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1. EXECUTIVE SUDARY (RESUME) 

1.1. General Initial Data and Conditions (Section 2) 

The initiator of the proj~ct for construction of the 
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experimental-demonstration unit (EDU) tor production of bigh­
puri ty aluminium (HPA) at one of the aluminium smelters in 
India is the Government of India undertaking, Bharat Aluminium 
- ... .. T'>•'T,." IT-.:1.1- 'IT ... D ... lh-4' 
VUW~tt.ll3 ~~~., ~AMVV ~~~~·~· -~W ~ .,. 

BALCO operates two alu:cinium smelters located in Korba 
(Madhya Pradesh) and Jaytaynager (West Bengal). 

Preparation of the Peasibility study for construction 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 ,0.01.85 between UNIDO and V/O TSVETLIETPROMEIPORT. 

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 estsblishment 

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 
allow elimination of the need for imports of aluminium foil for 
this application. 

1.2. Market and EDU Capacity (Section ;) 
At present India produces no high-purity alwni~lum metal. 

All demand in products made of this metal is ~et fully by 
imports. 

The main user of lil'A metal at pree~nt is the electric 
capacitor manufacturing industry (over 95% of the total demand). 

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

• By t~e end of 80's the Indian de~and in HPA is estimated to 
be at least 500 tpy, which is 1.9 times the 1984/85 demand 
equal to about 260 tpy. 

Bqeed on the analysis of Indian HPA de~and, rroposed 
capncity of a HPA cell and proposed DW!lber cf cel:s, the r.ormal 
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production capacity of the EDU for the purpose of calculations 
is 540 tpy of BPA metal • 

This capacity is ensured by installation of tbree ?Q kA_ 

cells. 

1.~. Materials and Utilities (Section 4) 

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

Besides, the use is also 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 ~f the EDU for the basic raw 
material and energy is as follows: 

- crude commercial-grade aluminium - 556 t 
- process a.c. power - 10370000 kWh 

1.4. EDU Siting (Secti~n 5) 

In conformity with the Contract the siting of the EDU was 
considered in connection with the aluminium smelters in Korba 
(~adhya "Pradesh) and Jaykaynagar (West Eengal). 

Based on the comparative assessment of the siting alter­
natives it is proposed for the purpose of the Feasibility study 
that the Korba aluminium smelter will be chosen es a construction 
site for the EDU installed in the cell-room-?5 (Alternative II -
Extension of the cell-room for location of HPA cells). 

1.5. Engineering Concepts and Design Works (Section 6) 

The main production units of the EDU are as follows: 
- HPA process section consisting of three ?9-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 mP.thod for three-layer electrolytic refining 
of commercial··grade aluminium metal. 
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!he aluminium electrolytic refi: ng process is carried 
out with the use of a chloride-fluori. 3 electrolyte. 

The major item of the process eqt ument is a HPA refining 
cell with amperage of (() k.A featuring the most favourable 

perfor.mance figures. 
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-?5 
Alternative II - installation of IU>A cell in ~~~ ZA~=r.=i~~ tn 

this cell-room~ 
The following will also be provided f >r the both Alter-

natives:: 
- salt drying and salt mix preparation will be carried 

using the existing ingot soaking electric furnace and areas of 

the smelter foundry; 
- HPA casting will be accomplished using the existing 

casting conveyor and DC casting machine, and areas of the smelter 

foundry. 
The Feasibility study has been prepared on the basis of the 

indigenous equipment produced in India, except for a pneumatic 
anode alloy mixing machine and binetallic strip to be supplied 
from the USSR. The cost of these sup~lies is Rs 90,000 (or 2% 
of ~h~ total equipment cost). 

~t the z·equest of Inaian side the variant o:r the 1DU location 
in the extended part o:f potroo~ l\o ?8 was ajditionally consi­

dered in the Feasibility P.eport (iu.:.nexure 4). 

1.6. Establia~ent of EDU, Overheads and Other E 
(Section ?) .xpenses 

Since. the El.;U is located in the ex:tsting e.lurrd.nium m:::.el ter 
th~ e~onor:uc calculations eccount for cooperation with the 
existing production facilities ~~th respect to i per~ormi i mar..n ng the EDU 

• ng ma ntenance and repairs provid' t ' 
engineering services. ' ing ransport and other 

T~e overheads include general plant and non-1Jroduction 
operating costs in connection with HPA d • pro uction end eales. 

1.?. Personnel (Section 8) 

The overall lebour requirerr.ents for the EDU opei~tio 
ectitr·sted at 1 c • n are 

1 
. . :_;persons vr.i. th 10 ~roduction w::::-1:cr~, 4 forerr.en, 

engineer. 



The functional management of the EDU is by tbe smelter 
management. 

1.s. PI"Oject Implementation Time Schedule (Section 9) 

The Feasibility study ass~mes the foll~wing: 
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- 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 1nstailat1on oi ine equi~~~nL wlll ~c n~t~!~ 
the period of 9 months, or 6 months after the start of construc­
tion. 

The Feasibility study considers an additional alternative 
of siting the EDU directly in the cell-room-?.5in plac~ 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 capital intensive, since this requires extra 
capital investment connected with restoration of aluminium 
production capacity renoved and increase of civil ~orts. 

1.9. Financial and Econowic Evaluation (Section 10) 

The financial and economic evaluation of the project hes 
been prepared in prices as of the end of 1985 based on the 
capital and production costs, and financing conditions. 

1.9.1. Total Investment Costs 

The total investment costs for construction of EDU are 
estimated ai Ra 22,670,0CO. 

The breakdov:n of these costs in as follows (Rs 000): 
- site preparation - 46 

- buildings and structures - 3077 
- technology (know-how with t,ax) 
- total equipnent and installation cost 

Soviet-supplied equipment 
Indian-supplied ~quipment 

supplied from third coUL.tries 

inste.llatio;i 
- preliminary and preproduction 

costs (incl.contingency) 
- working capital 

'Total 

- 29(:/J 

- (£4.64 

- 140 
- 4457 

- 1943 

- 944 

- 6jE,8 

- 2'73~ 
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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 co11di·cions as the fixed capital. 
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BARP.d on the Rbove conditions the financirut: a.mounts are 
estimated as follows (Rs 000): 

- government equity - 10,446 

- long-term internal loan - 10,~6 

- short-term bank loa_n_s _______ -__ 1_za7_a 

Total 22,670 

1.9.3. Total Production Costs 

The total production costs calculated for a normal year 
in average during the design period of operation at the full 
capacity of the EDU amount to Rs 23 1 765,000. 

Breakd0wr. of the annual production costs by cost items 
is as follows (Rs 000): 

- materials and utilities 
incl.: co.r::nnercial-grade aluminium 

electric power 
other 

- salary and wages 
- general plant and non-production 

overheads 
Subtotal of oper.&ting =osts 

- interest (in average during perios of 
operation) 

- depeciation (in averaGe during period 
or operation) 
Total of overall production costo 

1.9.4. Financial Evaluatton 

- 19983 
- 1245? 

- 5833 
- 1693 
- 403 

- 11i2._ 

- 21588 

- 8C.4 

- 13/...L 
23,765 

To determine the financial impact of implementation of the 
EDU project the following calculr .. tions ?!ere Illbde: 

- cash flow: 
- profit and loss account; 
- est~_mate of internal rate of return .. 
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The profitability of the project estimated on the basis 
of these celculationa features the following indices: 

- IRRI - 151 3% 

- IRRE 
- payback period 
- breakeven point 
- breakeven capacity 
- minimum HPA price to ensure 

breakeven operation of EDU 
at 100 % capacity 

1.9.5. Resume 

- -14,?% 
- 5,5 years 

65,2% 
- 352 t 

- Rs 44 ,OOO/t 

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

1. Implementation of the project for establislm.ent of the 

EDU, as a whvle, will ensure: 
- establishtlent of a new technology on an industrial scale 

in Indian conditions for production of high-purity aluminium 
and aquisition of required co::mnercial experience; 

- training of technical personnel and high-skilled 

indigenous work force; 
- complete elimination of imports of HPA products for needs 

of Indian industries. 
2. High economic profits attained by the EDU will inprove, 

as a whole, financial and econo:nic conditions of the Korba 

alu."!linium s~elter. 
3. The Feasibility study on the basis of International 

standards has been prepared ~~.n full scope and in conformity 
with the ''Manual for preparation of industrial feasibility 

study" (UN, new York, 1978). 
The financial evaluation of the project, including the 

sensitivity analysis, has been made by means of the computer 
and with the use of a complex of computer programmes developed 

in VA!l:I Institute. 
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2.1. Background History 

2.1.1. Aim of Project 
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The aim of the project is to estimate the feasibility of 
construction of the Experimental Demonstration Unit (EDU) for 
h!.gh purity aluminium (HPA) production at ong of aluminium 
Swelters ot Bharat Al;iw1:uli.l.Ill Cou~any Ltd., lu InJia. 

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

2.1.2. Ess~nce of Project 

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

The most cost-effective solution involves the si t:f.zig of 
the HPA facility at the existing aluminium smelters. This 
secures the use of molten aluminium 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 exi&ting 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 auspices, to 
familiarise with this technology the experts from other develop­
ing countries in this region. 

2.1.3. 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 ' t in weight. 

HPA is used for production of high-strength, co:rrosion­
resistant alloys, electric capacitor and packaging foil, 
material for protection barrier against effects of sea water 
and atmospheric air, material for high-reflecting surfaces 
(reflectora, floodlights, etc.), protective sheathing for 
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power and telephone cables, material of construction in the 
chemical industry, food industry, etc. 

2.1.4. Capacity of EDU 

The capacity 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 
?O-kA cells with an average output of 180 tpy each. 

2.1.5. !I:Jplementation Time Schedule 

Basec on the experience of the establishment of HPA 
production facilities in the USSR, the preparation of the 
engineering design and const!'Uction of the EDU may be completed 
within two years. 

The attainment of the design figures will take one year. 

2.1.6. Economic Impact 

The establish.cent of the HPA facility in India will allow 
the saving of foreign cUITency otherwise required for imports 
of the metal, beceu3e it will totally eliminate the need for 
the same. 

2.2. Initiator of the Pro~ect and Executor of the 
Feasibility Report 

2.2.1. Initiator of the Project 

Th~ initiator of the project of the EDU construction is 
Bharat Alur.~nium Company Limited (BALCO),a· Government of 
India undertaking. EALCO 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-Aluminiwn Complex at Korba under 
BALCO consists cf: 

- Bauxite mine, 
- Alw::ll.na plant; 
- Smelter; 
- F8brication Complex; 

• Besides this, the Corr.p:.iny also manages tbe Jaytaynagar 
Srr.elter (Bidhan Bag Unit Scelter), locatzd about 250-300 km 
from Celcuttao At present the alwrdna and alwninium production 
capacities of this plant are not utilised. 
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2.2.2. Role Played by BALCO in Project ImplemP.ntation 

BALCO is participating directly in the implementation 
of the Project of the EDU cons·truction on behalf of the 
Government of India. 

The Company has taken an active part and rendered 
aesistance to the group of Soviet Experts which arrived in 
India in July-August, 1985 to collect the initial data in 
accordance with UNIDO t~rms of Reference. 

2.2.3. Executor for the preparation of Feasibility 
Report 

In accordance with contract between UNIJX> (United Nations 
Industrial Development Organisation) and V/O TSVET1IBTPROMEXPORT 
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 
(V.AllI) of the ministry of Non-Ferrous metallurgy of the USSR, 
Lening.!"ad, v.o. Sredniy prospect, 86. 

2.3. General conditions 

2.3.1. Data on the Existing Alwrinium Comple~ at Korba 

The Plant Installed Capacity and its Utilisation. 
The Plant has installed production capacity as follows: 
- 100 9000 tens annual production of primary Aluminium; 
- 100,000 tons annual output of E~leable products 
Primary aluminium is produced by ·00 kA V.S.Soderberg 

pots i~stalled in 8 cell houses. 
Cell-house dimensions are 624 x 18 m with one-row end-to­

end pot leyou.t. Processing of Primary Alw:inium into saleable 
products is accomplished in Foundry, Profile-Tube and Sheet 
rolling shops of the rated capacity (tpy): 

Ingots 18 9000 
Properzi Rods 35,000 
Extrusions 7,000 
Rolled Products 40 9000 

During 1984-85 the Plant production performance was 87 1000 tons 
of Primary Alu~ni~ and 83,358 tons of Saleable metal, 
comprising: 



- Ingots 
- Proper~"\. Rods 
- Extrusions 
- Rolled Products 
- Others 

26,904 t 
36,509 t 
4,?97 t 

15,926 t 
3,252 t 
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Against the Projected 99.5 % aluminium metal content in primary 
aluminium the actual value of it during previons yes.r 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 

Th~ Plant is located in South-E~stern part of Madhya 
Pradesh State, in latitude 22°23 1 North and 82°441 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 average minimum ambient temperature during 5 days 
of the peak winter months is 13.4°c. 

The absolute maximum air temperature is 45°C. 
The absolute minimum air temperature is Q.1°c. Out-door air 
conditions a.re: 

- for su'!'T1er dry period, temperature 43 °c, relative 
humidity 22 % 

- for surnner danp season, tecperature 33°c, relative 
hu.1rl.di ty 100%. 

The average annual value of atmospheric precip~tetion is 
about 1480 mm. The highest precipitation value is in august 
(about 460 mD). The region of Plant site is not exposed to 
seismic effect. 

The Plant site ground is represented by sand loam and clay 
aoils with 1.25-2.5 kg/sq.cm load earring capacity at 4-5 meters 
entr;r depth. 

Integrated Township area is 9JO acres. The Tovmship has 
population of about 20 1000 persons and has a Post office, 
Police Station, Hospital. The BALCO Township is within the TV 
reception ranee, it haa a br~nched network of auto~obile roads, 
several schools, training centre end a few Cinema Halls. 
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3. MARKET AND INTERPRISE CAPACITY 

• 3.1. HPA Demand end Supply 

" At present India produ6es 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 
caoacitors accounting for over 95% of the OVP.T"R.11 imro-r-tR, 

According to the available information there is a sufficient 
potentia] market in India for HPA to justify establishment of 
an indigenous production facility in the scope of the proposed 
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 
cables), material of construction for c~emicel equipment, 
equipment in food industry, etc. 

Thus, the proposed EPA production technology ~ay have a 

significant impact on Indian economics. The establiehnent of 
the EDU will allow: 

- acquisition of the experience in indigenous HPA 
production; 

- aasessment of introduction of indigenous HPA into the 
local market and expansion of its field of application; 

- full elimination of ne~d for imports of HPA foil. 

3.2. HPA Sales 

The feasibility study report assumes that the wh~le amount 
of HPA manufactured by the EDU will be consu:.ied by the Indian 
indigenous market. 

Since at ,pi·esent India produces no HPA and there is no 
• local HPA price, according t~ BALCO's reco~~endations the H?A 

selling price is assumed, for the purpose of the feasibility 
study, at a level of Rs 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 Government of India in readjustment of 
aluminium. prices by the end of 1985 (price increase). 

The fina~cial-economic eyaluation (Section 10) analyses 
the effects of HPA price variation on profitability of the 
project. 

