G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

B Cacn Ll AT L

USRS

Y
s

B

AT




Contract No 8512
UNIDO

PROJECT REPORT FOR ESTABLISHMENT
OF SUPER PURITY ALUMINIUM PRODUCTION
IN INDIA

Final Report
No DP'IND 84'007

Volume |

General Explanatory Note

VAMI VO TSVETMETPROMEXPORT

LENINGRAD
1986




PROJECT REPORT CONTENTS

Volume | — General Explanatoryv Note
Volume II. Book 1 — Drawings

Volume II. Book 2 — Basic Engineering Design of
Main Technological Unit
(Electrolyser)

Volume Il — Specifications of Equipment




1.
2.

De

&,

5e

6.

7

CONTENT

Executive summary (Resume)

General initial data

2.1,
2420

2¢3e

Background History

Initiator of the Project and Executor of
the Peasibility Report

General Conditions

Marxev and Buierprise capavily

Se1e

HPA Demand and Supply

3,2 HPA Sales

303
Sele

Production Programme
EDU Capacity

Materials and other Production Factors

5,1, Characteristics of Raw materials and Inpuis

8,2,
4,3,
8.4,

Supply Programme
Supply Programme Selection
Cost Estimate

Location and site

5¢1e
Se2e

5e3
Sefe

5e5e

Location

EDU Siting Conditions at Korba Aluminium
Smelter

Cost Estimate

Selection of the EDU Location Alternatives
at Korba Smelter

Environmental Impact

Engineering and design works

Gela
6o o
6. 30
Colte
665
6. 6.
6.7,

Engineering devision
Process description
Equipment

Power supply

Yain infrastructure concepts
Buildings and gtructures
Cost estimate

Organization of EDU, overhead and other costs

71
7’ 2.
7¢5

Organization of EDU
Overhead operating coets
Income tax

1
12
13

15

15
17
19

27

2

33

35
36

3?7
37

39
42

52
56
56
58

K e




\'/

>

8, Hdanpower

8.1, Manning table and organisational management
layout

8.2, Availability and requirement of labour
8. 30 Cost estimate

9, Project implementation

9,1. Programme and schedule of the EDU implementation
9,2, Estimate of project implementation costs

10, Pinancial and Economic Evaluation

10.,1. Total Investment Costs
10,2, Project financing
10,3, Total production costs
10,4, Period of operation
10,5, Financial evaluation
10,6, Sensitivity analysis

Schedules

3=1o Sales revenue

3«2, Production cost estimate: sales expenses

3=3%, Production programme

4-1, Production cost estimate: materials and utilities
6=1, Bstimate of invesiment costs: equipment

6-2, Estimate of investment costs: buildings and
structures

7-1. Production cost estimate: overhead operating
costs

8-1, Production cost estimate: wages and sealaries

9-1, Estimate of investment costs: project
implementation

10-1, Pixed investiment costs

10=2, Break-down of fixed investment costs by years
10-3, Estimate of annual operating costs

10=4, Calculetion of working capital requirements
10=5, Summary of total investment costs

10-6, Break-down of total investment costs by years
1C=7. Sources of financing the totel investment costs
10-8. Break-down of financing sources by years

10-9, Production costs

67

67
67

69
oY

16
17
19
31
60

63

66
68

70
79

80
81
82
85

85
86
87




40-10, Cash flow table
10-11, Net income statment
10-12, Calculation of internal .rate of return

Diagram 1. Pay-back period

Diagram 2, Break-even point

Disgram 3. Sensitivify of project to cost increase
Sengitivity analyres schedules

Annexure

1. Support studies fer Evaluation and selection of
Jocation for Experimental demonstration unit (EDU)
for High Purity Aluminium Production at one of
Bxisting eluminium smelters of Bharat company
(Interim Report)

>, Number of the switched off pots in potroom ¥ 75

3, Comparison of standgrds for high purity aluminium

4, Evaluation of EDU lopation in extended part of
potroom Ko 78.

a8
90
21

92
93

95
108




1, EXECUTIVE SUMMARY (RESUME)

1.1 General Initial Data and Conditions (Section 2)

The initistor of the project for construction of the
experimental-demonstration unit (EDU) for production of high-
purity aluminium (HPA) at one of the aluminium smelters in
India is the Government of India undertaking, Bharat Aluminium
Cuupuuy Tudey DALCC {Indiz, Now Delhi),

BALCO operates two aluminium smelters located in Korba
(Madhya Pradesh) and Jayl:aynager (West Bengal).

Preparation of the Feasibility study for comstruction of
the EDU was awarded to the All-Union Research and Design
Institute of Aluminium, Magnesium and Electrode Industry (VAMI)
of the Ministry for Non-ferrous Metals USSR under the Contract
No.85/2 dated 30.01.85 between UNIDO and V/O TSVETMETPROMEXPORT.,

Implementation of this project in India will ensure:

- establishment of a new technology for manufacture of
high-purity aluminium, the demand for which is ever growing;

= training of required personnel for future establishment
of the high-purity aluminium production on a wide commercial
scale; ‘

- meeting of requirements for high-purity aluminium for
capacitor manufacture at a level of 1989/90 demand, which will
ellow elimination of the need for imports of aluminium foil for
this application,

1.2, Karket and EDU Capacity (Section 3)

At present India produces no high-purity alumirnium metal,
All demand in products made of this metal is met fully by
imports,

The maln user of HPA metal at present is the electric
capacitor manufacturing industry (over 95% of the total demand).

According to the available information a trend is developing
in India towards a significant demand growth in this metal in
the industry.

By the end of 80's the Indian demand in HPA is estimeted to
be at least 500 tpy, which is 1.9 times the 1984/85 demand
equal to ebout 260 tpy.

Based on the analysis of Indian I'PA derand, proposed
capacity of a HPA cell and proposed pumber of cells, the rnormal
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production capacity of the EDU for the purpose of calculations
is 5430 tpy of HPA metal,

This capacity is ensured by installation of three 70 kA.
cells, ' -

1.3, Materials and Utilities (Section 4)

The basic raw material for manufacture of HPA is a commerci=-
al-grade aluminium metal (crude metal from the elecirolysis
cell-rooms).

Besides, the use is elso made of other industrial products
(cryolite, aluminium fluoride, barium chloride, sodium chloride,
graphitised electrodes, copper) and utilities (electric power
and compressed air),

The annual requirements c¢f the EDU for the basic raw
material and energy is as follows:

~ crude commercial-grade aluminium - 556 t

- process 8.Ce power - 10370000 kWh

1.4, EDU Siting (Section 5)

In conformity with the Contract the siting of the EDU was
considered in connection with the aluminium smelters in Korba
 (Madhya " Pradesh) and Jaykaynagar (West Bengal),

Based on the comparative assessment of the siting slter-
natives it 1s proposed for the purpose of the Feasibility study
that the Korba aluminium smelter will be chosen as a construction
gite for the EDU installed in the cell-room=75 (Alternative II =
Extension of the cell-room for location of HPA celle). '

145, Engineering Concepts and Design Works (Section 6)

The main production units of the EDU are as follows:

- HPA process section consisting of three 70-kA cells;

- salt drying and salt mix preparation section;

- HPA casting section,

The transport, water supply, power supply, storage faciliti=-
es of the EDU will use the existing units, service lines and
tankage of the existing aluminium smelter.,

The Feasibility study proposes the industrial HPA production
technology by the method for three-layer electrolytic refining
of commercial-grade aluminium metal,




The aluminium electrolytic refi. ng process is carried
out with the use of a chloride~fluori. 2 electrolyte,

The major item of the process equ vment is 8 HPA refining
cell with amperage of 70 kA featuring the most favourable

performance figurese. ;
Construction of the EDU was consid ~ed in two alternatives?

Alternative I - installation of the HPA cells in place of three
aluminium reduction cell to be removed in the
existing cell=room=75

Alternative II - jnstallation of HPA ceil in vue cxicncien te

this cell-room. -

The following will also be provided for the both Alter-
natives?

- galt drying and salt mix preparation will be carried
using the existing ingot soaking electric furnace and areas of
the smelter foundry;

- BPA casting will be accomplished using the existing
casting conveyor and DC cesting mechine, and ereas of the smelter
foundry.

The Feasibility study has been prepared on the basis of the
jndigenous equipment produced in Indie, except for a pneuratic
anode alloy mixing machine and bimetallic strip to be supplied
from the USSR, The cost of these cuprlies is Rs 90,000 (or %
of *he total equipment cost)e

At the request of Inaian side the variant of the LDU location
in the extended part of potroom Ko 78 was additionally consi-
dered in the Feazsibility Report (icnexure 4), '

1.6, Estaeblishrent of EDU, Overheads and

Other E
(Section 7) e

Since the ELY is located in the existing aluminium smelt
th? e?onomic calculations eccount for cooperation with the -
exlitlng production facilities with respect to marning the EDU
performing maintenence and repairs, providing trensport end :
engineering services, < orer
The overheads include general plant and non-productio
operating costs in connection with EPA production and sale:

1.7. Persornel (Section &)

The overall lebour requirements for the EDU operation are

estims ) i
i ‘ted at 15 persons with10 production werlkers, 4 forem
SR, re, foremen,



The functional management of the EDU is by the smelter
management,

1,8, Project Implementation Time Schedule (Section 9)

The Feasibility study essumes the following:

-~ time of construction and installati... of the equipment
is 15 months;

- the basic engineering design and final specification
are to be prepared before the start of construction;

- delivery and instatiation oI the equipweni will Lé niviis
the period of 9 months, or 6 months after the start of construc-
tion,

The Feasibility atudy considers an additional elternative
of siting the EDU directly in the cell-room—%= in place of
three existing cells &and in extention of potroom No 78.

The calculations show that this alternative, as compared
with location of the EDU in the extended portion of the cell=
room-75, is more capitel intensive, since this requires extra
cepital investment connected with restoration of aluminium
production capacity removed and increase of civil works.

1.9 Financial and Economic Evzluaiion (Section 10)

The financial and economic evalustion of the project hLes
been prepared in prices as of the end of 1285 based on the
capital and production costs, and financing conditions.

1¢9¢1e Total Investment Costs

The total investment costs for construction of EDU are
estimeted 2t Rs 22,¢70,0CC.

The breekdovn of these costs in as follows (Rs 000):

- gite preparation - 46

- buildings and structures - 2077

- technology (know-how with tex) - 2960

- totel equipment and installetion cost - Y464
Soviet-supplied equipment - 140
Indien-supplied equipment - 4457
supplied from third countries - 1943
instellation - S44

= preliminery end preproduction

costs (incl.contingency) - 63568
- working capital - 2735

Total 22,270
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1.9.2, Financing Sources

The financing sources for the fixed capital are the
government equity and long-term internal loan in ratio 1:1,
The working capital (65 %) is financed by short-term bank
loan. The remaining 35 % of working capital (margin money)
is financed on the same conditions as the fixed capital,

Based on the above conditions the financing amounts are
estimated as follows (Rs 000):

- government equity - 10,446

- long-term internal loan - 10,446

-~ short-term bank loans - 1778
Total 22,670

1.9.3, Total Production Costs

The total production costs calculated for a normal year i
in average during the design period of operation at the full
capacity of the EDU amount to Rs 23,765,000,

Breakdowr: of the annuasl production costs by cost items
is as follows (Rs 000):

- materials and utilities _ - 19983
incl,: comercial-grade aluminium - 12457
electric power - 5833
other - 1693
- galary end wages - 403
- general plant and non-production
overheads - 1197
Subtotal of operating costs - 21588
- interest (in average during perios of
operation) - 84
~ depeciation (in average during period
or operation) - 1373
Total of overell production costs 22,765

19,4, Financial Evaluation

To determine the financial impact of implementation of the
EDU project the following celculsntions were mades

- cash flows

- profit and loss account;

- ectimate of internal rate of return.
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The profitability of the project estimated on the basis
of these celculations features the following indices:

- IRRI ’ L= 15,3%
- IRRE = 14,7%
-~ payback period - 5,5 yeers
- breakeven point - 65,2%
- breskeven capacity - 352 %

- minimum HPA price to ensure
breakeven operation of EDU
at 100 % capacity

Rs 44 ,000/%
1.9.5 Resume

The Feasibility study prepared for construction of the EDU
for production of HPA at the Eorba aluminium smelter (India)
allows the following conclusions to be made.

1. Implementetion of the project for establishnent of the
EDU, as & whcie, will ensures

- establishment of a new technology on an industrial scale
in Indian conditions for preduction of high-purity aluminium
and aquisition of required commercial experience;

- training of technical personnel and high-sgkilled
indigenous work force;

- complete elimination of imports of HPA products for needs

of Indian industries.

2. High economic profits attzined by the EDU will improve,
es a whole, finencial and economic conditions of the Korba
aluminium smelter,

3, The Feasibility study on the basis of Internationeal
standards has been prepared ‘n full scope and in conformity
with the "Manual for preparation of industriel feasibility
study" (UN, New York, 1978).

The financial eveluation of the project, including the
gensitivity analysis, has been made by means of the computer
and with the use of a complex of computer programmes developed
in VAMNI Institute.
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2o GENERAL INITIAL DATA

2.1, Background History
2e1e1e Alm of Project

The aim of the project is to estimate the feasibility of
construction of the Experimental Demonstration Unit (EDU) for
high purity alumirium (HPA) production at one of aluminium
smeiters of Bharat Aluminium Company Lide, iu India.

At present, no HPA is manufactured in India, and all the
local market demand is met by imported metal,

2.1.2. Essz2nce of Project

i present, the developed countries, including the USSR,
produce HPA by electrolytic refining the commercial=-grade
aluminium,

The most cost-cffective solution involves the siting of
the HPA facility at the existing aluminium smelters, This
secures the use of molten eluminium and, with a low initial
cost, an uninterrupted d.c. power supply to the HPA cells
from the existing SCR station,

This project deals with the establishment of the HPA
production facility (within the scope of the experimental
demonstration unit) at one of the BALCO's existing smelters.
This would allow the Indian experts to gain commercial exper-
ience in HPA production which later can be used at the other
smelters in India, as well as, under UNIDO euspices, to
femiliarise with this technology the experts from other develop=-
ing countries in this region,

2¢1¢3s Grade of HPA Produced, Scope of Application

The proposed EDU will ensure the manufacture of HPA in the
following four grades: 99,995, 99,99, 99.97 and 99,95 cast in
pigs 15 kg in weight end ingots upto 3 t in weight,

HPA 18 used for production of high~strength, corrogsion=~
resistant alloys, electric capacitor and packaging foil,
naterial for protection barrier agesinst effects of sea water
and atmospheric eir, material for high~-reflecting surfaces
(reflectors, floodlighte, etc.), protective sheathing for




power and telephone cables, material of construction in the
chemical industry, food industry, etce.

2.1.4, Capacity of EDU

The cepacity of the EDU is set to meet the 1995 expected
HPA demand in India, estimated at 500 to 550 tpy. To produce
the above amount of HPA the EDU will be provided with three
70=kA cells with an average output of 180 tpy each,

2,1.5. Implementation Time Schedule

Baged on the experience of the establishment of HPA
production facilities in the USSR, the preparation of the
engineering design and construction of the EDU may be completed
within two years, '

The attainment of the design figures will take one year,

2¢1.60. Economic Impact

The establishment of the HPA facility in India will sllow
the saving of foreign currency otherwise required for imports
of the metal, beceuse it will totally eliminate the need for
the same,

2.2+ Initietor of the Project and Executor of the
Feasibility Report

202416 Initiator of the Project

The initiator of the project of the EDU censtruction is
Bharat Aluminium Company Limited (BALCO),a Government of
India undertaking., BALCO was founded in the year 1965, The head
office is located in New Delhi (Punj House, 18 Nehru Place,
New Delhi-110019), |

The existing Alumina-Aluminium Complex at Korba under
BALCO coneists of:

- Bauxite mine,

- Alumina plant;

- Smelter;

= Fabrication Complex;

Besides this, the Company elso manages the Jaykaynagar
Srelter (Bidhan Bag Unit Smelter), loceted about 250-300 km
from Celcuttas At present the alumina and aluminium production
capacities of this plent are not utilised,
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2¢2.2 Role Played by BALCO in Project Implementation

BALCO is participating directly in the implementation
of the Project of the EDU constructicn on behalf of the
Government of India.

The Company has taken an active part end rendered
assistance to the group of Soviet Experts which arrived in
India in July-August, 1985 to collect the initial data in
accordance with UNIDO terms of Reference.

2¢2+3%. Executor for tne preparation of Feasibility
Report

In accordance with contract between UNIDO (United Nations
Industrial Development Organisation) and V/0 TSVETLETPROMEXPORT
the preparation of Feasibility Report of the RDU construction
for HPA production has been assigned to All-Union Research and
Design Institute of Aluminium, magnesium and Electrode Industry
(VAEI) of the ministry of Kon-Ferrous metallurgy of the USSR,
Leningrad, V.0, Sredniy prospect, 86,

2.3, General conditions
2¢3%¢1s Data on the FExisting Alurinium Complex at Korba

The Plant Installed Capacity and its Utilisation,

The Plant has installed production capacity as follows:

- 100,000 tens annual production of primary Aluminium;

- 100,000 tons ennual output of ealeable products

Primary aluminium is produced by "20 kA V,S.Soderberg
pots installed in 8 cell houses,

Cell-house dimensions are 624 x 18 m with one-row end-to-
end pot layout., Processing of Primary Aluminium into saleable
products is accomplished in Poundry, Profile~Tube and Sheet
rolling shops of the rated capacity (tpy):

Ingots 18,000
Properzi Rods 35,000
Extrusions 7,000

Rolled Products 40,000
During 1984-85 the Plant production performance was 87,000 tomns
of Primary Aluminium and 83,358 tons of Saleable metal,
comprisings ,
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- Ingots 26,904 t
- Properzi Rods 36,509 t
= Extrusions 4,767 ¢
- Rolled Products 15,926 t
~ Others 34252 ¢

Against the Projected 99.5 % sluminium metal content in primary
aluminium the actual value of it during previons yesr was found
to be 99,54 % with 0,2835 % everage content of iron and 0,114 %
of silicon,

2¢3¢2+ Climatic, Geographic and Social Conditions

The Plant is located in South-Eastern part of Madhya
Pradesh Stete, in latitude 22%23% Torth and 82°%44+ longitude
East, 9 km from Korba Railway Station, District Bilaspur,

The climate of the area is tropical. The average max,
ambient temperature during 5 days of peak summer period is
43°C, The aversge minimum ambient temperature during 5 deys
of the peak winter months is 13.4°C,

The absolute maximum air temperature is 4500.

The absolute minimum air temperature is 6.1°C. Out=-door air
conditions are:

- for summer dry period, temperature 43% °C, relative

humidity 22 %

- for summer damp season, temperature 3300, relative

hunidity 100%.

The average annual velue of atmospheric precipitetion is
about 1480 mm, The highest precipitation value is in zsugust
(ebout 460 mm), The region of Plant site is not exposed to
seismic effect,

The Plent site ground is represerted by sand loam and clay
goils with 1,25-2.5 kg/sq.cm load carring capacity at 4-5 meters
entry depth,

Integrated Township area is 930 acres, The Township has
population of about 20,000 persons and has & Post office,
Police Station, Hospital, The BALCO Township is within the TV
reception range, it has a branched network of automobile roeds,
geveral schools, training centre and a few Cinema Halls,
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3+ MARKET AND INTERPRISE CAPACITY
2¢1e HPA Demand end Supply

At present India produées no high-purity aluminium and
all indigenous demand is satisfied by imports of the HPA-based
foil,

The main end use of HPA is production of electrolytic
cavacitors accounting for over 95% of the overall imports,

According to the available informastion there is a sufficient
potential market in India for HPA to justify establishment of
an indigerous production facility in the scope of the prorosed
EDU.

At present demand for HPA in India is estimated at 260 tpy
and expected to rise to at least 500 tpy by the end of 80's,

In addition to electric capacitor foil HPA can be used
for manufacture of high-strength and corrosion-resistant alloys,
packaging foil, protective barrier against effects of sea water
and atmospheric air, reflecting material (reflectors, flood-
lights, etc.), protective sheathing (for power and telephone
cablesg), material of construction for chemical equipment,
equipment in food industry, etc. |

Thus, the proposed EPA production technology may have a
significent impact on Indian economics., The establishment of
the EDU will allow:

- acquisition of the experience in indigenous HPA
productiong

- assessment of introduction of indigenous HPA into the
local market and expansion of its field of epplication;

- full elimination of need for imports of HEPA foil,

3,2, HPA Sales

The feasibility study report assumes that the whole amount
of HPA menufactured by the EDU will be consumed by the Indian
indigenous market,

Since at present iIndia produces no HPA and there is no
local HPA price, according tov BALCO's recomrendations the HrA
selling price is assumed, for the purpose of the feasibility
study, at a level of Res 45000 to Rs 50000 per tonne (the base
variant = Rs.47750/t).
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The above price level also takes into account the

expected steps by the Goverament of India in readjustment of
aluminium Prices by the end of 1985 (price increase).

The financial-economic evaluation (Section 10) analyses
the effects of HPA price variation on profitability of the
projecte.

Based on the assumed price levels and production programme
Schedule 3-1 below shows the calculation of the sales revenue,

Schedule 3-=1
Sales Revenue

—— e wakie e . - [ [} .

] Years from start of operation

Ttem g"ﬁlgmde'g}gef 1st year | 2nd year, etc
~5;}:-*-~%§;eﬁﬁé_ E-Qty Revenue
t Rs 000 | % ~ Rs 000
1 99.995 | 50000 4.3 215 | 5.5 275
2 99,99 . 49000 194.4 9526 : 243,0 11907
3 99.97 | 47000 © 194.4 . 9137 243,0 11421
4 99,95 | 45000 38,9 1750 48.5 2182
Total: 47750 432 20628 540 25785

The sales expenses include the expenses connected wit
shipment of the finighed product to clients and other overheads
borne in connection with its sales.

Schedule 3-2 shows the estimate of these costs.
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Schedule 3-2

»
| S WY SIS S .__.....!.._.____..__~ PRI SURPRSRMEITESS SR
Production cost estimate
Sales“;;gegééé T
—*w»?“Qﬁanti¥& ) 'Expenses,
! n - Un1it Rs 000
| years from start -
Item of operation vost item falo year from
‘ start of
" 1st ond operation
18t . 2nd
1 7 432 580 % Shipment of Rs :
; product to 500/t 216 270
clients
2 20628 25786 Rs 000 Sales expen- 1.,5% 309 387
: . ses of
sales
revenue
L ‘ Total 525 6"
3¢ 3« Production Programme 5 27—
The proposed technology ensures the production of the
following grades of HPA: ’
S1. Aluminium ? Percentage of impurities, maxe.
Yoo comiems e st T
1 29,995 0.0015 0.0015 0,007 0,001 0,001 °
2 299,939 0,003 0,003 0,003 0,003 0,002
> 29,97 0,015 0,015 0.005 0,003 0,002
4 29.95 0,030 0.030 0,015 0,005 0,002

The following HPA production étructuré is assumed fof-the
celculetions of the Feesibility Report:

!

HPA grede 99.935 92.99 99,27 99,95
Percentage '
of production 1.0 45,0 45,0 2,0

The level of production capacity utilization is determined
in accordance with the production schedule (start-up aend
commissioning of mein process equipment-cells-for EPA production)
riven below:




Main procesa equipment A I l I

Electrolyté preparation and
cathode impregnation cell

i Quarters from beginning of start-up

[ ol

IT

100,0

100,0

= gtart=up —t
- commissioning and adjustment x) ————ri
- reaching capacity, % C 22
Refining cell No 1 i
- gtart-up —
E - commissioning and adjustment —
| = reaching capacity, % 11.0 35, O
i Refining cell No 2
| = start-up —
i - commissioning and adjestment —
' =« yeaching capacity, % 5.0 29,0

100,0

x) During this period the cell produces electrolyte requirede for start-up of the

refining cells Nou, 1 and 2,
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On the basis of the HPA production structure and the
p Dproduction capacity utilization level the production programme
assumed for the Peasibility Report calculations is determined
' in Schedule 3-3, '
Schedule 3-3

Production programme

., ———

rYearB from st- rt-up of operation

HPA ‘Production

gl at 100% 1-st year ; 2-nd and following
0. grade s :
: (A1 cap:c1ty, Capacity ! Quantity, Capacity Quantity,
X content utilization, t utilization,; t
‘ p.c.) ! B { % {
1 99.995 | 5.5 80 | a3 | 100 | 5.5
2 .99.99 | 243.0 80 | 94,4 | 190 | 243,0
3 99.97 243,0 80 1944 | 100 243.0
4  99.95 48,5 80 38,9 ! 100 l 48,5
: i
Total 540 | 80 | 432 100 { 540

3¢4, EDU Capacity

The normal rated capacity of 540 tpy of HPA is adopted for
the EDU, The above canacity is determined on the basis of
following data: '

- analysis of HPA market in Indiaj

- unit capacity of refining cells to be installed;

- adopted number of cells,

For the EDU the 70 kA refining cells are adopted which are
considered to be the most powerful cells used in the worléd at
present for HPA production.

The average cell capacity is 180 tpy. This cell has the
optimum technical and economical parameters, Three cells are
adopted for installation.

A\ The number of pots to be installed is justified by the fact
that one of them will be used for refiring of aluminium as well
ag for electrolyte preparation and cathode impregnetion and is not
atypical refining pot for industrial production of FPA,
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The EDU must contain not less than refining pots apart
from this one for the performances of only one refining pot
are not representative enough..

Besides the three pots arrangement offers one center pot
typical for industrial HPA production for it has more favourable
magnetic field than two other and allows for refining in optimum

conditions.




4, MATERIALS AND OTHER PRODUCTION FACTORS

4,4. Characteristics of Raw Materlals and Inputs
4,1.1. Classification of Materials

List of raw materials and inputs required for high purity
aluminium (HPA) productions
- Technical grade (crude) aluminium,
- Barium chloride
Cryolite
- Aluminium Fluoride
- Sodium Chloride (Table Salt)
Copper
- Graphite
- Soda Liquor (used from the existing ges cleaning system)

4,1.2., Requirements to Raw Materials and Inputs

Teking irnto account that the refined aluminium is to be of
high purity, there ere certein requirenents for raw meterials
and inputs relating to their impurity levels, Kain impurities
deternining the purity of refined aluminfum ere copper, iron
ond silicon., The primery alurinium used for refining conteins
maximunm O.3% of Fe and 0.30% of Si.

The utilization of primery aluminium with higher impurity
level as compared with above mentioned impurities results in
cortamination of HPA and increase of anode sediment, with
respective higher specific consumption of crude aluminium.

The increase of copper content in EPA sbove the ¢pecified
1evel (0,001 to 0,015% cepending on HPA grade) depend upon the
disturbed condition of refinirg process and incorrect cperation
of celle,

The contents of Zn end Ti in primary gluriniun ere not to
exceed 0,06% end 0.03% recpectively.

The utilizeticn of such primary eluminium encures the
production of HEFA with the following level of irpurities:

7n = 0,0015% to 0,005% and

T1 - C,001% to 0,002%
mre gulis (beriuz chlorice, cryolite, alurinium fluoride end
codium chleride) charged irto the cell for electrolyte preparction
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ere to have minimum moisture content, A120, Fe, Si and other
impurities contents.

The salts moisture coatent is not to excezd 0.2% (to ensure
this moisture content the salts are to be dried if required).
The utilization of salts with higher moisture content will effect
metal quality, increase specific power and salts consuwptions
as well as increase the lebour requirements for sludge removal
and ledge cutting.

Fe and Si contents in salts are elso specified; they are
net to exceed:

- for barium chloride (Ba012.2H20) - 0,003% Fe

- for cryolite - 0.08% of Pe (as Fe203) and 0,9% of Si

(as SiOZ),

= for aluminium fluoride the sum of Fe203 end Si0, is 0, 4%,

The utilization of salts with higher level of these
impurities will deteriorate quality of the HPA,

Besides, the content of free alurmina in aluminium fluoride
is not to exceed 7.0%, and the contents of metters inscluble
in water in barium and sodium chlorides - 0.12 snd 0,45% respec-
tively.

The graphitized electrodes ere to heve the electrical
recistivity of 8.1 to 2.0 rmicro Ohm,m, the flexural strcngth of
70 kg/csg.crmemin and rupture strength of 35 kg/sqecrline.

