l\ET CPF:EO'I 
O"l·G.J'PTICN - c:O-Z5 kg/T (\1.) Fr-01 EXISTirn l.E\'F:l. •. 

To ;u·1;:\l}'!°"•~ L!::i!·,t.irkJ ~j tui.ltir.11 of ra\., <.~;,rlr.n n1·1tr~r·i.-.J~, i.r.'. 
a=- l.rJ!::L! ~·'. er pilch and to rc..'COllVOC-'l'ld L1C.~t sclL~=tic.n uf 

suppl ie::;. 

To i:cndut.:t sp:.icific t.t.~ting o·f b.."ll;t.>d c\l"\o:J;,~..:; car.~ n·?:1c:tivity, 
air· p .. :·t·11n:.1bilit1) .;,t Jl-.!ti"°: .. 1)1..'(.--; fC>Y- n::-ducticn o( C.:>::id.::.t1m Of 

;.in·.•Ju•:; in Ci:l l (•J: :-.. 

Jr.:·nnf'f': L; ~-~~u:.ir:::i up '' cl.:\L:1 l.·:,n!: 01 c:·wh::n r·.···.·i n.·,tr:·;·i:11~ :md 
pt , ,.111 ... i..i c-n Io t a1L' lu.Jf'. ~"LD.') i •:, 1vq11• ~·;t, :d l u fl •r rd h .i r 1 kr 111:1-

U l cl;,-:\:. <::o.1qhL ft"(.111 L.iH'-"'! to ti..r:r_•. lli·~ ·,:il1.1:1ticn l·J.i.1) b:: . . 
lf'\'lf 0

\••. 1il 1'.:Vi'I y y:·,,-· l·JH:ll l·•'LDJ fnr· .i111;~•l 11~··"1Tlt r.r f~loJ 1i1 .• d'-·r·.ii1l 

; 'I: I p1 I .... ·, ; 11 '·.I '·, I 1 t .• I":°. 
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I ·1.2.i 

I 2.0 

I 
I 2.1.1 

I 2.1.2 
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ANNEXURE VI (Contd) 

f1tUIF:Xi!PE - !. 

l>Rl'\rT PR~~RAMM[ FUR TECllfHCt\L ASSIS fl'\UCE ~ 
COOPERATION BETWEEN JNAROOC ~ HINDALCO 

1Pd1niclll assistance in modernisation or jlrl?~·,;i11~ (WOCe'.iS ror 
~n:~en anodes. 

To inv1_•~,1: i !Jate current sit•Jat ion in pn~~-.s prud•Jct iun of grei:n 
anuJc incluJi119 

To produce & investigate some batches or anodes at higher 
p1·p:;~inij ti~h1pcralure c-125 - ·tJO c.le!J.C) 

Tu ru-oduce l'. invest igale so111e batches of anodes with correct ion 
of granulometric ·coniposition & pitch content 

Tu inve!>li9t.\lc tlirrerent properties of •H1ud'~ al different points 
or block by taking out core samples c:;o r11111</•:-: l.O r11r11 II>. 

To eval•J<.\le and conclude abo•Jt opporlimilics ur iroprove111ent in 
carbon structure of anode at existing pressin9 capacity. 

To compare the results of st1Jdy at 
fiyures for checking the performance 
required, to inve~tigate and study to 
with modern ones. 

·1.·1 wilh international 
of exislin~ press. If 
replace e:-:ist ing press 

To elaborate and agree with HINDALCO for requirement to 
i11trod1Jce vil>ro press <specification, capacity considering space 
available at andde shop and prodYctivity.> 

To investigate with nianyfact1Jrers of vibropress. to compare 
their performance levels and to recommend •tIHDALCO for selection 
of niost s1Jitable Vibro Press Type. 

Carbon Lal>oratory Preparation: 

The facilities available at Carl>on Lal.Juratury is f~ll 

insufficient. To assist HINDALCO to introduce new eqyipments in 
the Carl.Jon Laboratory and train people to carry IJl.lt d.i rr~rcmt 
testing of carbon materials. 