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 

_____ ..,_ -

Item 

1 

2 

3 
4 

I Years from start of operation 
HPA grade,Price, · 
% Al Rs/t 

1st year _____ ---,----2~d -y~~-;;- -et-~- -- ---- --

99.995 
99.99 
99.97 
99.95 

To+: al: 

-------· --· . . - .,._ 

Qt7 
t 

- -- - -~ _. - . 
50000 : 4.3 

I 49000 194.4 
47000 194.4: 
45000 38.9 

47750 432 

Revenue ' 
Rs 000 

215 
9526 
913? 
1750 

20628 

Qty Revenue 
t Rs 000 

5.5 275 
243.0 1190? 
243.0 11421 
48.5 2182 

540 25785 

The sales expenses include the expenses connected with 
shipment of the finished 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 }-2 

--- ----4 ---~-·-· - - : .. --,.- ___ 1 _____ ------- ---~- .. ··----------4 ,• -
Production cost estimate 

-- --- - - ---- -------·-·----------------- ---
Sales expenses 

-·- T- . -- -
: Quantity 

years from -start U ~:.it 
Item of operation 

1st 2nd 

1 432 540 t 

2 20628 25786 Rs 000 

liosi item 

Shipment of 
product to 
clients 

Sales exp en-
ses 

- l .ntl." 11::7 

Re 
500/t 

1.5% 
of 
sales 
revenue 

Expenses, 
Rs 000 

;jtiC.J:" f::&;Cril. 
start Of 
operation 

1st 2nd 

216 270 

309 387 

-·---·--- ---- I ... -----
Total _52~ 

3.3. Production Programme 

The proposed technology e1~sures the production of the 

following grades of HPA: 

Sl. Aluminium . Percentage of impurities, mo.x. 

No. content, 
min 

Pe Si Cu Zn 

1 99.995 0.0015 0.0015 o.oo~ 0.001 

2 99.99 0.003 0.003 0.003 0.003 

3 99.97 0.015 0.015 0.005 0.003 

4 99.95 0.030 0.030 0.015 0.005 

65_2_ __ 

Ti 

0.001 
0.002 
0.002 
0.002 

The following HPA production structure 
calculations of the Feasibility Report: 

is assumed for the 

HPA grade 99.995 99.99 99.97 99.95 

Percentage 
· of production 1.0 

The level of production capacity utilization is deterrained 
in accordance with the production schedule (start-up and 
com:::issioning of main process equipmer.t-cells-for EPA production) 

r-:i ven below: 



tf ~ 

---:--·-·· - - , . - I 

Quarters from beginning of start-up 

s1. I Main process equipment • 
I I II III IV I 

No 
I 

1 I Electrolyte preparation and i 

cathode impregnation cell ' I 
I 

- start-up I _... 
-_ commiesi.oning and adjustment x) 

' I I ' - reaching capacity, % 22 ~6,5 ! ·70,0 
. - - .. 

2 I Refining cell No 1 l . I 
I I • start-up I --

. - commissioning and adjustment - j 
l'v I I 

- reaching capacity, % 11.0 35. 0 59,5 ! 84 ,-5 I 

3 ; Refining cell No 2 I 

; 

i - start-up ....... 
: - commissioning anii adjestment I -

- reaching capacity, % I 5·? I 29,0 .?2 ,.5 78,0 

- ·- - _, ··- - . ·- - -·-----

x) During this period the cell produces electrolyte requirede for start-up of the 
refining cells Non. 1 and 2. 

• 
I 

II 

100.0 100.0 
--·..-----

100.0 100.0 
-----·· -

100.0 i 100.0 

r 
' . 
, I 

I 
I 

'i 

' 
I 

•, 

,, 
~ j 

Qj :. 

~ 

f. . 
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On the basis of the HPA production structure end the 
production capacity utilization level the production programme 
assumed for the Feasibility Report calculations is determined 

\ in Schedule 3-3. 
Schedule 3-3 

Production programme 

-· .,....... ------ --, ·---~--- -- - -------------~------· ----.---- ~ 

j Years from st~rt-up of operation 

Sl ! HPA !f~g~ion _____ :,:~t-yea;---- 2-nd and following 
No.: grade 

8 
a . t 1 . 

(Al c ptci y, Capacity Quantity, Capacity Quantity, 
content 'utilization t utilization,; t 

1 i :~~~:5 j- 5.; ~ :- -- _· [ % l 
2 , 99.99 i 243.0 I 80 
3 99. 97 I 243.0 ! 80 

4 99.95 48.5 I 80 

4.3 100 5.5 
194.4 100 243.0 
194.4 100 243.0 
38.9 100 48.5 

! 
Total 540 80 432 100 

... I 
540 

I 

3.4. EDU Capacity 

The normal rated capacity of 540 tpy of HPA is adopted for 
the EDU. The ahove capacity is determined on the basis of 
following data: 

- analysis of HPA market in India; 
- 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.world at 
present for HPA ~roduction. 

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

The nuwber of pots to be installed is justified by the fact 
that one of them will be used for refir.ing of aluw~nium as well 
as for electrolyte preparation and cathode impregnetion and is not 

a. t;ypical refining pot for industrial production of EPA. 



• 

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 
magnet~c field than two other and allows for refining in optimum 

conditions • 



4. MATERIALS AND OTHER PRODUCTION FACTORS 

4.1. Characteristics of Raw Materials and Inputs 

4.1.1. Classification of Materials 
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List of raw materials and inputs required for high purity 

aluminium (HPA) production: 
- Technical grade (crude) aluminium, 

- Barium chloride 
- Cryolite 
- AluminiU!Il Fluoride 
- Sodium Chloride (Table Salt) 

- Copper 
- Graphite 
- Soda Liquor (used fro~ the existing gas cleaning system) 

4.1.2. Requirements to Raw Materials and Inputs 

Taking into account that the refined aluminium is to be of 
high purity, there are certain require~ents for raw materials 
and inputs relating to th~ir impurity levels. Kai~ impurities 
deterwining the purity of refined alw:tln.:!.um ere copper, iron 
and silicon. The pri~ary alu:niniu:i used for refining contains 

maxioum 0.3% of Fe and 0.30% of Si. 
The utilization of primary aluni~~um ~~th higher impurity 

lev~l as co~pared v:i th above mentio11ed i:-:ipuri ties results in 
contamination of HPA and increase of anode sedi~ent, with 
respective hit;her specific consumption of cr~de alurrdnium. 

The increase of copper content in EPA above the tp~cified 
level (0.001 to 0.015% depending O!'l H:PA grade) depend upon the 
disturbed condition of refinir.g process and incorrect cperation 

of cells. 
The co~ter.ts of Zn e~d Ti in priw~ry elur.:iniuc are not ·to 

exceed 0.06% e.::1d 0.03% re:::pecti vely. 
The utilizetion of such prinary alu::-.iniurr: er.::;;i..:res the 

production of EPA with the followi~g level of icpuritieE: 

• Zn - 0.001% to O.G05% and 
Ti - 0.001% to 0.0021~ 

Tr.e s~lts (tc.r:.u::-; cLloriC.e, cryoli te, alu~~-niu::;:: fluoride e:-:d 

radium chlcride) ch~r£Ed i~to the cell for electrolyte prepar~tion 



are to have minimum moisture content, Al2o, Fe, Si and other 
impurities contents. 
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The salts moisture ~outent _is not ~o exce~d 0.2% (to ensure 
this moisture content the salts'are to be dried if required). 
The utilization of salts with higher moisture content 1rill effect 
metal quality, increase specific power and salts consui::iptions 
as well as increase the labour require~ents for sludge removal 
and ledge cutting. 

Fe and Si contents in salts are also specified; they are 
not to exceed: 

- for barium chloride (BaC12.2H20) - 0.003% Fe 
- for cryolite - 0608% of Fe (as Fe2o3) and 0.9% of Si 

(as Si02), 

- for aluminium fluoride the sum of Fe2o3 and Si02 is 0.4%. 
The utilization of salts with higher level of these 

impt:rities will deteriorate quality of the HPA. 
Besides, the content of free alurr~na in alu.rninium fluoride 

is not to exceed 7.0%, and the cor..tents of matters insoluble 
' in water in barium and sodium chlorides - 0.12 and 0.45% respec­

tively. 
The graphitized electrodes are to heve the electrical 

resistivity of 8.1 to 9.0 cdcro Oh~.m, the fler.ural strcncth of 
70 kg/sq.en.min o.nd rupture strength of 35 1:t;/sq.cr:.r.::in. 

When electrodes of poor quality are used the po~er end 

graphite consumption will incre:a:::e as v:ell as tte cost of 
c~nufacturing, cainten~nce and re;air of c~t~o~es. 

Pov:er: 
- AC current - 50 Herz, volteEe - 220 V 

t.~pera£e is deteroined by the ch~racteristic of each 
po,·:er uccr. 

- DC current - 70 l:A 

Co;:-:;rc::i~ed air - 4 to 6 at:::. :r;reE~Fre. 

In <1ccor>;Jur.ce v;itr .. the a"bcve nc;uirc~.~::ts c.11 r..otcr>:i..als for 

tLe EFA ,t,.r0Jucti0n &re t:ssur::.d o! I.r:c.:ic.r .. .s,;Vil.Y tcr tbe 

FE~~ibility ECiG~t. 



4.1.3. Characteristics of raw materials and inputs 
4.1.3.1. Primery ~lwninium (crude) 

Table 
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-·----· ---·--' ~· -~- -· ·-

SNo Description Unit Val1..1.e 

1 Aluminium content, min % 99.6 
2 Fe content, max -do·- 0.3 

3 Si content, max. -'1c- 0 ~ 7. . . .,, 
4 Zn content, max. -do- none 

5 Ti content, max. -do- 0.02 

6 Other impurities (tin+Cr+Zr) each max. -do- 0.01 

7 Total impurities content -do- 0.4 

·-· ---------·--------·- - ---·---~~- --· 

sno 

1 

2 

3 
4 

5 
6 

1 

2 

3 
4 

5 
6 

7 
8 

9 

4.1.3.2. Barium Chloride 

Description 

BaC12 • 2B
2
0 content, cin. 

~atter insoluble in r.ater, max. 
Na co~tent, max. 
Ca content, :oax. 
Fe content, max. 
Total sulp!'rnr (S) cont€nt, r.ax. 

4.1.3.3. Cryolite 

Description 

F content, r.:in. 

Al cortent, m~x. 
17a cor:t cnt t m?.:r.:. 

Si02 co~te~t, cax. 
Sulphate Cwnte~t as so 3, ~sx. 

Fe
2
o

3 
cor-.t er.t, I'!oo~:r.:. 

t.~oicturc cor~t c.r-:t, T:".ax. 

P
2
o

5 
content, rer. 

Table 

Unit 

% 
-do-
-do-
-do-
-do-
-do-

Tcble 

Unit 

% 
-do-
-do-

-do-
-d.o-

-t1o-

··do-

-ao-

-d'.)-

Value 

9s.o 
0.2 

0.01 
0.02 

0.005 
0.02 

Value 

53.0 
13 to 15 
.31 to 34 
0.2 
o.6 
0.2 

0.2 

0.005 to 
0.01 

3.0 

• 



SUo 

1 
2 
;) 

4 

5 
6 

Sifo 

1 

' 4 

2 

4.1.3.4. Aluminium Fluoride 

Table 

---------------------------
Description Unit 

L.O.I., max 
--- ---------- ----------------- -·-- -----·-·----···-

AlP3 .content, min 

Fr~e Al2u3 content, max 
(Si02 + Fe2o3) content, max 
Sulphate content as so

3
, max 

P2o5 content, ma.A 

% 
-do-
-do-
-do-
-do-
-do-

4.1.3.5. Sodium Chloride (Comrr..on Salt): 

. - -~------- - - ---- -- -

Description 

Sodium ctlc~ide, dry basis, min 
1:atters inso __ ble in water, 
dry basis, max 
1:oisture content, max 

?>:a.r.imum content on dry 
basis: 

ca++ 

r• ++ 1.g 

tJQ - -
u 4 
Fe 
I;c. 2so 4 

2able 

Unit 

% 

-do-
-do-

-do-

-do-
-do-
-do-

-do-
5 Grain size distribution, 

less then: 

1.? m:n 

"! • 2 t 0 0. 5 r:'iJ'.l 

2. 5 to 4. 5 F.ll':i 

-rio-

24 

Value 

1.0 

90.±1 
8.08+1 -0.4 

0.5 
0.02 

Value 

99.5 

0.03 

0.0005 

0.02 

0.001 
0.002 

12.0 r:ax 
85.0 rr.in 
3.0 max 
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4.1.3.6. Electrolytic Copper 
Table 

. l I " .... - ... ·-
SNo uescription Unit Value 

·-------· .. ·---· ....... --
1 Copper (Cu) content, min % 99.9 
? Tron (li1P) r.ontFmt 1 m~Jr -no- 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 (Ni) -same- -do- 0.002 

7 Lead (Pb) -same- -do- 0.005 

8 Tin (Sn) -same- -do- . 0.002 

9 Sulphur (S) -same- -do- . 0.004 

-do- : 0.06 
-do- ~ 0.04 

r 

10 Oxygen {o2) -same-
11 Zinc (Zn) -sat'le-
12 Phosphorus (P) -same- -do-

4.1.3.7. Graphitized Electrodes 
Table 

S!:o Description Unit Value 

1 Specific Electricel resistivity, DGY.. I.:icro-Oh:/m 

2 [echanical Strenth, nin 
- flexural stre~cth 
- rupture strencth 

4.1.4. Utilities 

4.1.4.1. Co:-:.p:ressed air 

l:e/sq. cm 
-do-

85 
75 

The co;;.pr::ssed c.ir is to be supplied periodically at a 

pressure of 4 to 6 at~o:ptcres. 

4.1.4.2. DC Power 

Tf:e a::.p(:rnce of DC r,ower• is 70 Y.A. The pe:r-:::iss:!tle n:::pt-rG[e 

fluctLlation is + 5 %. -

.. · ...... ·. 



4.1.4.3. AC Power 

Duration of emergency AC Power cut-off is 8 hours max. 

4.1.5. Sources of Materials Supply 
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The indigenous materials will be provided for the operation 
of the EDU. The following sources of supply are assumed for the 
Feasibility study report: 

4.1.5.1. Aluminium 

Technical Grade (Primary) crude Aluo.inium 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 Chen:ical Cocpanies have been identified as 
potential suppliers of Barium and Sodium Chlorides (Chemical 
Co. ICI, Serabhai Cbe~icals and Bengal Che~icals with offices 
in ?.~adras, Calcutta, Bombay end 17ew Delhi). Barium and SodiU!:l 
chlorides are supplied in polyethylene bags (50 kg. ecch) by 
truck or railway transport. 

4.1. 5. 3. Cryoli te and Alur..initL--n Fluoride 

Taking ir..to accour:t the low annual cor:sur:ption of cryolite 
and alu::.ini um fluoride as co::-.pared v.ri th the exist ine S!:1el t er, 
it is assu:7:ed that these r::ate:!:'ia 1.s "&Oulci be supplied to the EDU 
cells from the existing stocks of the Plant. 

4.1.5.4. Graphitized Electrodes 

The graphitized electrodes may be supplied from ?~opal in 
covered ro;.ilway wac;ons or tra!18ported in covered trucks. 