VWhen electrodes of poor quality are ucsed the power and
graphite consumption will increece zs vell as the cost of
renufacturing, meintenence and repeir of catholes,

Pover:

- AKC current - 50 Herz, voltege = 220 V
Loperage is determined by the cheracteristic of each
pover ucer,

- DC current - 70 kA
Cormpresced air -« 4 to 5 &tme preccure,

In accordance with the abcve requirerents &il neteriels for
the FrA production asre essumed of Indiean cupply for the

Yeecolbility fejort,
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4,1.3, Characteristics of raw materials and inputs
401.3.1. Primary gluminium (crude)

Table
-—— - L T . . e o e —— e = e e o ,,___,,._._____.__.,_...d,,_:4_.__._..- —_—
SKo Description Unit + Value
4 Aluminium content, min %, 99.6
2 Pe content, max -do~ 0.3
3 S1 content, max, . =GC~ C.%2
4 Zn content, max. - =do= ; none
5 Ti content, mex, | =do= 0.02
6 Other impurities (¥n+Cr+Zr) each max., | =do- 0.01
7 Total impurities content - =do= 0.4
4,1,3,2. Barium Chloride
Table
Slo Description ~ Unit Value
1 . BaCl, . 2H20 content, =in. % 98,0
2 latter insoluble in water, max. -d0o= 0.2
3 Na content, max. ’ -do= .01
4 Ca content, nax, -do- 0.02
5 Fe content, max, ~do=- 0,005
6 Total sulprur (S) content, rax. ~do- 0.02
4.1.3030 CryOIite
Teble

S Description Unit Velue
1 F content, min, % 53,0
2 Al cortent, maxe. =do~- 1% to 15
3 l'la cortent, max, -do~ 31 to 34
4 £10, cortent, max. -do=- 0,2

5 Sulphete c.ntert as 503’ L.%Ye -do- 0.6

6 Feao3 cortent, nax, ~ti0= 0,2

7 loicture content, nax, ~J0= 0,2

8 P.O. content, rarz, -do= 0,CC3 to .

¢ 0.01
9 Cryolite retio (niliz) ~do- z,0
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401.3.40 Aluminium Fluoride

Description
L.0.I., max
AlF3 .content, min
rree A120 content, max
(8102 + Fe203) content, max
Sulphate content as 503’ max

P205 content, max

4¢1.3.5. Sodium Chloride (Common Selt):s

Description
Sodium cklcride, dry basig, min

Fatters ingo._ble in water,
dry basis, max

Noisture content, max

Yeximum content on dry
basgiss

cat+t

rgtt

q - ey

u04

Fe

Haaso4
Grain sgize distribution,
less then:

1. mm
1.2 to 0,5 min
205 to 4.5 I
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Table
Unit Value
% 1.0
-do= 90+1
~do=- £,08+1
—dO— 0.4
~d0- 005
Teble

 Unit Value
% 99.5
~do= 0,05
"dO" 500
-dO- 0003
-do= 0,0005
“dOw- 0.,C2
-do- 0,001
-do- 0,002

i

| =Ao=- 12,0 rax

£5,0 min

2.0 max
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4,1,%,6, Electrolytic Copper

\ ¢ Table

SKo Description Unit Value
1 Copper (Cu) content, min % 99,9
? Tron (Fe) sontent, max © O none
3 Bismuth (Bi) content, max " ~do= 0,001
4 Antimony (Sb) content, max - =do- 0.002.
5  Arsenic (As) ~same- . =do- 0,002
6 . Nickel (¥i) -same- ~-do=- 0,002
7  Lead (Pb) -same— ~do=- 0,005
8  Tin (Sn) -same- -do- 0,002
9 f Sulphur (S) ~game- ~do= 0,004
10  Oxygen (0,) -same- -do= . 0,06
11 Zinc (Zn) ~gamne= ~do= :0.04

12 Phosphorus (P) -sane=- ~40= C -

4,1.3.7 Graphitized Electroces

Table
Sto Description Unit Value
1 Specific Electricel resistivity, max., Ficro=Ohzm/m 9.5
liecharical Strenth, min
- flexural strength keg/sa.cm . 85
- rupture strength -co- 75

40104. Utilities
4,1,4,1, Corpreegsed air

The coipr:zsced zir is to be supplied periodically at a
pressure of 4 to 6 atmocgheres,

' 4010402. DC Power

Tre arperage of DC power: is 70 kA, The permiscitble anperage
fluctuation is + 5 Z.

The duration of ercrgency DC pover cut-off is 2 heurs mexinum,
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Uo1.443, AC Power

Duration of emergency AC Power cut-off is 8 hours max,
4,1.5¢ Sources of Materials Supply

The indigenous materisls will be provided for the operation
of the EDU, The following sources of supply are assumed for the
Feagibility study report:

4,1, 5. 1. Aluminium

Technical Grade (Primery) crude Aluminium is to be supplied
to the EDU in molten form from the existing cellrooms of the
Smelter at Korba.

4,1.5,2, Barium and Sodium Chlorides

Three Indian Chexical Corpanies have been identified as
potential suppliers of Barium and Sodium Chlorides (Chemical
Co, ICI, Serabhai Chemicels and Bengal Chemicals with offices
in Madras, Calcutta, Bombay end Few Delhi), Barium and Sodium
chlorides are supplied in polyethylene bags (50 kg. each) by
truck or reilway trencsport.

4414543, Cryolite ard Alunminium Fluoride

Teking irto account the low ennual consurption of cryolite
and alucinium fluoride as corpared with the existing Smelter,
it is eassumed thet these materials would be supplied to the EDU
cells from the existing stocks of the Plant,

4,1¢504e Graprhitized Electrodes

The graphitized electrodes may be supplied from Zhcpal in
covered railway wagons or trancsported in covered trucke,

q’o 1. 5¢ 5. COPP er

The copper rm2y bte supplied by the Corpzny Hiaducten Copper
Limited, Ghatsilae, near Tatanzger, Bikcr.

4,1,5.6. Socda Ligquor

Soda liguor is to be fcd from the gzs cleaning eycten of
4
[

the operating Stelter,



27
4.105070 Utilities

The existing services of the Smelter are to be utilized
to supply the EDU with electric: power and compressed air.

4,2, Supply Programme
4,2.1. Initisl Data

To determine the supply prograrmme with raw materials and
inputs rrovision is made for a HPA grade range to be produced
at the EDU as given in pera 4.2,1.1. The HPA grades are selected
to correspond to the USSR GOST 1106°9-74 "Primery Aluminium,
Grades" and with consideration of their demand, optimum performan-
ce figures end composition of the raw materials in question.

The consumption rates of raw materials, inputs and utilities
for production of EPA ere listed in para 4,2.1.2. The annusl
production programme by grades is given in paré 42016320

4,2.1e1s Composition of HPA Grades to be Produced at EDU

Percentege of controlled HPA grade
i b

Percentage LCPurities, % msx GOST USSR
oe , R ,
Item eluminium, Fe : Si Cu Zn Ti
% rin ;
1 99,0295 0.0015 0,0015 0,001 0,001 0,007 A595
2 99,99 0,003 0,003 | 0,003 0.003 0,002 499
3 99,97 . 0.015 0,015 0,005 0,003 0,002 AC?
4 99,95 10,030 0,030 0,015 0,005 0,002 = 495

Fote: The grade of cluminium is determined by eubtrzcting
from 100% the sum of controlled irpurities
(Fe, Si, Cu, 2Zn, Ti)

S R e R W I R S I R R R g v P T T R S
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4,2.1.2. Consumption Ratesg for HPA Production

v (incl. losses and moisture content)

_————— i mml e T T e e e e ——— ek e e - s [,

Description . Unit Rates per

tonne of EPA

Crude commercial-grade aluminium

1 ot 1.03
2 Hydrone harivm ohlorza- bk 0.U354
3 Cryolite ot 0,0165
4 Alurinium fluoride ; t 0,009
5 Sodium chloride bt 0.0045
6 | Graphitised electrodes |t 0.015
7 Copper ot 0.014
8 D.C, power for refining cell ¥Wh © 17000
9 D.C. power (overall der:znd) kWh 18500
10  A.C. power (overall demand) kWh 19200
11 Compressed eir (at 4-6 bar) N’ 600
12 Process wastes:

- anode sedirents t 0,04

- crust t 0.033

- ledge and eludge t 0,0165

4.241.34 Armual Production Prograrre by EPA Grades

Iten HFA grade Output, tpy

5.5
243
<43

4845

40
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4,3, Supply Programme Selection

4,3,1, Selection of the supply programme is determined
by consumption of materials in the production process,
continuity of operation, schedule of material consumption,
availability of tankage and areas for storage, uniform load
onto transport means and personnel responsible for handling
operations,.

h z‘?_‘ Tha (\C\Yi'!‘LY’*T\“":I\Y\ rnotoo of wmew moaterwiols ond Jrnnntdn

V¢ o —————— e mdep oD

(pare 4.3.2.,1) during the first yeer of operation asre estimated

on the basis of HPA output atteined by the end of this year.
The supply prograrme for the EDU operating at full capa=

city is given in para 4.3.3, stocks of raw materials and

inputs = in para 4.3.2.%4.

4,%.241, Annual Requirements for Raw Naterials and
Utilities for EPA Production

Yezrs from start of

operation
Item Description Unit
18t year 2nd year,etc.
1 Crude cormzerciel-grade
aluminium t 450 =56
2 Eydrous barium chloride ¢ 16.2 1845
3 Cryclite t 7.9 8.9
4 Aluminium fluoride t 4,5 4,9
5 Sodium chkloride t 2,15 : 2.5
5 Graphiticed electrodes t 7e2 ﬁ 8.1
7 Copper t 1.0 : 7.6
8 D.C, power (refining ‘ 5
cell) kvwh 747:10 ‘ Q,2x10
9 D.C. power (overall 6 6
. cdemend) kWh £,4x10 ©,297x10
10 £.Co povicr (overall ' 6 6
demand) ~k¥%h 8.71310 10.37x40
11 Comprecced el z
(at L-6 ber ) m~ 270000 324000



I Item

5 'Sodiun

7 Copper

Iten

Socdium

N OO N

‘VO...Jp er

Description

1 Crude cor:
‘eluniniunm

for EDU Operating at Full Capacity

1 CvAa ““"”°“C’81—gr3h-
alumlnium

2 Hydrous barium
chloride

3 Cryollte

4 vAluminium flucride

chloride

6 Graphitised electrodes

Full Cepzcity

Deccription

~erciel-grzie

Fydrous herium chleride
Cryolite
Lluririum fluoride

chloride

Crzpiiticed electroies

P
B
l
N
|
|

1.5

' 008
0.42

|
Stock Supply Supply

—

| 301

1635
01

4eZsle Steccks of Rew Yeteriels et EDU Orexz

fregu- betch |
ency ‘

- 3":3; .
2 days |
every 3.1
menths
ditto 1.5
|
_ditto 0.8 |
~ditto O.42 |
; i
ditto  1.35 |
every 021 |
10 deys i
1]
ul”‘g
ctock
tonres
3'-1
1.5
0.8
Colt
165
o]

fo N
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4.%¢3s Supply Programme of Raw MNaterials and Inputs

.4._.__,...._..-'.. v e em ..

Transport
means

’\C” L atataten
- W\ bmd

vehicles

reil or motor
transport

motor trang-
port

ditto

rail or motor
transport

ditto
ditto

at




4,4, Cost Estimete

by

The estimate of ennual operating cosis for raw materiels
and utilities used for the EDU are eshown in Schedule 4-1,

The follosirg basis was used for estimation:

- annual quantities of ccnsumption of raw materiasls znd

utilities determined by the consumption rates;
- HPA production programmne;
- prices of the rew materials and utilities used as of
the end of 1985 (with price escalation iemored),

The electric power cost includes the cost of its transforzation

to DC (at si).

All raw materials and utilities will be indigenous,

The estimation has been prepared for the st year of
operation of the EDU (start-up end attainment of the design
cepacity) end for the 2nd year (and all gubsequent years)
of its normal operarion.

Production cost estimate

Vaterials and utilities

Qty
Ite”years fron
stert of
operztion
1e 2ord
1 2 3

2,1 “i6,2
2e2 7.9 2.9
2.5 4.3 4,3
2 1,0 7.6
ZeD 702  Eu1

Project: EDU

Unit

Schedule 4-1

Description: Eigh-purity aluziniunm

Cost item

5

Raw zzteriels end

utilities

Crude com.ercicli-

grade eluminiun

Irrntg
e AR ——

Fzrium chloride
Cryclite

Lluwiriun flvoricde

Correr

Crephitiecd

€lp bt

Urit
ceet,
Bs

22,404

%£,000
20,733
22,552
50,000
40,000

20,000

Total cost,
Re 000

years from
svart of
orerztvion

Tet ernd
7 3

10,082 12,45

567 648
120 120
57 141
50 20
2n3 Sk
L3 50




32

vy Vo213 400 6 7 8
; ' ! | I R -
2.7 | 15.0 1 Coal 360 5 -
ERE S ST SRR SRR SO
‘ btotal of item 2 , 1 210 ‘ 1,693
3 ! Utllitles i
, o ' | _ b l
,3.1 810 .UJ‘U/";QISO | AeCe pUT.EL 562 +G35 20238
3.21 270 | 324 Tm? | Compressed air 16 4 5
; 11000 . !
Su.btotal of item 3 | 489—9 _ 553;_
: Totel 16,191 ’19 959
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5. LOCATION AND SITE

v 5.1. Location

In accordance with the UKIDO contract Ko0.85/2 the following
stetes for the EDU locetion were to be considered:
- hledhya Pradesh State, the opereating BALCO's Smelter
in Xorba regicn;
- West Bengel Stete, the non-operstional BALCO's Smelter
in Jeykeynegar region.

5ele1e Korba Aluminium Srcelter

The cepacity cf the Smelter is 100,000 tpy of primery
eluminium. 100 kA cells with verfical anode studs ere installed
et the Srmelter. The Smelter consists of raw cells-lines with
ges-cleaning plents. Ezch cell-line concsists of four cell-rooms.
Fifty one cells ere inctzlled in one cell-room, the cells being
errenged in single row, eud-to-end.

The cell-rcooms ere equipped with erection crane of 80/20 ¢
cepacity eand tvio process operztion crenes of 8/12.5 t 1lifting
cepacity. ’

The smelter is pover surrlied from the operzting powver
rlents (ctate cector) located in Korba region. In 1985 BLLCO
hed sterted the conggiuc+1on of a ceptive power plent of 270 KW
capacity, the first Urit¥io be commissioned in 1987.

The cell-line (4 cell-roon) is supplied with pover from
the Silicen Rectifier Sub-ctetion corcisting of 6 rectifier
units (Outlet pearameters of the rectifiered current
: 950V, 22 ki).

Figh zkilled mernpovier is evaileble et the Srelter.

S5¢1e 2 Llurminium Imelter at dayicynazer

nstructed end cormiscioned

hal Ve vy [ae"y 4. .
lhe Jeyhkeyn.zar Tmelter ve

n

C

(&)

(o}

40 yesrs &0 uncer the decign ¢
lend,

W Tune Jeykeyracer plent cenzizcved of elurine rlent, Cmelter
end Febricetion Comzlex. The rroduction of the Cmelter wog
%000 tpy. The cell-rocm 'oe1 i ecuipred with 24 ¥FA roricontel
ctud cells, end the cell-rcom 0.2 vith 50 A verticel ctuds

the Cempeny {flucuicee Ovitoer-

Py
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During last 15 yeers the capecities of slurina end aluminium
production heve not been operated. The cell-rooms end the
Rectifier Sub-stetions are not used.

The structures and the equipment of cell-room Ko.1 have &
high lovel of veear end high invesiment 1is required for their
restoration.

The conditions of the cell-roomn 0,2 and the Rectifier
Sub-station ere setisfactery. 56 cells are installed in cell-roonm
T0.2. The cells ere grrenged in TWO IOW3, cud-vy-cnd. The rell-
room is equipped with E.0.T. crenes of 12.5 t cepecity.

Four rectifier units eare installed at the Rectifier Sub-
ctation. The rectifier ampereage ig 16.8 FA, minimal pocsible
voltage 78 V. At preseat the Febricetion Complex is power
supplied from th stzte Tlectricity EBoard.

S5¢1.3. Mein FactcTs for Selection of the EIU Locetion

mhe locetion of the EDU for high purity eluminiun production
e.s selected jointly witn BALCO, teking into concideration the
folloving factors.

- supply of primary gluminium in liquid form ¢irectly from
the cell-roony

- poscibility of utilizesicn of the ‘exdeting ecguipnment;

- Tpsnsporietion costs of rew rzteriels end incuvs

— peliebility of pover suprplys

- evoilebility of skilled lebour;

- required inv ctront end rroduction cocts for construction

o)

\
‘g
[
ct
o®
o
Lo
2]
O
[

13
ts
3
o]
]
ot

otzl invected copitel end locn repey=

ment period.

Ty

S5.1.8. Experimentel De-snciretion Unit (2D7) eite elecction

[ &
13

In order to eveluete end celect the locetion of the EDY
for high purity cluminium (s14) production et cne of the Llumiriun
smelters of Eheret Aluminium CorpelLy Lirited (2.1CC), loceted in
ronba (ledrya Iredech Stote) end Surport Ctudy ves srepered
(Lrnzerure 1o.1). hs the erelyeis corried out nod rcvealed the

v

ptimel EDJ locction ciie wag rorle Lmelier.

“yrig verient of the LJJ locet.cn (Forbe elter) ves ecorpted

for the furiher concicderetion in ile Tewoibility neporte
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5¢1.5. Alternatives of EDU Lccation at Xorba Smelter

The essential factors of the EDU location et Smelter site
» are as follows:

-~ the supply of molten primery sluminium directly from
the cell-room

- minirum distance to the DC power supply source-mein step-

dowvn substetion;
~ possibility to utilise the existing auxiliery equipment
of the cell-room for the IV,

Teking into consideration the above factors the following
alternatives of the EDU location are assumed to be considered
in the Feesibility Report:

Alternztive I: The inctallation of refining cells for high
purity eluminium production in the existing
cell-room Ho 75. Three existing cells are to
be dismentled end one- to be switched off.

In tkis case the instzlled capacity of the
Szelter will be decreased dovn to 90250 t/yea
Llternstive II: Expancsion of the existing cell-room Lo 75
to 26 m for the inctellation of three
refiring cells for EFA procduction end
evitching off of four erxdisting cells
(temporarily). This will resuylt in reduction
of production Capacity to $SCOOtpy before
the edditionzl veltece should be cbtzirned
cue to the plauned prccess imprevenentse

5.2¢ EDJ Ziting Ceornditions et llerkta Aluriniunm Srmelter

The exmerinmcniel demcnstretion unit for procduction ol
bigh-purity elumirnium conzicts of the folloving thrce procecs
cections loczted in the exiciing cell-room:

- 1zt cection - three IFA cells in tlre cell-room Fo 75 in
place of three exicsting cells to be removed (Llternctive I)
or on free cree in the cell-room extencion (Lliernctive II);

- 2nd cection - selt drying fecility loceted in the founiry;

- 34 cection - iPA cocting fecility ir the foundry,.
v 0.t ¢f tre ctove ihree LDJ procecs cections crnly the siting
deting
plot-plen, but the otlier tvo ccctions ere eccily cited in the
foundry end in no wey effect the exicting cervice liner or

of the 1ot cection reguires cocrdination vith the e

G

rocdc,




Siting of HPA Process Section
Alternative I, dwge. 1367231 -TT

Location of three HPA cells in place of three gluminium
reduction cells to be removed in the western end of the existing
cell-room - 75 will require to build et the plant only a new
suppert racks for the busbar line between the SCR station - 85

AvAd dha AATY e am IC ol dl ndmT Y pe Ve A T AN AT at mem
Shobve Vadw Wramdh T W wes 1 7/ Ve véa ww vk & bbipy Vi v | Ca® . @ AVW W VALV A

measures like the moving of the existing service line or roads
will be needed.

Alternstive II, dwg. 1367232-T7]

Locetion of the HPA process section in the extended pert of
the western section of the cell-;:com - 75,

The extent of expansion of i1he western part of the cell-
room - 75 1s limited by the existing reil track running in
parallel with the centre line 1 of this cell-room 29.494 m vest
of the cell-room. Baced on the observence of the reilwey cleaerenc
of 3.10 m, extention of the cell-room - 75 in the wecstern direc-
tion will be 26.0 m longe.

Extention of the cell~rocm - 75 by the ebove length will
entail: '

- moving the cection of the exdicting motor road pecsging
through the western ends of ell cell-rooms beciuce it interferes
vith EFA cells eres;

- moving the section of the existing cetle tunnel from
vithin the lirits of the building externtion erea;

~ conctruction of a new cecticn of the bucbar reck 25.2 m
long.

The overall sree of the propcsed motor roads is 560 n?,

5¢3¢ Coct Ectimete

The cost eztimzte for conctruction of the LIU vas prepered
with reference to the exiciing ¥Yorba eluminium cnelter zite cnd
co excluces eny cocts for ecquicition of the lend plot end
expenres releted to itz uce.

Tre coct for prepearation c¢f the cite feor conciruction of
the LDJ is incluced in the invectiment coct ¢f the buildings end

structures licted in Cection 6.
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Bede Selection of the EDU Leocation Alternatives at
Korba Smelter

The calculetions cafried out revealed that the most
economically viable was the Alternative II - the locetion of three
HPA production cells in the expended part of the cell-room
No 750

My m +hn 03 9nn T a3 ammenas - v - )
Mhuz the fincreicl cnd SCOLtilc draiuavivua vl wue prcebeab

Feasibility Report was prepared for Aliternetive II only.

The locetion of HPA cells as per the Alternative I requires
the dismantling of four existing cells, that is cut-beck of
operating aluminium production capacitye.

That is why this Alternative is not recommended for implemen-
tation.

5.5 Environmental Impect

5¢5¢1e Cheracteristic of Hermful Emissions from Process
Equipment

Il2in hermful emissions of the EDU are IF gas, duct of
fluoride solids, EC1 and duct meinly conteining BaClz.
Thece harmful emiccions are emitted from the cells,
Out of three cells one cell (for elecirolyte prepcration and
cathode impregnation) is equipped with gas exheucst syctenm.
o gas exhaust systems are required for refining cells as their
emicsions ere not imporient.

50502 Quantities of lHermful Exdiccions

Leximum quartities of the LDU eniczcions into the eir vill
melke:

IF cas - 0.26 kg/nour
HFP solids - 0,16 -sgre-
HC1 ~ 0.34 -zene-
Duct (BaCl2) - 0.55 ~czeme-

The above mexirmm quentitiec of the EIU hermful ericesions
hould be genereted only during the period of operation of one

out of three cells for electrolyle prepereticn end cetlhode
impregnation (once in €60 deys during 35 deys for salts melting).
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Teking into consideratior the short Jduration of the maximum
) J enissions, the above quantities of HCl emitted to the eir ere
admissible and the additlonal gas-cleaaing is not required.
It is to be noted that emissions cf the Smelter practicelly
are not changed because during the EDU operation four existing
cells in the cell-room No 75 are to be switched off.

5¢5¢3+ Technical Concept

To clean the gases frcm the electrolyte preparation and
cathode impregnation cell the provision is mede fcr the utiliza-
tion of the existing ges-clesning system of the cell - line Ko 2
located between the cell-roons lios, 76 and 977,.
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6. ENGINEERING AND DESIGN VORKS

6.1. Engineering devision
6.1.1. Initial deta

Initial data for elaboration of process estimations, erectio
drewings and general ley-out of LDU ere as follows:
- n capucily - 540 lowaes of Ligh -puriiy cluminium (HPa)
per year;
production progran;

~ three-stege electrolytic process for EPA production;
70 kA electrolytic cell for EPA production;

continuous operetion of EDU pots (8760 hours per ye&ar)
initiel deta for Korba aluminium smelter plant sitfe.

€.1.2, Composition of engineering documentation for EZDU

The mejor production units of EDU &are:

- section of HPA pots,

- selt drying end szlt charge preperation section,

- FFA casting section.

The determine optirmum technicel solutiozns end to provide
for Ligh technicel and economiczl indexes of LDJ for HPA produc-
tion two vericnis of pot section locetion lLieve been congidered:
in the first verient EPA pots ere loccted &t the end of potiroom
I.c?5 necr SRIS with errengement of three EPA pots instead of
three exicting eluminium pots; in the cecond verient three pots-
ere inctelled in prolongced part of potroom Lo 75.

In the Fezgibility Study the follewing documertetion has
been prepared for IFA pot section:

- line procecs diagram,

- generel vieves of LFA pote,

~ erection drevin

- construction dravings,

- power surply dicgrers,

The merntiored docunentetion is in velure 2, Celculetions
of Lour nnterial flows with LITJ cepecity of 540 t/year of high-
rurity elumirium cnd moterial Nov:s ver 1 tonne of commcrceiel
}15 ~purity eluniniun (diogrens 1 cnd 2) nove £2:0 been node,

Zpecificationc on equlpnent el mevericle gre given in
vclure 3,
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6.2. Process description
6.2.1. MNethods for HPA production

One of the commercial methods for high-purity aluminium
production, in the present time, is an electrolytic method of
commerciael grade eluninium refining by three-stage method which
is widely used in the USSR.

This method provides for HPA production of A 95 - A 995
grades. For high-purity aluminium production commerciel-grade
crude elurinium in liquid form is fed into HPA pots in which
electrolytic refining process tekes plece.

Electrclytic refining process is performed vwith using of
chloride-fluoride electrolite.

Together with three-stege method of HPA production other
methods of this metal production have been developed and ere
under development (two-stage method, refiring processes using
vater end orgenic solutions, electrolite of salts with low
melting point, method of frecture crystallizetion, method of
vacuum distilletion end other). But £ll thece methods of EPA
produciion were not commercielly uced,.

6.2.2o Selection of the technclogy. lzjor perameters
of the process

For commerciel producvion of high-purity eluminium there
ig only one metiod which can be recommenced-iree~ctaege electro-
lytic method of commerciel eluminium refining.

6.2.3. l2jor procecs peramcters

€.2.3.1. FA pots section

Cetroce metal terpereture - 7704510 °C
Level of leyers in the pot tath:
cethoce retel - 15422 cm
electrolyte ' - 12414 cm
enode elloy - 33440 cm
tlectrolyte composition: B&Cl2 - =%4550
NeF - 164175
NeCl -~4,
ALFB AL 25
Cor.tent of elements in anode elloy: L1 - 50~40 %
Cu = 33-40 %

Current cerncity in electrolyle C.6 L/crr.2
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6¢2.3.2. Selt drying end salt cherge preparation section

4 Salt drying tempersture - 3504400 °C
Moisture content in dried salts - 0.2%

6.2.4., Line procesc diegram of high-purity aluminium
production
(drawing No 1360970 TL, sheet 1)

"olted frmde elumininm (in ladles) is trensported from -
operated potrooms to the section of HPA potse

Crude aluminium is fed into pots with the help of pouring
machine,

The following meteriels are edded to crude aluminium:

- copper to correct anode &lloy compocition,

- solid crushed electirolyte to corcpenscste  locses.

Eigh-purity eluminium produced in tke pot is periocicelly
removed by vecuum ladle end then cest irnto pigs end ingotse.

Anocde sediments e&nd electrolyte crust sre periodicelly
renoved from the pots,.

Off-geses from the pot where periodically electrolyve is
prepered end cathodle impregcnetion is pericrmed ere cleened.

Electrolyte preperation

Electrolyte is prepered from 3eCl
and I'eCl.
Barium cloride end sodium cloride ere preliminary cryid

5 ¢ 2H20, cryclite, i.lF3

in electric furnzce.

The cherge of ebove mentioned mzteriels is fed in one of
the pots for high-purity elurinium procuction. Chzrge melting,
cedimentation of colid impurities end eleciro-clericel cleening
of electrolyte tele plece in this fot,.

Cethrocdes ere glzo impregnzted in thic pot.

Thus prepered electrolyte is poured Into cealed boxes end
golicdifies,

Before chergcing into pote for FEFA prroduciion the elecirolyte
ig cruched.

Irpregnated ceti.odes are uced in ZIU poiz.
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6.3. Equipment
6.3.1s Basis for celculation and selection of equipment

Major process equipment is selected on the basis of selected
technology for high-purity eluminium production. The mejor
process equipment for HPA production is the pot for sluminium
refining,

£t precent time 28-70 KA pote pore need in the USSR for high-
purity aluminium production.

Brief cheracteristics of the pot are given in the table
below,

SRL Cheracteristics Units . 4?9?{9693 kA.
Nos 28 60 - 70
1 Pot cepacity tonnes 76.5  164.0 191.0
per
year ' ,
2 Specific meteriel tonnes 0.45 ' 0.35  0.32
consumption per 1 ¢ ‘
of HPA
per year
3 Specific production tonnes
of EPA from 1 m2 of per year 6.7 TeT 8.25

pot surfece

For the given ZDJ 70 kA pot is edopted, whkich provides the
most fevoureble techniczl and economicel indexes.
It should 2lzo be mentioned thet this pot is the most
powerful pot uced in the vorld et precent tire.
Celculetions of the ecquipment ere mzde on the following
beaciss
- production ceracity = 540 tonnes of high-purity eluminium
per yeer;
- contiruous rode of operation - 365 deys per yeer
(e7¢0 Lours)
- exicting equipment at Korhe elurmiiium :znclier clould
provide for continuous moce of operetion:
icon rectifier cubesietion,
- cart Lou-e (electric furnece for iingot homogenizeiion
end cecting equipment) end ges cleening <evices.

N TN NP VI
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The following considerations were also be taken into
account for selection of the equipment:

- standart size of the equipment must correspond to modern
world practice end high efficiency of capital investment;

-~ the design of the equipment should fully provide for
maximum reliebility, convinience end simplicity of operation
and maintenance of the equipment. -

6e3.2. Pots section (dreving llo 1360970 TI!, sheets 2 and 3)

Pot section is designed for high-purity eluminium productio:

Selection of the section location is made teking into
account the following:

- trensportetion of liquid crude eluminium;

- minimum distance from DC power supply source (cilicon
rectifier substetion - SRSS);

- posibility of using euxiliary equipment instelled in the
existing potroom for high-purity eluminium production,

Two verients for pots section arrangement at Korba smelter
heve been congidered in the Feacibility Study:

I verient - errangement of high-purity eluminium production

pots at the end of potroom ilo 75  near |
SPRSS. Three existing eluminium pots chould be
dismentled.

II verient- prolongetion of potroom I'o 75 {et SD:S cide)
to errenge nigh-purity aluminium proluction
potse.

Iurmber of pots for high-purity elumirium produciion does

rnot depend on the mentioned varients end is 3 (with amperege
of 70 K4).

6.3.3. Celculation of high-purity slumirium production
Po¥s capacity

The following moce of operestion for the ihree pots of the
EDU is edopted:

- two pots will conutently operete ot the moie of refining;

~ the third pot will orercte et two mecdez: et the rode of

electrolyt. prepuretion end catholde ir-recnetion
(periodicelly, once in iwo moaths during =5 deys)
end et refining nofe (the ert tirme).

9034l iR S Skt ot WA e U 2 i R Bl LR | e T N K i s T et i+ o s as s -
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Production capacity of EDU pot section is determined by the

equation:

Q= [q (et ~ 1)x365+q(365__1-31ninst x 3.5 x{2 o
i 5 x 13
A3.n. x n. x 25 )
—O'5x17 nlnS{ 12/)— inst. < 10 3 ’
ex13 2.3

wiieres

g - daily capecity of one pot, kg/day;
D:nst, T mumber of installed pots;

13 - mumber of inctelled cathodes on one pot;

3.5 ~ time of cethode impregnation in the pot, days;
2.0 - stock of impregnested cethodes, months;

6.0 - cethode service life, montiks;

0.5

duration of pot operetion rmode chanding from electirolyte
preparation and cethode impregration to eluminium refining,
deys;
25 = duretion of pot cepital repeir works including burning
end stert-up, deys;
4.3 - everage service 1life of potis, years.
The ebeve ecuation cen be trancferred as follows:
A e - "'3
Q=352 7zn,, 4 X q x10
Daily cepecity of a poti vill te:

Q= 70000 X 0.335 x 0.93 x 24 x 1077 = 523.4 lg/dzay

vhere:

T700C0O - &arnperoge, A

0.325 - electrocherical equivalent of alurinium, gr/A.h
92 - current efficiency, %

24 - nunter of hovrs in a dzy

So, Q = 251.2%3x%503,4% 10 7 = 557.45 tornes of crude ALAN

Ilormel production cepacity of the pot cection vwill be:
QN = (x ¥ =294.45x 0.98 = 340 tcrneg of commerciel 1T A
pET yeur
K - is a coefficicnt wiich teues Into eccount some deviation of
ti.e rrocece end locrez of UL Curlng cesting.