To assist HINDALCO to carry o•Jt specific: test ur anode earl.Jou 
materials in the Centre. 

f1J analy lhr:! viscosity and distilhte co11ll111l ur pib::lie:~ of 
differr!nl s1.1ppli.ers. 

lo i;\lli:d.y~;e ~wain Slill>ility of C.I'. Col:e (If uiffen:11l ~·Jpplierr.. 
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,, . , 
.:. ... ., 

~-I. 7 

2. -1. u 

2. -1. 9 

2. ·t. ·t 0 

2. ·t. ·12 

3.0 

4.0 

4.·1 

I 'I 
"t •L 

4.3 

4.4 

4.5 

lo iw.·l'·;li!J01lL• 111ic1·oscopic str•JctairP d1<11-c1clr-ri:.lics for ~1rP~11 
:u1.11I;~ 11~1·;le <1io1rticle t.li!.lrilJ•Jliun. "!J!Jr·l''.J"li<Jll• 1 .. i•:ro (', r.1 .• cn., 
jl(ffl•<;\ t~!) 

J..J i11vt::~ligale L•Jlk density, .-e~1l dPnsil/ ·.'lld porn:;1ty of L<•.,~d 
;\l11JJe:;. 

To investiyatc specific electrical resistivity of baked anodes. 

To investigate nuxhanical strcn!Jth uf IE1ked ;:\llUli•~~-

To jnvestiyate electrical resistivity uf c<•.thu•Je ruc.tt~ri<o.ls. 

To investigate cathode swelling inde:: by Hapc1plirt c:41Jipme11t. 

To investigate rr1echanical strenytli uf cat.I.ode hlocks. 

To estal>lish data hank on carl.iu11 1i1,1li>ri;il~ .• Jll1\RUu:: re41Je:ts 
IHNlh'\LGO to f•Jrnish relevant informal ions c.-•.s r·eq1Jestt:d fror11 t i111e 
to time. 

To r·eviel~ the sit1Jation every year with llltlfl(iLCO in the field c,f 
Carl.Ion prad1Jction technology and raw r11ateri~.1~. 

To recommend 
technology and 

f1Jture co•Jrse 
raw materials. 

of 

Technical Assistance 
cons1Jmption from present 
~o 1~ 9 • 

to achieve 
level of 

action in the prod1Jction 

red1Jction in net carbon 
430 K~ /ton of Al by abo1Jt 

To st1Jdy and characterize t~.e anode rul>J m<1terials received frc,m 
different so1Jrces. 

To st1Jdy the C02 reactivity, air permeability of existing baked 
anodes sa1~1p les. 

To coordinate witl1 National Laboratories/lnstit1Jtes to carryo1Jt 
Thermal Cond1Jctivity, Air reactivity test of anode samples. 

To compare all resYlts of 4.2 & 4.3 with th~ expected range and 
to investigate areas for inlprovement of prupurtie!.. 

To makl. · bench scale test of e:-q.ierimentc\l paste of modified 
yran1Jlometry and pitch content for improving y('ci.node propert ic::;. 
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ANNEXURE VII 

\\'()IU(Sll<>P ON 

PR()DUCTH>N OF CARB<>NACE<>US l\'IATEIUALS AND 
ANODE TECllNOL<lGY IN ALlJ!\·llNIUl\'I INDUSTRY 

JAW AlfAl{L1\L NEI-ll{U ALUMINIUlVI l{ESEAH.CI-I 
DEVELOPMENT AND DESIGN CENTRE, NAGPUR. 

l\tlA Y 26 & 27, 1994. 

59 
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I 
I 
I Thursday i\by ~6. ''J-1 