4.1. 5. 5. C0pp er 

The copper r::?y be supplied by t!:e Co:::pc.ny Hi·'.1du::tc.n Copper 

L ... t ~ l'.':11 e_, Gh~tsila, ne~r Tatn~sccr, Bit~r. 

Soda liquor is to be fed fro~ tte cas cleeni~g Eyctcc Of 
the operatine Stelter. 
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4.1.5.7. Utilities 

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

4.2. Supply Programme 

4.2.1. Initial Lata 

To determine the supply progral!l!.'1e with raw materials and 
inputs provision is made for a HPA grade rar-ge to be produced 
at the EDU as given in para 4.2.1.1. The HPA grades are selected 
to correspond to the USSR GOST 11069-74 "Primary Aluminium. 
Grades" and with co~sideration of their demand, optimum perfo~an­
ce figures end composition of the raw materials in question. 

The consu.::ption rates of raw materials, inputs and utilities 
for production of EPA ere listed in para 4.2.1.2. The annual 
production programme by grades is given in para 4.2.1.3. 

4.2.1.1. Composition of HPA Grades to be Produced at EDU 

Percentege of cont::-olled HPA grede 9 
Percent nee ir:puri ties, % max GOST tl $ ~ P.. 

Item of . . 
- . ·- -· ·-- -·--·-·-· -· -

Fe Si Cu Zn Ti e 1 ur:i m. ur.:! , 
¢ • 
10 r:in 

1 o9 o::i5 ~ • .I~ 0.0015 0.0015 0~001 0.001 0.001 A995 
2 99.99 0.003 0.003 0.003 0.003 0.002 A99 
3 99.97 ' 0.015 0.015 0.005 0.003 0.002 J...97 
4 99.95 0.030 o.o;o 0.015 0.005 0.002 A95 

!iote: The ere.de of clur.-:iniu:n is dcter::-.ined by subtr:.ctir:g 
from 100% the sum of controlled i~purities 
(Fe, Si, Cu, Zn, Ti) 

...... illllilll ........... _ .... _... __ .... _ ... ____ ~llW...-~ .. -lol'•...;.' .. -1111111-.... ~·-·· Cd ffl• t • '•t#d'W"• •·~L~r.2.Jl"M--a 



~ ,. .. ·. 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 
11 
12 

4.2.1.2. Consumption Rates for HPA Production 
(incl. losoes and moisture content) 

Description 

Crude co!ll.rne!'cial-grade aluminium 

Cryolite 

Aluminium fluoride 
Sodium chlo!'ide 
Graphitised electrodes 
Copper 

D.c. power for refining cell 
D.c. power (overall de:rrr~nd) 

A.C. power (overall demsnd) 
Compressed air (at 4-6 bar) 
Process wastes: 
- anode sediDents 
- cru.st 

- ledge a~d Eludge 

. Unit 

t 
Ii 

t 

t 
t 

t 
t 

kWh 
kWh 
kWh 

',;, 
l:m,,. 

t 

t 

t 
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Rates per 
tonne of HPA 

1.03 
O.Uj4 

0.0165 
0.009 

0.0045 
0.015 
0.014 
17000 

18500 

19200 
600 

0.04 
0.033 
0.0165 

4. 2.1. 3. J.r .... ~ual Production Procra::::-.e by ¥..PA Grades 

Ite~ h'"FA grade 

1 J.. 995 
2 J..99 
3 J..97 
4 J..95 

Tctal 

01,;.tput, tpy 

5.5 
243 
243 
48.5 

---···· I• ...... -.-..-.......... 
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4.3. Supply PrograI:lID.e Selection 

4.3.1. Selection of the supply programme is determined 
by consumption of ffiat~rials ~n 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. 

(pare 4.3.2.1) during the first year of operation are estimated 
on the basis of HPA output attained by the end of this year. 

The supply progra.ome 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. 

Item 

1 

2 

3 
4 

5 
6 

7 
8 

g 

10 

11 

4. 3. 2.1. Annual Requirerients for Raw t:at erials and 
Utilities for EPA Production 

Yee.rs· from start of 
operation 

Description Unit 
1st yer:.r 2nd year, etc. 

Crude co:-:-;:::ercial-grc:.de 
alu!W.inium t 450 -,.-,.-

).)0 

Ej-·drous bariur:1 chlo!'ide t 16.2 18.5 
Cryolite t 7.9 s.9 
.h.luuinium fluoride t 4.j 4.9 
SodiU;'.1 chloride t 2a15 2.5 
Gro.pbitised elc8trodea t 7.2 8.1 
Copper t 1.0 7.6 
D.c. poVler (refining 6 6 cell) b'ih 7.7;·:10 9.2x10 
D. C. poY!er (overall 6 o oq "'06 C C!"7"12.::1d) l:Wh e.4z10 .;•.;.,Y.I 

A. c. pov;1=:r (overall 
e. 71}:106 10. 37x'i06 der'."l&.nd) }:'.!,"h 

~or:n:::-ccced air 7. 
(at· 4-6 br,r) r::i.,, 270000 32~000 
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4.3.3. Supply Programme of Raw t:aterials and Inputs 
for EDU Operating at Full Capacit~ 

2 Hydrous barium 
chloride 

I 

j 

3 Cryolite 
1 
; 
j 

4 AltL-:.ir-iu:n fluoride 
5 Sodiun chloride 

I 
6 Graphitised electro~es 
7 Copper 

0.8 

0.42 

1.35 
Q21 

C"o'T?~._.. .... '-4--., 
2 days 

every 
2 
mchths 
ditto 

ditto 

ditto 

ditto 

eve--:y 
10 days 

z_'Z ') .... ......... 

3.1 

1.5 

o.a 
0.42 

1.35 
Q21 

rail or notor 
transport 

I:J.otor t!'ans­
port 

ditto 
rail or motor 
transport 
ditto 
ditto 

4.3.4. Stocks of Raw 1:aterials at E:rJ O.:;e!'E.ti:ng c:.t 
Filll Ce.p2ci ty 

Ite.:u 
Deccriptiori 

1 Crud~ ?o~~erciel-craCe 
al u.r.1r ... 1 ur.:i 

2 P.ydrO'lS 'h2ritL':i ctlcr.:.c.e 

3 Cryolite 
4 Alu~i~iu~ fluoride 
5 So~iu~ chloride 

6 Gr,~;.:.i ti::.:ed electro::cs 

7 Co.:iper 

;·.1 
1. 5 
0.8 

C.42 

1.35 
0.21 

Stock 

dsys 

60 

GO 
60 

60 

60 

10 

l/J ', C' •' • I 
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4.4. Cost Estimate 

The estimate of annual operating costs for raw materials 
and utilities used for the EDU are shown in Schedule 4-1. 

The follosir.g basis was used for estimation: 

- annual quantities of ccnsun:ption of raw materials and 
utilities determined by the consu...uption rates; 

- F..PA producti~n prograrr.rne; 

- prices of the raw materials and utilities used as of 
the end of 1gs5 (with ?rice escalRtion i€"'1orecJ)'9 

The electric power cost inclu1es the cost of its trar:sforr:.ation 
to DC (at 5i.;). 

All raw materials and utilities will be indigenous. 
The estimation has been prepared for the 1st year of 

operation of the EDU (start-up and attain.:;:ient of the design 
cspacity) and for the 2nrl year (and all subsequent years) 
of its norr:!lal operarion. 

Schedule 4-1 

Production cost estimate 

t:aterials end utilities 

Project: EDU Description: Eigh-purity alu:::.iniu.:l 

Qty Total cost, 
Rs 000 

It er:'lve..., .,..s 
- ·-~' -

Unit Cost • +- Ur.it fror:i i l· e:n 
fro~ • G-

ccst, years start of start Of operation Rs 
Op€:-::.tion 

1st 2r.d 1st 2r-_d 

1 2 3 4 5 6 7 8 

1 Ravi :::aterials t-nd 
i.:.ti li ties 

1.1 450 555 t c~ude co=..e::-cic..1- 22' L;..()4 10,022 12,457 
era.de el u::-.i r. i um 

2 Ir.ruts 

2.1 '16. 2 18.5 t F:.rium chlorirJ e 35,000 567 6L,8 
2.2 7.9 ~-9 t Cr;:·oli te ?0,;:: 33 1SO 120 
2.3 L~. 3 4.9 t J.lu; .:::.1 u.r~ :rluoride ..,,... c:r·2 

c.C:.' _, _; ;7 1~1 
2.4 1.0 7.6 t Cor.r:.:r 50,000 :)() _;.,cO 
2.5 7.2 f.1 t G rr.;.!-.:. ti E i:.: d 40 000 2::8 3~1'° ' r} r ;" l ::--"'·:~: ( ':"." 

2.6 2.15 2.5 t .Sodi u~: cLl c~i de ;;_{; ,ooo l. 3 50 
... :. 

·-- -·--·---·-·--------- ·-----·------ -------~-----



32 

-'2.~ i _d 3_- ;-4-T~~-~_i~~=--=~-T--~--1-?---t a 

1 
I. 1s.0J ~--;t_ i coal, ________ 1 :~~ ___ 5----r __ _ 

· t subtotal of item 2 i 1, 210 I 1,693 
! , I 

3 I : Utilities I 

J. 1 I ts nu I ;o_;,1 o ,f~8o l a. c. P"'· ~·- ~"''-' I "u3:; j ;:;uo:u 

). 2 j 270 i 324 l\m) ! Compressed air 16 j 4 . 5 

' I ... 1000 I I - _,. --------
: ! r Subtotal of item 3 1 4839 . -~~~--. ~-[-~ :-~---rT~tai ______ --- _/ _1:,191 _ ~9,903 



5. LOCATION AND SITE 

5.1. Location 

In accordance with the UNIDO contract No.85/2 the following 
states for the EIXJ location were to be considered: 

- t!a.dhya Pradesh State, the operating B.A.LCO's Smelter 

- tiest Bengal State, the non-operational BJJ.CO's S~elter 
in Je.ykeyns.£ar region. 

5.1.1. Korba Aluminium Scelter 

The capacity cf the Scelter is 100,000 tpy of primary 
alumiffiu.c. 100 kA cells \Vi th vertical anode studs are installed 
at the Sr.:elter. The Sr.:elter consists of raw cells-lines v;:i.th 
ges-clea.r...ing plants. Each cell-line consists of four cell-rooms. 
Fifty one cells are installed in one cell-room, the cells being 
e.rre.n.sed in sinc:;le row, eEd-to-end. 

The cell-rcocs e.=-e eqt•ipped r:i th erection c:::::"ane of 80/20 t 
capacity a:id t~o process op~r~tion crt.nes of 8/12.5 t lifting 
capacity. 

'.;;he sr.;el ter is po\': er su.pplied from the op €ra t:.ng por:er 
plants c~tate Eector) loccte~ in Korba region. In 1985 B~lCO 
had started the const~Jc~ion of a captive p~wer plant of 270 ~'W 

~ H:. !~".':tlJ 
capacity, the first ui.:i..t'l'"tO be cor..:rissioned in 1987. 

The cell-line (4 cell-roor.1) is S'J.:;.Jplied v.i. th por:er fror:i 
the Siliccn Rectifier ~~b-stE..tion co~sisting of 6 rectifier 
units ( 0-J. tlet pc.ra::-.ete::-s of t!-.. e rectifiered c-..:rrent 

950V, 22Y" .. .A). 

Bich skilled r.:ar .. ; JV.er is E..Ve.ilc..l>le et t!:E· S::-.el ~er. 

5 1 ~ , , . . .. lt t • ·~ ~-u~~IUum ~ffie er a 

l:he Jc..:,-1:£.j-rcco..r Si:".el ter '"T..E c.::..n.str..<cted l..nd cor.-:..is::io:r .. ed 
40 yes.rs e.co u::C.cr the C:c::ign cf t:-.e Cc::-::;;ic.r.y 1..1-....::-~i .:::se CL::.. t::c:r­
lc..."1d. 

'i:::~e JC;.:,'Y.L.j'YL['-'"r rh .. r.t c-::::~:L:tcd of eL1r..::.:i.a :rh.nt, ~r.:c:lter 

and F~bric~tion Co~;lcx. ~he rr~duction of ttE s~eltcr V~S 
9000 tpy. TLe cell-r.:.c::i i:o.1 i::; e~1..:.ir;,cd r:i th 24 YA :r.o:-i~ontal 

2tud cellr, £.::-.d the cell-:roo1:-, =~o.2 v:::.:.:i 50 !:Ji V(rticE-1 .._;';;_.:.ds 

.:.slls. 



34 

During last 15 years the capacities of alutlna and aluminium 
production have not been operated. The cell-rooms and the 

Rectifier Sub-stations are not used. 
The structures anc. the e~pment of cell-room l~o. 1 have a 

high lovel of wear and high investment is required for their 

restoration. 
The conditions of the cell-rooc ro.2 and the Rectifier 

Sub-station ere satisfactory. 56 cells are installed in cell-room 
r;o. 2. The cells ere arranged in "two r'ms, ~!•J.-~;:,--c:::.. r;i,.., 0 

l"i:>J 1-

room is equipped with E.O.T. cranes of 12.5 t cc.pc.city. 
Four rectifier units are installed at the Rectifier Sub­

station. The rectifier amperage is 16.8 KA, cinimal po:::sible 
voltage 78 V. At prese~t the FabricatLm Complex is po,·.-er 

supplied from the State Zlectricity Board. 

5. 1.:;.. Main Fa.ctcrs for Selection of the EDU Location 

The location of the EDU for hi&-"1 purity al-.ioinium production 
was selected jointly v;i t.i:l BAJ:.:CO, tekine; into consideration the 

f ollm .. i.:n.g factors. 
- s~rply of pric~ry a.lu~inium in liquid f oro ci=ectly from 

the cell-r::.or.:; 
- pos~ibility of utiliz~~icn of the 'e::isting e~-.iipcent; 

':re.nsporte.tion co:::ts of r-8.W cz.terie.ls c.!"'_d ir;.;.uts; 

- relia.bili ty of po.,.·er rupJ!lY; 

- cvcil£.b::..li ty of stilled lc.b::i-.:r; 
- reQ:;.ired invest~~nt e.~d ~roiu~tion cos~s fer constrJ.ction 

s.r..d op er2.tion of I.DJ; 
- P.e.te of rct:;.::-n on totc.l ir..-.-e:::::~ed c-:.?i tc.l E.!"'.d lcc.n re;ie.y­

rr.c~t period. 

5 1 4 E
"'""' e.,...: ,...e ....... "l '1"\c-'"'-n ~.J..rc .... ~I"\.,.. rrn..; t c-c-y~) !'.'; +e ~-e1_r::ction ••• ••.l:-_.._ ... -uvc. J.J .•• ~._ ... ._,.,..,i.~~···u~ _....,...; -•~ - - -

In orcer to evc.l~E.te e..::d [elect the locLt::.on of tte EDU 

for hit:;h FJ.r:~ ty cL..:.r.-.in.::.um (~:EA) pro5.·..;.ction at cne of t:~e Llur..ir.i.un: 

c:,..,cl.._e.,.."' of r.i-.,,.,...,..,t Jl·'!"'"·'r:-:ur· Co··-.c . ..-v L"'r.'1·-'-e~ (-:::·-.rt:) loc"ted :i.·n .._.1a,.; v .- ii.:) J,.;.,..,.c,....-.C...- J.. \4•••- ...._ •• .... •c.,..,,, ... ,..J ·..- '" >rl """'" .JJr,..,.-4V""" f C... 