S ik s s kM i es w et & s e S et W, w . eseieh i W . ok mke.m.e sk st e en.
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For servicing end reparing of the inctalled pots bridge
cranes, vacuum networks and compressed air networks existing
in potroom No 75 are used, ‘

The existing 3 t ladles are used for transportation of crude
aluminium to the pots,

Pouring machine is provided for pouring of crude aluminium
into the pots.

High-purity aluminium is remnovea ITom pues vy 3 & V&G
ledle.

lining end prelhieeting of EDJ ladles are assumed to be made
in ledle repgir shop end manmufacturing of cathodes end bottom
blocks - in tke auxiliary shops block of the gluminium smelter.

6.3.4. Selt drying and salt cherge preparation section

Selt drying end celt charge preperetion section is designed
for:

- drying of Ba012 . 2H20 end LeCl

- gselt charge preparetion

- short-{fime ctoring of salts.

Tor location of this section area of cast house is used
in exes £80-84 of the cpen C-D et exis C. The required erea is
ebout 200-300 m° (see draving CDO-IR-1110-431).

2 H,0 end LeCl gre dried in electric furnece et

300-200 °C. Loicture corbtent in cried ceits is not more than

I\)

Opereting "V ecterverk" electric furnsece is used for selt
cryins. The furncce is inctelled in ingot Lhomogenizetion section
of cech house in exes T8=TT (draving CLC/IES/1i10=-431).

Cherecterictice of the furucce:

Inctelled pover reting - 1513.5 +10 % kW

Pover of lLeating elements - 13C0 + 10 % LW

Verimam tenpercture - 620 °c

Crereting terpereture - 520 °¢

Tover cupply - 330V

umber of pheces -3

Fregucney - 5C hZ

furnece {imencions - €.9 x 2.4 x7.0m

T mperature of the furrzce vwill be controlled by instrumenvs.

Lo ! .
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After drying BaClz, KaCl, cryolite and A1F3 are metered end
mixed in the mixer. Received chorge is trensported to HPA pots
in =pecial buckets.

Cperetion schedule of scit drying end salt charge preperatio
section depends on operetion schedule of one of the three pots
in the mode of electrolyte prepsretion end cethode impregnation.

A3
SRL

1.0S Descripvion Trits Velue
1 Time of operstion days 1-2
o hmount of s=elt tc be dried:

Ba012,2320 ' tonnes ~3.0

KeCl - ~ 0.5

3 imount of salt cherge tornes ~5,3%
4 Stock of €11 salts ronths
. tocrnes ~5.8
5 I:eI‘LOd Of Operat_on - once ln 2

nonths

Teldrng into eccount =alt hycroscopicity time for z=lt
rrereretion zlculd rot ezceed 2 deys.

It is feccible pertly to cocpercie cperetion ¢f =zelt dryd
cection vwith pot orerction in the rode of elecirolyte prepsmoiicn

(¢}
ct-
e
)
I3

€e3.5. IIA cocting ce

-

TA cecting czection ic Cezigned for czziing of Piie metel
irto pige end ingotes,.

Tlhe gcecticn is lcccted in the exZcting cect hiouce of tie
melter.

Tt g trancperved to the cection in 3 t vecuum lecle by
sieting vehicles once in tvo ders. Arount of metsl 1o ctou
3 tonrez.
g (~15 kr) @ cecting conveyor g uced,

To procuce cnell piz
lled In exee E€7-%1, Cocting iz yperfcried
t

The ccrnveyor ig incte
from vecvurm ledle with the lelp of erxdcoting toidge crane end

. 4+ - - 4 -
gpeciel troush viikh e cilond.

s A ~ -, “ cr pavege Y ST e e A
Tiet dircte ere €229 coet frorm vocuunm lalle uclins le

ericting tridre crore on ore of the ceciling roclince In escs
£C-€2,

. ety g e Wad e - ML A
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Ingot cesting is performed according to the technology
edopted for flet ingots casting on the given equipmernt.

6.3.5. Ges cleening

The major hermful effluert from EIU ere gscseous EF, dust
of fluorides, HCl end dust wihich generelly conteins BeCl,.
Sources of these hermful metters are the pois. One of the three
pots (the pot for electrclyte preperation and cathode irpregna-
tion) is ecuipped with gas cuction.

Vhen tkis pot operctes in the mode of electrolyte prepeze-
tion the ercunt of hermful effluents is increaced.

Cheracteristics of effluents from EDJU pots ere given in
the teble below.

SEL . R e Tetel
il ceriptio hore? at ] -
o8 LTecseription of ul matters Units erount

refiring pots = 2 pcs

1.1 Gecesus FF -g/bour 0.122

1.2 Tust of fiucrices, &s s0lid IF - " - C.03¢4
2 Tot for electrolyve rreperstion
erd cethode irprezzeiicn - 1 e 5?
Ze1 Geceous IF - " - C.8
2.2 Duct of flucrider, ac colid =7 - - 0.65
2.3 =C1 - " - ZeC5
2.4  Dust (EaClE) - " - 2.0
%) Tericd ¢f pct cpereilen vith gas ruction 1giideys
oxce in tvo ronthz,
Velure of ges suceticn of iie ;ot for elentrilyte prepercticr
eri coihode inpreguctiion entuntis o

- 820C mB/h vith clozed chutters,

- 22288 m3/h viih oren chuiters (teiing Into eccount ihe
volune of eir vi.lch goes tlrough uniighnirerc of geg
caction oy, tem.

Cuentity of heymful rotters rensved by s cuaciion wnd

cernt Lo gos clenning of Lie cocint 1llre erculto T

. : ’

;jgcs - C.4 b

ﬁProlid - Coly

L1 - 1.75 ="-

uet (BeCl, - 75 ==

st % dus et e e st e e ) -




6.3.7. Brief description of major process equipment

Kejor process equipment of EJU on the pots section: N

- refining pot ~ 2 pcs,

~ pot for electrelyte preparestion and cethode
impregnetion - 1rpc,

- pouring mechine - 2 pcs,

- wormmim Tofle -

‘0

reoe,
-

Refining rot (éraving Lo 133533£ ()

The pot concicts of enode &nd cztiiiclie units.

inoCe urit is a velced cieel czce lirned with red cley,
fire cley end megnesite bricls,

Ingicde leyer of tre bottom is made of cerbon meteriel with
incexrted cteel rod for pover supply. In one of the end wells
t-ere is a cherging pocket.

Cetlince urnit of the potl concicstes of cuilicdes

o ’ o}
cteel ciracture, ceviwnce glurinium buctors &nd catlole moving

Cethioles concict of ¢l der grzziite electrilez with
exbeded ciube end eluminium rolz, Llurminium »cd Ig ccrnnected
vith 2tab by ereclel veld,

TOo rzev the niceIfLIy €
rrovicion ig ncde for Insicllcotleon of eccentrice cloumre Letveen

R T P - A 1 . 2 LI .
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, S - .
gggi Description é Units Value
1 | Amperage g kA 70.0
2 | Current density ; A/em® | 0.6
3 E Current efficiency % % | 93.0
4 : Pot production capecity t kg/day , 523.4
5 | T paver eoneumption . kw.h/t ¢ 17000
6 ’ Number of cathodes pcs 13,
7 Shaft depth mm 700
8 Sheft width == 2450
9 | Shaft length _n- " 4760
10 | Dot outer dimensions: width —n " 3590
length - 6420
height (of casg)' -t 2120
11 . Pot serwvice life %) ; years 5.0
%) service life of the pot for electrolyte preparation and
cathode impregnetion - 3 years.
Pouring machine
Fouring mechine is decigned for pouring of crude eluminium

into pot.

Pouring machine is & wvelded steel cer with a ladle install-
ed on it, This mechine is equipped with o0il hydraulic drive for
turning of ledle, Crude aluminium is poured into pot through
the lzdle spout, chute end charging pocket of the pot,

Speed of cruce glumirium pouring is controlled vith the
help of hydreulic drive of the ledle. The ledlie is mede of cteel
and lined with fire clasy brick. Ladle cepacity is ©00-1200 kg.

Vecuun ladle

Vacuum ladle is designed for crude sluminium removel
from the pots.

Vacuum ledle concicts of welded =teel case lined with
ire cley trick, removeble =teel cover, intzke pipe and graphite
irlet,

Tor trensportetion of vecuum ledle with the help of bridre

e
crene end for metel dicchurge a beeam vwith lecdle turring drive
dJ‘

Lo previde ST
Capecity of vecuum ladle ig 3 tonnec.

17 PN B . .- PRI R
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6.3%.8, HPA quality control

Physical and chemical analysis to control the quality of
raw materials, materials, HPA and composition of the EDU
production wastes should be carried out by means and metho&s
of the existing chemical and analytical services of the Smelter
(shop and central laboratcries).

6.4. Power supply
6.4.1. Existing power supply circuit

The cnergy for the plant is suppiicd fiom Tieraal Fower
Plants using local coal extracted by open pit method and
imported coal. The total rated capacity of public sector Fower
Plents in operetion in the vicinity of Korta amounts 1340 IW.

The construction of new 270 LW Captive Power Plant was
initieted in 1985, the first 67.5 LW unit due for commissioning
in 1987,

Presently the plants maximum power‘demand is fixed at
225 W the reted potroom power consumption being 184 KW (two
sections 92 W eech).

The plant is supplied by powvier through two 220 kV feeders.
The plent's sunstetion hes four transformers 220/33 KV 120 LVA
each., By means of 220 KV outdoor switch-gear any one of trens-
formers can be connected to feeders. '

The 220 KV & 33 KV dictribution is made by e double bus
system to ensure relisble power cupply to Rectiformer Staetions.

Each Fotline consicting of 204 potis is supplied with povier
through Silicon Rectifier Substation consisving of six rectifiers
each reted at 22 1A 950 V, 22,9 I5i. 41t least 5 of six are in
operztion feeding 100 ¥A at S50 V. Each group of rectifiers
is provided vith individuel energy counter c¢n 28 side & amper
hours & voltege hours controller on DC side.

6.4.2. DC Electrical power supply of PA pots
(for veriants I & II)

The DC pover cupply is mode from operating Silicon Rectifier
Stetion located in the vicinity of potrooms 75 & 76 (second
potline), The SRS containg 6 rectifiers of Indian compeny Z2iLL,

Specificationc of the rectifier urit (ennex 8):

- type ord

- reted rectified current of one wnit - L2 KA

- reted volicze - G50 V.,

Trecently each rectifier unit ¢ives 20 IL: current,

B ey o el T TR DI TR T R R IR TIPS SRS
DRSS . B
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h

The following electric power supply circuit diagram for
feeding potline N 2 producing iPA. Four rectifier uniis ere
feeding the EIU pots and operating pots of the second potline
with the 70 KA current, .

Two rectifier units are feeding the operating pots of the
second potline with 30 KA maske up current,

Arrangement of the EDU pots according to varient I requires:

- an additional minus busbar at SRS with two rectifier units

~ an edditional meke up busbar velween SRS zua puiroom v 75

Arrengement of the EDU according to variaent II reguires:

- an additional negative busbar with two rectifier units
to be connected to existing negative external busbar; the existing
negative busbar is switched off external bucber,

- an additional negative busbar between SRS end an extended
pert of the potroom N 75 end its comnecting to existing negetive
SRS busbar.

Works related to the installation of busbar of HPA cells
section, external busbar and modificetion of SRS busbers should
be carried out without long shut-covm of e¢ell-line. This can be
reached by utilisation of temporary by-pass and shunt busducts.

This method of new busbar instellation and modification of
existing busbar will reguire severel short-term discornection
of the cell-line, The duration of each cell-line discornection
is 1 to 2 hours raximum,

dmissible DC emperage veristion at the EIU is + 5 % (average

r hour.
pe The duration of an emergency pover cut-cff is not more that -
2 hourg.

Busbar diagrams end routes of busbers ere indiceted on the
drewing 1247836-X (verient I) and 1247837-5C(varient II),

Precsently there is no vccent voltage et SES in operation
et the second potline,

Therefore four existing pots must be cwitched off to opercte
this EDU.

The calculation of the number of pots to be cwitched off
is indiceted in Annex 2.

€.4.3. Fower equipment

(pover cupply of electrical eguiprent cf ZIU with iC)

Verient I
For control of cell drives for ;roduction of high purity
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aluminium control cebinets of dismentled cells of potroom N 75
with partial substitution of equipment in the cells. Addit%onal
equipment is given in the specification. For cortrol of bl%nds
drive for preparetion of electrolyte and cathode impregnation

a box for control of asynchronic reversive short-circuit motors ty-
pe [y 5400 is usedControl boxes and cabinets for conirol of cells

are fed from existing lines (voltage~ 220 V) with insuleted
neutral.

For connecting of pouring meehine to tho lin: pliug cuudiecior
type A700/ATO% is installed on cell control cabinet (CCC) and
flexible cable type KPIT I (3x4 mm°) is ordered. Circuits from
CCC cebinets and box for blinds control to electric reciever
at the cell are made of heat resistant copper wire type TIAN I30
(1x1 mm2). Running of wires elong the cell is cerried out in
thin-welled steel pipes with protectien of lead-in places to
lead-in boxes of electric metors by flexible inlets made of
metal flexible tube. For decreasing of number of wires coming
to the cells clamp boxes type¥ 614 are instelled on the cells.

¥iring from CCC cabinents end box to clamp boxes on the
cell is rope suspended with necessary acbestos cloth protection
of wires from radietion of spilled metal. Frotection chould be
mede in seversl layers. Rope shoulcd be insuleted from earth
potentiel.

Verient II,

In order to provide for the control of cells drives for
procuction of high-purity eluminium cebinent for cells control
(CCC) ere foreceen vhich cre instzlled et the elevaetion of cells
service in the aperture between the columns on the inzuletors.

For control of blinds drive of one cell e box for control
of asynchronic reversive short-circuit motors type LY 5400
is inctelled. For feeding of the CCC cebinets &and the box it
necessery to prolong the exicsting line (220 V AC) with insulet-
ed neutrel. For this acdditionel cections of cloced dictribution
buebar of 220 V AC type [[PA-73  for current 250 A are forescen.
For connection of pouring machine to electric circuit plug
connector type 4 700/A 701 is installed on the riddle CCC ccbinet
end fliexible cable KFITI (3 x 4 mmz) iz foreceen, Circuits from
CCC ccbinet end box for blinde corntirol to electric recievers
on the cell ere mcée of hect-resiztent copper vire trpe DAA-130
(1 x 1 mmg).

(&)

[&]
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Running of wires along the cell is carried out in steel thin
walled pipes with protection of lead-in pleces to lead-in boxes
by flexible inlets made of flexible tube.

For decreasing of mumber of wires coming to the cells
clemp boxes type¥ 614 asre installed on the cells.

Wiping from CCC cabinets and box to clemp ~boxes on the
cell is/10pe suspended with necessary asbestos cloth protection
of wires from radietion of spilled metel. Protection should be
mede in several leyers. Rope should be insuleted from earth
potential,

For feeding of bridge cranes in wide part of potroom it
is necessary to prolong trolley up to the end of rcrane jibs.

For trolley steel angle with cross section 75 x 75 x 6 and trolley
cantilevers should be foreseen. Period of emergency switch-off
of AC povier - not more than 8 hours. -

6.4.4, Electricel lighting

Veriant T

o edditionel lighting needed

Variant II '

Celculated illuminetion of the pot site in extexced pert
of the potroom is 200 lux, of zero level = 50 lux.

Lemps will be of ges-discherge tube type JPI-700 and
HCII II-20.

Lemps will be serviced Irom step-ledder end from bricdge
crene.

Lighting voliage will be 415/240 V (lamps 240 V),

Ordinzry and cmergency lishting system is fed from existing
circuits,

ilain lighting is controlled from the cabinet situeted in
the connecting corridore.

lighting penels vwill be of type [ 51JJvith asutomeatic
svitches and magnetic cterter for dictant control of upper and
lovier platforms lightinge.

Feeding end group circuaits ere mzde of cebles type A3Z3T,
leid togethier with pover cetles wcrous trucces, elong trurces
end elong the walls fixed with supporiing hoolr,




6.5. Main infrastructure concepts

6.5.1, Due to small requirements the provision of the EIU
with water supply and dreining facilities, compressed air and
air supplied at negative pressure as well as with trensport and
repair services to be from the corresponding networks and
departments of the smelter.

6.6, Buildings and structure
6.6.1, Data for design of the buildings and structures

The following served as a basis for designing the buildings
end structures:

- the technology edopted for production of high-purity
elumirium at the existing electrolysig facilities;

- the process equipment selected for production of high-
purity aluminium; ¥

~ the local climatic conditions and conditions of supplying
the propoced unit vith utilities;

- the conficuration and size of the operating electirolysis
facilities.

6.6.2., List of buildings and structures

According to the technology zelected for production of
high-purity eluminium the following sections to be orgenized
in the opereting elecirolysis shop:

- a seciion for three ErA cells in {the western end of the
potroom o 7%;

- a cection of =elt érying end salt feed preperztion in the
caciing shop;

- a csection of casting HFA ingots in the cxsting chop,

Decign ctudies on leyout of the equipment heve showvn the
following:

- locction of the sz2lt drying end salt feed prepearetion
sections as vell as the HFA ingots casting cection in the
casting shop will not require its recon:itriction;

- location of the iFA cells in the potroom Ho:75 will
necezesitote ite recon: truction with volunmes of vork cependent
on & cellsg arrcugenencs concicdered in this Study in two verieante:

."PE;J-;: |¢:;‘_ [T R R .‘.«..'.. EE S ":m.-,-:—"_',’”, -a ',“ ,.'A—.. a.—-...‘,. . ) e ikl et R RER
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Verient I

The three HPA cells to be located between the axes 5-9,
in the western end of the potroom instead ¢f three primary
eluninium cells to be dismantléd.

It this veriant the R.C. cell supports to be rebuilt as
well as the floor at el. 3.00 (partizlly). A new section of
supports of the busbar conductor system to be built from the

s ol P Y + -
wiuw vw vl;e pOuI’OO....

Varient II

The three IPA celis to be located in a section of the
potroom to be extended. A layout of fecilities in this area
permits extending the potroom building by 26 m (mex).

in extension of the existing building vith a span of 18 m
by an amount specified will require a removel of {the existing
end well glong axis I with removal of steel framed columns and
dismantling the R.S. foundations for Lese columns. A new section
of supports of the busbar conductor system {to be built from the
SRS to the potroom.

l'zein buildings perameters

e o it o A iy - m— e o e FE P

Built up, . Useble Building
area, m erea, m volume, m
Variant Vari- Veri- Vari- Veri~ ~ Variaent
I entiIl ent I eant II ant I II
1 Section of HPA
cells in the
potroon o 75 - 516 - 722 - 10720

Architecturel end civil concepts and structures design

The srchitectural and civil coxncepts end strucitures decsign
for both varients of reconstruction of the potroom Ilo 75
for comstruction of new sections of the buchar conductor syctem
are ecsumed similer to thoce reslized in the opereting potroonm
075 end in the exicting supports of the busber conductor
cyctem,

Ti:e following building elements esre acscured for reconztruc-
tion of the potrcom o 75;
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-~ foundations of the building columns and supports of the
cells - of monolithic reinforced concrete;

- floor at el. 3.0 m - of monollthlc reinforced concrete;

- columns of the bulldlng, framework roof trusses,

stairs - of steel;

- walls and roof covering - of A.C. sheets.

Elements of the busbar conductor system:

- fonrdetions - of monolithic rceianforced coucieve;

- columns - of precast reinforced concrete.
6.7. Cost estimate

An estimated construction cost of the EDU (Variant II)
was calculeted according to the initial data compiled by &
team of VAII experts in cooperation with 3ALCO promoting the
project.

A prices level is taxen as &t the end of 1985.

6.7.1. Cost of technology

"know—how" cost is determined by the Supplier. Including
the taéV’%he total capital cost connected with purchasing the
technology is Rs. 296 thous,

6eTe2. Cost of equipment

The process equipment is ascumed eccording to the specifica-
tions.

In the cepitel cost celculations an ecuipment and naterials
cost is taken es follows:

- for the equipment end meteriels to be supplied by the
Indian orgenizetions - from the deta by B.ICO ascccrding to the
initiel deata;

- for the equipment end materials to Le cupplied from the
USSR (a pneumetic mechine for mixing en anodle sliloy end the

bimetal pletes) according to the deta of V/0 "Tcvetmeipromezport™;

- for the equipment end materiels not inclucded into & lict

of initiel data to ULIDO contrect I 85/2 (come kinds of electricel
equipment) according Yo the initial data for prepzring e feacibili-

ty ctudy of modificetion of the ccleinetion kilne for e gellium
and speciel elumine production (1i983) to te carried out at the

seme Korba facilily. Convercion from the 1983 prices to thoce as
at the end of 1935 18 done vith the u.e of en ezceletion fector
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on a 10 % anmal price increase basis (K = 1.21).

An initiel stock of spare parts is taken to be 4 % of the
equipment cost, :

For a summary of the equipment cepital costs see Schedule
6-1.

The produciion costs connected with repeir of the equipment
are teken as a pergentage of the equipment cost and ere included
into the general shop overhead costs (chepter 7).

6.T+3. Cost of erection works

The erection wvorks take into account a cost of works on
erection of the equipment, steel elements end cell linings,
internal and external buswork, electric lighting syztem of
& building which houses the EIU,

&n erection works cost is determined on the Basis of an
overell volume of works Tor erection of the equipment, process
stell sections, lining, for rurnning the cable netvorks and
busbar concuctors and estimeted from parameters for determining
an equipment erection cost given in the initisgl deta.

6e7.40 Cost of buildings end structures

The civil works on constructing the buildings end structures
telte into account the following:

- cite preperation and developrient;

~ relocetion of the engineering neiworks end iistribution
lines, including a cteam pipeline;

- general civil works connected with an extenczion of No 75
potroom to accomodete the EZDU,

A civil cost estimete 1s determined on the beuis of an
overall volume of works with the uce of unit rates according
to the initiel dcta.

cummary coct ectimzte for constructing the building

0]

A
end ciructures is given in Schedule 6-2.
innuel meintencnce cocte are taken es e percerniage of the
civil works cost end are included into the _exncral chop

overhead cocts (chapier 7).
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Schedule 6-1

-

Equipment

Egstimate of investment costs

——— e - . e - - .- e

Project: EDU

i

PR
.....

——r———— -

Unit Costs, 000 Rs.
Item | Qty Unit| Cost category cost - .
Rs. ’ foreign 1local total
: L 2 5 4 o 5 e 7‘7»— :h“ 8
: Production ecuiprent ;
11 2 pes | 70 ki aluminium 112333%7
; | refining cell 4_42859 42407 885.7 1110.4
z 1¢2 1 pc ; 70 kA electrolyte 112 ®
. | l Sresaration oeil ;;Bffg 112.3 510.4 = 622.7
Te3 ‘ Process ecuiprent
1.3.1| 2 pes | Aluminium pouring 119890 - 2%9.,8  23%9,8
' + machine
i !
T1e3¢2 0,027 ¢t ; Pneunatic machine Q7080 2¢6 - 2.6
! ; . for mixing of anode
i ; ' alloy
1.5.3;0.039;t ; Preuratic hammer 12000 - 0.5 0.5
1.5.4! 2 'pcs § Portable po*tentiometer
? : . with therrocouple 5500 - 7.0 7.0
1.3.5! 2 pes DC millivolineter 1500 - z,0 3,0
! ' !
1¢%.6; 3 pes | Vecuum ladle for
i ! ' aluminium 70 000 - z10.0 210,0
! ; !
4.3.7; 40 . Tom Rutber-carves hLose 50 - 2.0 2.0
' ; i
’».5.8i 2ol |t ~ Vielded steel container
| ! . for electrolyte 10 00O - 1.0 21.0
§ ! f
143,21 243 lt i Welded steel con*ainer
é i for dry selts 1G 000 - 2340 3.0
1.3.1Oi0'575‘t | Process tools 12 000 - 6.9 €49
f ¢ i M
103.11.1€.8 't , Coverirg plates for |
: ; . tusler chanrels
| ; | (ircludirg inculation
! ! . of ACEID-0.3 t, ;
' ; and edped bozrds -
; 0w o EE - EE:
! % ? Spare parts 322769 - 1242 1.2
, Toiel of iter 1.3 Z.6 £35.2  (07.E
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1 2 1 3 4 5 { 6 i' 7 8
.4 i Electrical equipment ; ; |
X : '
1.4,1[10721: wd | Electric. 1lighting ; | |
{ system ‘ ‘ 19.72 . S 21.4 0 211.4
4 : : ¢
14,2 - | - Electrical equipment - Po- 777 7747
1.8.5) = - DC and AC measuring i :
system Po- 1000.0 - 1C00.¢
. * '
Total of item 1.4 ; . 1000,0 289.1 1289.1
145 Anode buswork f '

! :

165071 35.62 ¢ Aluminium busbars 35000 - 1246.7 1246,7

! i
105,21 2.4t Aluminiuz strip 332100 ; - 79.4  79.4
1.5.3 0.43 t Aluziniue pad 25000 | - 10.8  10.8
145.4 57 kg | Asbestos sheet mill-

i board 50 . = 2.8 2.8
1.5.5i 0.68 t Lstestos cemert plete 10000 f - v €.,8 6.8
1.5.6! 0.34 ¢ Steel Ber 3 kI 3 10000 © - 3.4 3.4

i « S, - . . .

; Total of item 1.5 1349, 13439,

160 D.Cse buswork
1e6e1 20,19 1 Lluminiuz bushzar 35000 - 706,7 705,
1 P 6. 2 Oo 5 t Wclding WiI'e BOOOO - 1 5.0 1 50<
1.6.3 0.5 t Welded structurzl ’
' steel 10C00 - 5.0 5l
Total c¢f item 1.5 72547 727,
Total of 1 123S.6 4457 5795,
< Cvertecds for
lrported equipment
and nizteriels
2e¢1 1.5 % Port cherges and
. l E'V'ies 135::.6 - 2001 2C’0‘
e 1.0 50 Bank cherges 1225.6 - 12,4 13,4
2.2 >0 % Cuztom duty 1732,6 = 662, 8
colb 3 % Trancpcriation o
; plart cite 133¢,6 - 40,2 4C,;
Totzl of itcr i 742,5 LT,



o —— e ..o

o e

n

Installation

Process stfuctures'
and structural steel

Electricel equipment '

Total of item 3

Grand tot;i‘

2110470
5663545

L N

5774015

e mrv— -'T‘M— - te

- 211.0
= 75207 ’ 73207

211.0

4%, 7 . SGu3,7

]

- 1339.6 6144,2 7483.8

® Cost of imported bimetallic plates and carbon blocls.
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Schedule 6«2

Esfimaté of investment costs

‘ - ———
Civil works _ .
Project: EDU |
i l Unit Costs, Rs. 000
Item' Qty| Unit |Cost category , cost, | e
: Rs. foreign locsal total
S , L
1T, 2 3 4 ] 5 6 7 8
—— T T T T e bt e e
1 ! SITE PREPARATION i
: {
1.1 100 | r.m. ;Replacement of i
stean pipeline 150 | - 15 15
1.2 - | = Relocation of |
l ' service lines and ,
! -distribution lines - b= - 25 25
; i .
1.3 50 . 100 mEISite levelling 120 S - 6 6
_ ‘Total of item 1 ' 46 46
2 'BUTLDING AND
{ STRUCTURES y
2.1 10721 m’ Building for EDU
(extension of
potroom lo 75) 270 L= 2894,7 2834,7
2.2 = - Disassembly of end
wall of existing
potroon o 75 - - 10 10
2¢3 7.0 t Ingtallation of
steel sheet pilin
l(structural steel 9000 - 63 €3
'Total of iten 2 2987.7 2957.7
2 , OUTDCOR STRUCTURES
~ |
2.1 560 m2 ‘Lotor accescsway *o
| ;potroom I'n 75 1¢2 - 107.5 107.5
3.2 2,0 100 n° Desolition of
! ~e@sphalt-concrete
‘paverent z2° - 1.3 1.2
‘ r——— - v .
| ;Totel of item 3 108, © 1CE.E
: ' RATD T0TLL 122,85 3102.5
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T. ORGANIZATION OF EDU, OVERHEAD AND OTHER COSTS
T.1s Organizetion of EDU

Calculations for Feasibility Study are made taking into
account EZDU arrengement in potroom lio?5 at existing Korba smelter.
For this purpose potroom Kof5 is to be proclonged.

It is assummed that EDU is orgenized within the aluminium
smelter. lianpover provision, routine and cepital repair implemen-
tation, building end structures maintenance, outer transportation,
watersupply, materiel storages proviecion and other problem
connected vwith EDU are solved within the frame of sluminium
smelter.

The mejor process section of EDU is the cection consicsting
of three 70 KA electrolytic cells for high-purity aluminium
production.

T.2. Overhead operating costs

7.2.17. Overheed operating costs include:

- expenses on buildings end structures maintenence et 0,5%
of their cost;

- expences on routine repeir of eguipment et 2.5 ¢ of its
coct (et the constraction cite); '

- ckaerges on capitel repair of the cells et 17.5 € of their
construction costs according to the depreciction charges on
carital repeir velid in the USSR

- ‘nderect overhead costs (drinking weater, air conditi
ventiletion, lighting etc) ere estimaied on the basis of ectusl
esisting overheads et lorba smelter et 5 7 of ectimatec overhezd
cocts.

3

-
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To provide steble porner suj
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esZctiag pover concumption helerce, start-up of ZDU czn ceuce

.

cut-off of Ifour operatisy pote for pricory eluminium producticn

in the potrson Lo 7Z2. But ihe resuliing cpenzes vill net bve
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76242, Capital amortisetion 5

Capital amortisation is included into production cost. by
equal installment during the total operational period at average
rate of 8.5 %. ;

Average amortisaetion rete is determined on the besis of the
following rates a&s per initial data:

- for equipment - 10 %

- for building and sivructures - 3.5 %

Preliminary expenses ere included into production costs
for the given eguipment at 10 % of its cost (eccording to UKIDO
recormendeations),

In celculations of emortisation interest during construction
is added to the fixed cepitel.