I 9.UO - 9.15 hrs 
9.15 - 10.45 hrs 

I 
I 10.45 - 11.15 hrs 

l L 15 - l:!.45 hrs 

I l:!.-15 - 14.U'J hrs 
14.00 - 15.00 hrs 
15.00 - 16.00 hrs 

I 
I 

16.00 - 16.30 hrs 
16.30 - 17.30 hrs 

I Friday, l\tay 27, '94 

I 
9 .UO - IO.JO hrs 

I 
10.30 - 11.00 hrs 

I 11.00 - 13.00 hrs 

I 
I 
I 
I 
I 
I 
I 

Pru~rammc 

Inauguration 
The Current Situation in ln<.lian Aluminium Smeller 
on Supply of Carbon Raw Materials, Production of 
Anode Carbon and Cell Anode Technology -
Proposals and l<ccommcndations : Or. E. lanko, 
UNDP/lJNIDO Expert, JNARDDC N<tgpur 
Tea Break 
Cuntinu;1tiun llf Dr. fanko's Lecture 
l .unch 
Presentations from the Industrial Participants 
Equipments. Methods and Procedures - Presentation 
of Proposal for Cooperation A.K. llasu, 
JNARDOC Nagpur 
Tea Break 
Visit to Carbon Laboratory of JNARDDC 

Caruon l'1uductiun Tcd111ulugy, J mlu~trial aml 
Laboratory Equipments for the Nineties : Dr. U. 
Mannweilcr, R&D Carbon Ltd. Switzerland 
Tea Break 
Discussion on Possible Long Term Cooperation 
between industries and JNARDIJC, Condusions and 
lkcom1nc1ul;it ions 
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ANNEXURE - VII (Contd) 

JAWAHARLAL NEHUU ALUHlNlUH UE~~AUCll 
DEVELOPMENT AND DESIGN CENTRE, NAGPUU 

WORKSHOP ON PRODUCTION OJ.t~ CAIUlONACEOUS MATF.IHALS AND 
AKODI•: TECllNOl.oGY JN AI.tJHINIUM INDUS1"fff 

DATE 26-27TH MAY, 1994 

LIST OF PARTIC1PAUTS 

DF.. U. ~-.!.NNWEILER 

o:= .. E. :ANKO 

nr.. C. ·:>.AUGUSTINE 

D?... P. :: . MOITRA 

M? .. G.~. UPADHYAY 

R&D CARBON, SWITZERLAND 

UU I IJO EXPEI<T , 
JNARDDC, NAGPUR 

CECRI, KARAIKUDI, 
PIN - 623 006 (T.tt.) 

CENTRAL LABORATORY, 
BHARAT ALUMINIUM COMPANY, 
P.O. : BALCO TOWNSHIP 
KORBA (H.P.) 
PIN - 495 684 

ANODE PASTE PLANT 
BHARAT ALUMINIUM COMPANY, 
P.O. : BALCO TOWNSHIP 
KORBA ( t1. P . ) 
PIN - 495 684 

6. HE=.. H. "3. 5INGll ANODF. PASTE Pl.ANT 
BHARAT ALUMINIUM COMPAtIY, 
P.O. : BALCO TOWNSHIP 
KORBA ( M. P . ) 

7. · M:.. A. MISHRA 

e. t~.:=.. fl.?.. HAGllJ\VAN 

9. M~. A.?ATI 
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PIN - 495 684 

CHEMICAL LABORATORY 
HINDALCO INDUSTRIES LTD., 
t'. 0. : Hr~NUKOOT 
DIST. : SONOflADHJ\ 
PIN - 231 217 (U.P.) 

m:r.c:AlJM Wl IHI(~ 
INDIAN Al.JUMIN IUM COMPMl'l. 
BELGAUM 
KAHNATAl\J\ STATf.: 

C/0. CllIEr·· EXECUTIVE 
HI HJ\l\lJ D WOHl<S 
INll I J\N Al.IJM JN HJM COMPAllY, 

11 lllAl\ll II. OIU ~;~;I\ 
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10. MR. H.H. SETH 

11. HR. S. P. MAHAPATRA 

12 _ MF. _ S . B. MUKHERJEE 

13. DE- R.G. SHAH 

l~. D? .. YANK! 
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NATIONAL ALUl1INIUl1 COMPANY I 

IDCO TOWER, JANPATH. 
BHUBANESWAH. 
PIN - 751 001 
OR ISSA 

NATIONAL ALUl11llIUM COMPAtl'l. 
P. 0. : NALCO NAG AR 
DIST. : ANGUL 
OR ISSA 

INDIAN CARBOtl LIMITED. , 
6 I OI.D POST OFFICE STREET 
CALCUTTA - 100 001 

GRAPHITE INDIA LTD .. 
VISHVESWARYA ROAD, 
BANGALORE 
PIN - 560 04B 

CHEMICAL ENGG. DEPARTMENT 
LAXMINARAYAfl INSTITUTE OF 
TECHNOLOGY, 
NAGPUR 
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ANNEXURE - VII (Contd) 

JAWAllARLAL NEHRU ALUMINIUM RESio:ARCH 
DKVELOPMENT AND DESIGN CENTRE. NAGPUR 

OPP_ WADI POl.ICI<: ~1'ATIOU 
AHJlAVATI HOAl>. 