(] "".,... _ . ...,,.,, ··o 1) le ... ~·e ,-,,.,1 ·c· ........... e .... Lc~ .. i. • • .r • ..., ..... · ai..c--J ~is 

op:::.ms.l E]JJ lo:::c.. t::.on :.:i te 1.r..s ;>.)r'Le. :...r..E:l ter. 
':·Lis VLr:'..s.r:t of the LJ"J locc..t.:.cn (L·orba ~:.cl:e::-) H.S c.C.o;'.t·d 

for the furt!-Jer cou~:iC:cre.tion in tl.e feL~ib:'..lit:/ r.c;-c:-t. 

..-.... .. 
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5.1.5. Alternatives of EDU Location at Korba Smelter 

The essential factors of the EDU location at Smelter site 
)_ are as follows: 

- the supply of molten primary aluminium directly from 
the cell-room 

- mi.nimum di stance to the DC power supply source-main step­
dovm substation; 

- possibility to utilise the existing aux:i.liery equipment 
of the cell-room for the EDU. 

Taking into consideration the above factors the follo.ting 

alternatives of the EDU locetion are assu~ed to be considered 
in the Feasibility Report: 

1'.lternative I: The in3tallation ~f refining cells for high 
purity aluminium production in the e:ri sting 

cell-room Ho 75. Three existing cells are to 

be diE::sntled end one- to be svri tched off. 

In ttis case the installed capacity of the 
&!elter v.ill be decreased do\';n to 99250 t/yea: 

J.lteril2..tive II: Expansion of the existing cell-room Ko 75 
to 26 m for the in~tallation of three 

refin~ng cells for EPA procuction and 
sr:i tc:!.:ing off of four e::isting cells 

(te~;orarily). ~his ~ill result in rEducticn 
cf product~on capacity to 99C00tp)· before 
the 5jdition&l volte:€ sLould be cbtain€d 

due to the FlB:ll1ed [;rc~ess icprc~ecents. 

5.2. EDU .:iting r,or.G.itions et I:c:'ba .t~l~r..init:.n Sr.:E.lter 

':!:e c~eri.r.:cr.-:c.1 C.eo:::r:strE.ticn u:-.i t for proC.uction o:. 
bit;h-puri ty clur..ir-.:'...um con.:icts of the follov:ing thrt.:e proce.::s 

cections loc~ted in the eJ:icting cell-room: 

- 1ct rection - three IITA cells in tte cell-room ro 75 in 

plface of tr.rce eri stin£; celln to be rer.-:oved (Ll terlu. ti ve I) 

or on free c.rea in the cell-roorr. e:;:te:::-i.:::ion (J.l ," e:rru:. ti ve II); 

- 2r.d section - .s2.l t dryir1,£; fr.:.cili ty located in the fo:inS.ry; 

- )d :::ccti.on - LPA cc..:::tir...c fccili ty ir. the founC:.ry. 

O.;.t of t!°;e t.to·:e tl"re0 .:..D:J r:·oce:::,z .:::tcticr..s cr:ly the Ei ting 

of tLe 1r:t ci=ction :-ec;,·;.ire.s coor·C::;.r..£.tion ~· i th tte e::d.cting 

piot-ph .. n, b-.it the otl~cr h:o r.;e:ctions e..re ec:::ily rited in the 

fo:indry e.n:l in no we.y t::ffE'ct t;.e o:i~:ting .:c:·v:'..c..e lir1e2 or 

r0i:::dc. 
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Si t1.ng of HPA Process Section 

Al·ter:aa.tive I, dwg. 1367231 -I'll 

Location of three HPA cells in place of three aluminium 
reduction cells to be removed in the western end of the existing 
cell-room - 75 ~~11 require to build et the plant only a new 
support racks !or the busbar line between the SCR station - 85 
~-~ ·~- -~,, --~­...... ~ v"v v~-~-•v¥-

"7C --:.L\,... .... _.f*'>., ,,.. __ ..... , __ _. ...,,., ""'_,, 'T- -+1....--
t J ,, .. .,.... wv V~ • """~ V~ ¥.a. I '-• L aue .A.•v """' ..,,....,"""~ 

measures like the moving of the e::rlsting service line or roads 
\•.i.11 be needed. 

Alternetive II, dwg. 1367232-rII 
Locstion of the HPA process section in the extended part of 

the western section of the cell-;·com - 75. 
The extent of expansion of i.he r;estern part of the cell­

room - 75 is limited by the e::rlsting rail track running in 
parallel Vii th the centre line 1 of tr..is cell-room 29. 494 m r:est 
of the cell-room. Based on the observance of the railway clearanc 
of 3.10 m, extention of the cell-room - 75 in the western direc­
tion will be 26.0 m long. 

Extention of the cell-room - 75 by the ~bove le::l[;th ~~11 
entail: 

- r.:oving the section of the e:d . .sting motor road passing 

throuch the v:estern ends of e.11 cell-roorr:s bec::u~e it interferes 
v;i th :E:PA cells e.rea; 

- ~oving the section of the existing cable tu:;::ncl from 
\':i thin the lir.i ts of the b-.iilC..ing Exter!tion e.rea; 

- constr~ction of a new zecti~n of the ~.icbQr rack 25.2 m 
long. 

'..:he overall c.ree. of the propc 3ed rr.otor roads is 560 m2• 

5.3. Coct E:::ti~~te 

The co.::;t e.:tims. te for construction of the :t.D:.J v;az prepc.red 
v:i th refErence to the e~:i~ti:n.g [o:-bo. c.lum.inium ["Del ter site r.nd 

~o excluC.es c.n~· cot"ts for e.cqui::::i tion of the 1£..nd plot c..nd 

exp em-es relLted to i tz u:::e. 
'.;;!:e cost for prc~c.ru.tion cf the :::i te fer con::truction of 

the ..,D:J is incl~G.ed in the ir.ve:::trr:ent co::::t cf the bailC..incs e.nd 

.str.lcturc3 li~ted in ~ection 6 • 

. ..... 
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Korba Smelter 
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The calculetions carried out revealed that the most 

economically viable was the Alternative II - the location of thr~e 
HPA production cells in the expanded pa.rt of the cell-room 

No 75. 

Feasibility Report was prepared for alternative II only. 
The location of EPA cells as per the Alternative I requires 

the dismantling of four eT-i.sting cells, that is cut-be.ck of 
operating aluminium production capac.i ty. 

That is why this Alternative is not rer::ommended for implemen­
tation. 

5.5. Environmental Impact 

5. 5. 1. Ch~_ra.cteristic of Hc..rriiful Ewisf:ions from Process 

Equipment 

I.:'3.in he.rr.:ful er.i.ssions of the: EDU ere EF ce.s, duct of 

fluoride solids, ECl and duzt oeinly containing B&Cl 2• 

These harmful emisEions e.re e;:-i tted from the celle. 

Out of three cells one cell (fer electrol;rte prepc.ro.:d.on end 

ce..thode imprecnation) is e~uipped v:i th gas eyJ-1e.ust sy.:;ter:i. 

I:o gas e:rJle..ust s~'.ste;.is a::-e required fur refining cells as their 

e~icsions ere not icporta~t. 

5. 5. 2. Q'..ianti ties of !Ie~.ful E:nissions 

Le.Y..irrr1m qu£:.Eti ties of the EDU enissions into the air v:ill 

make: 

EF gas - o. 26 1-:t;f.nour 
HF solids - 0.16 -sr:..r::e-

HCl - o. 34 -;:;c..::_e-

VJ.St (:Sa.Cl
2

) - 0.55 -.saf!ie-

'rhe above me.Y..ir.:'-'-m que.r:ti tiez of the EDU he.rr.:ful er..is::ions 

chould be cenEr&ted only d~rii~ the period of o~eration of one 

out of three cells for e:ectrolyte prepcraticn and catho~e 

irr,precnation (once in GO dcys durin~ 35 dcys for r.e.l t~ mel tine) • 

. " 
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Taking into cons:deration the short uuration of the maximum 

• emissions, the above qua.nti ties of HCl eci tted to the air a.re 
adraissi ble and the addi t:'.onal gas-clea~dng is not required. . . 

It is to be noted the.t emissic.ns o! the Smelter practically 
are not changed because during the EDU operation four existin-3 
cells in the cell-room No ?5 are to be switched off. 

5.5.3. Technical. Concept 

To clean the gases frcm tt.a electrolyte preparation and 
cathode impregnation cell the provision is made for the utiliza­
tion of the existing gas-cleaning system of the cell - line No 2 
located between the cell-roor.is Hos. 76 and ?7~· 
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6. ENGINEERING AND DESIGU WORKS 

6.1. Engineering devision 
. . 

6.1.1. Initial data 

Initial data for elaboration of process estimations, erectio 
drawings and general ley-out of EDU are as follows: 

- ~-·"r C"'P'-''".L. l v - '.LO 'v" ,,;;o=.c:. _L> , .. __ ,_ -~··_-: ~ •• _,,,..,-;.,...~,,"" r_i:.rP,ti) 
.j...JJJV ...... ~""' "tJ ,,.,..,.. " ·--IW V~ ~~ -.t:' ...... - VtJ ---...... ------ • 

per year; 
- production program; 
- three-stage electrolytic process for EPA production; 
- 70 kA electrolytic cell for f..PA production~ 

- continuous operation of EDU pots (8760 hours per year) 
- initial data for Korba aluminium smelter plant site. 

6.1.2. Co~position of erlbineering docunentation for EDU 

The major production units of EDU are: 
- section of HPA pots, 
- salt dr~·ing and sE.1-1; charge ~:-epe.re..tion section, 
- r..EA casting section. 
The deterrr.iHe opti:.:um tecl:..r.i ce.1 .solu tio:=.s and to provide 

for L.it;h tech:r~ce..l and econor..icc..l ir:.:.e:J:es of I:D:J for HPA produc­
tion tv:o veriunts of pot secticn loce.tion have been consiC.cr£d: 
in the first v~riant F..PA pots ~re loc~ted et the end of potroom 

r;o 75 nec.r SR:JS v:i th arre.r..c£r::ent of tr...ree EJ?A pots instead of 
three existing eluminium pots; in tte ~econd ve.ri&nt three pots· 

ere instelled in pr0lor...:::;ed pc.rt of potroom 1;0 75. 
In the Fe2.si bil i ty Study the follmdng docilr.:er. te ti on he.s 

been prepared for i~A pot Eection: 
- line procecs Cicgrarn, 
- cc::erel viev:E of EFA rot~, 

- erection drcv.-incs, 
- constr..iction dravtlnc;s, 
- }:O\>(r cupply clicc;ro.r.-.s. 
'I'!Je r.:er.tior::ed C.ocur..er:tLtion ic in vc2.ur..e 2. Cc..lculetions 

of l:our r;;ctcriel flO\'.T with LffJ C£pt:city of 540 t/',jE:er of 11.ich-
..-·-...-.i~y e.1 urr .. r.-:u~ '·ncl ~·+e....,i"r.l -'"'1o · '· · 1 •·r· ..... .,.. f · 1 !''""' ... " .... -- - .. ..... '"-" .... '· ....... v.s • (r 1,,.. ..... .c..,e o corr.:~.crc:i..e. 

l .! cl--pur..; .Ly nln ..; n..;urr. ( ~..; .,...r ••• 1 ~-..--..1 r,) .,, ,... ~ r • J.. ... - " ........ r. ...... - .. i.......J..O.C ... '-'-·"S <.. ...... (_ ... (..-.. e c ....... o been r:c.:::e • 

2p ~ci fi cc ti on:: on E ;uip:-:-.cr:t cLc". r::E. t cr-ic.1 s ere ci v€n in 
vclu!":'e J. 
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6.2. Process description 

6. 2.1. li!ethods for HPA production 

One of the commercial methods for high-purity aluminium 
production, in the pre$ent ti~e, is an electrolytic method of 
co~imercial grade alun.inium refining by three-stage method which 
is v;idely used in the USSR. 

This method provides for HPA production of A 95 - A 995 
grades. For high-purity aluminium production commercial-grad:_e 
cr-11de alUI"'..inium in liquid form is fed into HPA pots in v:.hich 
electrolytic refining process takes place. 

Electrolytic refining process is perforoed v;i th using of 
chloride-fluoride electrolite. 

Together with tL.ree-stage method of HPA production other 
methods of this metal production have been developed and ere 
under development (two-stage method, refining processes using 
water end organic solutions, electrolite of salts with low 
meltini::; point, method of fracture crystallization, method of 
vacuum distillation and other). But all these mettods of EPA 
production v;ere not coomercielly useC.. 

6. 2. 2. Selection of the technology. r.:e.j or pE.rameters 
of the process 

For corr ... 7.Ercial proG.uction of r...i.Di-p~ri ty e.lt:I:'.inium tl-:ere 
is or..ly one r.:et:_oc'i. r;r..ich can be reco::-.::-.e:-iC.eC.-tree-::tai;e electro­
lytic rr.etl:od of cor...r:-.Ercial e.lu:7!inium refining. 

6. 2. 3. r.:s.j or process pe..ra.r.:E:t€rs 

6. 2. 3. 1. HIA pots section 

Cat~o~e cetal te~pereture 
Level of l~yers in the pot Lath: 

ca thoC.e r.;ete.l 
electrolyte 
e:lode e.lloy 

Electrolyte corr.position: BcCl 2 
!JcF 
r;acl 

A:FJ 
CoLte~t of elc~ents in an~de elloy: 

Cu~rent ~eLsity in clectroly~e 

J..l 

Cu 

- 770+810 °c 

- 15+22 cm 
12-t 14 cm 

- 3)..40 cm 

- :;:(+ 5bio 

- ';6+17;; 

- -4i..i 

- ~1 .. 22;.; 

- 50-40 % 
- 3.3-40 % 

o.6 J./ err: 2 
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6.2.3.2. Salt drying and salt cherbe preparation section 

Salt drying temp era ture 
Moisture content in dried salts 

- 350+400 °c 
- 0.2 % 

6. 2.4. Line procesL die.gram of high-purity aluminium 

production 
(drawing No 1360970 TIO:, sheet 1) 

!,:~::i..t':'d ":".'1_,,;p i::>1111T!;:r_im"' (in )RrllP.~) is transuorted from~ 
operated potrooms to the section of EPA pots. 

Crude aluminium is fed into pots r;i th the help of pouring 

machine. 
~he following materials are added to crude aluminium: 
- copper to correct anode alloy cor::;osition, 
- solid crushed electrolyte to cocpensate· losses. 
High-purity e.lur.~nium produced in tte pot is periocically 

recoved by vacuum ladle end then cast into pigs and in;ots. 
Anode sediments and electrolyte crast are periodically 

re2oved from the pots. 
Off-gases from the pot where periocically electrolyte is 

prepared end ca.tl;.oC.e irr:precnetion is perfcrr.ied are cleaned. 

Electrolyte prep~ration 

Electrol:;te is pre;;e.red fror:i 38.Cl 2 • 2E 2o, cr:i·oli te, LlF 3 
and I:e.Cl. 

Barium cloride &nd sod:ur.i cloride e.re prelir..in~ry C.ryid 
in electric furn~ce. 