Working capitel is not deprecieted but is taken into account
in salvage value at the end of estimated opcrational reriod.

7.3. Income tex

Teking into eccount that the EDU for nigh purity cluminium
production is to be set-up under the ULIDO azd UIDP assictance
end it is not & commercial unit, the ircome tax on finiched
product is not included for the finenciel elelustion of the LIU.
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Uverhead operating costs
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Name of cxpennes
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sub=total

Indirect overhead costs

Total

Coat,

Ra thous.

1540

5200

3077

1583
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Schedule 7=1

Cxpenses, Rs thous

25

130

277

422

21

443

103

15

256

514
20

pL
O

99
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8. MAWPOVER

8.1. kanning table and organigetionel management
layout

As the EDU is to be located at the existing smetler being
a pert of it, the costs for administretion staff are not
ecv‘i“ﬁa

4 -— - ek

To control the EDU operation one engineer is segquired
during the working day. In addition, one supervisor per shift
i.e. & total of 4 supervisors will be required, including
1 relief supervisor.

8.2. Availability and requirement of labour

The three shift continuous operation of the EDU is envisag-
ed. Ten smelter workers are required. The meintenance works
to be carried out by the existing meintenance personnel of the
operating smelter.

8.3, Cost estimate

Tebout cocts (vages end seleries of personnel) ere estimated
on the basis of ectual dete from the smelter on the everage
rnonthly vages and selaries by cavegories of personnel telding

into account fringe benefits and bonus.




Por an estimate see Schedule 8-1

Schedule 8-1

Estimate of production costs
Wages and salaries
Project; EDU Frciuct: higherurity aluminium

Averege Anmiel Costs;

Item Categories of Quan-~ h
© : monthly vages & Rs.
personnel tity wages & saleries thous
saleries Rs,.
Es.
1 Skilled workers 10 2,100 25,200 252
2 Supervisors 4 2,600 31,200 125
3 Ilanagement 1 2,600 31,200 31
Total 15 - - 408
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9. PROJECT INMPLELELRTATION

9.1. Programme and schedule of the EDU implementetion

The following project implementation stages are assumed
for evaluesting the EDU project:

- prior to construction a besie engineering (process) and
essignment specifications Lo uve prepared sleong with detailed
civil drawing;

-~ construction of the EDU for 15 months prior to the start-
up and commissioning;

- mamufacture and erectior of the equipment (9 monthe),

6 months efter a start of construction;

- putting the EDU into operation on the third year after
the basic engineering report has been prepared;

Lccording to the ebove progremme a project implementation
schedule was developed (see the end of this chepter).

9,2. Estimate of project implementetion costs

The project implementation costs bteing formed at the ctege
of a construction preparatory period, start-up end a build-up
of production are detvermined of the bacis of the "Initiel Data",

The costs include the following:

- overhezds (taxes, insurance)

- project management costs (manegement costs, control and
coordinetion,.Soviet erperts costs, recruitment end trcining
of steff end lcbour, design engineering).

In aédition, the estimate includes
stert-up end comisioning operations ccsts determined according
to Zupplier's celculations,

Continzencies are celculated for £ll kinds of cocsts but the
kaov~how coct, co.te of the stari-up end commicesioning operctions
ard of the cecign enginecering to bte carried out by the Supplier's
orgenizetiins.

In the cclculetions the preperation ciace cocvs to be written-
off for a conriruction period,

For tile yroject Implementation coiis cee
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Schedule C=1

Estlmate of 1nve°tment costs

Progect 1mp1ementat10n

Project: EDU

'
e e - e . e e o e s o — e e 2 & —e— e . e mee — e ——— -

tem! Qty Unit Cost category i cést e
! ' Rs.060 forelvn Local Total

4 , 53 . C 7 8
OVERHEAD COSTS "

e

.1 1.8 % . Insurance of :
construction uxits :
and equipnent C862.8 - - 177.5 177.5

o2 4,8 % Tax on turn-over
of congtruction
co“pany 47%, 4

Lotal of item 1 . 650,9 650.9

O
(93]
N
rn

®
(80}

I
ok
=g
W

L ]
IS

2 . MAUTAGELILT FOR f !
© PROJEBCT i i
11 PLE. . TATIOL : A

.1 1.8 %0  Control, coordina=- '
tion  ©852,8 - v 1775 177.5

o2 245 % Costg of Soviet
specielists
cispatched for
start-up and
adjustment work
end approval c¢f
gn”~*teed pericr-
mances 422,5 17
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3 L8 % Incore tax on
services of
Soviet experts £32,5 - 235, 4 23,4

4 - - Dezign engineering
end preperatiocn of
vorking drewirnrz - =00 £52 1252
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4,3
n,4

2
]

i
2.5 man/year

12
12

12
12

3

i START-UP AID

4

Recruitment of
managerial staff,
staff treining:

Total of item 2

Total preliminar
costs (items 1+2

ADJUSTLELT
CONTINGEICIES ;

Civil works

’ Equipment (exept

for imported
equipnent)

Installation works

- Other costs

Total of item 4

GRAID TOTAL

1.2

. e e e e ey = - p—

- -

5%e1

5%.1

3.0

1723,4

1634

374.7

524.8
112.2

|

|

| 992.5 2373

t

i

84,9

1307.6

" 1051.6 5315.9

| 2,0

2715.9

3366,.,8

[ 1634

374.7

534.8
113.2
44,0

1366.7

63675




S.No

~ O v AW

(82}

v

" Contract award v

-Working (detailed) drawings — v

EDU Conatruction Implementation Schedule

Implementation Stapges ;
L 1T Iy 1 [ Y I % I 17 l iy il 1Y

Basiec engineering —_—

Supply of assignment specifications ——

Construction —

Tendering

4

llanufacture & cupply of

. —eey
equipnent

Erection of equipment —_—

Start-up and commigs.iioning -~

Production 30, oy




10. FINANCIAL AND ECONOMIC EVALUATION

In the present chepler an enalysis of the EDU project is
presented. A full cepacity of the unit is taken as a bazis of
calculations.

The anslysis includes the following:

-~ a cash-flow celculation sterting from the first year cof
construction of the EDU;

- a calculation of profits and losses by years of operation;

- a calculation of an internal rate of return on investment
and on equity;

- a calculation of a total project profitability based on
determinstion of & simple rate of return on the total investment;

- a pay-back period calculation;

- a sensitivity analysis.

An economic eveluation consists of a determination, in a
generalized form; of requirements in the capital investments,
vorking cepitel, production costs, volumes of finencing.

The evaluation is based on a determined construction cost,
en acquisition end erection of the equipment (chapter 6), prelimi-
nery costs on realizing the project end téchnology purchesing
costs (chepter 9), materials end utilities inpute, overheed and
extraproduction costs, manpower costs, calculated in the chapters
3,4,7,8 as well as the deta on financing, depreciation, taxzstion.

10.1. Total Investment Costs

The totel investment costs ere deterxzined by edding a fixed
cepitel end a working cspital thus malking Es. 22,70 thous, the
firxed cepital being Rs. 19,955 thous end the working cepitel -
Re.2,735 thous,

A surmary of the total invectment costs is given ip Schedule
10-5, and their bresk-down by years - in Schedule 10-€,

10. 1.1, Pixed ecsets

The fized assets include the initiel invesicents (Rs.10,6(7
thous) =nd the prelircinery cepitel ceocts (F=., 9,32€ thoug),
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The total fixed assets include the following:
et - site preperation and development - Rs.46 thous
- building end structures Rs. 3,077 thous
- technology (know-how incl.tex) - Rs. 2,950 thous
- equipment, totel Rs. 6,540 tvhous
including, indigenous Rs.4,457 thous
supplied from the USSR - Rs. 140 thoous

thiré courtries stppiy - hoe’t,513 thous

- equipment erection - Rs. 944 thous
- start-up costs - Rs. 1,634 tbous
- preliminery costs - Rs. 3,557 thous
- contingencies - Rs. 1,3c7 tLous

Totel RsA9,935

¥hen detemining the equipment costs, the port, bank and
trensport charges for delivery of th2 imported equipment and
meteriels to the site as well as the customs duties are included
into the total equipment cocis.

The mein cepitel costs ere given in Schedule 10-1, and their
breek-dovn by yeers - in Schedule 10-2 (in the end of this

chapter).
10.1.2. Vorking capital

A net working capitel is detercined es the required current
gcsets minmus current liebilities.

The following is included into the working capitel:

- cocts of the reserves of rew reteriels end supplies;
debts receiveble (cost of the product shipped tut not

paid for)

- product end in-process inventory;

- product in store;

- cacghk-in-hand.

An inventory of the raw rateriels is assumed on the bzcis
of thre process celculetions, <heir cozts ere deterzined omn the
bacie of & yeorly opereting cocis ectirmcte (for the eztimzte
cce Senetile 10=-7).

tr ircenterny of the finiched rredfuct is celeulsted en lne

barig of the ¢rerciing coots pime 2008 ef celling the preiict,

$

] . P Fa) 5 -7 . 4 5 - o N
—deyo rreiuction (ciriler to i€ coriler pr Jectel.

O

J UV A e Boaprar - ap et mpny e e sone
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In accordance with the UNIDO guidelines the sales of finished
product and acquisition of materials is assumed on a deferred
payment basis. The accounts are assumed payable within 7 days
(similar to the earlier projects).

At the same time the receivables are determined on the basis
of the total operating costs, and the accounts payable (current
liehilities) on the basis of the materials and utilities costs.

As far as a product and in-process inveuiuiy Lz concerned
essumed on the basis of the process calculations covering the
volumes of the product and in-process inventory and costs of the
materials and utilities involved an estimated reserve is 36 days.

The cash-in-hand 1s determined in an amount covering a two
weeks requirement in salaries and wages to be paid and the
operating overheads to be covered.

For a calculation of the working capital requirements see
Schedule 10-4. '

10.2. Project financing

A long-term internal loan and en equity cepital in the ratio
1 : 1 are taken as the sources of firancing a construction of
the EIU.

65 % of a total working capital requirement will be covered
by a short-term bank loen. The remairing 35 % of the working
capital to be financed as & margin money on the same conditions
es the fixed assets.

In a general form the tolal investment costs are as follows:

- an equity capital -~ R3.10,446 thous

- a long-term intermal) loan , - Rs.10,446 "

- a short-term bank loen - Rs, 1,778 "

Total Rs.22,C70

For calculaticns according to the sources of finencing end
breek~-down of the amounts by years see Schedules 10-7 and 10-8.

The amounts for financing the tolal investment costs are
offered on the following conditions:
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B T O TR E R ST e

Conditions of crediting d

Item | Financing source i Anmal i Period and con-
| : . | interest rate; ditions of re-
) ! i | payment the det
N S | i -
1 Equity 2 - s -
2 Long-term internal loan { 12.5 .10 yeers start-
: ing the next
i year after put-
g .ting the EDU
j : .into operation
3  Short-term bank loan for 17.5 taken into ac-
working capital count in a sal-

| vage value at
! ' the end of the

! design operstion
i period of the EN

e e e~ - ——— o — o —— o o = L G o e e e

10. 3. Total production costs

The production costs are determined as the total annual costs
for production of high-purity aluminium by years of operation on
the basis of an estimete of the operating costs, annual depractie-
tion and the interests paid for the use of the credits.

The production costs in en agregated form and their bresk-
down by years of operation are given in Schedule 10-9.

10.4, Period of operation

For analysing the cash inflow and outflow in the financial-
economic evaluation 1s assumed to be 17 years as follows: '

- construction period - 2 years

- period of operation - 15 years

At the end of the 17=-th year a saivage value of the project
is included into the working capital.

10.5. Financial evaluation

For a financial evaluation of the EDU project the following
calculations have teen carried out: a cash flow, profits and
losses by years of operation on tbe basis of the capital and
operating costs, sales revemucs, conditions of finaneing.

A financiel anslysis was performed on a computer using the
programs developed at VALI, The calculetion results in bacic
prices are given in the folluwing Shedules:

s e T I TN L Oy T T e SRR et e R T e T et el ol o R o et —<

N ". - . .




7
- cash flow (Schedule 10-10)

- net income statement (Schedule 10-11)

- calculation of an internal rate of return (Schedule 10-12)

On the basis of the above calculations the following profita-
bility parameters of the EDU project were determined:

- an internel rate of return on investment - 15,3%
- an internal rate of return on egquity - 14,7%
- & pay-back period - 5,5 years
- a break-even point - 65,2%(352%)
- g rinimum price of one tonne of high-purity

aluminium ensuring a break-even operation - Rs.44,000/t

When determining a pay-back period of the total capital costs
an interest and a depreciation were added to a net income.

The ray-back pzriod is shown cn a graph, Pig.1, at the end
of this chapter.

Wher determining a break-even point the anmual financial
charges and depreciation calculated, as san average, for asa
operational period, are added to the fixed costs,

For a break-even point see a greph, Fig.2, at the end of this

chapter.
10.6., Sensitivity analysis

A sensitivity analysis studies an impact of variation of
the capital and operating costs on profitability parameters of
the project in case a const-uction is delayea oy 1 to 2 years
at following levels of HPA price: low - Rs.45000/t (variants
SAB/LP, SA1/LP, SA2/LP); basic - Rs.47750/t (variant S4B/EP,
Sh1/BP, SA2/BP); high - Rs.500C0/t(varients SAB/HP, S4i1/HP, Sa2/HP)
For calculating escalation factors an increase ir the
construction capital costs i1s assumed to be 10% per year, (excluding
kaow-how and Supplier's design werks), working capital and
ir the opersting costs - 6 % per year on the basis of the data
available on variation of construction snd operating cocts of
the industrial projects in India.
Below in the Teble e summary ieg given of the project profi-
tabillly paramejers obtained by c-Tculetion with variations of
the parameters studied, 7The calculeiions have been performed on
& computer with the use of the corresponding progreme.

An irterdepenience of ell the parameters studied and their
effect on the project rrofitability parameters are shown on
Pig.3 at the end of the chzpier,
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The influence of all the parameters studied on the project
profitability indices are shown in Table below and on Fig.3 at
the end of the chapter.

A

‘ e o o = ome e o - ——— e ,.“—.—-- —— e s e ol - A —— . — — - A2 A ——— NV PPN, R
Parameters of Unit of Price of high-purity aluminlum, Rs/f___
sensitivity measure 5,000 47, 7=q sc 000
analysis a.ndr low level) ('bacq.a lavel)(hlgh Jevel
paraneiexs O
project profita-
bility - !

| ' |
1. Variant SAB -
Basic ] o
IRRI % 8,1 1543 20,5
IRRE g | 3,9 14,7 22,5
BEP #(t) | 8r,6(s73y  ©5,2(352) | 53,9(231)
PBP years 9,0 35 [i_ﬁ“_
2. Variant 341 -
Delay of
construction ,
by 2 years | .
IRRI % 0,0 5 799 1: ’/
IRRE % 0,0 i 3,7 | 12,0
BEP %(t) 0,0 88,2(47€) | ©%,1(573)
PBP years 21 ' 8,0 6,2
. 3.Variant SA2 -
Delay of
construction
by 3 years ,
IRRI % 0,0 0,0 6,0
IRRE % 0,0 0,0 0,0
| BEP %(t) | - - | 97,0(524)
PEP years - - 10,5

A weea e = et e e s

Note: IRRI -~ internsl ra ? of return on investment; IRRE - internal
rate of return on equity; BEP ~ break-even point;
FEBP - pey-back period.
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Schednle 10-1

Pixed investment costs

79

Ra. €00
ey e e e e — e
E}gga_v»n;nyestment categg:y_ o Fo¥?ign Locel Total
1 E Site preparation and deveIOpment’ - -"“-m";g—";‘;éV'
2 f Buildings end structures L - 3,077 ? 3.077
3 Dechuolory "
3.1 i Xnow-how z,000 - f 2,00¢
Jo2 ; Tax on know-how - 960 E 960
| Total, techmology 2,000 | 960 | 2,960
i
4 | Process equipment
4.1 | Supplied from the USSR o0 50 <40
4,2  Indigenous - 4,457 | 4 457
4.3 Third countries supply 1,250 693 1,943
4.4 j Erection - 244 44
. Total, equipuent 14540 6,144 | 7,484
5 , Pre-production 993 2,374 | 3,387
6 Stert-up and commissioning - 1,634 | 1,634
7 Contingencies 1 £9 | 1,308 1,367
E;andl£ota1, fixed investment
coats 4,292 15,543 19,935




tem

Break-down of fixed investment cost by years

Year of cocustruction

Investment category

Cite preparation and
development

" Buildings and structures

Technology
Bquipment and its erecticn

Pre-production expenditure

Overheals

?

|

i

|

Accomodetion of Soviet expertsl

dispatched for rendering
technical agsistance

Design engineering

Miscellaneous pre-production
conts

Total, 1tem 5

Start-up and comnissioning
Contingencies

Total

;
|

4o

Schedule 10-2

.1

0%

R3,0Q0
First Secand f Toteal )
Foreign Local 'Total Foreign (Local MTotal |Foreign gLocal fTotal
e UG SV SN B
| { |
46 |46 - = =} - 46 46
1,540 1,540. - 1,537 1,531 - 3,077 | 3,077
) ll 2,960 - - - 2,000 | 960 {2,960
|- .1 1,340 | 6,144| 7,484 1,340 | o,144 | 7,484
! ;
651 l 651 - I - 651 | 651
I .-
!
- |- 493 | 411 |9 493 411 | 9o4
: i
(1,092,592 - - - 500 | 1,092} 1,592
1M0- 110 - 110 110 - 220 | 220
1,853 | 2,553 493 521 | 1,014 995 2,374 | 3,367
- - - 1,634 | 1,634 = | 1,634 | 1,67
o ze2 | 320 59 986 ' 1,045! 59 | 1,308 1,367
2,500 4,721 7,221 i,"892 10,822 12,714 ' 4.5921 15,543 119,935



Schedule 10-3

Estimate of anmmal operating costs
Rs.

Start-up end

Period produciion build-up

81

000

- -

Full capacity

Years, starting from 3
beglnnmng o' cvn:tr;ction

4-th and others

Production programme
“Costs category S

1 Raw end other materials, ' §
utiiities
1.1 Commercial-grade aluminium

80

100
foreign local total forezgn local total

12,457 12,45

{ 1

e e e —s« v e s v

1,2 Rarium chloride - 567 567 - 648 648
1.3 Criolite - 160 160 ;- 180 180
1.4 Auminium fluoride - 97 97 L - 111 11
1.5 Copper - 50 50 - 380 380
1.6 Graphitized eleatrodes - 288 288 | - 324 324
1.7 Sodium chloride - 43 . 43 - 50 50
.8 Coel - 5 | 5 - - -

1.9 Utilities - 4,899 [4,859 | - 5,833 | 5,833
Total, item 1 - 16,191 | 16,191} - 19,983 19,983
2 Vages and saleries - '408 408 - 408 !408
3 Operatlng overheads 97 443 540 97 445 540 .
Totel 97 17,042 | 17,139| 97 20,834 20,931
4 FKon-operating costs of ) !
selling the preduct - br5 s5e5 - ; 657 657
Totel operating costs §7 17,567 17,664 97 21,491 21,588
Ditto, per 1 ¢ of high- 5 |
purity aluminium, Rs - - 40,849 - - 329,978




Item

2.1 .

2.2

2.3
2.4

W

Calculation of working cepital requirements

e

Schedule 10-4

Rs.

82

€00

Invento

Years sterting fr

ry Coeffici- b
; eginning of
Cost category g days ggzngier construction
j 3-d 4-th and
; others
Debts, receivable % 7 51.4 344 420
Materials end
utilities j
Commercial-grade
aluminium, criolite,
aluminium fluoride,
coal 1 360 29 35
Barium chloride,
sodium chloride, !
graphitized electrodes; 60 6 150 170
Copper ! 10 36 3 12
Utilities o 360 13 15
Totel, item 2 4.2 €5 195 232
! :
In-process inventory | 36 10 1,619 1,938
! Pinished product, !
stored T 51.4 333 409
|
Cash-in-hand .15 24 61 67
Total, current assets E 2,552 3,124
Accounts payable i
(current liabilities |
to be excluded) E T 51.4 315 389
Total, net working é
cepital ' 2,237 2,735
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Schedule 10-5
Summary of total investment costs

Rs.000
Cost category ~ Poreign| Local Total
T -+
Initial fixed investment ' ;
costs L 1,340 9,267 : 10,607
b
Preliminary and pre-production .
cepital expenditures - 3,052 6,276 : 9,328
Working capital - 12,735 . 2,735

Totel, investment costs 4:392 18,278 22,670 |




Period

Years

:at category

. Mxed
inveastment
costs

. Preliminary
and pre-
rroduction
coate

Workding
capltal

Total

2,500 3,135

2,500 | 4,721

1
fo- lo-
reign cal

)
- v 1, 586

Break-down of total investment costs by years

Schedulae 10-6

Rs. 000
Construction Start-up‘and ' '
& build-up of ! Full capacity Total
production |
2 3 | 4 ".
to~ fo- lo- ‘ to- }fo- '1o- ito- 'lo- ‘'to- | fo- lo~ [otal
tal reign cal tal reign cal !tal reign ceal tal reign | cal |
] i T R PR ‘
| } | L |
i !
1,586 1.340 7 ©81(9,021! - = - - - $ 1,340 9,26‘7110,60.7
1 ‘
| : |
o | |
> | | |
5,035! 552 3,113,693 - - - - = | 3,052 6,206 9,528
‘ | |
- -~ 957 937 | - 1,30 1,30 498 4982 2,755 2,735
75221 1,892 13,671 - 1,280 1,0 498  498| 4,392 A8,278, - °
11,779 | 1‘22.6?0 f

B T T |
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Schedule 10-7

Sources of financing the total investment

costs
Rs,000
Item Sources qf_financg Fé;zlé;fi‘ﬁQZQi “é' Total

1 Equity
1.1  Major capital - 9,967 | 9,967
1.2 Mergin money - 479 g 473

Sub-total - 10,446 E‘lo,zme
2 long-term national loan i

(at 12.5% rete of interest) |
2.1 Major capital - 9,968 ! 9,968
2.2 Margin money - 478 { 478

Sub-totel T 10,446 10,446
3 Short-term bank loan for |

working capital (at 12.5%

rate of interest) - 1,778 1,778

Totel 22,670 22,670




Schedule 10-8

Break-down of finen¢ing sources by years

Rs.000
: Construction  Start-up Full
Feriod and build- capa- Total
up of pro- cily
Jduction
Years 1 2 3 ~»"l1w_f__
Sources ’
e —
1. Equity 7,221  3,225' = ’ - 10,446
2. long-term nationsal ? f i
loan - i10,446 - - 110,446
3. Short-term bank | }
loan - |- 1,280 498 | 1,778
Total 7,221 13,671 1,280 498 22,670




Froduction costs

Years from start of 3
constructlon

.Productlon programme, % | 80

;1. Operating costs 117,664
;d. Depreciation ; 1,750
.3, Interest ; 1,499
Total 20,913
Years from start of 9
construction
Productlon programée % ‘ 100
1. 0perat1ng costs 21,588
2., Depreciation- 1,750
3, Interest 866
Totel U, 204
Years from start of 15
construction
Production programxe,%; 100
1, Operating coste ! 1,
2. Depreciation -
3, Interest 711

21,588 |
1,750 |

1.516!

oL , 854

10

100
21,588

1,750 |

727

o4 065 23,927 23,788

\n
0
@

Total £1,2%

11

100

21,588l21,588
1,750 1,750 1,750

Schedule 10-9

Rs.000
. 6 7
' 100 100

21,588 21,588 21,588
1,750 1,750 1,750
421 1,282 1,04k

2L, 759 24,620 24,482

Rs.000
12 13
" 100 100

589 450 311
23,646
Rs.000

15 17

100 100
21,5€8 21,568
11 211
21,829 21,829

87

100

21,588
1,750

P RN A Va)
1,005

24y 545

Tctal

M

Ny -

O 0

O !N o
M O

m N

—_
n)
-

352,538
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Market end EDU cepecity for production of high purity
aluminium. .

srief survey cf Indian market

&t present, In.iea is not producing high purity e2luminium and
the demand of the loccl market is totally coverec by imported

supplies.

The mein fiéld of hich purity aluminium arnlication is the
producticn of eluminium cepecitors. /At precsent the Semand for
high purity aluminium is 250 tpy, &nd in the year of 196%
1990 it will grow to &bout SOl tpy.

Capacity of the EDU for high rurity eluminium prodluction.

The pormal rated cépacity of 540 tpy of high ourity &luminium
acdopted for the Demonstration Unit. The above cepacicy is
deternnined by the fcllawing fectors @

- the anelysic of demend far hijh purity eluminium in InZia;
-~ the unit cepecity of the refining cell te bz instelle3l;
= the assunel number of cells

The 7C KA refining cell is adoztel for the EDU, keing the most
powerful cell for hish purity &luminium preuction in the werl3
practice ¢t precent. The averzre énnuel cell preiucticn is

187 t;:y. with the hijhest technicel &ns economic paramstere,
Three cells cre cfoxted far Inztellaticn. Thic rumber is
precviZie? for the poscibility to hive & mi Zle cell in the =W
ccmncsiticn. Tndis mi “le cell is & typicel c<1l for en
iniustriel vroiuctien, haviny the most &ivaitireous meznstic
field an< current districutior by catholier, & cumpares with

ens cells, onsuirini the ontimel con iticas fior the refining

process.
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Production projraxne

High purity 99.995 99.99 99.97 95,95
Al grades

Percentage of 1.0 45,0 45.0 .0
proiuccion

The cuality of high pur ity aluminium is given in
Takle beslow :

Sl., 2luminium Percentzge of imourities maximum j Alurinium
Mc. content,min e Sif Cu . Zn -Eri grede &s
E pexr Soviet
E ! X Standard
................... e o e o ——— - ———————————

1. 95,935 0.0.15 ©.0015 0.CZl C.CC1  C.001 255
2. 92,99 0.023 ©.C03 0.003 0.0C3  C.CC2 JX-E
3. 99,97 c.C15 0,015 0.035 0,003 0.CC2 237
4. 99,95 0.030 0.30 ©.015 0.005 0.002 255

otes The grade of zZluminium ic detcrimine: by

eubctrection ¢f totel asrtent ci specified

impurities (e, €1, Cu, n ant Ti) frem 100%.




4.0

4,1

-6-

Materials &and Utdilities

Class ification of materials

For the production of high purity aluminiuvm the

following meterials are used :

- raw materials:primary alurinium (technical grade)

produced by electreclysis cf cryolite-alumine melt.

= industrial meterials : electrolytic copper and

graphite.

- @auxiliery meterdials: barium chloride, cryolite,
aluminium fluoride =nd scdium chlor ide (comncn

salt)

- Utllities : power, compressed &ir, fuel oi!, soda

and water.




-3

» 4,2 Supply programne and scurces
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solid

3. Feriur chlecrice - ‘
(Ba €1, 2H,c) t 18,5 €.5 Calcutta

4, Cryclite t 6.8 6.8 Bombay

o Hluminiun fluicrice t 5.1 €.l =5ain€-

& soZium chilerid = R
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Lict of inducrtrizl and aunilicry unite of
the ZDU,

5.1.1 In "r“rial(tochno’:riCtl)unit

-~ Inrtallation of refiuliig ccllzfiith o=« cleaning) for
hign purity alurinium production.
Cn the bharis of forecact cveluation of the hich purity

alundnium demand in India end the cloqted EDU caracity

three «70KA reiiring cellc are to bte instcliced:;

~itv eluminium pige and ingots
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At —resent the high purity aluminium is comrercially
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produced Ly electrolytic refinkng of primery sluminium

by triple-leyer method. Thic method encures the

prodéuction of hich purity zluminium of A95-A9Y5 creces.
For the hich purity alurninium(’PA) production the
licuid primery aluminium is Zed to the cells wvhere
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Brief Charecteristic of EDU nrocecs ecud-rent,

-

The neln process unit of the EDU for hi-h purity
alumirdium orcduction is e refining cell., Erief
techniczl cheracterictic 2f the cell is civen

in Telle belovi=

0. Deccori tion éé%gugz Voltce
1. Amnerece 1A 70

2. Zvrreat cdeafity Alscl.cnm CTe€
3. Currsnt efficizucy P €205
4,

i
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Region of the EDU location

Considered location s ite

In accordance with tle UNIDO corkract No.85/2 the following
states for the EDU location were to be considered

- Machya Pradesh State, the operating BALCO's Smelter

in ¥orba region;

- test Bengal State, the non-operational BACC's Smelter
in Jaykaynagar region.

¥orba Aluminiumn Smelter

The capacity of the smelter is 100,000 tpy of pr imary
aluminium. 100 KA cells with vertical ancde studs are
installed at the Smelter. The Smelter consists of raw
cells-lines with gas~-cleaning plants. Each cell=line
consists of four ceil-rooms. Fifty one cells <re installed
in one cell-rocm, the cells being arranged in single row,

end-to-end.

The cell-roons are equipped with erection crene of €0/20 t
canacity end two process operation cranes of 6/12.5 t

1ift iny capacity.

The smelter is power susplied from the operating power
plents (sStete sector) loceted in Korba rezion. In 1985
arico had started the cons truction of a captive power

plant of 270 M. capacity, the first unit to be coimissioned
in 1337.

The cell=line (4 cell-tccm) is sunpliec with pover from

the Silicon Rectifier sub-station consisting of \6 rectif ier
units (Cutlet peranetecrs of the rectifierel current

: 930 V, 22 iE) AN

High skilled ménpower is aveilanle &t thie Smelter.

_.12L..
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Aluminium Smelter at Jaykaynagar.

The Jaykaynagar Smelter was ‘constructed =nd commissioned
40 years ago under the design of the Company.Alusulsse
Switzerland.

The Jaykaynagar plant consisted of alumina plant, Smelter
and Febrication Complex. The pioducticn oF the'Smﬁlter was
9000 tpy. The cell-rocm No.l is ecuipped with 24 KA
horizontal stud cells, &nd the cell-room o.2 with 50 KA
vertical studs cells.

#uring last 15 years the capacities ¢f ¢lurine eérc aluminium
production have not beecn operated. The cell-rooms and the
Rect if ier Sub-stations are not used.

The structures &nd the ecuipment of cell-room No.l have a
high level of wear and high investment is recuired for their
resterat ion.

The coniitions of the cell-room No.2 a1d the Rectifier
Sub~station are satisfactory. 56 cells are instelled in
cell-room lb.2. The cells are arrangeé in two rows, end-by=-
end. The cell-room is eQuinped with E.C.T. cranes of

12.5 t capzciey.