N.l\GPUU - 440 023 

WORKS30P ON PRODUCTION OF CAIIBONACl!:OU~ MAl'EHIALS AHU 
ANODE TECHNOLOGY IN ALUMINIUM INDUSTRY 

DATI..: 26-27TII HAY. 1994 

LIST OF PARTICIPANTS FROM JNAHDDC 

-- T.E. F-~~!._CHA~::•RAN L·: .. 

'-'-= L-·. N.G. SH.!.?-'1A 

}!..: •. R.N - GO·:·_;L 

v-= U.B AG?_;flAL 
~-·. -

t-t.:.=-. S. : ASG:.:?TA 

t4.?.. A.K- BASU 

M?.. K.G- DESHPANDE 

t"3. A. AGNI~OTRI 

t-S. s. !APN:KAR 

s. s. WADOJKAR 

B. H. ~AHA:>EVAN 

[:!. A. r:. NA~:or 

C!L G. 3AL/..5UBHA.MAN IAN 

~-· K. ~.·. RJ._'1ANA ?.AO 

~5. V. ~ADG~LWAR 

. 
~R . IL ::: . M: 3H HA 

~R. 5. ?UT7=:WAH 

~R. P. DUtlGORE 

~H. V. 'I ISE",IANAT:iAN 
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MR. S.K. THOKAL 

MH. G.S.SENGAR 

rm. H. J . ~-.llAHMA 

MR. D. F_.\MAKRISHNA 

~IRS. S. F.. MO'l'E 

64 



I 

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

I I 
I 
I 
I 
I 

ANNEXlJIU: \'II (CONTD.) 

RECOl\11\U(NDATION OF TllE \VORKSllOP ON PRODUCTION 
OF CARHONAC~OllS MATEIUAl.S AND ANODE TECHNOLOGY 

IN ALUMINIUM INDUSTRY 

I. 

2. 

... 

.). 

4. 

5. 

6. 

7. 

Thc suhjects considered in the workshop cover wide spcl:lrum - from raw carhon 

materials quality and specifications lo anode technology in aluminium industry. It 

is recommended that regular interaction hctwecn C.P.Cokc I CT.Pitch producers 

;.nu.I users industry should he organised. 

Training programme for personnel from smelters and producers of carbonaceous 

materials like C.P. Coke & C..T. Pitch should be organised regularly, al least once 

in a year lo provide adcl1uale updated inli.mnation on laboratory lcdmiques for 

quality control and production parameters for anode manufacturing. JNARDDC 

may act as nodal agency for this programme involving national and international 

experts in the field. Other consumers in this field, e.g., fCrro-alloys and other 

industries may also be invited in this programme. 

JNARDDC may function as an independent lest house for testing and 

characterisation of carbonaceous materials particularly for those which a1e of 

interest to aluminium smelters. 

Indian raw petroleum coke is costlier than imported ones; but the quality of 

imported raw petroleum coke is inferior to that of indigenous one. It is proposed 

that the coke calciners should introduce proper blending ledmology after 

characterising all the raw petroleum coke qualities in order to meet thc 

specifications of Indian aluminium smelters . 

Possibilities lo reuse smelter waste products, i.e., spent potlining material, lo be 

explored. 

The urea of raw carbon m<1terials (specilications, control methods, lahoratory 

e4uipmenls) requires special allenlion, hence, it is proposed lo establish a 

systematic data bank on C.P. Coke & c:t. Pitch al JNARDDC. This will includ\! 

ljuality, specifications. and r\!comm\!ndalions li.1r improving raw materials '-tualily. 

The cooperation programme in the area of carbon production between JN ARD DC 

and smelters must be formulated and started sometime in the third quarter of 

I 'N4. 
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