The che.rGe of above centioned c~ter~e.ls is fed in one of 
t::r.e pots for hich-puri ty E.lur::iniur.i prod.1lction. Ch:::..rce r.:cl till£::, 

se:.ir.ie::itation of ;:;olid impurities c.nd E.lectro-cl:..er.-ice.1 clea..ing 

of electrolyte tal:e place in tLis rot. 

CcthoC.es e.re e.l.:o imprecr~ted in -:L:.s rot. 
'.l'l:us prepE..red elect::::-olyte i.s po"..lred into .sealed bo::es e.r~d 

soliG..ifies. 
Before ch:::.rcing in-l;;o rots for EF.A J::'Oduction the electrolyte 

is C!'"..i..SLE:d. 

Ir..p:'et:r.r.ted cc:. t:.oC:.cs are i...u~ed in 
.,.._,... .... 
:..~,; pot::. 



6. 3. Equipment 

6.3.1. Basis for calculation and selection of equipment 

J,:ajor process equipment is selected on the basis of selected 
technology for high-purity aluminium production. The major 
process equipment for HPA production is the pot for aluminium 
refining. 

/._t :rre':t.>nt +,fl":~ 25-'!0 YA r('\t<: f'.'T'P, i 1 C!.c.n iTI. t.he- USSR fo,..-hieh­

puri ty aluminium production. 
Brief characteristics of the pot are given in the table 

below. 

SRL 
Nos 

1 

2 

3 

Characteristics 

Pot cape.city 

Specific material 
consamption 

Specific production 
of E?A from 1 ~2 of 
pot surfe.ce 

Units 

tOIL"'leS 
per 
year 
tonnes 
per 1 t 
of f'.PA 
per year 

tonnes 
per year 

Amperage, kA 
- - ------ - -

28 60 70 

76.5 164.0 191.0 

0.45 0.35 0.32 

s.25 

For the t;iven :S:i:l:J 70 Jr.A pot is adopted, which pr>J\·ides the 
most fe.vourc.ble tec~:r..icc.l and economical inG.e:::::es. 

It should o.lzo be me::tioned that t!'i s _r.ot is the coct 

powerful pot used in the ~orld at present tice. 

C&lculc.t:.ons of the e:qu::.pr..e:-it ere ns.de on t!:e :'ollor;ing 

- :prod-1.lction cc.:;.:c.ci ty - 540 tonnes of r..ich-I=uri ty e.lu::-.iniurn 
ner '·ear· • .J ' 

cor:t:l.r.:..;.o1ls r:.odc of op ere. ti on - 36 5 C.q·s p e:r ;,·ec..r 

(87CO Lours) 

- e}:isti::lg ec;...:.ip::1Cnt at r:or~e. elur..i1~ur.i .::.::.cl~ er s:.ould 

provide for cont:: >:-1ous r.:oC:e of o.tie:re. tion: 

- cc.;.t 1.ou. e (electric furnace :or i1.c'.)t 1wr::0ccniz&'!;::.on 

and cc c~tine e:qi;.ipr.ient) e.nd ce.s clean::.n:..:: (:evices. 



The folloti~ng considerations were also be taken into 
account for selection of the equipment: 
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- standart size of the equipment must correspond to modern 
world practiee and high efficiency of capital investment; 

- the design of the equipment should fully provide for 
maximum reliability, convinience and simplicity of operation 
e~n mRintenance of the equipment. 

6. 3. 2. Pots section (dres:ing IJo 1360970 Tr.!, s!1eets 2 and .3) 

Pot section is designed for high-purity aluminium productio1 
Selection of the section location is made taldng into 

account the follov;ing: 
- transportation of liquid crude e.lu~inium; 
- n:inir.ium distance from ;)C pO\·:er rupply source (silicon 

rectifier substation - SRSS); 

- posibility of using auxiliary equipnent installed in the 
existing potroom for high-purity aluminium production. 

Two variants for pots section arre.ns12::1ent at Korba snelter 
have been considered in the Feasibility Study: 

I variant - e~rance~e~t of high-purity al~oinium production 
pots at the end of potrooo ro 75 nea~ . 
SESS. 'i'hree eris ting e.lur::inium po-'cs s".'.J.oulJ be 
dismantled. 

II var~~nt- prolonse.tion of potroom ro 75 (et STI~S s~de) 
to e.rranc;e ti t;h-puri ty a.lum~r..ium rro·:'::uct::.on 
pots. 

['J.r:.ber of pots for ]:;i ch-purity c.1ur::irium pro d:ict:'..on d.) es 
not depend on the ~entioned v&riants ~nd is 3 (~ith a~pcr&ce 
of 70 KA). 

6.3.3. Calculation of hibh-purity alumiLium frod~ction 
pots capacity 

T:be follo\•,·ing mode of op ere. ti or ... for the three pots of the 
EDU is adopted: 

- tV10 pots v.i.11 con;:.tcntly operete c.t the r.io,:e of rEo:fi.n.inG; 
- the tl::'..rd 1')t v:ill orcrc.te c.t tv:o r.:odes: ct tLe ~oC:.e of 

electrol:i·t.: pre;i[~:'l:. t ~on f::.nd cc. tr.ode ::.L::-recr:c. ti on 

(periodic..e.lly, o:::ice in ";wo r.i:intr .. B di.;.r::.r-c =-.5 ci.c~·s) 
&nd £. t rcf:'..nir.c; 1..0~ e ( t:-~e :·c·t tir.-:e). 



Production capacity of EDU pot section is determined by the 

equation: 

Q = [q (~nst. - 1)x365+q(365-_1Jx:ninst x 3• 5 x~ 2 
- 5 x 13 

-05x n~n irist 1( 12)-q. ninst. x 2s1 x 10-3 ' 
6,._1 ~ 4. 3 ] 

V'ilH:~.rt:: 

q - daily capacity of one pot, kg/day; 

ninst. - number of installed pots; 
13 - number of iw:talled cethod.es on one pot; 
3. 5 - time of cathode imprecnation in the pot, days; 
2.0 - stock of impregnated cc:..thodes, months; 
6.0 - cathode service life, nontbs; 
0.5 - duration of pot operation code chanding from electrolyte 

preparation end cathode impre6:c.ation to alur.~nium refining, 
days; 

25 - du re ti on of pot ce.pi tal repair v:orks including b:1rning 

and Gte.rt-up, deys; 

4.3 - average service life of pots, sec:..rs. 

'.::1;.e r.bcve equ9-tion ce..n "be tra~sf'Erre:i as follo\':s: 

G. == 351.2 x n::nst. X q 
De.ily ce.;.iaci ty of a pot r:ill be: 

q = 10000 x 0.335 x 0.93 x 24 : 10-3 = 523.4 tc/G.a.y 

v:here: 

700CO 
o.;?5 
9; 

- electroche~ical equivalent of alur::inium, gr/A.h 
- cu~rent efficiency, % 

24 - mlr.:tcr 'Jf :-.ot: rs in a dc..y 

So, Q ";C:::-.r~z. rr14· .. o·' --,.·rt f = .,.,.7·1.~ J- /Y.;; .. /, '.!. ·1 = /) 1.-;1 o:::nes o 

:t:ormel pr.:iduction cap2ci ty of the fOt section ~ill be: 
r, - r 1· - r:- 1 l.i 5 0 c 8 -.:r; - ..... 1 . = ::; . . • x '. j = 540 tcrJlCS of co~:.:crciel GA 

K - is a coeffici c::--.'!; w!.i ch te.~:£s :::.nto account sor.ie deviat::.on of 
::.e ;-!'occ:: s and lo;.::-.e::: of :::,i. c.:.:.:~ _nc cLstinc;. 
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For servicing e.nd reparing of the installed pots bridge 
cranes, vacuum networks and compressed air networks existing 
in potroom !Jo 75 a.re 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. -Rif;h-puri ty a1ur.:.inium is re:r.ovea. I.rum !Ju HJ u;y 3 ~ vo.e; .... ...w, 
ladle. 

Lining and preheating of EDi.J ladles are assumed to be made 
in ladle rep~ir shop and manufacturing of cathodes and bottom 
blocks - in the auxiliary shops block of the aluminium smelter. 

6. J. 4. Salt drying and salt chs.rt;e preparation section 

Salt d.rJ-ing and calt charge preparation section is designed 
for: 

- drying of Ee.Cl 2 • 2ii
2

0 end I:e.Cl 

- salt charge preparation 
- short-tiwe storing of salts. 
For location of this section area of cast house is used 

in axes 80-84 of the span C-D et axis C. The required area is 
ebcut 200-300 m2 (see drav:in:; CD0-1J3-I.:10-4J1). 

~2.Cl 2 • 2 n20 end lie.Cl are dried in electric !urne.ce e.t 
J00-400 °c. L'.oi.st"..;.re content in cried [;e.lts is not more than 

0.2 ~-
Opere.ting 11\':e.st€rv:erk" electric furnace is used for ~alt 

C.ryiri.,s. S:he f1..4rr.!..8.ce is instelled in incot hor.:ocer..:LzetiQn section 
of cesh house in E;r..ez 78-77 (drav:inc CDC/l:S/i.:10-431). 

ChE.re:ct eri .'.:"tics of t!1e f:.:rnc ce: 
In::te..lled po\·:er re.ting 
PoY.er of Lee.tint; eler.;er:ts 

Cpere.tin,..:; te:-::rerct-..i.re 

ror·er .:::upply 

- 1513.5 +10 % l:::W 

- 1.300 + 10 % l:Vl 

- 620 QC 

- 520 QC 
- 330 v 
- 3 

FrE: :;_"J.c:::cy - 50 hZ 

f·u.rr;L·Ce c~::..::-c:r.sin:.s - C.94 x 2.4 x 7.0 m 
:e::;;:-E:rr..tu:r-e of the f11r:-.c.c€ v:ill be cor.tr·ollcd by in~tr.z.icr.t:::::. 



After drying BaC12, NaCl, cryolite and AlF3 are m&tered and 
mixed in the mixer. Received chc.rge is transported to EPA pots 
in special buckets. 

Operation schedule of salt drying and salt charge pr€paratio: 
section depends on operation schedule of one of the tbree p0ts 
in the mode of electrolyte preparation and cathode impregr:~tion. 

SRL 
1;os 

·---··-·---- . -----··- -- ·----·---·----
Description Ur.its 

---- - ·--

Vuue 
. ----·-- ····--------_.. .. _____ ~-..~--~ ·-~---~- ·------·-----

1 Time of oper&tion days 1-2 

J..mou.nt of salt tc be dried: 
EaC1 2,2E20 tonnes ...... 3.0 

1;ec1 _n_ -0.5 
3 Amount of salt che.~ee tor.nes -5.; 

r::or:ths 2 
tonnes -5.8 

once in 

4 Stock of ell salts 
5 Feriod of operation 

r:ior:ths 

'::e.l:ir...g into &ccount so.l t h;/C.ro.:copici ty tir:e fer 2..:.l t 
pre~E.rE.tion z~o~ld Lot ezcee~ 2 dEys. 

2 

It is .fet.sible ;iE.:r·tly to co~perc.te O!'crc:..tion cf .::;r.lt c:.r~.-:..ng 

sectior. Y.i tl: pot o:;:-c:-c.tio:i in t!.e r.::::C:.e cf elcctrol~-~e p::--c:;:-::.:-c.:t:.:.c:i 

FI A ce.:-t:i..n,:: ::.: ecti on i z c c:-ic:;.ed for c:::-tini:; cf tl:i .s r.:d:;!:..l 

iLto fies cr.d iD,£otE. 
:2:.e r:ect::.cn is locc ted in tL.e c:::icti:r>e cs.::t ho;.:.ce of t!.e 

~::-.E.l ter. 
EI J. :~ s trc:nz;Jc:r-ted. to tte .sec ti on in J t vc.caur:: lcC..2.e by 

, ..... 15 '·-) 0. C'"r•··-~ cr·-··e.·.·or· -·e: U'Eor-1 
J..,L, ~L ...,_.,..""'£.., v ...... \. " - ~ .._ .._. -• 

F?~C~~l t~s~:h ~::..~t n :t~~d. 

F.:..l"t ir.::._:ct.s c:..re £.l:::' u:r:t f:r~rc. v<...C:l'.<r.: :L:::.e t:~:..nc: ~:.e 

c:;--..ict:.Lr .. c; l::-:.Lc:e crr:.r:e on or.e of tLe cu:~: :-.1.c r:~ cL:'...nc-r: ::..r. u:cs 

(0-€9. 
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Ingot casting is performed according to the technology 
adopted for flat ingots casting on the given equipment. 

6.J.6. Ges clear.ing 

The mejor he.r"'.....ful effluent from EUJ ere gaseous EF, dust 
of fluorides, HCl end dust r.~.ich generally contains Bec12• 
Sources of these harmful m.a:tte::-s ere the pots. One cf the tr.i.ree 

pots (the pot for electrclyte preparation and cathode iw~regna­
tion) is e~i.;.ipped r.ith £as ~~ction. 

i:hen tlis pot operctes in tne m::>de of electrolyte pr€pE.rs.­

tion the e.ri:ci.l.n.t of he.r:::ful efflue:;.ts is inc:!'eased. 
Characteristics of effl~ents from EDU pots ere 6~Ven in 

the teble b~lo~. 