Four rectifier units are installed at the PRectifier Sube
staticn. The rectifier amperage is 16,8 KA, minimal
possible voltage 78 V. At present the rebriceation Complex
is power supplied from the SteteElectricity Toarz.
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6.5 Svzluetion of rein foctors for celectios of
EDU location;
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{1) (2) - (3) (4)

3. Fixed Capital(resicdual 905
s s \ - O
cost of existing assets)

c. PRE=-PXIDUCTIC: CCITS 3,434 . 3,903

Tetal of Initial Fixed Costs
(2+3+C) 13,018 22,4326

s, i.P3IN MONEY (35% of working |
”api .al 643 756

E. Interest <uring coasuruction 427 €98

cToY, LIZTINL LIIWVZETTED Q65T i¢,0c 23,240
Fe werxing Zepitel 1,2G0 1,405

Total IITV.ETiE.ST & 573 15,287 25,345
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Financing sources
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1.

2.

LTS gty g, W, e, el e R T R T,

Financing Sources orba Jaykaynager

ECuity capital 7,043 11,517

Lony-terin national (3

loan 12,5% interest reace 7,044 11,518

Short-term bank loan
on wor-ing céepicel 1,200 1,405
(0 17.5: interest rate)
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Annex 2

v Fumber of the switched off
pots in potroom N 75

Initial data:

- Number of EDU pots 3 pcs
- Average voltage of the EDU refining pots 5.7 V
- Rated voltage at the transformer station 90 V
Voltage drop at the transformer unit

busbar and voltage reserve 15V
~ Average voltage drop at the aluminium
pot 4,567V
- Anode effect voltage 0V
~ Frequency of anode effects 1 per day
~ Duration of anode effects 3,0 min

Operating voltage at the pot iss

4,567 = 2t2 = 8,504 V
24 , €0

Voltage drop at the EDU pots 1s:2
507 o 3."— 1701 v

Thus, according to the first version of the EDU pois
rrangemnent 3 pots are dismantled and one is switched off,
ccording to the second version 4 pots are to be switched off,
gome short periods of the EDU pots operation general voltage
rop increase will occur, narely:

= by 1#4 V during 7 days once in 60 days when one of the
ots is operating for the electrolyte preparation and'cathodes
mpregnation,
- by 148 V during 3-4 deys at the start-up, once in 4,3 years,
- by 1¢5 V during -4 days once in 1#1.5 at ledge removel etc.

This does not affect the operation of the pots,
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Annexure 4

EVALUATION
of the EIU location in extended part of cell-room N° 78

As per the request of Indian side the variant of the EIU
location in extended part of cell-room N° 78 of Korba Smelter
was also considered in the Feasibility Reporte.

In this case all technical concepts of the Unit will be
gimilar to its location in cell-room N° 75.

Taking into consideration that the distance between the
cell-room N° 78 and the SCR (silicon control rectifier) station
is longer as compared with cell=room N© 75, the implementation
of thisg variant results in additional consumption of aluminium
bus~bars for positive buswork and DC power due to its higher
losses in positive bussing.

The results of the techno-economic comparison of the EDU
locations in cell-rooms Nos,75 and 78 are given in

SRL |Variants of EDU loca-

é Ne | Description Unit gtion
i ; g :ceﬁ%-§%om c§%l;goom
q 2 ; 30 4 5
1 DC power supply ? ?F:om existéaSCR‘stati-
“on N° 858
2 Additional bussing: ‘
- length m i 20 ; 59
- weight of busbars ; t 314 5 40
- same, in percents % 3100 ; 290
3 DC power consumption: _ : ;
- specific . kih/% §18500 3
- annual % kWh/year!9.99x1O6 § 10.241106
- game, in percents g é1oo g 102, 5
4 Total capital cost | Rs.000 22670 | 23924
f



2 E | e 5
Annual operating costs Rs, 000 ! 21588 21729
Internal rate of return: ; g
- on investment é % ? 15.3 14,2
- on equities f % 1 14.7 12.4
Break-even point E %(t) : 65.2(352) | 6648(361)
Pay-back period i years g 5¢5 6o 1

%
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1. EXECUTIVE SUNLARY (COKCLUSIONS)

1.1, General Initial Data (Chapter 2)

The aim of the project is to work-out the cell for establish-
ment of high purity aluminium (HPA) production in India taking
into consideration the climatic conditions and utilization of

Irdian materials and equipment.

1.2. Assumed Capacity of the Refining Cell (Chapter 3)

The 70 kA refining cell was adopted for preparation of the
present Basic Engineering Desigr. This cell is the most powerfull
in the world practice and it ensures the high techno-economic
indices of the EPA production.

1¢3e Chearacteristics of Naterials and Equipment Assuned

for Elaboration of Basic Engineering Design of
Refining Cell (Chapter 4)

Yajor materials for fabrication of the refining cell are
megnesite, firecley, light weight firecley end clay bricks;
carbon blocks and pletes; grephite; elurinium bers.

Indiaen equiprient and materials are selected for the cell
(exept for binetallic pletes and bottom carbon blocks, imported

to India from the third countries),
1el4o Location (Chepter 5)
The 70 k& refinirg cell is designed with due consideration
of Indian cliratic conditions and it cen be instelled in any State.
1.5, Techrolcgy and Eguipment (Chapter #)
The refiring cell ie designed for tlre technology of the HPA

production by three-=leyer electrolytic refiring of corniercial

grede aluriniume
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Electrolytic refining process is performed with use of chloride-

fluoride electrolyte. The cell consists of anode and cathode
assemblies. Anode assembly is a steel welded bath lined from
inside with magnesite, fireclay and clay bricks. The @imensions
of the lined cavity:
2,450 x 4,760 x 700 mm
The inside bottom layer is mede of carton waterials (anode blocks
with inserted steel bers for current egupply). The loading (feeding)
compartrent for pouring of raw sluminium is set in oneof the end
walls., The cathode asserbly is a support steel structure installed
on the anode shell, The cathode buswork, cathodes, cathode lifting
mechanism and cell enclosure ere installed on the steel structure,
The cethode buswork consists of four esluminium busbars with cross-
section of 430 x 70 mm and it is manufactured in form of two packs
(with two busbars in eech pack)., The nurber of installed cethodes
is 13 pcs, The cathode consists of a cylindric graphitised block
vith inserted stub with aluminium bar. The cathode lifting
r.echanism consists of two electric motors, two gears and four
Jecke, The cell enclosure is febriceted of elurininm sheetz,
Total weight of the cell is about 62 tonnes.
Total dimensions: arcde shell - €440 x 3610 x 2120 mm
cell - 6950 x 310 x 4575 mm
For this cell the fellowing has been prepared: celculation of
cell energy belance, voltage drop in the bucwork and electricel
telence, The celculations reveeled that in Indian cliretic
corditions anc consicdering tre fabricetion of the cell of Irndian
reterials the following performance figures should be ensured:
- hrperage -~ 70 + 1 kA

- Current dencity - 0.6 A/2n€




- Maximum capecity (for continuous operation
during a year - 8760 hrs) - 191 tpy

- Cell voltage drop (including cell buswork
voltage drop) : : - 557V

- Specific DC power consupmtion (excluding
power required for electrolyte preparstion
and losses in the buswork) - 17,650 kW, hr/t

The wajor requirement for the refining cell fabrication is
to cormply with the Specifications for Cell Installation during
the manufacture of the cell assemblies,

The lining of the anode shell is to be carried out
specifically cerefull, as its quality effect the purity of
aluminium produced and the cell service life,

Conclusions

1. The utilisation of the refining cell designed with
consideration of Indian conditions for the establishment of high
purity aluminium production in India will ensure the most
fevorable techno-economics,

2e Indian side has a great experience in fabrication and
installation of aluminium cells, so the fabrication and installe-
tion of high purity eluminium production cell can be executed

with the required quality.



2+ GENERAL INITIAL DATA

2¢1. Aim of the Project

The aim of the Project is to work-out the cell for high
purity aluminium production in India. The cell is to be designed:
- with due consideration of Indian climatic conditions;

~ with utilisation of Indian materials and equipment.

3« ASSULED CAPACITY OF THE REFINING CELL

%«1. Refining Cell capacity

At present HPA is commercially produced by electrolytic
three-layer nethod for refining of primary (Commercial grade)
aluminium, which is widely used in the USSR and other countries,

For HPA Production 25-70 KA Cells zre used in the USSR,
and 14-60 KA Cells in other countries (for exarple - 18 KA in
France, 14 KA in Switzerlend, about 40 KA in GDR and Hungary
and 60 KA in USA). The 70 KA refining cell is adopted for design
of the present project.

The normal (rated) ennuel cell capescity is 188 tpy.
l’exizum cell production capacity is 191 tpy (for the contineo~-us
operation of the cell during a year 8,720 hours).

342+ BRIEF CHARACTERISTICS OF REFII'II'G POT

%g Descrirtion Unit } Value
1 Liperage KA g 70

|
2 Current efficiency i % § ©3
3 Turber of cathodes ! pcs 2 13

i
4 Pot service live . yeers | 5.0




4, CHARACTERISTICS OF MATERIALS AND EQUIPMENT ASSUMED FOR
ELABORATION OF BASIC ENGINEERING DESIGY OF REPINING CELL

List of main materiasls and equipment for refining cell

manufacturing.

- magnesite brick

- light-weight firebrick

- firecleay brick

- ordinary cley brick

- carbon blocks and plates

- bottom (ramming) paste

- graphite

- Steel

- aluminium sheets 1 x 150 mm

- cast aluminium bus-bars £30 x 70 mm
- extruded ajuminium bus-bars 430 x 70 mm
- 0,75 KW electric rotor, covered

- vorm reduction gear

- 5t screw jack

Reguirements for main materials and eguipment for
menufecturing of one refining Cell

————— - - . T

Description ’ Unit 2 Vealue ; g;?zity’
liecnesite brick . L 516 % 2,63
 Lignt-weight fire- : : | i

brick -do- . 4440 ‘ C.9
~ Firecley trick -do=- £,C0 ! 20
Créinary clay trick ~do- | Z.45 ! 1430




Si+ . Description Unit Value oopLtys
< e b e e e e e e e
5 | Carbon blocks and '
plates T 5.25 -

6 - Bottom paste -do- 2. 36 -

? . Graphite ~do- 1.4% Including
graphite for
cathodes

8 Steel ~do=- 18.92 -

9 Aluminium Sheets

1 x 150 mm -do- 0.23 -

10 Cast aluminium bus- ‘

bars 430 x 7C mm i —=do= ‘ c.98 -
11 Extruded aluminium t %
bus-bars, 430x70 mm ' -do- i 0,98 -

12 0.75 KW electric . Pea, 5 2 -

motor ' :

13 Worm gear f -do- % 2 ’ -

14 5t screw Jack -do- = 4 -

4,2, llaterial requirenments

Refractory & thermoinsulation meterials to be utilised for
cet-up of the cell should comply with the following requirements
so thate

- to ensure the required heat resistence of anode Jacket
valle & hearth to ortein optimum heat conditions for refining
procecss;

- +0 ensure the cell gueranteed service - life;

- to0 encuvre producion of high gquelity refined elurinrium,
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4,2,1, Magnesite brick is used for the Cell inside lining

leyer being in contact with electrolyte, liquid aluminium and
anode alloy. In this cese megnesite brick should meet the
following requiremerts:

- refactoriness and resistance to electrolyte, liquid
aluminium and anode alloy,

- dinensions of magnesite bricks are to be specified
(380 x 150 x 75 mm, 300 x 150 x 75 mm and 300 x 150 x 65 mm)e

2 minimum).

- required mechanical strengin (600 kg/cm
The above requirements allow:

-~ to prevent the impurities (in general silicon and iron)
to polute the Cathode reteals;

- to line the cell with such magnesite brick work, which
prevent the location of horizontal beams in most agressive
layer-electrolyte. Thus, electrolyte is prevented to attack the
fireclay lining, reducing the impurity level of cathode metal;

- to make the lining with less number of beams (the
utilisation of large dimension bricks), which also reduce the
irmpurity level of cell working media;

~ to ensure the required cell lining service life pericd

(5 years rinimum)e

4,2,2, Firecley brick

The fireclay brick is used for the lining leyer located
directly after the magnesite layer, The fireclay bricks are to
rieet the following requirements:

-~ reflactoriness relatively high resistance to cell working
metals;

- mechanical strength should be not less than 230 kg/cm23
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- thermal conductivity should be in a range of 0.8-0.9 Kcal, m
hour-degree
The above requirements allow to ensure

-~ the necessary service life of lining (not less than
5 years).

-~ the cell heat operation conditions.

4,2,% Light-weight fireclay bricks

The light-weight firebrick is used for the lining layer
between fireclay brick layer and fire brick lining.
The light-weight firebrick should meet the following requirements:

- density of 0.9 g/cm5

- thermal conductivity 0.4-0,5 W/aCK minimum
These requirements of lining materials shall ensure the heat
operation mode of the refining cell.,

4,2.,4, Grephitised electrodes

Grephitised electrodes are used as & graphite pert of the
cell cathodes beirg in contect with cathodic aluminium.

The grephitised cathodes are to meet the following
reguirements:

- Specific electrical resistance should be £.1-3,0 mc
ohr,marirume.

- Plexural strength - not lecs than 70 kg/cm2.

rupture strength - not less than 35 kg/cmZ.

The lower quality of electrodes vwill result in ircreased

grephite and power corsurption, as well as increased costs of

catnodes ranufacturirg, repair and neintenance.
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4.3.0 Characteristics of material and equipment

4,3%,1, Ordirary clay brick

Sl Description
To.

1 Brick size

2 Compression
strength,
minirum

3 Flexural
strength
mine

4,3%,2, Fireclay brick

‘ e e

i
Slﬁ

I:O.x

Description

1 Brick Sizes

2
2 }Alaoa content,
rin.

3 ‘Refractoriness,
Cmine

4 | Porosity, mex.

5 Corpression
strength, min,

Value
Unit ——— e Remarks
Soviet Indian
- - f ~ - -
m 250x120 | 230x115 Standard size
. ¥65 765 mey be ordered
kg/cmzf 100 75 Average for
' 5 samples
) ~do- 22 - -gséme-
; Value.
Unit ! .- Remarks
Soviet ! Indian
{
mm 230x114 ¢+ 230x115 General purp-
x65 I x65 ose
230x114 | 230x115 | Semi-acid
{ | x40 - x40 fireclay
% f 20 ! 20-32
P ;
i * i
Oc 1670 b 1670
i
% z 23 | 23
| z
20 . Lo
kg/en® ! 230 ; 30




i

44303. Light-weight fireclay brick

51{

Description

Noﬂ

1 Brick sizes

'2
3

4

4.%2.,4, Compacted ragnesite brick

~Density

t

' Compression
Strength, min

Lax,Thermal
conductivity

i at average tem-
peratures

' 350 + 25%C
650 + 50°C

————

Description

Brick dimensions

llagnesium oride
content

Calcium oxide
content in

calcined product, :

naXe

Silica content in
celcined product

Porosity, rax.

Corpaction stren-
ght,y, mininum

10

- NP S -

Unit - value . Remarks
| Soviet | Indian f
mm 250x124 g 250x124
x65 x65
230x114 230x115
x40 x 40
/et 0,9 | 0.8~1.29
> ?
kg/em<| 25 : 20-30
i
W/m.Ok
0.4 0,27 g
0.5 0.4 !
. Value
Unit - Remerks
Soviet Indian
prihin 380x150x75 280x150x%65
200x150x75 300x150x75
300x150x65 200x150x%65
% 3 205 maXe '
% 205 ' 1.0 TiaXe
% 11=-18 1€=20 meaxe
1Pa ~0 40=30
(kefem ©)  (500) (400-500)
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4,3,5, Graphitized electrodes

A ! Sl. Description % Unit Value Remarks
| Noe : Soviet India |
1 Sizes: Outside dia ; rm . 350 | 350 .
i f : ,
2 Specific electrical g 3 f
 resistance, max, i mceOhmeme !} 8.,1-9.0| 9.5
4 ; : '
%3 Mechanical strength ] > b
,bending strength kg/cm , 70 iy 85
4 iRupture strength ' ~do- - 35 Cors
' .
i
4, 306. Carbon Plate
Value
S1. Description Unit - -+ « v +--..~.~ - Remerks
To. Soviet Indien
1 Plate Sizes m 200x450 = 200%450 Can be
: x 630 x 630 manufact-
\ , ured of
i | E Carbon
, block for
| ' cells at
l Korba
Plant
2 Compresesion strength, ; 5 ;
nin. kg/cm 230 . 230 Lverage
: g for a
; batche.
3 Stability factor | 15




4, 30 7. Carbon block

12

Value
S51l. Description Unit v Remarks
Ro,. Soviet Indian
1 Block sizes mn 400x550x 400x550x
x 900 x 900
| 400x550x  400x550x
i 1340 1340
bt 2 Average compression 2 !
! strength, min, kg/cm 230 . 220 min, Value of
i . individual
; 'measurements
: ‘ ., should be not
; )less than B80%
; | of average
: * :value
' 3  Porosity, max. % 22 24 max, Value of
: individuel
! 'measurements
’ should not
? exceed the
average value
by more than
i 10%
- 4 Specific elect~ _ i
‘ ,rical resistance, i
mexXe } Ohmrm | ;
10~ 90 . 70 max,
5 tability factor : 8 T -
l
4,%,8, Bottom Peste
51 . f | Value
To. Description Unit : : Remarks
e ' Soviet Indlan
} t ' .
1 { Yechanical strenght ! Pg/cm ‘ 240 ! 200 rmin.
V .
2 ' Binding fector, ! 5 ! '
- min. I kg/em 16 25
» Yield of volatiles % ! 612 -
4 | Porosity, nax.
(Baked) ~do= 22 25 it Xe
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4,%,9, Sodium Sulphate Water glass

i f B Value :
; S, Description ¢ Unit ! Remarks
gNo. | t Soviet India ’
. , S S RSO OGRS AU
"9 ;Silicate modulus | : 2.31-2.6 & 2.1 870, -30%
; ; ‘: ! F A2,0-14. 4%
2 Density kg/cm f 1el43=1.5 1.48-1.52

PR e it e et e . ees % ot ammer mew g e ¢ o mme s

4,3,10, Cast Iron.
Chemical Composition: Si 3.,2-3.6, max. 0.3% lin
P - 0,12% mex, S - 0,0%% max,

e e e g W et W el B4 as e - C A =

4, 3. 11e Collector Bars

- e e e e e g mrmm = = e e =

Value
Sl. Description Unit Remarks
No. Soviet Indian
1 Strip Steel with B

cross~section mm 230x115 230x115
2 Steel Grade - BCT1KH IS 1875=-
1978

3 Carbon Content % 0.1 0.1
4  Strength kg/mm®  31-50 37-45

4,3,12, Product mix of materials for anode casing (welded structure)

PE—

Value

si, Description Unit \
oy ] . Remarxs
Soviet Indian
1 I-bean To.45 oss 45, 25
No.24
2 Channel No0,.,16 Yog: 15,
22454 25,35
To.22
Yook
Toe 34
3 Strip-trhickness rm 60-380 60-80
Width ~do= 130-180 1%0-180
Sheet, thickrness -do- 5-15 5=15
5 Steel grade
(itens 1, 2, 3) ~do~- BCp2ZNCS IS:226
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4,%.13« Support Steel structure of cell

. s ""—’"v alues D
gz Description tbnlt O _ Remarks
* : " Soviet } Indian
1 ! Channel, height | §0s.12.14 | Nos«12.5, 15
2 Sheet thickness ;mm 5=10 . 5-10 ; ing%udes
§ i - ce
3 Steel Graie S BCTBﬂCS - IS: ceo enclosure
1 ' :
4 Alurminium sheet ! @
thickness -do- 0,5-=3 0.5-3
(enclasure) :
5 . Fabric-bases
laminate '
sheet, thicknmess =do= 5-10 5-10
4,%,14, Cathode Lifting mechanism
Values
Sl., Description Unit e e . Remarks
To ; Soviet Indian l
1 ' Channel - 17054665-10 Tos: 7.5;107
2 . Sheet, thickness mm 5-10 5-10
3 Steel Grade - BCT 3K12 IS: 226
4,3%3,15, Cathode bussing
o Value
S1, Description Unit - ~ ++ == --— & Remarks
YNo. Soviet Indian ;
1 .Casfmkiaﬁihiﬁ;m” S - . aveilable
bug-bars
1,1 Buc-bar sizes mm 43070 43070
1e2 Creczical compocsitions
hl, rax, g0 99.5 0.
Pe, nax, 4 0,22 0325

Si, max, % 0.12 0,12
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Value
Sl, . Description Unit Remarks
To. Scviet Indian |
P B : —
Zn, maxXe % 0.04 0,04 !
! Ti, max, % 0.015 0,015
2 Extruded zluminium l
busbars i
2¢1 | Bus-bar sizes mm 430x70 . 430x70
2.2 E Chemical , | dee item 1.2
{ composition - - ;
263 é Ultimate rupture ?
i strength Kg/mm= 7 j 9-10
2.4 Relative : ‘
elongation % 15 i 10-12 ]
3 Steel i :
21 Product mix ,
I - beam height ; Yo.16 No.17.5
]
3,2 Sheet, thickness mm b 10-20 10~20
!
3.3 Steel grade - : BCT5K02 IS: 226
4,%,164 Eccentric clamp
I P e Value
To. Pescription Unit 7 B Rerarks
Soviet Indian
1 Casting (steel
casting) oo 220x200x 220x200x
170 170
2 Steel grade 251 1€/8 8S
[



16
4, 30 1 7. Cathode

4 ; , Value
Sl.; Description : Unit Remarks
No.| r : Soviet Indian
Y SN A SR
| | |
1 iAluminium rod - mm 80x120 80x120
' 2 taterial (item 1) | ‘Alurinium | Aluminium | For alumi-
i ' f , nium compo-
3 Siecel slubsg, dia i mimn .180 180 sition see
‘ ; E section
. 4 . Steel grade (it.3): - BCp3KT2 IS: 226 443,15
o 2 : item 1.2
- 5 | Bimetallic plates ~ _steel Soviet
f aluminium | supply
4,4, Utilities
4,4.1. DC power
- Arperage of DC power - 70 KA
-~ Permissible amperage fluctuation - + 5%
- Duration of emergency DC power
cut-off * = 2 hours mexizum
4,4,2, AC powier
LC power voltage = 220V
Duretion of erergency AC povier
cut=off - 8 hours maxirun,

5. LOCATION

70 KA refiring cell is to be designed with due consideration

of Indian cliriatic conditions and can be installed in ary state,

3

re getting up of the Experirental Derorstration Unit

(three 70 KA refining cellg) is planned et BALCO Aluririum

Snelter in Korba.
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6. TECHNOLOGY ATD EQUIFLERT

6¢.1e Brief process description

One of the commercial methode for HPA production at present
is an electrolytic method of commercial grade aluminium refining
by three-layer method which is widely used in the USSR,

This method provided for production of aluminium grade A95~
-A995.

For HPA production commercial grede crude s2luminium (alumi-
nium in liquid form) is fed into refining cells in which elect-
rolytic refining process takes places. Electrolytic refining
process is performed with use of chloride-fluoride electrolyte,

Crude aluminium (primary Al) is fed into pois by the
pouring machine.

The following materials are added periodically to crude
aluminiums

- Copper tc correct anode z2lloy composition

- Crushed solid electrolyte to make for losses.

HPA produced in the pot is periodically rermoved by vacuum
ladle and then it is casted into pigs and ingots. Anode sedirments
end electrolyte crust cre periocdically removed from the cells.

The Tlue~gases from the cell where electrolyte is rrepared
and cathodes are impregnat~d periodicelly are to be clezned,

6.2+ Refinirg Cell
(dwge 10 1339%875)

The cell consists of two rajor parts: a cethode ard anode,

€.2+1. Cathode

The cethode corciste of

= guprort steel ctructu

¥

[

- cethode busgwerics
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- cathodes proper;
- cathode lifting mechanism;
- cell enclosure.

6.2+1¢1. Support Steel Structure

The support steel structure is made of two welded steel
semi-frames interconnected by two longitudinal beams.

The longitudinal beams ere to be electrical insulated
of semi-fremes. The support structures for jacks and electric
motors of cathode lifting mechanism are installed in the upper
pert of steel structure.

The steel structure is installed on appropriate pillars
of anode shell and is fixed to the pillars with bolts,

The provision is made for the electric insuletion in places
of steel structure contacts with anode shell,

Fe2e1e2. Bathode Buswork

The cathode buswork consists of two packs of busbers inter-
connected by three spacer beems, Eyes are provided on two outer
becms for cucpersion of the cathode buswork from the screws
of the cethode jackse

Fach peck concists of two interlocked zluminiur busbars
vith cross section of 70 x 430 mm,

Pitted from the outside of the tuswork packs sre the
eccerntric clerps decigned to ensure electricel contact between
the cathode bers end bucter paclee.

6.2.1+3, Cethode
(dwg. To 1335875)

Tre cathocde concists of:

- grophiticed tlock 500 mxm dia ernd 340 rm high;

- gteel ctul;

-~ gluriniuz bar vwith cross secticn of 120 x €3

- cteel = glunminiun biretellic pletec,
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The graphitised block is provided with a stub hole,

The cathode assembly procedure is as follows: two vertical
bimetallic plates are welded to the aluminium bar, then a horizon-
tal bimetallic plate is welded' to two vertical bimetallic plates.

A steel stub is welded to the horizontal bimetallic plate,
Then an aluminium bar (together with bimetallic plates and a
stub) is inserted into the stub hole., The gap between the stub
and graphite is filled with cast iron.

The assembled graphi ised block is impregnated with electro-
lite. To protect the graphite block from oxidation it is mantled
with high-purity alucinium metal,

6e2e1e4e Cathode Lifting Nechanism

The cathode lifiing mechanism (2 pcs. for one cell) is
desigred to ensure the required positionring of cathode graphite
part into the cathode metal pad,

| The caethode lifting mecharism consists ofs

- two screw Jjacks 5 t capacity eachy

- WOIT gear:;

- electric motor 0,75 kW
I'exirum strole of jack screws is 500 mm, The electrical insulatiop
is provided for between the jack screws and cathode buswork.

6e2eT1e5s Cell Erclosure

The enclosure is designed to reduce the cell Leat losses
end to protect the operating personnel from radiation heaot,

The enclosure consists of:

- central krood,

~ gide rezovaltie covers,

Centrzl hood is fetricated of zlurir’un cheets installed on

steel freme cucpended orn ties to th

[ge]
9]
jd
3
8]
O
H
c+
&}
o+
o
o
=
]
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H
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of the cell,




Side covers close the openings between the longitudinal
4 rows of cathods and longitudinal wulls of anode casing. Special
cutouts to pass the cathode bars are provided for in the covers,

662020 Anode assembly

Anode assembly consists of

- anode shell

- gkirting

- lining

6e202¢1¢ Anode shell

Anode shell is a welded rectangular bath, The vertical
walls and the bottom »f the bath are reinforced with I-beams
and channels,

Four pillers for installetion of support steel structure
of the cell are welded to the upper horizontal belt of the bath,.
Framed openings for the installation of anode section collector
bars ere provided for on the longitudinal walls of shell,

Gelelele Skirting

The provision is rade for the skirting to cover the upper
horizontal surfaces of the liring sicde walls, The side skirting
is fabricated of steel sheets firzed to the upper horizontal
telt of anode shell,

The skirting sheets of end walls are also fixed by the cross
bearses By wedges the crocs heanc are iixed into the soclkets of
the anode cascing support pillars (see drowing o, 1335973 ).

The traclket for installation of the pneuriatic device for the
loading to the Teeding conpzrtrent (for rixing of anode alloy)

is provided for on the cross bvear with the feeding cormpartrent,
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6.2.2.3. Lining (dwg. Mo /355874 )

The following is used for lining of anode shell:
- asbestos sheets,

- alumina

- brick (clay, fireclay, fireclay light-weight and
magnesite),

- anode carbon sections,

Anode sections consists of carbon block with groove and
steel bar (collector bar), located in this groove and iron
casteds The lining of anode shell bottom consists of:

- layer of alumina fill,

leyer of asbestos sheets,

two layers of clay bricks,

three layers of fireclay lightweight bricks,

two layers of fireclay bricks.

The layer of bottom paste is applied on the surface of
fireclay lining. After that the anode carbon sections are laid.
The lining of enode casing wells consists ofs

- lzyer of asbestos sheet,

- one leyer of lightweight fireclay bricks,

- two leyers of magriesite bricks,

The joints between znode sections as well es between anode
cectione and the wall lining ere to te filled +ith btottom paste.

Thie feeding comrartrent is provided for in one of the end
walls, This feeding corpertment consists of an inclired graphite

tube and a horizortel chanrel cornnecting the tube with the anode

caging cevity, The a2gles of this well are lined with cley bricke,
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6+3. Energy balance of the cell (Annexure No 1)

4 Energy balance of the cell has been made on the basis on
Indian climatic conditions and ‘its location in two-storey cell
Troom.

The following basic data has been used in the energy balance

salecvlations

electrolyte temperature - 810°¢

- current efficiency - 93%
1.03 t/t
13 cm

- raw aluminium specific consumption

- thickness of layefs: electrolyte

cathode nmetal

18.5 cm
anode alloy - 36,0 cm
- electrolyte composition - chloride-fluoride
- abmient temperature in the cellroom:
above + 3,0 m - 32°C
under + 3.0 n - 2500

The results of the calculations are given in the table

belows
?gg ' Descrirntion Units . Valves
1 Arperasge ' KA 70+1
2  Current density Afcn® . 0.6
3 Production rete: %)
- anruel t/year 121
- daily kg/day 5254
- hourly xg/hour 1.8
L
%)

with continuous cell operation
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3 ggﬁ *[ Description ' Units z Values
e b e _ ;
E 4 f Cell heating voltage :
’ | (cathode ber-snode flexible) v 5.32
5 E Voltage drop across bus work v { 0.18
6 . Cell operating voltage v oo 5.5
7 © Specific DC power consumption { kWH/t § 17650

Calculstions of the energy balance have shown that:

~ the designed refining cell with electrolyte layer of 13 cm
and amperage of 70 kA will be in a heat equilibrium;

~ the cell will operate at optimum heat condition, which
ensures technical and economical indices adopted for the project
and also power, raw and other materials consucption,

6e4, Calculation of voltage drop in cell buswork

(Annexure Yo 2) '

In accordance with calculatiorns carried out the voltage
drop in cell buswork is 0,18 V, The zverage current density of
the bussing was ezsuned equal to 0,29 A/mm2. The ecorornically
feezsible current dencity for Indian condition is in the range
of 0.27-0.29 A/tm2,

6.5, Operating voltage drop and specific

DC power consucption of the refining cell

Refining cell operating voltage cdrop is:
50318 4+ 0,18 = 5,498 = 5,5 V (see Annexures Nos, 1 & 2)
where: 5,318 - heating cell voltage drop, V,

’ 0,18 = voltage drop of cell buswork, V.