SRL 
r;os tezcription of t~r~~ul oatt€rs 

Refir:.ing pots - 2 pcs 

Ge.seo-:J.s EF 
~~~t of flucriC:es, &s sol~d EF 

, 
1.1 

1.2 
2 Iot for €lectroly~~ rre~cret~on 

e.r.d. ci;.tLoC.e i:..::rc-s:::.=..-:::cn - 1 pc £) 

2. 1 Gc.~e::>us EF 

2.2 il..l::t of fl:,;_c:-:'...C:e.:, e~ c~lid ::..F 
2.3 ::c1 
2.4 ~~~t (EcC1 2) 

:£) Feriod cf :pct 

o~ce in t~c L:~t~:. 

ccttoC.e ic.lre:c:1c.t::..c!"~ E..:-.. :-~r::E tc: 
0'\('\!" ,...3/'I.., ,.--· "-~- c- c·c-"'.:I c-~---•"-.- .... ~ - ....... '"'u~ u..:. .I.o. ·-~- ... _ '-. ... t..A. ..._.1.~...t'"·"'~ ....... ,, 

- ~?~·"·'°' .-31\- v···J~- o-c..., ,._; .. "-Le..,-.,-(-'-.-; .. ·.,.,-L,.._,.,.,vv ll• .Ll ..... ....... ! ~ .... ....__ ........... \. "'~- ~ "c.- .... -•J..:..,;; 

:;-.:.ct::. or. :::<. t€r. .• 

- c. ,. 
! • 

- 1. 75 
_,._ 

,. ............ .' 

Units 

l::c/hour 
- ti -

11 

" 
II 

II 

Tc tel 
c..rno-:.:.nt 

0.122 
c.034 

c.s 
o.65 
c.:.05 
3.0 

.... 



6.J.7. Brief description of ~ajor process equipcent 

l\:S.jor process equipr.1ent of E:JU on the pots section: 

refining pot - 2· pcs, 

pot for electrolyte :pre;-cration e.nd ce.thode 

irr:preG'lE-ti on , pc, 

pouring machine 2 pcs, 
~ro ,., ,, , rn "1_"' ,::i i:> , :-"et· 

~ f · · t ( · · 1• "'1 ",J::; ;3c - ") r-.e :.mng ;o c:rc.r.-:..ng .... o ..., _, _ c .::.1.. 

J. •. n:iC.e u.r..i t is a \':elC.ed st1?el 

f:.re clay s.nd r.1c.gnesi te bricks. 

- • .:I • th cc..se J..:.r.e'-4. rt:. ~ed cley, 

Inside leJ·er of tl.e bottom is r::s.de of cc:.:-bon .T.c..ter·ial vdth 

inse:i.:tc::l steel rod for pov.·er B".;.pply. In one of the end v:alls 

+.:-:ere is a cherE;ine pocl:et. 

Cs.~:1od.e ur.i t of tl:.e pot con:i . .sts of c:..t~:oC:.es, c·.;.::1po:-"!:ing 

E"teel r:tr-J.ct1..;.re, CE:.thoC:.e £.Lu.-:ir..iur.: h .. '_.:t::.::--s c.::d cc::.t~-:.o~e r.o\·:..ng 
C.e·,-i ce. 

I' .... - , -
l ~, A - .- • •,._ I. • ..:. 

- .r 

' ~ . "" . ' 

L.:. :·E 

,.. r-.... .r,... i--: 
.:. ... \J - - - C =r ~·;;. ~-~ ~ ~-'. E. ~ :'C~; C.:'C ·!;~ C. r. 

f~ ':.. i. -'"· " - ... -.:_ ( C>;.~ f- ~-,EC:. l·,.;l 

ct ::.:: of 

£_~. ····------·· 
...,_ .·.: 

. . ' • _.,,.r .,_.,..,. 
\. ........ _ L-·.t.i{. 

... - .... 



SRL: 
NOS L __ _ Description 

1 Amperage 

2 Current density 

3 Current efficiency 

4 Pot production capacity 

5 nc r~~Pr ~~n~lm~tiOn 
6 number of cathodes 

7 Shaft depth 

8 Shaft width 

9 Shaft length 

10 Pot outer dimensions: width 

length 

Pot serrice life :!f:) 

height (of case)' 
~ 

11 
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........----
Units Value 

kA 10.0 

A/cm2 o.6 
% 93.0 
kg/day 52.3.4 
kw.h/t 17000 
pcs 13. 
nun 700 

-"- 2450 
-"- I 4760 

-"- 3590 
-"- 6420 
-"- 2120 
years 5.0 

~) service life of the pot for electrolyte preparation and 

cathode impret;ne.tion -· 3 years. 

Pouring ::iachine 

Fouring me.cl1ine is de::::ii;ned for pouring of crude aluminium 

into pot. 

Pouring machine is a v!elded steel ce.r ni th a. ladle install­

ed on it. r:;;his me.c!-i.ine is equipped v:i th oil hydraulic drive for 

turning of ladle. Crude aluminium is po:.lred into pot throuG}l 

the ladle s?out, ctute end charging pocl:et of the pot. 

Speed of cruC.e e.lu:::ir.iur.i po:irine is controlled \il. th the 

help of hydraulic drive of the ladle. l'he ladle is made of .steel 

and lined with fire clay brick. Ladle capacity is 500-1200 kg. 

Vacuur.i ladle 

Yncuum ladle is desit;ned for cr~de alu::rinium re~oval 

from tt:e pots. 

Vacuum led.le consi cts of welded steel case lined vii th 

fire clay trie;k, rei.loveble :::teel cover, int~ke ripe end craph.i te 

::.r.let. 
FDr transportation o! v2.cuum lc.O.le v;.i.. t"h the }1e:lp of trir1ce 

crcne end. for r:ieto.1 di ~-chl:.rce a beam v1·i t~ lt.c.J.e turrinc drive 

~~ r~cv~ecd !~r. 
Ca.pr.city of vc.c"i.~'J.m lad.le i fl 3 tonrw::: • 

• ' -·· <;. • ' •. 
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6.3.s. HPA quality control 

Physical and chemical snalysis to control the quality of 
raw materials, materials, HPA ond composition of the EDU 
production wastes should be carried· out by means and methods 

of the existing chemical and analytical services of the Smelter 
(shop and central laboratcries). 

6.4. Power supply 

6.4.1. Existing po'.':er supply circuit 

Plants using local coal extracted by open pit method and 

imported coal. The total rated capacity of public sector For:er 

Plants in operation in J~he vicinity of Korba ar.iounts 1340 I.:W. 

The construction of new Z70 J,'Jl Captive Pov;er Plant v;as 

initiated in 1985, the first 67. 5 ISrl unit due for comr:lissioning 

in 1987. 
' Presently the plants maximum power denand is fixed at 

225 1.:w the reted potroom pov1er consumption being 184 I!Ni (t\·10 

sections 9 2 1:.w eech). 

The plai~t is supplied by porter tr...rou&h t\·;o 220 kV feeders. 

The plent' s s-...1.bstation has four transformers 220/33 KV 120 I.ll A 

each. By means of 220 KV outdoor sv;i tch-Gear any o!'.l.e of trans­

formers can be connected to feeders. 

The 220 I:V & 33 KV distribution is made bj' e double bus 
system to ensure reliable po·;; er supply to .2ectifor::-,er 0te. tions. 

Each Fotline consisting of 204 pots is supplied Yti th poy;er 

through Silicon Rectifier Substation concisting of six rectifier~ 

each rated at 22 I::.A 950 V, 22,9 I.~ii. i~t least 5 of six are ir.1. 
oper2.tio::i feeding 100 l:A at 950 V. Ee.ch cro'..lp of rectifiers 

is provided r:i th individaal enerGY counter en :"~ side & amp er 

hours & voltage hours controller on DC side. 

6.4. 2. DC :Dlectrical por:er supply of ~:?A pots 

(for vcriants I & II) 

The DC poY:er supply is r.-i~de fron operating Silicon Rectifier 

Station located in tte vicinity of potroor.is 75 & 76 (::;econd 

potline). T:Le S::tS contains 6 rectifiers of Indian cor:i;iany 3~ILL. 
Specif:: cc. ti or.::: of the rectifier ..ir.i t (ar._':ex 8): 

- tYl'e CF2> 

- rated ::-ectified currer.t of or.e ·.'.:ri t - ~2 l:A 

- reted voltc:e - 950 V. 
fre:e~tly e~ch rectif~er unit c~vez 2C I~ c~rrent. 

;;·: .. ·::· .. ;·_ ...... · ·r :.~:.~7r:-·-~··:~.-· ... ~ ........ ___ . .,,_ ,. . .. :-~ ··"'·<r··-··,. .. · ..... - :. ,, ..._. ... , .... -.... "' ·: 4·• ··~·- ~-·-· ......... .,. ..•• ,,... ........ ~ ·~-
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The .following electric power supply circuit diagram for 
feeding potline N 2 producing HPA. Four rectifier units a.re 
feeding the ElXJ 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 make up current. 

ArrangemE!nt of the EDU pots according to variant I requires: 
- an additional minus busbar at SRS v;i th two rectifier uni ts 
- an e.ddi ti.anal make up b-;.i.sl>ar be tm:?en SR.5 ami pu ~.1.·uom i~ 7 5 
Arrangement of the EDU according to variant II re~uires: 
- an addi tiona.l negative busbar r.-i th two rectifier uni ts 

to be connected to existing negative external busbar; the existing 
negative busbar is switched off external busbar, 

- an additional negative busbar between SRS and an extended 
part of the potroom N 75 and its connecting to existing negative 

' 
SRS busbar. 

Works rt.J.ated to the installation of busbar of HPA cells 
section, external busbar and wodificetion of SRS busbers should 
be carried out without long shut-C.ov:n of cell-line. This can be 
reached by utilisation of temporary by-pass and shunt busducts. 

This ~ethod of new busbar installation and nodification of 
e~isting busbar will require seve!'el s~ort-term di~connection 
of the cell-line. The dur~tion of eact cell-line dis:or.nection 
is 1 to 2 tours ~n~imuM. 

drr~ssible DC 8.r.lpercge variation at the EIJU is + 5 % laveraGe 
Per bo - \ 

The duration of an emert;ency pov;er cut-off is not more thet · 
2 hours. 

Busbar d.iagr;::ms end routes of buzbars ere indicated on the 
drawing 1247836-~ (variant I) and 1247837-3C(variant I;I). 

Presently there is no vccE.Ilt voltage et SP.S in operation 
at the second potline. 

Therefore four existing pots must be ~v:i tched off to oper<.!.te 
this EDU. 

The calculation of the number of p')ts to be ~witcl:ed off 
is intl~cated in .hnnex 2. 

f. /. ). Fo·.-:er eq".lipment 
(poY.er C".rpply of electrical equip~.c.nt cf :DU r:i th ;..c) 

V&rient I 
For control of c(:ll dri·:es fer· ~· :--0C.~c:tior: of r:1[f ruri ty 

. -- . 
•. 
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N 75 aluminium control cabinets of dismantled cells of potroom 

with partial substitution of equipment in the cells. Addit:onel 

equipment is given in the specification. For control of bl~nds 
drive for preparation of electrolyte and cathode impree;nation 
a box :for control of asynchroriic reversi ve short-circuit motors ty­

pe IIIY 5400 1~ usedcontrol boxes and cabinets for control of cells 

are fed from existing lines (voltage-220 V) with insuleted 

neutral. 

For connecting of rou"!"i ng rn"" ,.h; !".~ to t!:o li:-.. ;:.. l:'lu.5 cv.w:i.ec ~or 

type A700/A70i is installed on cell control cabinet (CCC) and 

flexible cable type KPIIT I (.3x4 mm2) is ordered. Circuits from 

CCC cabinets and box for blinds cont~ol to electric reciever 

at the cell are made of heat resif:tant copper wire type IIAJI !30 
( 1x1 r::un 2). Running of wires along the cell is ce.rried out i:i 

thin-r;alled steel pipes vd. th protection of lead-in places to 

lead-in bo::es of electric motors by flexible inlets made of 

metal fle:T.ible tube. For decreasing of number of wires corning 

to the cells clamp boxes type Y 614 are inste.lled on the cells. 

Wiring from CCC cabinents and box to clar.:p boxes on the 

cell is rope suspended \7i th necessary asbeztos cloth protection 

of v:ires from radiation of spilled metal. Protection E::iould be 

me.de in several layers. Rope shoulC. be ir.sulc.ted from earth 

potential. 

Varia."1t II. 

In order to provide for the control of cells drives for 
proeuction of hii;h-purity aluminium cebinent for cells control 

(CCC) are foreseen r;hich ~re inst2.lled et tj_e elevation of cells 

service in -!;he aperture betr:een the colur.:::rn on the i.n:::ula tors. 

For control of blinds drive of one cell e box for control 

of asynchronic reversi ve s:iort-circui t motors tYJ:1 e CY 5400 
is inrtelled. For feeding of the CCC cabinets and the box it 

is necessary to prolong the er-i sting line ( 220 V AC) ·.·:i t~1 insu.lat­

ed n~~tral. For this addition~l sections of clo~ed distribution 

busbar of 220 V AC type lli?A-73 for current 250 A are foreseen. 

For connection of Dour~ng machine to electric circuit ;lug 

connector type A 700/A 701 is irn:talled on the r.idC.le CCC c2bi:J.ct 

end fle::i ble caole }J=lJTI ( .3 x 4 r. ... '71
2) :: z ::'o::'cseen, Circuits fr.:im 

CCC cc.binet E:.nd box for blinds cor.'crol to electric reciC\·0·3 

0n the cell ere r.;c..de of :r,ect-:'e::i.~·t&nt cor:;H:-r r:ire t~.-pe TIJ .. /.-1,JO 
? 

(1 x 1 r.un~). 

. ..... , ..... --
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Running of wires along the cell is carried out in steel thin 
walled pipes with protection of lead-in places to lead-in boxes 
by flexible inlets made of flerible tube. 

For decreasing of number of wires coming to the cells 
clamp bC2xes type Y 614 are installed on the cells. 

WiJ;tlng from CCC cabinets and box to clamp "boxes on the 
cell is 1~pe suspended with necessary asbestos cloth protection 
of vtlres from radiation of spilled metal. Protection should be 
made in several layers. Rope should be insulated from earth 
potential. 

For feeding of bridge cranes in ~~de part of potroom it 
is necessary to prolong trolley up to the end of ~rane jibs. 
For troll~y steel angle with cross s€~ction 75 x 75 x 6 s.nd trnll ey 
cantilevers should be foreseen. Period of emergency ~witch-off 
of AC povier - not more than 8 hours. 

6.4.4. Electrical lighting 

Variant I 

Ko additional lit;hting needed 
Variant II 
Celculated illuoination of the pot site in e·xte~ded part 

of the potroom is 200 lux, of zero level - 50 lux. 
Lar.ips v.1.11 be of ~as-dische.rce tube type .IJ:PJI-700 end 

HCII II-20. 
LE..Dp s v;ill be serviced from step-ladder end fror.i bridce 

crane. 
Li&'>iting voltace r:ill be 415/240 V (lar.:ps 240 V). 

Ordinary e.nd cmercency lici~ting sy.::tem is fed from existing 
~ircui ts. 

Lain lichting is controlled from the cabinet Eituc.ted in 
the connecting corridor. 

Lighting panel::: v;ill be of type IIr 5IOCl r:i th au tor:ic.. tic 
sv.-i tche.s end ma.[;Iletic <.:tarter for di~tant control of upper and 
lo..-1er platforms liGhting. 

Feed.inc and croilp circcl.i ts £.re !J-:ld.f) of cc.bl es type A33r, 
laid toccther \';i th po·.-:cr calle~ L.cro...;s t:7.,is:.:;es, elo"'lC trv.::-:::-es 

e.ncl e.lon;::; tLe v:c...lls fixed Vii th s-..lpportinc k>ob·. 



6.5. Main infrastructure concepts 

6.5.1. Dae to small requirements the provision of the EDU 
with water supply and draining facilities, compressed air and 
air ~~pplied at negative pressure as well as with transport and 
repair services to be from the corresponding networks and 
departments of the s~elter. 

6.6. Br.lildings and structure 

6.6.1. Data for design of the buildings and structures 

The follo11ing served as a basis for designing the buildings 
and stractures: 

- the technology adopted for production of high-purity 
alumir.ium at the existing electroly·sis facili ti~s; 

- the process equipment selected for production of high­
puri ty aluminium; 

- the local climatic co~ditions and conditions of ~upplying 
the p:ropozed unit \",i. th utilities; 

- the configuration and size of the ope:rating electrolysis 
facilities. 

6.6.2. List of buildings and structures 

J...ccordinc tu the tecluiolocy Eelected for production of 
hich-puri ty alumin.iar.i the follor:ing sections to be O:'gani zed 
in the operatin8 electrolysis s~op: 

- a sect:.on for three F...?A cells in the ,·:ester:i end of the 
potroom :ro 75; 

- a section of salt d.ryine; and salt feed p:'epar~t::on in the 
cact::ng s1:..op; 

- a .section of castillb H:FA incots in the cc.stin.::; sl:op. 

Decign :::tadies on le.yout of the equipment have shovm the 
followinc;: 

- locc.t:i..on of the salt drying and so.l t feed preparation 

:;ections as \-.ell as the EFA insets casting zection in the 
castine; sbop vrill not require its recon;,tr-..tction; 

- location of the .'i::?A cells in the potroom i;o. 75 will 

:-:cce:zi tc.te its re:con: truction v,i th volw.1es of v;ork C.epender;.t 

on e. cells a.rr8.nce:::en ~s co!'l:i(:ered in this Study in -tr:o vr:.riF~r:.ts: 

.. ·-~·-·" ... ,.~ .... ··~· ,,..~ -~ ... --.... . .... -·~·· ~ ......... ·~-- ............ •.·--· . - ............. 



Variant I 
Th~ three HPA cells to be located between the axes 5-9, 

in the western end of the potroom instead of three primary 
aluminium cells to be dismantled. 

It this variant the R.C. cell supports to be rebuilt as 