24

Thus, the specific DC power consumption is:

P wo 551100 17,650 KW, hr/t
0.335x0.93

where: 0,335 = Aluminjum electrochemical equivalent, g/A.hr
93 - current efficiency, %.

6.6, Summary Table of Cell Electrical Balance

(see Annexures Nos., 1 and 2)

§§L‘i Description Unit Value
1 ?Voltage drop in cathode assembly v 0.475
2 %Ohmic voltage drop in electrolyte  =do- 4,066
| 3 ;Polarization voltége at electrodes ; -do~ 0.38
4 ‘Voltage drop in anode assembly -do=- 0.3%8
5 ;Voltage drop in anode flexibles ~-do=- 0.017
bTotal, heating voltage T .-F;EE: ..... | g 50318
6 Voltage drop of cell buswork -do- | 0.18

Total, cell operating voltage ~do=- ' 5.4982>5,5

6.7, l'ajor Specifications for Cell Installation

To construct the cell use the materials with physico-cherical
Froperties as stated in Section 4 of this Fasic Engineering
Deeign,

Inetall the cell in conformity with the following specifica-
tiores

6¢7¢1e Instzllation of Arode Slell

€e7¢1¢1s The fatricated enode shell shall have the fclloving

» tolerances of éimensionc:
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- inside length 4 20 mm rax
4 - inside width + 20 mm mex
-~ inside depth + 10 mm max
- departure from
straight line:
- long wall 20 mm max
- short wall 20 mm max

6e7e1e2¢ To set the anode shell check that departure of
longitudinal &nd cross axes of the cell from the appropriate
axes of the support structures is 10 mm nax,

6676103 Difference between the elevations of the corners
of the shell mounted on the supports shall not exceed 15 mm,
To level the shell use steel plates inserted under the corners
of the shell,

66702+ Anode Shell Base Lining

6e7e201. Width of joints of the brickwork of the shell base
gnall not exceed the following:

- clay brick 7 rim

- ligrtweight fireclay btrick 2 mm

- fireclay brick 2 mm

All brickwork except for top leyer of fireclay brick is leid
without any norter, Fireclay mortar is used for top layer of
tricks.

6e763e Irstallation of Bottom Blocks

Ge7e3e1e Zottom btlockes vwill te laid with a special bond as
provided in the Bacic Engineering Design,

Ge703e20 Vidth of joints between tre carbon btlocks in the

& sectiong shell be between 25 and 0 nrm,
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6e7¢3e 3, Allow no gaps or cavities between carbon blocks,
To eliminate the gaps fill them with hot carbon paste and pour
with pitch, _ .

6e7e3el4e See that the surface of the anode shell bottom is
horizontal with 2bsolute difference between the individual points
not exceeding 20 mm,

6e7ele Anode Shell Lining Curdb

6e7e8e1e The lining curb is made using fireclay brick on
refractory mortar, bonded joints and carefull fitting of bricks
to each other and to the anode collector bars, Width of joints
between the anode bars and bricks shall not exceed 0.5 mm,

6e7ele2¢ Fill the gaps between the shell and the curb with
building gypsum mortar.

6675« Laying Side Lining (long and short walls)

6e7e5e1s According to the Basic Engineering Design the first
and second layers of nagnesite brickwork are laid elong the
whole perireter of the cell cevity except for area of the loading
compartnent,

The first leyer of magnesite lining is laid on gypsum nortar,
the secord layer is laid dry.

6e7¢5e20 All magnesite brickwork is carefully fitted ard
bonded, Fill all joints facing the inside cevity of the cell with
gypsum norter.

€e7e2e3e Check that width of joints for the first layer of
magresite brickwork facing the irside cevity is 0,3 mnm rax.,

thet of otker leyers - 0,5 ume If recescary machkine the feces

of btricks to reet the alove gpecificationc.
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6e7e5elts Lightweight fireclay brickwork is laid dry end
bonded, the joints are leter filled with alumina, Width of joints

is not to exceed 2 mm, -

6e7.6, Bottom Joint Ramming

6e7¢6+.1, Before ramming the bottom joints:

- clean the cell cavity from gypsum, brick debris, solidified
putty, etc,.

- heat the bottom joints to 110-150 °C, do not allow over-
heating of the carbon tlocks to over 180 ¢, Having heated the
joints clean them with wire brushes,

607642, See that ramring mizx (bottom paste) is at least
160 °C when placed into joints,

Ge7e603e Check that rarming mix is loose and free from lumps.

Ge7e6.4s Heat rammine mix so that to prevent any paste
coking.

6e7¢e6e5¢ Ram the bottom without interruptions in one
operation,

66746066, Ram using 8-10 f£ills 40-60 mm thick. Cross-hatch
the previous layer before each next fill and ram,

Be7¢647¢ The surfaece of the rammed joint should be slightly
raised to a height of 5 mm above the block surface.

Ge7e6e8s Use pneuratic rarmers préheated tefore the use to
a temperature of 100-120 °c.

€e7e¢6¢%e The ramming workers should wear clean beots,

6e7¢7¢ Loading Couparitment Brickwork

Tr.e mein corponent of tie conpartrent ic a graphite tube

inpregneated, with electrolyte and cet at arn angle of adbt 15 deg.

of ite verticzl,
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607¢7.2+ The loading compartment channel is made of magnesite
brick and the graphite tube is lined with magnesite and fireclay

4

brickse. Width of joints between bricks is 0,3 mm maxXe
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ANNEXURE N° 1

1e CALCULATION OF CELL EKERGY BALANCE

‘ BASIC DATA FOR FREPARATION QF ENERGY BALANCE
| Sl | Dpescription Unit Velue
i
i 1 Flectrnlyte temperature °C ciC
; 2 ! Current efficiency . % ) 93
E 3 ' Rew sluminium consumption per 1 t of % |
: HPA -t/ i 1.03
i 4  Average estimeted level cf:
- electrolyte cn l 13
- cathode metal -do~ 1845
~ anoce zlloy -do=- 36.0
) Elecirclyte compocition:
- barium chloride % 57-58
- cryolite ) -do- 16=-17
- zlurminiur fluorice ~Go= 21-22
- codium chloride -Co= ~ 2,0
6 Lir tempercture in cell-room at
elevetion Figher than +2.0m °C 32
7 Lir tenpereiure in cell-rocm ot el. -C0= 25

lov.er then +2.0m




2. CALCULATION OF CELL ENZRGY BALANCE

The energy balance of refining cell can be represented by

the f<llowing equetion:
Qq +Qy + Q3 =Q + Qg

ct

waere Qq = cnergy required te ceompencate heat locoozg

Q2 = energy used for electrocremicel processes,in this case
- for electrode polerizetion;

O
w
[t}

quentity of heet 2ntering the cell with poured raw
aluminiumg

Q4 = teat loszes with HPA removed from the cell;

O
(%)
I

= heat locses from cell heat-trensfer surfaces.
Heet corsumption for melting and heating of electrolyte cnd
copper charged to the cell cre neglected due To insignificent

velues of these heat output items.

2.7¢1e Zueniity of eleciric power required for compensation

of heet locces,
2 -
Q1 - I°R kW . hour

1000 hour

vhere I - current Intensity, A
R - cell electric recicztance, Oim
Cell clectricel recicimnce czn be repre.ented by the follow-

ing forrmle:

vheres R1 - clectrical reristance of cathode ascembly,
Ry, = :lecizical res.iiince of electrnly

R3 - cleetrical recicionce of arcle oo erbly,

R, = ¢lectr col resirin ce of cncle flemitler.




The calculetion of electrical resistance of individual const-
A Tuction units and total electrical resistance of a cell are given

belows

The data of electrical balance registered at commerciel re-
fining cell (analogue cell) vith construction units enalogue to
the cell assumed for the present Basic engineering has been used
for the celculation, The electrical bazlance of the analogue cell
was enregistred at current intensity of 70 kA.

The elecirical recistance of the cathode assembly was deter-
mined by formula:

R, - Re + &y
n

vhere R6 - electrical resistance of catiode aluminium ber,

R7 - electrical resistance at section "stub-grephite-cathode
metel",

n - numnber of cathodes installed.

Electrical resistance of cethode bar will be:

AVe _ 0.08 _
I1 5585

vhere 4V, = 0,08 V - voltagze crop et section "cethode bar - situb™.
of znelogue cell cathode, including voltage

<

14.9 . 10-6 Ohm

Rg

drop of tiie clamp 'ecathode bucsing - coihode
cthode collector bzr" and tie clamp 'cotio-
de collector bar - ctub"

(=)
-

)
wn
o

m
wn
b

]

e}

urrent Inten: ity through one cathocle of
enclocue cell,

Electrical recisiance et cectiorn "ziub-graphlte-co thiode




vhere: Av, = 0,396V - voltage drop at section "stub-graphite-ca-
4 thode metal" of analogue cell,

Thus, electrical r eéesistance of cathode assembly of estimated
cell will be:

-6
Ry = £29'33+ 58.7) 10 _ _ ¢.8 x 107° omm

where: 13 pcs - number of cazthodes installed at the cell.

Electricel resistance of electroiyte will be:

AV, x 1 _
3 - 4t1~1313 = 58.2 x 10”° Ohm
Ix 11 70x10-x15

where 13V3=4]OOV - voltage cdrop of electrolyte of analogue cell,
1 =13 cm - electrolyte level of estimated refining cell,
11=15 cm =~ electrolyte level of refining analogue cell,
I=7Ox103A - current intencity of estimated refining cell
end enslogue cell,

Electriczal resistence of znoce assenmbly will be:

4V -
Ry (=t = 2381 .54 5 1070 omm
I 70x103

vhere AV4 = 0,381V - voltege drop ot ancde accembly of cnelogue
cell;
I =70x 1O3A - current intencity at refining cell,

Avercge clecirical reci:itence of crode flexibles vwill be:
N
AVs 0,017 _ A -6

_ 0.24 % 107° Omm
4= 1 705103

o)
l

there zﬁVS = 2,017V = voliz_ e c¢ror ot =zioce fle:dble of arczlcrue

cell;




of the refining cell:

-6

4 R = (6.8+58.2+5.44+0,24) 10 6

= 70,6810 ° Ohm

The electric powef requifed to compensate the heat losses

amounts to

-6 2
Q1 = 70.68 x 10 x1 kW hour/hour
1000

20¢1¢2¢ Electric power consumed for polearization of electrodes

EpxI _0.38x1
1000 1000

kW -hour/hour

Q2=

where: Ep = 0,38 - E,L.F. of polarization, V
2.1,3, Heat input with raw (primary) eluminium poured to
the cell,

0. 335%0,9351%29271. 16x1.03x107> _ 0.109T  kiihr
1000 100 hour

Q3=

where: O.335x0.93x10-3x1 - hourly cepacity of cell, kg/hour
292 = gpecific eluminium heat content at £10°C, lLecal/kg

1.03 - concumpiion of rew eluminium per 1 tonne of HPA, t
2.2+ HEAT COLESULZPTION

2e2e1e Eeact locsces with ZPA removed from cell,

N 0.33520.9371%292x1.16x1070 _ 0,1061  kihr
4 1000 1000 hour

vhere 0.335x9.93x16~3x1 - hourly capacity of cell, lr/hour
292 - cpecific hect content of IPA ot Z210°C

Pe2e2s Yeat lorcerz throush convective hent troncfer curfoces
of ccll

ct

loccee and ect lcc.ec by radietion are

|©]

The convectire ‘e

@]

bl - i 3 3 . - - PR S} e ~1 - - 4 - l .
cnleloted in cocordonce vith convertiornnl et fonoofer livo.

The convective heot locies are celerlnied uring the critierion




Nu = 0,135 (Gr x Pr) 1/3
wvhere: Nu - Nusselt number;
Gr - Grashof number; :
Pr - Prandtl number,
In detailed form this relationship can be represented in the
following weay:
3 —
Qe = dex(tz-tO) = O.135x,4fo/9'81xJ5 %;r (tg‘to) xS(tz-t09

vhere: Q. = convective heat losses, kcel/hour;

oL - coefficient of convective heat transfer, kcal

2.
m-xhourx degree
~ thermal conductivity of air, kcal
m X hour X cegree
-1

A
13 - 2ir volumetric expansion, °K
9.€1= free fz2ll zcceleration, rr./sec2
Fr - FPranétl ~umber for air

v - eir viscocity retio, m2/sec
t, = ambient 2ir tenperature, °C
t2 - convective heat trensfer curfece termrerature, °C
S = zrea of convective heat trensfer csurfzce, m2

Tor horizontzl down turned surfaces & is reducing by 309,

for up-turned curfezces o ig increaczing by 305,

2he cext lozrec by recdiance are calcule®ed ‘n eccozdlznce with

o
+

Irown formula:

t,+573 t +273
2 0 “ L
Qrag =é-.ed X )ogv * 0y x5 [(_—)4 - (=)
e - L 100 129
vhere Qr“d - ~ecet los es by redietion, keel/rour
C,="e96 - rucintiorn fauelor of jerfect rodicior, icel




t, - heet transfer surface temperature, ©°C;

2
to - ambient gir temperature, °C

Thus, total heat losses of: cell surfaces may be represented

by the general formula:

=Qc*Qppg = {d(t to)+ £red x~%;v x G, [

IOGEN
lOO _[} x S

2.%¢ 1e Hect lozzes of hood central covers.

2+273 4

surTece eree of central covers - T.31 m2
£red = 0.6 A = Te09 kcal
= 0.9 m2 ¥ hour x degree
)oav -
-_ 2 D

= {14337.09(560-32)+£.9630,6x0.9 (éi%§§12)4 - (égéé%i)fl}

X Te31 = 46750 kcal or 54.36 kW _x hour
hour nour

D42e 22 Heat losces of side removeble covers. Surface area

of zide removaoble covers = 8.41 m2
Cfred = 046 A =T7.08 kgal
ff"v = 0.9 m~ % hour x degree
t2 = 336°C
2
- {H.3x7.8(336-32)+4 9653663009 L(336+°73 )4 (—21313)1}'y° 1=
100
= 52630 kcel or 61.27 kihour
nour Tour

Z.7¢2e3e Zezt los.es through openings.

Crenivgs crea — 2454 @

PR L

é"ed = ’\.8 /:= A.?f}-f—&‘t’)p




2¢2.2.4o Heat losses though cathode holder bars surfacese.

Area of cathode nolder bar - 6.03 m2

Ereq = 0456 A = 5.58 keal
ffav = 0.55 m® x hour x degree
t2 = 128¢C
q = {5.58(1?_8-3?)+A.96}(0.‘56)"0.55 L(—-———3128+27 - (22 )7f6'°3 )
100 100
= 2820 kcal or 5.6 lwv.hour
hour hour
2¢2¢2.5¢ Heat losses through cathode stubs.
Lrea of sub heat transfer curfaces - 1.65 m2
Ered = 0,8 A= Te34 kecal
j"nv = 0,8 m- x hour x dcegree
t2 = £30°C
) £.30+27 314 324273 ] :
= e 3404 - /'09 Xﬁo Ve ——— 1.6 =
{7 34(430-32)+449620487048 [( o)~ ) f 5
= 17170 kczl or 19,96 i/, hour
nour nour

2.e2e 26, llect loszzes curing crust removel.
L)

_ - 2
.rea of cell open curfece during crust removal - 7. m

£red = C.8

/: = 0,7 = f— ctop

Frection of tinme vwhen both ig open - 0602083

” ={?.961?.620.7 [}Zlgi£12)4 - (Qgiﬁlé)i] 7.65::0,02083 =
100 100

= 5200 czl or 6,05 #lU.hour
hour Lour
Ce%e"eTe Flect 1uoaez through cnode cacinge
TereleTele Zifder, Includingc:
&) longitudinel sice
" e n ~ 2

’ ; . ) LIRS e~ P o .
‘ Arce of newt Lrnmofer surloces - .7/, il




e @ ={1.3x6.05 (155-32)+4+96%0,8%0.9 [(135-*-213)4 - (M)‘jf4.74 -
100 100

= 8810 kcal or 10,24 kV,.hour
hour our

b) end side, without compartment

Heat traasfer are - 1.3 m2

£red = 008 K = 5eCY I:f)al
jFav = 0,9 m~ x hour x degree

140°C
= {1.3}'.5.85(140—32)+4.96:{O°8::0.9 [‘(M)4 - (3-%7—2)[:]} 1.3 =

n
it

100

= 2020.0 1‘:08.1 or 2.35 1’.'-7.1’10&1‘
“hour hour

¢) stort cide with compartment

a g 2
irea of heat transfer surfece is 3.38 m

(Sred = 0.8 A= 5.19 1:cal/m2h Gege
¥Yev = 03

Q = {135, 19(99=37)+£. 9630, 820.9 | (ELHELL - (F2rELd )"j]z.za -
100 100

2800 kcal/hr or 2,25 Ki.hr/hr
Sides of the czhell:

e) long cidfes

, . 2
Lree of heat transfer curfice ic 3.716 1

Ereqg = (o8 A= 5,17 'c*-/mh\e
_‘fav= 0.85
= 99¢C

{% 17( S 2)+/ 6000, 804C5 [F)’+F7J) L+'l1)]} 2,16 =
100 100

£050 izecal/hr or .38 k.hr/hr

b) chort cicde without cormprrinment

ool brovefen cus ,(ce s 0,76 e
é"-nd = D68 X = 56 ,:(v(1/~ n ".C{:




10 :

Q = {5.56(120-32)+4.96xo.8xo.8 [(1§9i§12)4 - (égigll)fl}x 0,76 =
100 100

4

= 740 kcal/hr or 0,86 kiihr/hr

¢) short side with compartment

Lres of heat transfer surface is 0.76 m2

fred = 0,8 A= 5.7 kcal/mzh deg

Q = {5.17(98-32)+4.96xo.8xo.8 [(3§i213)4 - (22:212){lfo,76 =
100 100

= 510 kcel/hr cr 0459 Xihr/hr

Cross beams

Area of heat trensfer surface is 5.7 m2

£oeq = 08 A= 6445 rcal/mPh deg
fav 0e3
t, = 205°C
Q = {6.45(205-32)+4,96x0,870,9 [(FEELE (égiglé)fl} 5.7 =
100 100

= 15230 kcel/hr or 17.71 kvhr/hr

2.2¢2¢Te20 Czthode chell below working floor level

e) chell

\ . 2
.rea of heat trancsfer surface is 18.0m

Ered = 0.8 od=458 /(C‘al/m"/) deg
yav = 0675
ts 65°C

¢ = io.?:v:f;58::(65-25)+.1.96;:0.8-,:0.75 [(6—51“-213-)‘*L - (w)f]j 18, 0=
100 100

= 5070 lkeel/hr or 5.9 Ihr/hr

\

t) beums

, .- 2
Lree of leet trovzfer surfece Ls 3E.23 n

o é";‘ed = C.8 ‘1242//.601/07"/7 deg
fav ~ CeT0
t

5 = £5°C




4

11

. ?
Q = izz.21(55-25)+4.96xo.8xo.7 [(55"27 )4 - (el )4]f 38.33 =
100 100

= 8770 kcel/hr or 10,2 kVWhr/hr

Long csides:

a2) shell
Aree of heat transfer surface is 16.87 me
Eoca = 08 o= 5 25 hralfmih deg
fav = 0,85
= 91°C
{5.25(91-25)74 9604 80, 85 [(—%giii)* (333512)4 [ 16.87 =

= 11350 kcal/hr or 13.2 kwhr/hr

b) beams, channels, gusiet plates

Lrea of hectitransfer surface is 10.5 m2

E neg = 008 A= 5,05 kcal/me h deg

Yev = 0.70
t2 = g2°C
- A6+ 82+27344 25+273441L 10,5 =
{5.05(82 25)+44263048x047 [( 00~ ~ (5555 )_[ 10.5
= £360 lrcal/hr or 6.23 kihr/hr
Short side vithout compartment:
a) chell
Lrea of hest tranzfer kmrfuce is L.24 m2
éved = 0.8 A= 1.821 cal/m h ceg
Y ev = 0.8
t2 = 73°C
- \
Q = i/.82(73—25)+£.9620.8x0.8 1(12i212)4 i 73)1}
1C0O 100
= 1850 iecl/hr or 2,15 inr/nr
t) cliznrelrs, I-teams, etc,
2

irea of tert tronrfer curfice do 2,53 m
é*n’d "e 8 A= 7.517" :.l/m?h Lef

n

j’ ov o .70
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Q= Z’4.51(63-25)+4.96x0.8x0.7 [(93—:%2)4 - (2%2)4j}3.93 =

= 1200 kcal/hr or 1.4 kwhr/hr
Short side with compartment:
a) shell

Lrea of heet transfer surfzce is 4.24 m2
Ereq = 058 A = 4.76 kcal/mzh des

Efav = 0.8
= 71°C
{4,76(71 ~25)+4.9670.68x0.8 [(T1EZL3)4 _ (3‘2—27-3)“]}4.24 =
100 100 -

= 1750 keal/hr or 2,04 kWthr/hr
b) chanrels, I-beams, gus:et plates

Area of heat transfer surface 1s 3693 m2
Ereg = "eB = 4,29 Lcul/n h deg
Yav © 0.7
t2 57°C
g = {/,.29(57-25)+1‘r.96>:0.8>:0.7 ['(57““—273)4 - _(3—52*—21-3)4]} 3.93 =
100 100

= 970 kczl/hr or 1.13 ki hr/hr

Collector bars
iree of hezt troncfer surface is 1.64 m2
gﬂed = 0,8 A = €5 kcal/mgh ceg
=0
¥ eav 0,71
t< = 20%5¢C

¢ ={'F.59(r35-u)+4,96 04850471 [(ﬁ;"%—’-—)“ (—/’27‘/12) ?/f1.64 =

= 2220 ecl/hr or /.64 ithr/hr

Thur, czlceulated heat loszzes of the electrolyiic cell are
co fellove:

- P ~ -~ . - . . , ~
i z . 36*61. 271‘ l:.?)o 2(.'4"5.'3‘0‘1 19.)‘()—"6.0',‘-# 1 f'. :‘4-.‘2.35'{‘ 3. L.)S“i“"'o 351'+:\¢‘5"(1+g0 59""

T 0T 14 e04 10 P 170 Pl 734 T 154 10040, 041,130 ,64 = 234,73 Inho/hr




2e2e3e Summary Table of Heat Losses of Electrolytic Cell

; Convection|{Kormali-; liean ang-iArec

igiézgztd factor of |sed deg-|1le factor’heai

. . : ] heat tran-)ree of 'of redia- nsfe

S/N | Heat loss items re sfer to  |black- Ltion ' surt
eir ness !

t, ool Ered 1 Sov £

B et e

°C keel - I m*
m .IE. c !

I S 3 4 BT B T
1 | Central covers 340 7.09 0.6 " 049 7o
2 Removable covers I 336 7.08 0.6 0e9 844

. 3, Holes (e - 0.8 F=0.85 2.2

e -' ;

i 4  Cathode holder bars ; 128 ! 5,58 0456 Ce55 64 C

.5 Cathode stubs v 430 Te34 . 0e8 0,8 1.6

| =' ‘- |

i 6 Crust remcval - 770 - % 0e8 F =0,7 7.6

; 7 Sheel ebove vorking floor ;

; level: - .

: sides: -

e) long sides. 155 ' 6,05 0e8 0.9 4.7
E b) short cide v:/compart- ?
f ment ' <9 . 5¢19 0.8 Oe¢9 302
' ¢) chort cicde vw/o com- ; |
' sertment : 140 P 585 . 048 0.9 163
| ;
| Shell wells: j ‘
| &) long cides s Lm0 CeB5 3.1
i i !
. b) chort cide /o com- i !
E partment i 120 ; £e56 Ce8 Ce8 Ce7
| ¢) short cide y/corparta | ' :
ment a8 e 17 i 0.3 T3 CoT
| Crzco beams 0.8 0.9 5T

SECTION 1

SNy



ary Table of Heat Losses of Electrolytic Cell t
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.°u“fpce Convection|Normali-; lieen ang-{Area of Heat losses
;e; oratud factor of |sed deg- le factor heaet tra
e pera heat tren-,ree of of redia- nsfer
T sfer to black- !tion ~surface
air ness 2 .
t, ol £rea/! %v Q
- e e -
°C ' kcel - i - m2 I kcel kile hr 5%
me, hr.°C ! { Thr
|3 4 5 1 s 7 | 8 9 10
! i
P 336 7.08 0.6 049 8,41 ; 52690 61427 16.47
770 - 0.8 F=0.85 2.24 82770 | 103.22 | 27.75
: i
; 128 ! 5.58 0456 Ce55 6,03 4820 | 5.60 1.51
' i !
P4300 1 Te34 Ce8 0.8 1,65 17170 | 19.96 | 537
; ‘ i i
770 ] = 0.8 F =07 7.65 . 5200 , 6,05 | 1.63
3 i ; ? ;
floor ' ! ;
1 : : ‘
! .
l i
155 { 6,05 2.8 0.9 4.74 5510 104 24 2.75
rt- i i
9 5¢19 0.8 De9 338 2800 - 2,25 087
- l
140 ; 5 35 De8 0e9 1.3 €020 2¢35 0463
25 i .11 De8 CeCS 3.16 2050 2.38 064
i %
120 ; 5056 UOB 008 ‘vo76 7,0 ’:’086 3.23
T 98 17 0.3 2.5 2,76 510 0.59 0016
i} 205 . Ce45 ' 0.8 249 5T 17230 17.71 L.T6
floor % '
?
65 o8 08 “e 15 1260 ST ©e9 1.29

SECTION 2

) T Py




¢ ] 2 3 | 4 5 6 7
! b) beams 55 ! 4,21 | C.8 070 38,
% Long sides: i ; ‘
| &) shell b 91 - 5.25 . o8 1 o.e5 | 6.
{ b) chanrels, I-beans, E ; : 3 ;
% ‘ gussets plates . 82 © 5605 . 0.8 ¢ 0,70 . 10,

Short side w/o compart-

ment:

- e e

) shell 4 73 £.82 068 0.8 ' £42

b) chanrels, I-beans, .
-uczet plates 63 451 . 08 0.7 3.9

Short side w/compariment

i
&) shell COT 4476 ; 0.8 0.8 = .2
b) charrels, I-beams, | ;
gusset rlates T 4 1429 ! 0.8 067 i 39
. 3 '
9 Collector bars 205 - 6459 i 0.8 071 * 146
. i t
- 10 Uraccounted locses L - S - o= - L=
; i
' TOTJ’L - - - - -
S S SR

» SECTION 1




14

[§
3 4 5 6 7 8 9 10
55 P42 0.8 0,70 | 38.33 8770 1042 2.74
: L ;
- ;
91 5,25 . 0.8 0.85 | 16.87 11350 ! 13.2 3.55
3 ¢ 3 ] 1 H
: : ! ' } ;
82 T 5405 0.8 ;0,70 ; 10,5 - 5360 t 6423 - 1,67
. ) l ' : i
! : !
! ' ; ]
§ i i : X
73 £e82 0.3 0e8 ' Zo24 1850 2,15 1 0,58
_ - , |
63 251 0.8 0.7 3.93 - 1200 1.4 0.38
i : g
71 2,76 1 0.8 0.8 = ‘.2t 1750 2,04 | Ce55
¥ ]
| : s
57 029 | o8 0.7} 3093 970 ' 1.3 1 0030
205 - 6459 i 0.8 0,71 = 1.64 3990 c.64 b 1,25
) ' R '
- - - - 31980 37.19 | 10,00
- - - - - 319850 . 371,92 | 100,00
! . i

CSECTION 2
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4 Taking into account unaccounted heat losses (those from sur-
face of the cell csthode structures, snd those with electrolyte
crust, anode deposits, etc) assumed equal to 10% on the basis of
measurements, the total heat loss of the cell will be:

Qg = 334,73 + 2102 X 91 _ 371,92 kWhr/hr

\Joj

2¢3e Determination of Ampefhe end Heating
Voltege Drop

Substituting the calculated velue in the expression of the

cell energy banace we get:
6 72

70.68%10" +_0.38xJ +_O.1O9::J_= 0. 106xd + 371,92
1000 1000 1000 1000
or 70,68x10 6AJ + 04383xd - 371, 921103 0
iAmpercge:
.\/ > ] ?
J:-O.383 + 00383°+£x70.68x10" f.,71 §2x10 = 69830 & TO000A

2x70,68x10™°
Hecting voltage:
Vheat = 698580 x 7O.68x10-6 + 0638 = 5,218V
aking into cccount accurecy of calculetion of the cell ener-
Zy bzlarce end fluctuction of ambiert elr tenperaiure over a year, -
<2e calculeted cmperage of the cell is ecdopied equal to TO0+1 kA,
Ccleulated output of the cell:

~ —6 " . .
73000%0e33570.93%8760::10 © = 151 $py (cc: tinuous operction,
2760 h/year)

Yere: 0,335 - elccirocherical £l ecuivazlent, g/foh

-2

€3 % 10 © - currert efficlency, %




2¢4s Summery Table of Cell Energy Balence

.