well as the floor at el. J.00 (partially). A new section of 
supports of the busbar conductor system to be built from the 

Variant II 

The ~hree 3PA cells to be located in a section of the 
potroo:n to be extended. A layout of facilities in this area. 
permits extending the potroom building by 26 m (max). 

57 

An extension of the existing building ~~th a span of 18 m 
by an amount specified will require a remo-;al of the existing 
end wall along axis I Y;i th removal of steel framed columns and 
disr.iantling the R.S. foundations for ~ese columns. A new section 
of ~~pports of the basbar conductor system to be cr~ilt from the 
SRS to the potroom. 

1 

I.:e.in buildint,;s pa:-ar.ieters 

Section of HPA 
cells in ~he 

.... ·- 75 po i..rooo l;O 

Bailt up 2 area, rn 
. Useble 2 e:r-ea, m 

B'..lilding J 
volume, m 

Variant Vari- V~~i­
I antII e~t I 

Vari- Vari-· 
cnt II ant I 

Varfant 
II 

. -- - . -· ------

516 722 10720 

---··--· -·---- ---

J.rchitectural and civil concepts and structures desiGn 

'I'he archi-~ectural e.nd civil co::-.ce;:its end :::;tructures clesis~1 

for both vc.rients of recon.str-u.ction of tte potroom :;o 75 
for co:istruct:ion of new ::;ect:.on.s of tl:e cru.:br.r cor.ductor sy~tem 
are a.::::51.lrr.ed s:'..r:lilc.r to tl:ose reelized in :lie operating potroom 
::o 75 r..:id in the er.i c. ting su.pports of the b:u:be.r conductor 

:'Le follov:inc; buildiflG elemer~ts are a::::::u:-.ed for :::·econctrv.c­
ti on of the potroom ;;o ?5: 
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- foundations of the building columns and supports of the 
' cells - of monolithic reinforced concrete; 

- floor at el. J.O m. - of monolithic reinforced concrete; 
- columns of the building, framework, roof trusses, 

stairs - of steel; 
- walls and roof covering - of A.C. sheets. 
ElementG of the busbar conductor system: 

- columns - of precast reinforced concrete. 

6.7. Cost estimate 

An estimated construction cost of the EDU (Variant II) 
was calculated according to the initial cie.ta compiled by a 
team of VJJ,"J. experts in cooperation r;i th 3.ALCO promoting the 
project. 

A prices level is taken as ~t the end of 1985. 

6.7.1. Cost of technology 

A "know-how" cost is determined by the Supplier. Including 
('"1.:P"r.L 

the tarr-the total capital cost connected r.i. th purche.sing the 
technology is Rs. 296 thous. 

6.1.2. Cost of equipment 

~he process equip~ent is ascu~ed eccording to the ~pecifica­
tions. 

In the capital cost calculations an e~uiphlent and naterials 
cost is taken e.D follor:s: 

- for the equipment e.nd me.terie.ls to be supplied by the 
Indian ort;anizations - froo t:ie de.ta by 13:.:.co according to the 
initial data; 

- for the equipment and materials to te ~-upplied from the 
U~SR (a pneumetic machine for mixing an a.!o~e alloy end the 
bimetal plates) according to the d&ta of V /0 "Tsvetmetpro;:ic:;.:po:-t"; 

- for the equip~ent e...~d ~aterials not included into a list 
of ini tie.l data. to Ui;IDO centre.ct r; 85/2 (.some k:i.:1ds of electrical 
eq-..iipr:-.ent) accord.ins -:o tte ini tio.l d.2ta for preparing a fen::::il.Jili­
ty ~tuC:.y of :'."ioC.ificction of the c::..lc:.::u...tion k::..l!"'.z for a callium 
and special alumina p:-oc~ction (19SJ) to Le c~rried out at the 
same i:o!'ba fucili •.,y. Convel'don from the i98J pri<..es to tbo::;e as 
at the end of 1985 is do~e ~ith the u. e of ~n czcclation fcctor 

. . ~ . . . .. .. -__ ..... ~-- ----- -" 
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on a 10 % annual price increase basis (K = 1.21). 
An initial stock of spare parts is taken to be 4 % of the 

equipment cost. 

For a summary of the equipment capital costs see Schedule 

6-1. 
The production costs connected vd th repcir of the equipment 

are taken as a pereentage of the equipment cost and ere included 
into the general shop overhead costs (chapter 7). 

6.7.3. Cost of erection works 

The erection ,·,·orks take into account a cost of r1orks on 
erection of the equipment, steel elements and cell linings, 

inte.rnal and externa::.. bu~mork, elt:ctric lighting sy.:..:tem of 
a building wr.J.ch houses the EDU. 

Ji.n erection v:orks cost is determined on the Basis of an 

overall volume of v:orks '":1r erection of the equipment, process 
stell sections, lining, for rur..ning the cable netr:orks and 

busbar conC:.uctors and estimated from parar.ieters for determining 
an equipment erection cost given in the initial d£ta. 

6.7.4. Cost of buildings and structures 

The civil \·:or ks on constructing the buildincs and .stru.ctures 
take into account the follor1ing: 

- Dite preparation and developnent; 

- reloce,tion of the engineering netr:orks and li.stri b-...i ti on 
lines, including a steam pipeline; 

- t;eneral civil r;orl:s connected r.'i th an e:;:tension of No 75 
potroom to accomodcte the EDU. 

A civil cost estioate is determined on the ba8is of an 
overall volume of \.orks v;i th the u.se of unit rates according 
to the initial dcta. 

A SUr.1.'Tlz.ry co::.:t e.:::timc.. te for const:r-!lct·i ng the buildincs 

c.nd ::t:r-J.c-:ures is c:;iven in .Schedule 6-2. 

1.r.i.."'luel mair.ter.L.?..nce co~:ts are taken es a percer .. ~nce of the 
civil ~orks cost &nd ~re i~cluded into t1e ~e~c~al .:::hop 
o·:crheed co::ts ( cr.u:i::-~ £r 7). 



60 

Schedule 6-1 

I - --~--- ~-·· ... - -- ... 

~--Estimate !:_f in~~-s~~en_t __ _:_~~-~s ______ _ 
I Equipment 

I 
I 

Project: EDU 

I Unit Costs, 000 Rs. 
I cost, foreicn local total Rs. I 

Item ! Qty 
1

unit1Cost category 

-+-------'------· -- ----------- -- --- ------------ - -------~----- ----- ----
-1 I « 3 I 4 

1 I I Production eauipoent 

5 

1.1 2 pcs Ii 70 kA alurr.inium 
refining cell 

112,22.2¥-) 

442859 
1.2 1 

i 
1.3.5; 2 

I 

'1.3.6; 3 

1.3.7; 40 
! 

1. 3. e, I 2.1 

pc 

pcs 

pcs 

i 
r.n 

; 

' I I 
1.~.12[ 4 % 

70 kA electrolyte 
preparation cell 

Process eauip:!ent 

Alur:.iinium pouring 
, machine 

Pneumatic machine 
for r.~xing of anode 
alloy 

1122223( 
510412 

119830 

97080 

Pr-eu~atic har..:ner 12000 

Portable potentio~eter 
with ther~ocouple 3500 
DC :::.illi vol tr:;et er 

Vacuum ladle for 
alur::.inium 

1500 

70 000 

Rutber-caLvas to2e 50 

~elded steel container 
for electrolyte 10 000 

Welded steel con~ainer 
for dry snlts 10 000 

Process tools 12 000 

Covering plates ~or 
tusLf. r char-.r.els 

I(• 1 d" • 1 +• 1LC u 1Lg l~SU a~ion 
of ACEID-C'. 3 t, 
~~d edced bo~rds 

' 3 0.15 c ~co~~ 

'"' t ;z ~'.)7f'=.O .._,pare pnr. s ,JC., ~ _, 

,.., ~ 1 .:.o, B~ of i te;·. 1. 3 

----··-! . - -- -· 

6 ? 8 

224.? 885.7 1110.4 

112.3 510.4 622.? 

239.s 239.s 

2.6 2.6 

0.5 0.5 

7.0 7.0 
3 .. 0 3.0 

210.0 210.0 

2.0 2.0 

21.0 21.0 

~~3. 0 23.0 

6.3 ti. 9 

13. 2 
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1 I 2 3 4 5 6 7 8 
-· 

l"'l ·4 I Electrical eaui:12rnent 
1.4.1 10721 : m3 Electric .. lighting 

( system 19.72 211.4 : 211.4 
! ' f 

1.4. 2 Electrical equipment 77.7 77.7 

1.4. 3 DC and AC measur:i.ng 
system 1000.0 1coo.1 

I 
Total of item 1.4 ' 

1000.0 289.1 1289.1 

1.5 Anode buswork 
I 

1. 5.1 35.62 t Aluruinium busbars 35000 1246.7 1246.7 
' I 

1.5.2f 2.4 t Aluminium strip 33100 79.4 79.4 
I 

i 
1.5.3. 0.43 t Aluminiur: pad 25000 10.8 10.8 

' 
' 1.5.4. 57 kg Asbestos sheet mill-

board 50 2.8 2.8 

1. 5.51 0.68 t Asbestos cer:ier:t plate 10000 6.8 6.8 
! 

1 5 r r •• o; 0.34 t Steel BcT 3 Kil 3 10000 3.4 3.4 
i --~-- -- -- -
I 

Total of item 1.5 1349. 9 134-9. ( ' ' 

1.6 D. C. busv:ork 

1. 6.1 20. 19 t ' Alucinit.:= busb~r 35000 706.7 70.;., 

1.6.2 0.5 t \"iclding ¥;ire 30000 15.0 15.( 

1.6.3 0.5 t V/elded structur3.l 
steel 10COO 5.0 5,.( 
-------· 
Total cf iter:i 1.6 72s.7 72~., 

To-i;al of 1 13~·9.6 4457 5n:::i,'.: ! 
( / · '• 

r. 
Over!~ ec.ds :er c. 
:.r:ported . ' t 

t:q:.~1p::-.e:". 

L.nd r.:~:-erie.l s 

2.1 1.5 r• Port cl::t.rces af.!d /0 
1 ;:·;:,es '133S.6 20.1 ~.r. -c:'.1.;. 

~). 2 1.0 
,.. 

~, k ct .. c:.Y-ces 1~·39.6 1~-4 13. i /o D lY' ..... 

2 7, 50 ,- c·...:..::or.i :::.Jty 1:,3'.).6 6~~.3 . ,/ /iJ 

:::.4 3 :7' 
jJ '; rau::pcrt a :.ion ~o 

plar. t E::_ te 'i33°.6 40.2 4-C.; 

To": :.1 of it c::' ~. 743.5 c-;l,_-; c c:::.. ( ' .. ' 

_ _,_. -·~ -



~---.---.,------------·- - ..... 
1 2 3 

3 

10 % 

: 3.2 20 % 

4 

Installation 

Proces~ structures 
and structural steel 2110470 

Electrical equipment 3663545 

----------·- ···-··-- --·- ·-· 
Total of item 3: 

Gra!'ld total 

62 

211.0 211.0 

732.7 I ?32.7 
• 

JE Cost of ir:!:;JOrted bimetallic plates and carbon blocl::s. 



Schedule 6-2 

--------.......------------------·--~- --·-·- -

Estimate of investment costs .... 
Civil works 

---·--· -
Project: EDU 

I 
I 

Item1 Qty Unit 
1

cost category 
Unit 
cost, 
Rs. 

I I 
2 3 I 4 1 5 
----··- ·-i-~~T;-;~;~~;~~~-T -- -:-- --·- --·- .. 

1 

1 

1.1 

1.2 

~2 

2.1 

2.2 

2.3 

3 

3.1 

3.2 

100 r.m. 1Replacement of I steam pipeline 

50 

10721 

7.0 

560 

/.J. 0 

Relocation of 
'.service lines and 
:distribution lines 
i 

100 m2 Site levelling 

Total of ite.::n 1 
I 
I 

'BUILDING AUD 
STRUCTURES 

m3 Building for EDU 
(extension of 
potroom Ho 75) 

Disassembly of end 
wall of existing 
potrOOI!l Iro 75 

t Installation Of 
steel sheet pilin~ 
(structural steel 

Total of it en 2 
OUTDOOR STRUCTURES 

m2 I 
, i.:otor acces8\'1ey :o 
potroor:.: r0 75 

I 

100 r:l 
2 De:::olition Of 

asphalt-concrete 
: ;inve:-~.ent 
1------
'iote.l of it er.; 3 

·~?~/~~D '~8TJ,L 

..... ·- ... ~ .. -- ~:-· · __ -~· t.l. .: • 

150 

120 

270 

9000 

192 

32::i 

I 
I. 

Costs, Rs. 000 
------

foreign local total 

6 7 

15 

25 

6 

8 

15 

25 

6 

46 46 

2894.7 25;4.? 

10 10 

63 63 
2?o,..7. 7 ~o-7 7 - C/:J • 

1.3 1.3 

102.s 1c~.2 

7 '1 - ..., c: -1 ~~ 5 :.; I .:_ C:.. _,, , . -
./ .. 1 - • 
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7. ORGJJITZATIO:; OF EIJU, OVERHEJJ) JJill OTHER COSTS 

7.1. Organization of EDU 

Calculations for Feasibility Study are made taking into 
account EDU arrangement in potroom !Io '75 at eristing Korba smelter. 
For this purpose potroom Ko'75 is to be prolonged. 

It is a:; summed that EDU is organized within the aluminium 
smelter. I.:anpor1er provision, routine and ca.pi tal repair impler.ien­
tation, b~ilding and struc~~res maintenance, outer transportation, 
watersupply, material storases provision and other problem 
connected vii th EDU a.re solved v:i thin the frame of aluminium 
sr:iel ter. 

The major process section of EDU is the section consisting 
of three 70 KA electrolytic cells for high-purity aluninium 
production. 

1.2. Overhead operatin~ costs 

7.2.1. Overhead operating costs include: 
- expenses on buildings and structures mainten~nce et 0,5% 

of their cost; 
- expenses on routine repe.ir of equipoent at 2.5 % of its 

cost (at the constr~ction site); 
- cl:c.ri:ez on cc.pi tel repair of the cellc e. t 17. 5 S of tl:cir 

constraction costs accorci.ing to the deprecic.tion ch:=.rccs on 
ca?ital re?~ir velid in tte U~SR; 

- ~nderect overhead costs (drintin~ ~2ter, air conditionin~, 

ver.tilation, lichtinc etc) ~re c.st.:ir1a.ted on tte basir: of e,ctu!ll 

e:i:isting 0verLeeC.s at I:orba s::-:21 ter e.t 5 ;, of c2t::.r:w:teo. overher.:.d 

costs. 

eX:.::ti:1g po·,', er cons-urr.ption 11el<::,~e, start-up of ::::D:.; C!;:;.n ceu:::e 
cut-off of f.:mr O:;?E-!'e.ti.~~2: I'Ots for pric:,;,ry 21'.lr:ir.Liu!il r,:'Od.ucticn 
in -7.he pot:r~on i:o 75. But the rezi..<l ting c:::er..:es '.»i.il not be 

ir.cluded i:~to a.dC.::l. tic1n.l d:.<~rces, ~ecause tcr:..p:.:.r<;ry lc;,:;es of 
r:;.E.tal a:-e ..,.Ery li;;, (.::.:C,:.Jt ·1~~ ct dc . .iic,nf'd ::.:,,~ ::.::ity b(;fC,.::'~ the 

,. ·1t1rr•·1 vr1-~··e .. 1--,.,..'.11". ·~ · 1) 
e;i ..... ......i. l.w-.uc:i ....... u:;;. . .:. ~ ... di.A ~ :Je ~\'(::;l.~~~t.' e • 

rr -:. -.. ., r. 
.. ...,;.i...-_ -



... 
7.2.2. Capital amortisation 

Capital amortisation is included into production cost~ by 

equal installment during th~ total operational period at average 
rate of s.5 %. 

Average amortisation rate is aetermined on the basis of the 
follo~~ng rates as per initial data: 

- for equipr.ient - 10 % 
- f0r building and structures - J.5 % 
Preliminary expe~ses ~re included into production costs 

for the given equipment at 10 % of its cost (according to ur;rno 
recom.mende. ti ons) ~ 

In calculations of e..r;;ortisation interest during construction 
is added to the fixed capital~ 

~orking capital is not depreciated but is taken into account 
in salvat;e value at the end of estimated opE:t'ational period. 

7. J. Ir.come tax 

Taking into account that the EDU for r.i.Gh purity aluminium 

production is to be set-up under the UI:IDO and UI:TIP as.si:::tance 

and it is not a. comrJercial unit, the iLcorr:e tax on finished 
product is not included for tt-e firu:ncial elalue.tion of the LDJ. 

,. 
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:1n.L t 

. } of cqpt co·-:t 

0f bit l.l rli_nr-: 
: 1 rn1 ~1 ~rue Lurc:J 
ec. .·1 t_. 

or pot r-o:~t 

·, '.l f f': ; [; i mn. t c d 
CX[Jt'U::c0 

j'.:.'ouuctlon cont::: eGtimnte 
llvcrhco.d opcratil'l.0 co!1·to 

Obj e:ct: l~vU. Ho.me: hic;h purity alumlnium 

Hume of exp on:-: es 

i\Oll tin9 repuir of the 
equipment 

I.lnintenance 

Clinr1~0:3 I•n' co.11l tul repuir 
of the :µot s 

• .lub-totnl 

.lndlrect overhead co::it::.: 

'i'o Lnl 

Coot, 
Ho thoun. 

1.540 5200 

3077 

537 1,83 

92 42C:: 

-Schedule 7-1 

Expenoes, H.s thous 

)3 

;.9 

S2 

5 

9'1 

130 

15 

27( 

422 

21 

443 

1b3 

15 

jj6 

.?14 

26 

540 

(J\ 

°' 



8. 1. t:anning table and organi.zatione.l manager.ient 

layout 

67 

As the EDU is to be located at the e:xisting sr.ietler being 
a part of it, the costs for administration staff are not 

To control the EDU operation one engineer .i.~ .1.c'J,~i::-cd 
during tile r:orking day. In addition, one supervisor per shift 
i.e. a 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 srnel ter r:orkers are required. The maintenance works 
to be carried out by the existing maintenance personnel of the 

operating smelter. 

8.J. Cost estimate 

Le.bout costs (\':o.ges and salaries of personnel) ere estimated 
on the basis of actual d~ta from the s~elter on the avera6e 
monthly v:ages and salaries by ca'Gecories of personnel tal:ing 

into account fringe benefits and bonus. 

. . ' . 
~ ........... ~~-;. ...... ~~"".'""-~'~':'"'";..;_./:'"-~~:-~.~.;.."":'_*-f'!'!'~ .. ·--·:--~ ...... :. ·-~ . ...;...,.:-~·-:._.· ~--·- .. -~o!!:.: ~ ""'"'"" 1- ....::-.~-:-:=--:-;: 



For an estimate see Schedule 8-1 

> . ' 

Estimate of production costs 

Wages and salaries 

Project; r.:DU 

Item 

1 

2 

3 

Categories of 
personnel 

- - -- --- --- ---------

Skilled workers 
Supervisors 
r.:anagement 

------~--

Total 