! ] ‘ Energy Inﬁut Eﬁergy Output

sm | Tten ‘kcal/hr Jk\shr/hr ‘% | s/ Item
1 Electric power ! E ; 1 Heat loss with Super-Furi
i to compensate ; ‘ ) minium tepped from cell (
heat losses s i . : ‘
(Q1) 256530 3454 15 2 Heat loss by heat transfe:
; j ' : ' surfaces (Qg):
2 Eleciric power ; :
: to polarise ; : 241 Central covers
‘ electirodes : : : ’ i
(Q2) 22850 ’26.56 . 2.2 Removable covers
3 | Heat content : ’ 2.3 Holes
, of crucde alumi-. ’
nium fed to 2e4 athode holder bars
" cell (Q3) 6550 Teb?2

i 5 2e5 Cethocde stubs
. 246 Crust removel
27 <Shell ebove working floor
2.7+ 1 Sides:
2) long cices
é b) short side w/corrarime:
c) chort =ide w/o corrart

2eTe? Shell vallcz:

b) short =ide v/c comrart

c) clort rile w/corpurine

' ' CeTe3 Crzcs tenmr

' e 3 Chell bhelow worlitians fToor
1

' CeBe1 Totiorm:




ry Table of Cell Energy Balance
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¢
' Energy Output
fhr ' % | S/ Item | keel/br | KWhr/hr| %
E 1 Heat loss with Super-Purity alu-‘
: minium tepped from cell (Q4) b 6370 Te41 195
e 15 -2 ‘ﬁeat loss by heat trensfer :
; ' zurfaces (QS): 319850 371.92 | 98,05
’ i 2.1 Central covers 46750 54, 36 14433
56 242 Removeble covers 52650 61.27 16,15
; 2.3 Holes 88770 103.22 | 27.21
2¢4 Cethode holder bers 2820 5660 i 1448
? 2.5 Cethode stubs 17170 19,96  5.26
2.6 Cruct recovel 5200 6.05 : 1.59
2,7 <Shell above working floor level: 321¢0 37.38 ; 087
2.7.1 Sides: 13630 15,84 . 4.18
a) long sicdes 8810 10624 2.70
b) chort side v./corpartment 2800 3¢25 086
c) cshort zide w/o corrpartaent 2020 2¢35 De62
2eTe2 Shell vellso: 3200 2.93 1.02
e) long cices 2050 2.38 0,63
b) chort gide v./o compartrant 740 0,86 0.23
c) clort ride w/corrortreant 10 Ne59 0616
CeTe3 Crcecs teomco 15230 1T.71 £ o607
28 Shell bhelow werlting £loor level: 30320 ' Ce 25 11. 14
Celel Zotlinr 13820 164 1C "o 24
c Fell =070 a9 1655
b) ber-e =772 1042 "e (9
Fule? Lo ol en 10710 12,23 1 5.12
2) riell 11220 12,2 3.48

SECTION 2




' Energy Input Ene:
!
‘S/N : Item kcel/hr |ki'hr/hr % i S/N Item

b) channels, I-beam:
gusset plates

| 2¢8¢3 chort side w/o conp:
| ~menb

| 'e) shell
' b) chennels, I-beam
f gusset plates

f

2.8.4;Short side w/conpar

] .
: . a3 chell
i ’ | ' b) channels, I-bean
’ ! uscet plates

(%)
i 2.9 . Collector bars

H
210 ;Unacccunted locsses

t
s P - r. i — et g . e WA T - EV——t
1]

i 5 S
326220 379.33 100 | CONL

I e

i 207LL

o o

g g B e e b e a e s
B PR EIN AP P
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Energy Output
V'hr/hr % : S/N Item : kecel/hr ? KWhr/hr | %
b) chennels, I-beans, | ? i
! gusset plates 5360 5 623 1.64
! 24843 chort side w/o comparti- ‘ :
i ment 3050 ; 3655 0,94
'e) she11 1850 2,15 | 0.57
?b) channels, I-beams, 2 2
| " gusset plates 1200 1.4 | 0437
i 2.8.4§Short side w/conpartment 2720 3617 0.84
: 'e) shell 1750 2.04 0.54
é E fb) chonnels, I-bears,
| | ; sucset plates 870 1¢13 0. 30
! : 2¢9 - Collector bars 29350 2464 1.22
i 2,10 | Uznzccounted losses 31930 37419 9.3
e e e e
379,33 ‘ 100 ; VAN 326220 379633 100
. S .




Annexure No 2

CALCULATION OF VOLTAGE DROP ACROSS CELL BUSWORK

1« Basic Data

2e

Cell arperage, kA - 70

o of catﬁode buswork packs, pc - 2

No of busbars in one pack, pc - 2

o of anode buswork packs, pc - 2

Ko of busbars in one peck, pc - 5

Crogss-section of busbars: cathode buswork, mm - 430 x 70
anode buswork, mm - 420 x 60

Working temperature of cathode buswork, °c - &0

Working température of anode buswork, °c - 50

Voltage Drop Agcross Cathode Buswork
Arperage distribution per cathode:

3= %% = 5,385 LA

where: 1% - rumber of ceathodes per cell

Llurinium resistivity at 0 °c

: 2
fﬂ“{"’: Pl [1 +d (= 20)] = 0.028 [140,0042(50-20)-0.035 2

, o2
VR50= 0.028 =~ eluminium resistivity at 20 °c QE%LEE—

o = 0.,0042 - terperature coefficient of aluminiun
resistivity
First buswork pack (see Fig,1)
The first cathode buswork peck is connected to 7 cathodes,

Voltage drop in the first pack is celculateé from tre

= pLéd + Gd, odl, ool vcd, o, <o, )]

vheres c{, 64,...,64 - current dergit

eXpregsiorns

. .
npropricie sections

&)
+
"

v in
de b

i . . 2
of firct ceilole tusworr pack, A/ria




Current density in buswork sections is calculated by the
formula:

d = ‘1. n

keaeb

‘A/mm® (2)

K - number of bushars in a pack
a x b - cross-section of busbars, mm

h - number of cathodes connected to cathode buswork at
appropriate sections

Substituting the appropriate solution¢ in the expression (2)

we will get:

42228 <7 _ 0,626 £/mm® dg = 228 - 4% _ 0,258 A/mn°
2.430.70 2,430, 70

a, = 2285:6 _ . 0,537 A/ma® a, = 2385 3 _ 0,268 A/mm°
2,430, 70 2,430, 70

4 = 2285 2 5 _ 0,447 A/mme 4. = 2282+ 2 _ 0,179 A/mm®
27 2,430,70 27 2,430,70

dg = 2325 1 _ 0,089 A/ra
2,430, 70

Thus, voltage drop in the 1st pack of the cathode buswork will bes:
0.036 L1.31xo.626+o.64 (0.537+0.447+O.358+0.268+0.179+0.0892] =

A

1

14

The second buswork pack (Fig.1)

The second pack of the buswork is cornected to 6 cathodes.
Voltage drop in the second pack is determined by the forrmule:
’ / ron / o, /

Vo= pled’+ & (d+ol )+ .ol + & (o)

Current densities in the regpective sections will be:

/ 285 . I 2282 e v 2
4 = 22_8.5__§ = 0,537 A/mm2 d'j = 22—%_'2 = 0,268 f‘./ff.:;l
2,430, 70 20430.70
dl = £ - = 0.447 L/nm2 da = 2222—1—2 = 0.17? L Eﬁc
2.43C, 70 2.430.70
ql = 2252 e B _ 0,356 /€ d; 2255 e 1 c,06r b/t
S 2.430.70 2.43%0,70
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3
Then, voltage drop in the second pack of the cathode buswork

is as follows:

V2 = 00056 [1.31)(0.557-0-0.64 (0.447"’0.358)"‘1.2&0.268"'0.64(0.179 +
+ 0,089) | = 0.0624 x~ 0,062 V

Thus, voltage drop in the cathode buswork will be:

v - 00073 -+ 00062
cathebuse ~ 2

= 000675 ~ 0,068 V

3. Voltage drop in Anode Buswork

%.1+ Voltage Drop in Anode Riser

Aluminium resistivity at 50 °c is as follows:

Voltage drop in the anode riser will be:s

50 V4 3 4.0 «
v = . —_— = 35x10-x0,032 = 0,059 v
n = 3
{ = 4.0

3.2 Voltage Drop on Horizontal Packs of inode Busrork
Resistance of busbars Fo.1 end 2 (Fig.2) is as follows:

= 0.052 2.51 + 0059 X _7

2 x 420 x 60
Resistance of bustars ¥o.3 and 4 is as follows:
R 0.0%2 2e¢31 + 0,59 x 4
e x 420 x 60

R 6

= 4,09 x 107" ohm

1,2

" an=8 A,
34 = = 2.97 x 1Q ohrm

Resistance of busbars No.5 is as follows:

Rg = 0,032 2:21 # 0:29 _ 3,68 x 107® onm

420 X 60
Eence, resistance of the hcrizontal pack of tre anode btuswork:
-5
R = 1 x 10 = 1.17 x 10-6 ohm
1 1 1
+ +

P

[«

ﬁ,;o= Pf/a L1+ A(50-20) ] = 0.028 |1+0.0049(50-20) | =0,032 LLIn




Voltage drop in the horizontal pack of the anode buswork:

Vop, = JR =35x 10 x 1.17 x 107® = 0.041 obm

Voltage drop across the anode buswork will be

Vasbe = Vaur. * va.p. = 0,059 + 0.041 = 0.10C ohm

And total voltage drop across the cell buswork:

Considering voltage drop in the welded connections the toteal

voltage drop across the cell buswork is adopted equal to 0,18 V,
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Annexure No 3

SUIMTARY TABLE OF INVESTMENT COSTS FOR MANUFACTURING AND
INSTALLATION OF 70 KA REFINING CELL

At I trimester of 1986 price level

- = s e

] ! '

i Unit Cost s, Rse.
SRL Qty Unit Cost category cost, . o e e
o Ra. Foreign Local Total
1 2 3 4 5 6 7 8
1 ‘ Anode Angembly ,
101 11.9%5 ¢ Welded steel anode shell 12000 - 143220 143220
Tel ; Anode Lining ,
10201 560 L kg . Azbestos sheet mill board . ; @
) 10 mm thick : 50 : - 28000 28000
{ B .
1¢2¢2 104010 1000 pcs.’ Ordinary clay bricks: .
, (6560) i (k) . 250 x 115 x G5 450 - : 905 . 905
Tele> , 12205 l kg} é Magnesite brickss’ 3e41 - 28330 % 28330
318 B T) T 925 pos - 380 x 150 x 75 ‘ ;
; y 15 pes = 300 x 150 x 75 i ; ;
} {4 pea = 300 x 150 x 65 ! g
Terelt 7010 ¢ kg 1 Pireclay brickas: 0,91 - L7e25 7225
. 7, C N > .
(3970 ¢ (w7) I 2152 pca - 230 x 115 x 65 ; i |
255 pes - 230 x 115 x 40 ! i

- A a2 k3 TW




SRL R

Tece? }960
(tadt)

‘] e L“. ‘:" O » :‘:

Toele? 0015

Tecal Col

Tece ! 0a15
Tei'a10: 0,075
Te a1 0,057
17017 0,035

1eia 13 0,076

Te?
X !
i 1.,.1.0.0)6
| [
IEQ:‘.Q is‘é,',‘(f"

i
2
1
Te?e 31, 360

Unit

lv-(-
T
()

- Q-

-]~

e rah e ——— {—  ———

5 A

e e hon

Gost category

Licht weight fireclay brickas:
2154 peo - 250 x 124 x 65

95 pcs - 230 x 115 x 40
Aluunina, filling

Mireclay paste

Ramming nix (bottom paste)
Building gypsun

Sodium suplhate waler glass
/Chrisolyte asbegtos

Graphitized elcctrodes, dia 350 rm
Carbon plate: 200 x 370 x 625 mm
Total of item 1.2

Anode Scctiong

Bottom pacte

Strip steel (collector bar)
crogg-gection 2350 x 115 nm

Cact iron

3000
2000
7500
1500
%000
1500

40000
29000

7500

9000
2000

B il i

Foreign

Costs, Rse

SIS e R TN AT T TR AN ———_ e . i WO o b s e

~ i

e m——

P s

Local

122%6

960
48
17325
240
225
85 ..
2200
2204

99983

720

47520
3960

960
48
17325
240
225
85
2200
2204

99983

47520
3960



* < >
\ - e e e e
Unit Costs, Re. .
SRL paty Unit Cost category cost, For’ign Local Total
W0 e i RS.
1500 5176t Carbon block section 400 x 550 mm 14948 25230 - - 73230
1.%e5 | 0.23  =do- Aluminium strip, section 1 x 150 mm 20000 - 4600 ' 4600
? Total of item 1.3 | 73230  5680C | 130030
: Total of item 1 73230 300003 i 373233
2 ! Cathode acgsembly E
<ol ; t Unll gtecel structure !
: f (support structure): g
Pela } 0.852  t - steel 12000 - 10224 10224
Pele? 0416t - aluminium - 30000 @ = 4800 | 4800
= o e ok . o
1,012 | ~ Total of item 2.1 f ; 1)024 3 45024
Del 0,005 ; t Fagteners (bolts, nuts, wasghers ; : ;
: split pins) . 10000 - 50 50
Ce) j 06067 * kg . Fabric baged laminafe i 150 i T 101 101
4 . ,x
S he5 kg Asbestoc sheet mill board p 50 : . 325 325
: ) : ! i ‘
ZeD : : ' Cnthode 1ifting mechaniam | ¢ |
CeDed 2 PCSe ! ilotor I = 0,75 kW, 10C0rpm,. L1200 - 21400 £ 2400
T : i !
‘ ) ! ’
* ; \ i
. !




- —— v - . O LT . -

o maens e m———

!  Unit Costs, Re.
SRL Qty  Unit Coet category cosnt, ' [ ———
ke i Ra, Foreign Lotal | Total
TeDel 2 . pea “Inrm reduction gear, recduction
: muiber i = 63, pexmigsible
torque on slcw-spced shaft - i
- 120 kgf/m 7500 - : 15000 15000
«led i . pCco Screw jack, capacity 5 ¢t 15C00 ; - 60000 50000
TeDelt 0.052 t Support structure 12000 ; - § 284 584
k ;
- - -t ‘P -~
Toknl of item 245 v 77784 77784
o Cathode bugswork ! ;
{
e’ 0,302 ¢t Cnrt aluminium bushars, section | 5
430 x 70 mu 35000 | - © 34370 - 34370
CeBe? 0,982 =-do- Extruded nluminium busbars, f
section 430 x 70 mm 35000 | - ! 34370 34370
Defed 0,175 ¢ Beams, cross-beams, etc. 10000 - ’ 1750 1750
2.Gelt 0,036 =do- - Fasteners 10000 | - 260 260
Total of item 2.6 | 70850 | 70850
2e7 13 . ;(acs. Eccentric clamp 5000 - { 65000 | 65000
i
i



I ™ 4 > >
' ; Costs, Ra;
SRL E Qty Unit Cost category i S - ! -
No. ! Rs, |  TForeign : Local i Total
S8 Cathode N
2.8.1? O. 442 t Aluminium bar, section 80x120 mm 30000 - ' 13260 ; 135260
2.8.2 0,152 t Bimetallic plate | :

‘ (Aluminium - ateel) 108760 16532 - 16532
248431 0,101 5 Steel 9000 - | 909 909
CeBolt 04738 t Stub, dia 180 mm . 8000 - . 5824 5824

Total of item 2,8 ' 16532 | 19993 36525

Total of item 2 ; 16532 | 249127_: 265659

Grand total (it. 1 + 2) : 89762 . 549130 2 638892
3 . Fabricatjion and Installation ; %

. : 1

Jel 1 PCe Anode assembly lining . 105C0 - : 10500 3 10500
. : 3

Je2  Ze175 t Fabrication of cathode bvswork - 550 - ‘ 1196 : 1196
3¢5 10 % Installation f ? i é
(anode ateel shell, anode : :

sections, cathode agsembly) . 538909 - ; 52891 ! 532891

Total of item 3 : 1 65587 ¢ 65587
i
h
!




. e

LRT

-

cUnit
Cout catcgory ?Eg?L’
Crerhiend cousta
Port charses and leviec - 00Ta2
“ank charges ., =do=
Chcton duty -do=
‘rangportation coats Trom
port to plant gite . =do-

Totnl of item &4

GiATD TOLAL

Coats, Rs,

- Foreign = Local
- 1246
- - gos
- ‘ 3881
- 2693
49818

89762 664535

1246
8908
44881

2693

49818
754297



© -
= ‘ - I OGo>uaucnue HaHMguonanue Koa. ﬂg HMeuaie
: . N' Designation Name Q-ty emark

|
. |

Eﬁpmyx Me TaJLIHIe CKHit I |21935ke
Steel casing

4
)

BroMmumeges _ _

i Inclu@;n; o o _
- |
| : llestep  ISLC15Q |- RS kg
l | channel
—— |
f | liBesiep  ISLC250 = P16 kg
! i channel L
i : . | JBy1aBD _ 1eMBoso— | - 22i4 kg
o /I = beam B
o , IBYTaBD  IsMB45Q. | - 130 kg
: i | I - beam
e R —_—
; . JeT 5 =4 - | 176 kg
- ) | Sheet o
’ ! _n"_ ‘rg 6 - {157}
b 5 -5 - | 522 xe
_ _
e 5 —w-10 - 5708 kg
- " 5 =12 - 232

Buorb paspaGotannux ' 8 ‘Y
Newly designed Ak

Coopountix | ™! Neranef
ITpumenenntix
eqHnIL
Parts Applicd

Assembly '
' Bcero smcros Al
unfts Totally sheets

Amovmivenuil 3anon B r.Kopda Mnousa
JKCIePUMENTAIBHO~LEMOHCTPAIMOHHAA YCTaHOBKA IS NPOM3BONCTBA AJIOM THES
BHCOKOR YUCTOTH.

Aluminium Smelter in Korba, India

Experimental

demonstration unit for

high purity aluminium 1335873

production

Crannn Jluer JI 1eton

'BJI@KTDOJIHBG Pa(i)MHMpOBoq- _I’J.IEIS(" _ Sheet Sheets
\HHit Ha 70 KE II I 1 6
[70 kA Aluginium refining VAMI




ig g2 g‘?:-" O Peoaation "¢ Fan e Oty | MRemensgme
13 N =
Imer S =15 Py
Sheet
="- =20 - 46 kg—
Oomoca 5 x160 | < (478 kg
Strip
l
Mororka - 3058 kg
Forging | -
. o
Eerneg - 2 ke
. Fasteners R
| |
i
_l —_——
S — , ;
ilapxa cram 1S:2%6 ' |
| :
. Steel grade ) -
Ay 2 1335874 OYTEDOBKA AHOIHAH ;1 42500¢g
l .
"Anode lining | |
T ) : ]
b |
AY 1335875 AT - 13 3510 kg
Cethode o 'i
S R : —
4 - llexaxmam mompeta .
t .
.}ca'ro;r,os 2___) 400—¥p
A N 400-kg
‘Cathode lifting [
|
Imechanism J
e B B TOM CTe:
| _.;_LEL_CJEQL_WN_,_W ———
I
. __,/_V_,M____,_l_Incllldins -
‘ T U THAY -
| PELYKTOD MEDBITHER TD2HC- 5 '35 4.
L dopapyerzii mm RI e _ |
; YeDBAEOM HAL KOTecoM, o
|
‘ Timopadiiep 30 nepsnarTog-
(U SN P famieis
‘Hoe wcno 60, Eucmuam M
| i
... wozEocts 0,9 rowammmuy
| | o :

1535873




dopuat
Size
3ona
Zona

Tos.
Position

Ob6o3kagerne
Designation

Kouxa.
Q-ty

HanmMenosanne
Name

MprMeqaune
emark

Transfgzming worm gear,

tyngRI with worm

above the wheel,

:standard slze 30,

gear ratio 60, input

power 0.9 h.p,

n

Asvrgresn Tpexbasui
. Three-phese motor

|
Ceprme__ OR 29¢-6————
type

{
N = 0,75 ¥%, 1000 rpm

|

1 !
;E@MU&I&QB@ L
iEDYSOHOJBe!.H{OCTBm

Screw jack, capacity

5%

|
|
|
|
I

1y2ra KyRauKOSO~IIICKOBaL | 4
Double-slider coupling

_Tmansiesas

!- . 1
Y078 JUpYTas BPTYIOTEO= - 2
E}_E;B_'Ei. ¢ _coupling with
|

rubber=-bushed studs

lleTantonoHcTpyRmE
f )
Steel structure

R = —
l'eTanoRoHeTpITIna. . . 1

' srnexTpoOrmIzera |

. Cell steel structure

i
!
1
|
1

1225873




=3
[ Q
-1 METI P O6o3nanenue Haumenorarne Kcn. | Tipamenanne
S EH Designation Name Q-ty emark
e(f) (2T ] :no_
——

B ToM ymcxe:
Including

llpestep ISLC 425

Channel

lipertep  Isnc 150
Channel '

liBesutep
' Channel

ISLC_225

— _
iJInc'r S =3

Jomer & 45
Sheet

Tozoca 10-x-420 -

___:Strip

4ngle |

{
P geqp
‘Rod

‘ Kpemez . . .
?astcners_

| |
‘apra cvnrBEnX
|

Jeraself

Steel perts grade as

per

© IS s 226

— ? - l
=5 : - 27 kg-

T | —
;:_2-_____.__5’_2, _—_..__.____,<._é - Z.S,_kg__#
- §=10 - 106 ke
| B o

1325873

Shed

4

S ———




dopuat
Size

3ona
Zona

Ios.
Position

O6o3nayenne
Designation

IKo.'l.
Q-ty

Haumenosanue
Name

[pAMegaure
ﬁemark

Juer amromresuit g =3 |a
Aluminium sheet

60-kg—

Jncr amewHEmeRHl § - 8 |

Aluminium sheet

¥apaKRTepHCTHARA AJKIITHIIS?
Aluninium characteristics

[Ipenes mpovHOCTH L
Strength |

6 kg/mm

|
|
| |
|

OTHOCKTENPHOS YILMIHEHVE

!
Elongation
|

20 ... 28%

iTeKCToan
'Fabric-based laminete

I’ag_o,_f._dc BH - -
Asbestos sheet rill board

ODII'nOBI\.a karomxad w_,;; 1

‘Cathode buswork

‘ .
B oM wmeme:
- Including i

|
llirma ammauienad JIiTad

CequVGM

¢Cast alumlnlum bar,

section 430 x 70

- L AR

rHa amyIwreBig mpecco—

!
BaHHaA CeveHreM
|

Extruded eluninium bar,

section 430 x ?O

1335273




2yl 35 O Decgation " : i Oty | MRemaene

87 |BS[=8
I)mme_c_gm‘fx_gmaﬁ_mam:_
praja mmH
FHIDUICKAA CTaHmapT -
bupiH_“Bamko"
Chemical composition of .
busbar material as per

- @ALCO standard No 19501

L i 1
OAxRIM SKCHEHTDUKOBWHA..
! I —— 13 286 kg
. Eccentric clamp

T |

!

. Cras

| Talb 18/8SS- |
. Steel |

' IIsyrasp ISKB 175 - 66 kg -

t}_- beam

|
| | |

+ JImeT. & =10 |
;Shegf l
i i
Jmer .45 - mag

% Sheet o __i :
_M'_ | Ilosoca | |
TS — 2002900 — - = 32-kg -
Strip ]
T 5 ! i .
| fpemer . 36xg
% | Festeners [_ B
| liapka crayqm  1sioog o
g tSteel grade .
T T O R
| 7 - Fpezxa e I I S
’ Cover
_;_._,4 | T e -——"—--';' - D et
| JireT amygipneRnii 0 '“M__“
f _ Aluminium sheet o —___Wf
' Jes
1335873 6







-

vdeenvodiiove |

a———n.

0 |

Srxy Aayy
wIXom

~

3730

2790

I
L
.

v i +

235

-

| 6090

—— o || fo e cm— wr— ——
-

SECTION 2

640

o
A SR o cwm—" SS——
.




Sixv 1770

2185

2N OUNIE

!
—— s ey

' I |
. r

1

{

“ﬂ / |

: v

; { _

. M

f |

“, (- | -

]

i =

V ! _ <

] N _ —_

m M

| | w

| ” | L
|

— JER SO e e g




F

- . ol Y

S . . . . T Y

SECTION &

e e ————— e e+




SECTION 5




1970

_? Oxema np
E Jiaepam oOF
A el
D 420 ) _‘ —
L | —
LA A -
{‘ | j hiS! —F‘j ((

|~
T T

\
{OM \
| :
L , : \\
N\ :
\ N
\
| \ \
| A
TN | SECTION § N\ |\
\ Ya———\h




fL,Ol/gé/DKU QHOCH s cngckoé’
OF AMHOJE FLEXIBLES WeLDiNG

X

o

- Texnuuecxa :
- TECHNICAL (

Pacvemﬂaﬁ CYU.
" FSTIMATED

/7/70/)7H0cmc m

1

" CuRRENT Dep

Pasmeps wax
SECTION 7 3 Caviry zime
Tayduna  w

| 4 00Ty




1: Ocs 3ne k7posusepa,
? = CELL AX1S

—t

lexnuuecka g xapakcmepycmura
. TECHNICAL CHARACTERISTICS

Pacvernnad cura moxo

1 ESTIMATED  AmPERAGE | 704
Mlaomuocme maoxa & ssexmposume
. | | 0,6 Aem?
CURRENT DeNSITV in ELECTROLYTE

- Pasmeps  waxmet 8 poane
3 Caviry JIMENSIONS In PLAN

Taybuna waxme
&-W-T-Hn-n:

2450 x 4760mmi

SECTION 8 wrp




i ltl | = o |

SECTION 3

1

OFS/ 171%/4

. .




SECTION 10
2204 .

U —— e

/
/

- 6440



@550

\l
N
N

N
\
~ N <‘\‘ K \\
~

\\\\

N

N

N
N

\
N

P /\’_/ N

P
K\

K54

:, p “‘5“* B

Ciow =N

", o ot A

v

AN

\ N\

&\&\W

/
/

///

/////

S S

AN
-\

PN D gt

//%/

/

\\

220

¢ ——— e e+~

2200

SECTION 11

M0 |

:LL




A
4 t,'.l T

¥/
X\"\ NN \\ A\
// \\ >

/- \'\\/ \ \\‘l \ \\

O\ \\\\\\\

\\\

\\ ~

\

AN \\\ N

///// l

/

/
£ ///
JRURRS

g N A T S o o s S 27 4207 0¥ 7 4

e bt g e 2t - 71

BRSSEUETRpe S S

¢

¢

ek 12

e vy, o ———— —— % T e e o b T T T




ﬁfﬂﬂ _

SO\

SO N

, E’i 7
A '%§;=%4 2450
- Vs —
//
. ///

|
< :J[i o
N
~
ANONUNOWLY, N

l
'\
N
N
N
N
AN

AN
YA
DR N e
TR
4
- 1
L4

7 / > >\x ///\\.
L | ?JMM& -

g - Sl
v a IA_LJJIJII_(r IllJ A_111 TJI[T—'II

; |
b -

SECTION 13

_ | 3060
1630

\\ - - 3370

———

I , 3610

O6o3navenne

Hasmenosanne



;"ﬁ' [ t
'f ]
N
_ I | K-J — —
r 60_| | | 60
| 540
SECTION 14 f
)
=
_____ | .
U /E
1630 o
- ]

A



N

v J AN
, . S / - / >
s : 4 ; . B
. . S/ Vs 4 i 4 .
. . / // g /
, S Ve / / / - / )
- pi £ i’ yd -
— —— e SN SRR o

[nybuna  warmet
1 Cavity D2ePTH

Konuyecmbo kamod
" MumBER OF cATHO.

6 Juamemp a/oagoun/poiayﬁ
JiAMETER _ OF CATHODE

7 Koasuyeembo aHOOHS
NuMBER OF ANOJE St

Koauyecmbo 3azpy3c

NyMBER 0F FEEIING

g C’xoloocme nepemeuse
CarvozeE MOVEMENT

‘MakcuMancHsid x00
Maximum  BuS WOR &

H lpysonadzemHocms

nodzema xamogdob
LoAD CAPACITY OF e
WECHANISMS

Atomuyuebas 30608 § 2

10

SECTION 15

Srenepumena6Ho —democzw o
npou3bodcréa  QNONYHY S

ALuminm SMELTER IN Kor8
EXPERIMENTAL DEMONSTRATION |

ALUMINIUM PRODUCTION

P{aﬂfux} uCDER e TOOAE K T
| DIOMHOIE HUIO UAL EDETONE
QRORBIYURA U AUUOM  trroe
caenaus wonumom BAMHL 8o
This dzowimg is Mot to Be

70,
2epeoquc; a oz t7omsfee-
zed (0 othez ovnarizatoms|
67 L£2507] Wit P0uT ogeee-
ment with VAMI ¢
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Trybuna — waxmer 700 mm
Y Chviry 2EPTH

Konuyecmbo xamodof ‘/3wr
" NuMBER OF CATHOJES. pcs
6 Juamemp a/aaqouwpofaﬂﬂaaa énoxa Karoda ¢ 500”:""
DiAMETER _ OF CATHODE CRARHITE BLOCK
7 Koauyecmbo aHOBHHX cexyud 16wt
NUMBER OF ANOTE SECTIONS pes

Konuyecmbo 3azpyzowHsdx KkapmaHob {7
| | pC
/V UMBER OF FLFIING COMPARTMENTS

7
CATHOZE MmMOVEMENT VELOCITY
‘MareuMangHyd 00 ou/e/u,oé’/cu

10.
- Maxmum Buswork TRAVEL H=500mm
[py3onod3emHocms 2* nexanusmob
. 11, £
\ nodzema. kamogo
LOAD CAPACITY OF & CATHODE UIFTING A={0t

> MECHANISMS
S Atomunuebui 30600 8§ 2 Kopba. Uwdus

JrenepumenransHo —demaczoaq{/o////Oﬂ yeraHobea o119
_npou3bodcréa QrrowyHyF Bscokod YUCMOTY

ALUMINIUM SMELTER IN KorsA [voiA,
EXPERIMENTAL DEMCONSTRATION UNMIT FOR HIGH-PURITY

ALUMINIUM PRODUCTION SECTION 16

Fworen e | 1355873 B0

QPEOMLBILLTA U AULOM JNEKTponuyep papanu L o-modusMoced | Moo
 H. % wenumon BAMM] Boy iy /MP 76 A f P/rcz:g Mass | scale
! This dzowing isnot to be 70 KA REFINING CELL n 1618200 {:10
zepzoducra’oz ¢ pmsfes- Avcm ¥ Aucmob 2

- zed to other oenarnzat (oS sheet! |sheets
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y o NOJUFEC/ADO RU/megos _
| 5. | 13wr
~ NuMBER OF CATHOZES. pes
g Juaremp epapuripebannoeo Snoxa Karoda ¢ 500,

DIAMETER OF CATHODE CRARHITE BloCK

7 Koasuyecmbo aHOOHsx cexyuld 16wr
NuMBER OF ANOTJE SECTIONS pcs

Koauyecmbo 3azpy304Helx mloMaﬂoé {wr

| PC
/VU MBER OF FLEIING COMPARTMENTS

c
g Cropocme nepemewenus xkamodob V=621/m
CarHore movEMENT VELOCITY

MarcuMancrsd x08 QuiHObKku

tn B
1u.
‘ -
MAxmum BUSWORE TRAVEL H=500m,
; X
lpysonodzemHocms 2~ mexanusmos
11,
nodzema kamodo8
LOAD CAPACITY OF & CATHODE LIFTING
MECHANISMS Q=10t

Atomunuebud 30600 6 2 Kopéa. Undua

SkenepumenransHo-demacipoyyorHas yeranobea N9
_n/oou.agoia fa  arrwlyny 8 Bscoxod YUCmony
A

LUMINIUM SMELTER IN KorBA  [Wo/A,
EXPERIMENTAL DEMONSTRATION UNIT FOR HIGH-PURTY

ALUMINIUM PRODUCTION

o e avere | 1335873 B0

%euv QPRONBIYULA U AUUOM [T oEET ‘ oy g
PONuIEp pApUNU LI -ICmoduAMaced [ M.
| des copnarus uomumomo BAMM Bousaty //.:],76 ;A F g’ha.‘f Mass | 8¢

This dzowing is ot to be 70 KA REFIMING CELL n 161829] {
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O6Go3HagenHe R Haunenorange a1. | Tlpruesanne
Designation Name emark

Moa.
Position

llocraBka mo EMIOPTY BIOK yroanHHi 2088kg
Imported ¢Carbon block

400 x 550 x 900

Cpenrmit mpemes OTDOYHOCTH

Ha CRATHE He MeHee
Average compressive

|

strength minimum
220 kg/en®

I_Igpmmcm._ﬁe_dm_
%orosity

24 %
’YQQJIBHOB SJEeKTPOCOIPOTIR=

i
JeElle He Goyee ‘

|
Electric resistivity
k
meximum
- P0nohm, mm
mMKOT T
I

ca A BR

H1T9esrl cocTaBs
Chemical corpoeltion

;§?~_ 5’2 0003,6 /o;
Eng0,3%; P<0,12 %;




OpMAT
Slfe

Sona
Zona

Position

Toa.

OGo3nayenne
Designation

Koa.

Q-ty

HaumenoBauxge
Name

[IpaMevanue
emark

Hadpera

Ramming

48 kg

Macca nmomompag

Remming mix

Openes mexamwgeckoff
. OYHOCTH

!Mechanical strength,
20 kg/cm min |

He MeHee

|
| _Kgmmnmauman,_

% COupling coefficient

| 1
' 25 kg/em® i
|

i

Porosity

' Cerinig aHOInNAH
Anode section

;_BWTOM o CH |

llncluding i

B¢ - cTanp NOTOCOBAf | -

!

I
|

_cedeHneM

I
3000 kg

1

Collector bar, strip

|
‘steel, section

T 115x230 IS 1875-1978 |
JleHTA amyImrenag .

ceqe 1eHeM

[locT22Ka 1O
Imported

WIIOPTY

- Brok yrospumil
Carbon block

400 x 550 x 1340

1335874




O6Go3navenne Haumenosaune Kox. | Ilpamesanre
Designation : Name Q-ty emark

Qopmat
Size
3ona
Zona
Mos.
Position

I 3aImBRa -
Casting

Yyryn guredEnE 0000 | - 800 kg

Cast iron

Hadrera
Ramming

Macca momoBas . ! = | b8 kg

. |
3Lgpagzgngznxn_mamepnaana
cM.mo3mmg I

b

For material characteris- _

tics see item 1

:

Pouring tube

a3

aPETIDPOB2HHESE ax

Graphitized electrode

—— |

8 350

| | _

——— |

YrnemsEoe 2JSETDINSCKOR

:COHpOTHBHeEKeL He Gojee

‘Electricel resistivity, '
i :
 meximum

l mk, ohm.m ‘
95 [ '

Iperen rexamrgecroft |

]
| TDOYHOCTI S

| }
Mechanical strength

Ilpn 1arrde, pe lizHee . 1
bending strength

I R l
b o e

’ 85 kg/cﬁmzi min,

S O A i

1335874




O6o3navenne Haumenonause Ko2. | Mpamevanne
Designation ) Name Q-ty lgemark

Qopuar
Size
3ona
Zona
[Tos,
Position

[Ipx paspuee, He Menee

Breaking strength

v 75 kg/cmilmin

4 - ImTa yroXpHaA -| 74 kg
Carbon plate

200 x 370 x 625
leXaHEgecKad IDOYHOCTE

Ha_CZATFe, HE MeHee
yechanical compressive

|

rtrength 230 kg/cm2 !
1
I
|

5 - IQﬂﬂﬂﬁLlHEﬁﬁﬂﬂﬁiJXi&ﬁﬂh;j 45m36 60kg
BeHI-IHIf OIEHADHHH |
brdinary clay brick !

230 x 115 x 65

|
‘lﬂpﬂ UHOCTH ITDM CraTEy,
- _He NMeHee

Compressive _8trength

|

|

|
75 kg/cm2 zin, |

|

I

B N9 ww

- Yiomima marroreed
Fireclay brick |

- -

41205730 ... 32%
E“‘ R R
OI'I—’eYIIOpHO" b, HE HIX

- Refractoriness 167o°c7min

1 B —
A floncTocTh, HE GoTce ~
- . Porosity J

|

23 %
e
1335874 l_l




O6o3navenne HarmenoBaune Koa. I'Iﬁnueqanne
Designation : Name Q-ty emark

dopuar
Size
Jona
Zona
Nos,
Position

Ilpeniesr MPOYHOCTH mpW

CZATIM, HE MeHee

Compressive strength,
230 kg/cm% min
X: 2 G/cm3

!Kn_pmm 230 ;445265———3.77&%—74001{5‘
Brick |

7 }ununﬂngo_x_11§—xm40__.A 7m2540 kg
Brick

i l

BecHu#

iight-weight ;
?ireclay brick i
II@@AMW_

CxaTil, He MeHee

Compressive strenght

25 kg/cm% min

I
—— |
|

T@.I_I_ﬂg@qsgxaoc'rb‘ﬁe
i

| i
TENMIepaTypes __‘h,,~_1

i
. o
dosee, MR cpernyeil ~ |
|
|
} '
| & Heat conductiv*ty, meXey l
|

at avereage temperature_;
5o+25°c-o 27 W /m°K
600+50°C-0 4 W /mOK |

K 0 9G/cm

o | T
(8 - Amm_asonaz;xs&»_w 4,30 3870kg
Brick

q 9 - upi. 2302115240 0,1n°_90 kg
- Brick |

1323874
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Compacted magnesite

brick

Comepranme OXMCW MaTHES

. Ha NIDORAJICHHOE REMECTBO,

L *&a_npgxazeaaoe_semecmaar;

He Mewee .. ___. E

lagnesium oxide content,

on calcined basis i

91 % min.

‘FQA@Q&&MW"

|

He Oonee

)

Calcium oxide content,

kn calcined basis i
2,5 % mex, __l f
i y !
? _m—} T
S DOLHIE HA IDOnATeHEoe
' i
ZEUECTRO, He Comee . S
{
S5ilica content, on ;
} ‘calcined besis, ) |
o e s e T
o 1 % mex, - o
E o C )
E HopreToeTr, we Comee {,V _
j Porceity, 20% max. ‘ i
A ) U Caientn o
| Mpezenm mpowsoctr mpr_ . |
| ' ‘ !
b CUATIT, HE ILiCHee __ . . “E'—""
‘ Corpressive strength, o
|
| 500 kg/ o min,
| KE 2,63 G/cm3
| = oeed2 wem -
S I S i
SN
e
1335874 .%_.




folezlas Ofeimatonne | Hamoonae o | e
SHlmS =L
10 Kvpowy  380x150x75 ,m 8150 kgd
Brick
I wms__m‘osm 132kg
: Brick B
I2 - K@m_ﬁocméoxes———%mm'i 26 kg
Brick i |
— — |
13 - Kapron acéecTosnit . 960 kg |
! ‘Asbestos sheet mill b&yd? ;
z D =10 L
.! ! % i
| i
S —
14 - He Spka 1,4a0_2310kg
Ramming 1 ’

‘ |
‘ ‘.acca nonopagd
Ramming mix,

1
hne;zen rexanoueckoi !
‘ |

i

l

_’VI DOYHOCTH, HE leHee ;
Lechanical strength

200 keg/ cm min, ] | | i
, f

|

! e v -

; RoedTIImenT CEEAN,
' He IrcHee : !

Coupling coefficient __
| 25 kg/en?, min, .

| TlopmeTocTh, Ee Gonee ' o
| ‘Porosity 23 %’max. ! f

_“ - _ __7: . . i . ' _
15 - Canaszy .0 11m3‘15°kg

;Putty 3

AclecT HA FIITIOM CONOBO— !

CYTBI2THON CTeide

{ Asbestos based on sodium-
| ,
!

- ; | fsu;phaue weter gless
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Tore 0 b 13

hopMat
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Joua
Jona
booitlon

Ilos.

—
5

Carmaraul NMOTVT 2.4
Silica modulus |

ILICTHOC S 4,48, 444,520/ cn”

,Dgnsi?y 7 ) i

Dava’xa maionHad

Fireclay putty

|

—
~2

Ilocragee

Spreading

|

-
00—

Time crporreanrul
Building gypsum

Bacumka . 0,270 320kg

Filling

Tormmoseds
|
hlumina

{
|
| |
|
| -
I
i
_ | -
|
!

1335874
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ceveumeM _ ___ _ __ I
@ | Aluminium bar, ‘
C'-\ — e e ———— e — ] — e e
oo Section 80 x 120 |
L Yimmyecknit_cocrap - N
f : l‘
e uampricrulil cTaugapT.__ . —
| ‘bmprm _"BAKG® |
. Chemical composition | B
.88 per BALCO Indian |
Stendard N 19501 || |
2 - unnene-xpyr_ @ 180 .| 4 15€_kg__
: Stub-rod R
_Crane_ 153226 S S
Steel |
i )
g ! _ Ceprra 1 1,2 kg
| ' Shackle
- ._! : — e e
i pyr__ g20. —
E | Rod
. . —_
5 CTalk _I5:226 o
% }Steel
LT i h—
4 - | laxgamxa _ 1 |67 kg
) | Strap
L e 10,875
CGopoutitix || Iletanei -
camiN Parts ( ﬂp:{l;«::;le:‘llmx
Assembly : -
wnits iy heors AL
Amommnennit 3ason B r.Kop6a, Numusa
JICTIEPHMEHTATBHO~TIeMOHCTDAIMOHHAT YCTAHOBKA LIS NPOM3BOLCTEA
OJTICMITHILT BHCOKOH WMCTOTH
Aluminium smelter in Korba, India
Experimental demone
stration unit for high ,
4 purity aluminium 1335875
production - -
Katox Gomn | Jer | fuee
Cathode I LI
VAMI
I.BNINGR/\_'_)_’__




O6o3nagenue Haumenosauue Koa. nganeuamle
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Size
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Jlzer §=18

Sheet

Cranmn IS:226
Steel

5 - Pyfamxa mamnmRag = | - (46 kg

Protective jacket

"""""" |
’ B igh purity aluminium |

I | .
6 - ;uaﬂHBKa i - 7,7 kg
‘ Casting !

—— | —
, Cast iron |
|

i rlgzgeckrdl cocrap:
t

 Chemical composition

T £51 3420003,6%:H0 < 0,35

i - T f
i E | |
' - BIOR- K2ToEEME-————— 1 106 kg

A Cathode block

i % i
Ipeirzipopassul szerTpor }
. i
Grephitized electrode

# 500 |

: YIeIpHOe RienIDIECTIn o
| . compoTrmienre, He GoTee _

! Electrical resistivity
i e e e e e e e S

'

! mko Ohm.m ) : o

N5 (e BEX _*,t___nq
_—_' —_— . :

Ipegeq weyauwnwec#ol . .

i i
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Designation
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[Ipn m3rmbe, He MeHee:

Bending strength

85 ke/cn® min,
s /

[Ipr_paspeBe, He MeHee
Breaking strength

75 kg/ cmz? rin, '

Nocrasxa CCCP
USSR supply

{Hxagmnﬂa_dnx&mzuunznﬁugnig

 Bimetallic plate
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1. IITTRODUCTION

The bquipmcent and l'aterlals Specifications for the Foasibility Stucy of construction of
tlie Uxperincental-=Denonstration Unit (LDU) for production of high-purity aluminium (HPA) have
bean prepared with reference to the siting at the BALCO's Korba Aluminiim Smelter (India)e.

The siting of the EDU at this smelter is considerod in the Feasibility Study in two alter-
n.tives of arrangement of the IIPA cell proccas sectiont

- Alternative I - the HPA colls are arranged in the cell-room=75 in place of three aluminium
rcduction cells to be disnantled:

- Alternative II « the HPA cells are arranged in the extended part of the cell=room=75.

Since the bVoth alternatives differ but little, the difference in weights of the equipment
ard materials, if any, ic in the forn of a fraction with a top figure referring to Alternative I
and a botton one = to Alternative 1I.

The overall requirements for the cquipment and materials in the sumiary table below are
civen with breakdown by tlie sources of supplye



?Item

-

SUMMARY TABLi

of Lquipment and Materials Requirements for LU for HPA

Production

.. Suprly quantities,

- - - nr ———

iAlternatiye I

-

Alternative II

Remarls

!

Equipment:

Sovi et ! 0,03 0,03

Indian : 115,07 ! 117.97

Total of equipment 3 115,10 118,0
| !

Materials:

Soviet : 0,80 0480

Indian e ; 183,0 ; 188,4

Total of materials 5 183.8 : 189.2

T T |

Grand totel of equipment and materials 3 :

Soviet ; 0.83 i 0.83

Indian ‘ 298,07 \ 30644

For convenient use of the Specifications in this book please bear in mind:

- the equipment and materials with-ut reference to the supply source will be

supplied from Indiaj

- the equipment snd materials to be imported from the USSR will be marked as such,
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- N ‘\___i " I Type, Unit Net welght, ke
No conding | i‘:"b' | Name and technical characteristics :;l(;;ltll‘(l‘il' m('(')xfsxi (‘)tl;:m- Whom to
cetinolooicall ) ¢ - 0 one ,
to 2n)ggnkﬁﬁtlﬁ iNU cipher rement y Liete total be supplied by
f EXPHRTCAUTAL=DITOUGTRATION UNIT
| I. PROCLGS BOUIRTLIN
J
1 i 70=kA refining cell pes 2
|
e | 70=kA elactrol:rtn preparation and
| cathode irpregnation cell pes 1
3 ! Alvainins vacuun crucible, lined,
| eapaclty 3 t pes 3 3530 11040
j including:
-« gteeol 2775 8725
| - lining for crucible, / 1225 3615
; includinrs
l n) asbestos board 10 rm thick 35 255
t b) brick l'e.3, b , prade | 1120 %360
" U'rit for porvrvrine nlusining into
rofinine enlll co-rnweinnank
cn plete vith hyderenlic t{pping
drive, cnpncity 1200 t pes A 2170 4540
ircludines
- elrctric motor, I = 1 k7 1500 RPM pca 2 22 44
- anbeston-cemont board, 520 4448 8.0




NOS

Net welght, kg

) Trans. Lope U“f“ Quan- Whom to
No according N Name and technical characteristics [I:]r(:)l(lll(l‘ll. m(f:lsu_ ut o one b fted b
tv titl-gw:l:l:i:ilcul No Clpher' rement Y Hiece total e supp y
| - asbestine 30 60
i
- light=welpght fire clay |iij[-0,9
! brick No.8 ’ 295 790
! = fivn clny, LL grade 1,
l brick lo.o 210 620
‘ - chrysotile npbeston,
, GOSYT 12871=67 65 130
! - plaatico 0.014 0,03
{ - felt 0.018 000}
| « rubberined acbestos 0. 45 0.9
' - 0ilproof rubber 0,115 0.23
' - cant iron C415 190 280
- gtecl 45 1110 2220
- ronr pump i/motor, Hedplate pcs e 5867 117.4
; Fudl=J2
3 = 0il cup IV~ p=I2 pee 4 0.41 0.44
= leaf filter IT4I-11-08 e 2 2e1 4,2
E - prescure gauge, type 1, # 100,
| P .. = 16 kg/en® "= | 2 | 0.8 1.6

m




AR AN

Net welght, kg

e oy . Type, it
. o drioss Lrand of Quan- Whom to
N ceeotdtig \ . Name and technical characteristics madel medst- tity O one b lled b
P TN NI T A ' o> > € su
o oo 1 0 . ciphier rement Jlece total pp y
Lioreshieet | .
"~ !M*mln nlloy prentatic ixing
jrnit pes e ‘4 28 USSR
X Citveneatle jael hamvier, type R 3 “3 39
! 0=T0 TGil=1
5 Portahle potentioaeter w/thorroe
: cenpla, imvernible paxt 700 1 0
: long, icagsurereont rangm TU0=11007C - 2 Ce9 1.8
l
- [D.Cqe nt1lliveltieter, ocnlo
10=700 Y -"- 2 (e5 1.0
{
» | Tnheis=reinforced rmbber hoco, -
io.n. 35 Te e O 24
e . ~1nd nteel box for electrolyte,
capnclity Co13 m3 pes 15 140 2100
11 100 nteel huclet for dry
frnl4ay ennnelty 10 15 ' pew V) 460 2300
|
1 (‘avyrp nlater~r for hnnhar ehnannel
~ran (An total weipht n top 1200
! {1.mre rrfors to Aliernntive I 17200
l~~d n botio1 one - to Alternative
C 115
L~ fahrieatins an? inatallntion pes "8 16200
i o new cover platen, cleel a
v o=, enstings 16600
|
]
|



NOS

|

Net weight, kg

! Type, Unit
. Trans. o] of | Quan- Whom to
Noaccording Name and technlcal characteristics S .
to techinolosieal Ao model, measu- tity cl one total be supplied by
flowsiies clpher | rement Slece

= Iranlation of c¢lannel gpnn
. @) acela 200 (rieenite) 200

l ! 300
{  b) edred board, 3 grndo, pine 100
!
| 100
|

1 ‘ | Pra~nas tonls (evomhnen, nhavelr,

' | revenera, cleectrolyte preparation _
: cup) pet. 1 f‘?S 575
!
i‘
i IX. "ATERIALC

. | |
f Mhigrmory:

| i - cant nlo~diniun buahnr, 420xG0 AGE | ke 22570

‘ 3 35620
I« aludnium strip 40 x 1 = 2100 i
! 2400
| = built=up aluminiun ASEH - 300
5 430
" = anbeatoa bonrd 510 mn - 50/57




8
| ht, k
NOS | Type, Unfil Quan Net welght, kg Whom to
Trans., brard, o) -
No ffcc(»‘nn:‘u‘; I No Name aud technical characteristics model, measu- tity of one total be supplied by
to technelogical ' i cipher rement plece
flowsheet ‘
§ . = arbentos=cement board, 20 mm
! ; thick kg 600/680
i i
, = slecl DCN3K 3 kg 300/340
2 i 6 lMiscellancous structural steel, kg 18100
; ; 19100

Inclnding HPA casting section
(11500 kg)

Total rquipmnont-—Alte.-I

iraterinlso=Alt.=I

Foudpment—=Alt,~IT
laterials=Alt.-I1

26649
33300
21649
39527
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Net welght, kg

N . + Trans, &ﬁﬁﬁ; Lﬂ?t Quan- Whom to
N sivonitng N Name and technical characteristics nléd«l' meast ot f
Wt hmoloricald, INO Chy Hisu- Yy 1 one . be supplied b
1Anv<hL-:l l cipher rement slece total PP y
iAnode 1lining
|
"Innludine
i -y
- anheaton bonrd, 10 rm thieck m“ {6 50
- cooereial clay bdrick 17100 m3 Ze3 5940

rarmaaite hrie™ TY="1

(300x150x65 mn)
v (300x150x75 mm)
5 (380x150x75 mm)

Y
I

\;v‘

fnelviineg

4

“
.
-

Iy

AN

firecclay Lrich

irelndir~t T 5 (230x114x65 mm)

-

0 (230x114x40 mm)
13ebs fireclny brlck '
ineludincs 1T G (230x114x40 mm)

7o (250x124%x65 mm)

rlu~inn « Tilldine
Fastas panta (pacrine poate)

- - -

%) for cinrncterintlen of intexd

- et e e wn

nls gee

n 0,6

m3 0.4

m 4.1

n }0..’36

n2 (0.4

Y’13 LeD
2,

n”’ 0,07
2

l',’.) 105

Appendix

270
2150




NOS L : Type. [ Unit Net welght, kg
N0 according | Hrans. Name and technlcal characteristics brand, of Quan- Whom to
o technologicall N L model, | measu-- | iy «f oue | be supplied by
Vowsheot | | cipher | rement Mece lota
= vmter rcodinn rlnen, nodn-nulphatI kg, ' 75
l= chryrnotile asbestos T kg o7
- iiddng mopous : ke o 1G0
| ‘= nilteup aluminiun s 25
i- clectrodn tukho nece 1 99
: i- enrhon plate N0Ox450x570 pce 1 M
l= Anode pectiong, includingss pce |16 12126
E n) botto pante %
L D) enllrgtar hnwa, ntarl strip
| for crlis 220x115 mv gl 5280
| ¢) eant iron 1320
|; 1) earbon block 2#00x550 m 5180
| ) alu~iniu~ sheet 1 x 150 mn ‘ 250
2 Ntanl ~val
iﬂt""l o nn O ‘ pee 1 115%0
Bian ion
ateel iUgd KES pee |1 1000
|
I
|
|

Tan o, Ut i [ B R B
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Net welght, kg

- Type, Unit
. o i Trans, , ' . . . l)r):l‘ml, of Quan- Whom to
No accoralng ‘ Name and technical characterlstics nodel mensit- |
to technolosical No | . ‘Cll ))“r’ renient tity 0 ‘.)-”,C total be sllpplled by
fiowshey ! pac Flece

|
| LAY el nbrntunnn pce 1 939
Cirelndinge steel N0A3 ned 860

: - nluinius 236

t i .

‘ | = textolite 1
; - ashenatoa hoard ?
5 - fnnterers 15

i ' Cathodes rainlupe, nechianicon i pce 2 ali 3 488
!Includinn:
= rlactet~ mator 4A TAGYD
: e 0,75 Kig n = 1000 RePGI% pece 2 175 35
|
|
- WOy rearhox M0G0 pce { A 1165 29
eanv ratio L = 57, parlanible '
I “srpann on lowespaed nhalt
|0 el
| = Jdnek 0 = 5 ¢t pece 4 £6 224
= nteel strcturs, steal IWoimme 200
O " Catiinla hneony: Iess 2170

-

Iirelndines
- nlu~iriun huahar 470 x 720 rm

e alumdndw busbar 470 x 70 rm

080

980
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7 AR . Type, Unt | Net weight, kg Wi t
“N;‘, flv::«l‘tle'(«ll'x_lz‘; : \}0” | Name and techuical characteristlcs }:(‘;'(']'(“l]' m‘f:’fgu_ Q:t”n. o one IOT :b
| i‘i:):.le‘lr;v:fihdl' 3 | clplu‘.r' rement d flece total be supplicd by
;
| - iiltenn plumininnm 8
= aterl DA neh ‘ 125
| - ntenl CTQ ITi< I 50
| ' = fartenern 30
A | Fasmntxic elnm pce | 13 290
! ; In~Indines
f - ntenl ennting, gteel 25 160
)
| = nteel [CAU ned 130
- : Cnathon pce 15 1663
! Irelndtings
= alneining rody ADG 4%
= stesl 10 16
| L= atenl o o 870
= b4 ~tel plate pee | 39 267 | USSR

- nIn=infn = ateel, includings
a) rnluminiun
1) atenrl

67
200
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Net welght, kg

NOS o
Trans, e ”“f“ Quan- Whom to
No wccoriing V oy Name and technlcal characteristics :]’1‘(‘)‘('1'(“’]- m(‘(',mn ity o one X hed b
cehinolorie: i ! N dSt- { v e g1 e
to tlisuvr\;hit‘.;itdl V) ; cipher rement flece total pp y
f total:s conipmont. 18080
| 43370

materiale
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. . |
NOS i . ' Type Unit Net welght, kg
rans. ! I i .
Noseconadug .: ‘ Name and technlcal characterlstics rlr)lr(;l(lit!l' m(“lig” (‘)ll;tan f Whom to
th ~ehnoloricals ) My MASH. ne
, lii«)ul\:::{‘.lf{h Yy ™ ' clpher rement ' y ()ILTL(:k total be supplied by
H |
: i
i ‘ Arede linineg
' | Inclndlines
-
| - = reheaton bonrd, 10 ~mi thiek n“ 46 5G0
X co-nreind elny brick I 100 no o2 2200
- narmesite hrvlet Y-,
7
Includingy °7 7 (300x150x65 mm) 7 P66 7800
P .
< 5 (38015075 mm) n’ P9 2700
- Jreelny Lmiek T2 ginclodines
I 7 :
! N 5 (230x114xG5 mm) rn” E.os 8120
| g
N6 Ox11 O nm 3
: (23 414 ) m) .1/‘_ 280
| 2
» | = 12rht firealny briek n’ 0,12 100
| i inoludincy
\ 2
, 76 (230x114x40 mm) n?  Pe12 100
| o (200x124%65 mm) n;’ te D 3900
’ = tntton pnnta (ryrire pante) n’ Me5 2500
| = vter rodiun flnnn, godo-
E culnhinta ke, 75
!‘ -
ﬁ ) fer ehnracterioticn of naterinls see AppendixN

tan LNy s H TR T
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O ;
. s Type, | Unit Net welght, kg Wi t
No aeeonding N ) Name and techoleal characterlstics [lr)‘f(\')“il('ll. m(olfqn Qtllj:m- —i wm to
to techinoiorical ALY ‘ tel, St «f one ,
k ,';:,.".\.“\‘ﬂ R | cipher rement y aece total be supplied by
v . A hY [} | ’ [ gt
: = ehricnlite achenton o0 ? ; 57
f L imlldine pimonn kr 160
o= nlltenp alundindun ke 25
' - oleghiretn $hbe ke f 55
: - gnrhan nlato [ 00x470x0H50 9
| xR
: - nluing - £111ing n” D.13 100
- pnodn rectlonn peco PG 12126
‘ includinrs
| n) batto paate kg 76
L) eollankar baray ptenl ntrip
fox erlln 220x415 1 Wy Lo ke 5280
e¢) ennt ivon ke, 1220
1) cnrven dloch: ke, 5180
3) a2lw irivn nheet 17150 ™ ke 250
. ; Stand rﬂ_\ﬁll
atenl ’.';'Z':')' icu ce 1 11530
3 D30 e hand
Conbael Jugd JICU pce 1 1000
|
|
|
}
t
NI R N oy Y
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NS
—
No accaornihnge |
to technoloy IL«ll
Howshe ‘

‘I'raus.

NO

{ Nawme and technical characterlstics

l

1

Type,

brand,
model,
cipher

Linit
of
measu-
rement

;Qmm-
tity

Net welght, kg

of one

{lece total

Whom to
be supplied by

FIN

““31""ﬂ.fwflﬁﬁtﬂl
%Ivolnniﬁr‘

! gherl Viad 100

= rtesl F10TA00

- anheaig Poardl 5 = 40

- parnaltoe

- rinan faixrie

i (Tm "‘\f'\."("‘! et ~d e An' . ant e~

Lhnihnden yalning nosiondan

In-lndine~:

- clrpiria atow SACDT AW
.-

o= 075 h\, n = 4005 LoNeTle

- Ay reanhax M 0w

rosr st L= {0y,

i

|

i Unpaca o lavsenpesd ghnft

i 1“{-'\' }:.f',{‘.f'!

f= anelt 0=~ 5 0%

i

= oterl stmeture, nlecl (KWgp P

kg

"

pce

pce

pece

8]

N

4

3280

313

i 133
7
4

5,
488

175 35.

1465 29

\1
~
-
n
[}
~
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Net weight, kg

NS | Type Unlt
i Trans. . S : uan- Whom to
No according Name and technlcai characterlstics brand, (,)i Q
i tec amlogical No ! model, meast- tity of one total be supplied by
flowsheer i cipher | rement olece
|
) ’ I ndA e kg 2173
|
| Inglrat-rmg
! j - alw~dndun buaber AT, A420x7C i n - 280
!
| = nlu-dniu: bunbar ADO, 2730x70 rm - 980
|
boe Budltenn alumindyin -''a 8
. = nteal P Te5 - 125
- oot nern - 30
(= cteel Upnu Uik - 50
/ leerninic clam pece | 1D 220
T Ineludinrg
1 ! ‘ . ’ - Y[
- abtacl cnntins el ke 160
i
i- Atepl iV TICH U 170
it Nt hada pce 1> 1663

jIrolndinﬁt
f= nlu—inium rol, AGH
| n) pteol 20

b)) g O mR
|

Fy

ke

"

490
16
820




NOS : ! " : '
) N 1 - ' [y pe, Unit Net welght, kg
N rans. ' o - biand, of Quan- Whom to
No seeonding ] ! Name and technlcal characterlstics ol enst- .
to techmetoaical; No ".1;)(} o me it tity o one total be supplled by
flowsheet l cipher remett jlece
: | = 21matald plato aludniun-stenl pee 37 267 USSR
; i .
= ( Inelndires
: !
;a) alnsirion kg 67
h) ateerld 200
k Surtialn = 4900 «dth drdve pce 2 1511
T Includine:
- flegtla ratap 42100 TAVD pce P 84
’n = :\.'(\ }i“.'. n= 1000 RQPQI-'.
‘ - wor, peariox D= Ca) pee a 120
| ,orerr rtlo 1 = D0y 1T = 1,47 KU
H !
: - ™Mainl raherian) D11l benring pee 4 2
d=20D =90 b =21 1™
: .
l= ernd Jron 0435 ke 5
- paroniin kg, 4
[= atnnlin’] - 20
-'a 1220

- ateel (LU
&




NOS

No according

to tor!mnlm:icdli

flowsheet

Traus.
No

Name and technlcal characteristics

rype, |
brand,
moiel,

cipher

Unit
of
measti-
rement

Quan-
tity

Net welght, kg

o one
jlece

total

Whom to
be suppited by

Total eguipment
materials

21935
40929
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Type, Uit Net welght, kg
P ! (!,][ P Qun- | Whom to
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