~~~, .. -~ 

Quan­
tity 

10 

4 
1 

Average 
monthly 
wages & 
salaries 

F .. s. 

2,100 
2,600 
2,600 

Schedule 8-1 

Arum.al 
wages & 
sa.leries 

Rs. 

25,200 
31,200 
31,200 

------ --- -------- - --·-··--

15 

Costs, 
Rs. 

thous 

252 

125 
J1 

408 



9. PROJECT II\JPLE!.::EI;·I'ATI ON 

9.1. Programme and schedule of the EDU implerae1~tation 

The follm·:ing project implementation stages are assumed 
for evalusting the EDU project: 

- prior to construction a basit ens:Lneering (process) and 
assignment specificai;ionB to t~ pr-cp=.::-~i e.l0:ne \':i th detailed 
civil drartlng; 

- construction of the EDU for 15 months prior to the start­
up and corrmri.ssioning; 

- mar:ufacture and erection of the equipment (9 months), 
6 months efte~ a start of const~~ction; 

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

£ccording to the above programme a proje~t iwpleraentation 
schedule v:a.s developed (see the end of this cha.pt er). 

9.2. Estir:iate of project iwpleoent~tion costs 

The project isplementation co~ts being forwed at the ~tase 
of a construction prep~ratory period, start-up and a build-up 
of production ere deterj;lined of the basis of the !!Ini tie.1 Data". 

The costs include the follov:ing: 
- overheads (t~xes, in~~rance) 
- project rr:a.na.ge::1ent co.sts (r.1a.nece::-.ent costs, control and 

coordinetion,:Soviet e:Y.:?erts costs, recruit~ent end trci~d.ng 

of staff &:ld le.hour, design ensineerinG)• 
Jn addition, the esticate includes 

stc.rt·-up z.::-"d c'.'.>:-.r.:isionine ::>perations cc::·ts de~er::rined according 
to Supplier's calcul~tions. 

Contin;:e:-.cies are celculated for ell kinds of co.sts but the 
lc10r:-hor; co.rt, co. ts of t~1e .sJ~art-up c.nd cor.ir:-.i:::sio:iin.:; opE:rc.tio:is 

ar:d of t::1e C:e.sic:i e:r.c::.ne:ering to ::e cs.rri E.d O'J. t by t1.e S:..:.;ipl:: E:r' s 

o r[;~r.:1. za t:. .: :ls. 

In tLe cc.lc-..~lc.tior..s the prcpe.rct::..o:i c'.;n.ce co.sts to be v;ri tte:n.­
off for e. con:tr-.;ct::..on ~Jeriod. 

. - .. , ,_ ~- -- -- --
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Schedule 9-1 

.__ ... - - ·- - - -· . 

Estimate of investDe~t costs 
.,. ·~----·--- ···-· --" . ----- -·-- .. 

· Project implenentation 

Project: EDU 
' . ---.......... -------..-----· - -- . -- ----------· --------· ---~·-- - --~-- -------·-------~-·---

I 
~tern' Qty 

i 

-- - ·--
1 2 

Unit 

3 
-----------··· 

1 

1.1 1.8 % 

n. 2 4. s % 

2 

2.1 1. 8 

~.2 24.5 

e.3 48 

~.4 

% 

t 

Cost category 

4 

OVERHEAD COSTS 

Insurance of 
construction <r:its 
and equip.::!ent 

Tax on tum-over 
of construction 
con1pany 

Total of ite~ 1 

r.::.AITJ..GEI.TI:T FOR 
PROJEC'P 
ILPLEI.L:~TATIO:r. 

Control, coordi~a­
tion 

Costs of Soviet 
specialists 
dispatched for 
st art-up a:i.d 
adjust::-.ent work 
e::d approval cf 
car8.nteed per~cr­
r:::c;.~ces 

Incor::e tax on 
services of 
Soviet e:;;:perts 

Design en&inee~i:ig 
and ~rep~rat~o:: of 
wor~1~e dre~1~:3 

78.x o:i C.e~icn 
e::~bi;"eerir:c 

Unit 
' cost 

Rs.000 

-'/ 

9862.8 

?852.8 

9ss2.s· 

492.5 

~00 

Costs, Rs. 000 
- -· 

foreign'. Local Total 

7 

177.5 

473.4 

650.9 

177.5 

'+?2.5 '175.0 

235.4 

500 E-'52 

240 

177.5 

473.4 

650.9 

177.5 

667.5 

235.4 

1352 

240 

7'."J 
./ ~ . ,..,.,' 

-...:... -- --- _.,.. __ . ·---""··· - _ _,,~: .:!..--•. ·'-·· --- ··:~ .. ··-'--•·..:-· ... ·---· - ---· -· 



1 _1_ 

-------- -

2 3 4 5 
I 
I 
1 

r 2.7 2. 5 ma.'1/ year Recruitment of 
man&gerial staff, 

I staff training; 1.2 I 

I 
t Total of item 2 i 

Total 
costs 

nreliminar) 
{items 1+2 

3 START-UP AIJD 
ADJUSTI.IB:;T 

4 CO!:TTI;"GEIJCIES 

4.1 12 c:? 
/0 Civil works 3122.8 

4.2 12 CJ" 
/0 Equipnent ( exept 

for imported 
equipnent) 4457.0 

4.3 12 % Ir..stallation works 943.7 

4.4 12 - Other costs 2366.8 Ii.? 

Total of iter::i 4 11390.3 

GIWJD TOTAL 

. '": JC .. .. -- '* 

7" 

6 ? 8 

I 
3.0 

I 
3.0 

90? 5 I .... ._.. . 1723.4 . 2'715. 9 
i --- ---·- -- I 

992.5 

5"" 1 ';·· 

59.1 

1051.6 

., 
' 

2374.3 

1634 

37LJ-. 7 

534.8 

113.2 

284.9 

1307.6 i 

5315. 9 

3366.S 

1634 

374.7 

5.34. 8 

113.2 

344.0 

1366. 7 

6367.5 



-
EDU Con[:truct:Lon Irnplemcmtution Schcclulc 

S.No Implementation St,1ccs 

I 
1 Contra.ct award • 
2 Basic encineering 

J 

4 

5 

6 

7 

8 

9 

10 

\'iorldng (detailed) druwines 

Supply of a~siGnment npecificntions 

Tendering 

Con8truction 

r.1anufncture & rruppl~.r of 
equipment 

Erection of equipment 

Start-up nnd commi D.:::ioninr; 

rroduction 

l1 

1 

]
'! 
I; I'J T n 111 

., 

..., ... 

TY 

J 

I II ;:1 

~ 

l'I l 1 

,1 
I 

Ill n 

30 i{, ! (, o X .....___ ___ ·-~-----.....--- ·--- ·-· ·- ----- -----

.'.I 
I 



10. FINANCIAL AND ECONOMIC EVAIDATION 

In the present chapter an ~nalysis ot the EIXJ project is 
presented. A full capacity of the unit is taken as a basis of 
calculations. 

The analysis includes the following: 
- a cash-flow calculation starting !rom the first year C•f 

construction o! the EDU; 
- a calculation of profits and losses by years of operation; 
- a calculation of an internal rate of return on investcent 

and on equity; 
- a calculation of a total project pro!itability based on 

deter::rl.nation of a simple rate or return on the total investment; 
- a pay-~ack period calculation; 
- a sensitivity analysis. 
An economic evaluation consists of a detercination, in a 

generalized form, of requirements in the capital investments, 
v:orking cs.pi tal, production costs, volumes of finencing. 

The evaluation is based on a determined constrJction cost, 
an acquisition e.nd erection of the equipment (chapter 6), prelimi­
nery costs on realizing the project and technology purchasing 
costs (chepter 9), r.28.terials and utilities inputs, overheed and 
extraproduction costs, manpower costs, ealc~lated in the chapters 
J,4,7,8 as well as the de.ta on !ina.ncing, depreciation, te:x:etion. 

10.1. Total Invest~ent Costs 

The total invest~ent costs ere deter=ined by adding a fixed 
ce.pite.1 and a Y!Orking capital thus making Rs. 22,E.70 thous, the 
fi:r.ed cc.pi ta~. being Rs. 19, Si35 thous end the v:orkint; cepi tal -
R~.2,'t.35 thous. 

A ~r:::ary of the total inveztm€nt costs is Given in Schedule 
10-5, a~d the~r breek-dovm by years - in Schedule 10-6. 

10.1.1. Pixed e2sets 

The fired as~ets include the initiel investce~ts (Rs.10,6C7 
tho~s) S!'!d the prelir::inery cepitul CC~ts (:?~2. S1 ,325 tto:~~). 
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The total fixed assets include the following: 
- Rs.46 thous site preparation and development 

building and ctruct-..ires 
technology (kno~-how incl.tax) 

eq~ipment, total 
includiD.{;, indigenous 

supplied from the US~R 

- Rs.J,077 thous 

- Rs.2,960 thous 
- Rs.6,540 ~hous 
- Rs.4,457 thous 
- Rs. 140 thous 

thirC! cow:..tries st:pp.iJ - h.::..~ 1 9 1!3 t:hous 

- equiprneat e~ection - Rs. 944 thous 

- start-up costs - Rs.1,634 ttous 

- pr-elimine.ry costs 
- contine;encies 

- Rs. 3,)6'/ tho:Js 
- Rs.1,3G'i tt.ous 

Total Rs.19,935 

·when d~temining the equipment costs, the port, bank end 

transport charges for d~live~ of th~ ~mported equipment 6.Ild 
meterials to the site as well as the customs duties are included 

into the total equipment costs. 
The mein capital costs ere given in Schedule 10-1, and their 

breek-dor.n by years - in Schedule 10-2 (in the end of this 

chapter). 

10.1.2. lrorking capital 

A net working capitel is detErr:.ined as the required ~~rrent 

assets minus current liabilities. 
The follofd.ng is included into the v10rl:ing capitc.l: 
- costs of the reserves of rew r.::;.teriels end £"".lpplie~; 
- debts receive'ble (cost of the prod'.lct sl1ipped t-..it not 

paid for) 
- product end in-process inventory; 

- product in store; 

- caeh-in-hnnd. 
A.~ inventory of the raw c~teriels is as~..J.Cei on the b~:is 

of u~e process cslcu:!.e ti on~, -cheir co.::ts £.re deter::·.i:-~E:i on t!::e 
b'.l::is of a yEr:.::-ly oper.s.t::.ne costs e.::t:icc.te (ror the e::-t::..r.::te 

~ce ~c~e~~le 10-~). 
J..r: ir··r::-~tc:-~7 0! tr.e fi:..:.:::hec r=':::.ict is calc....::.~. ~"'~ r-n t::-~e 

f cr c 

---·-~ .. --· ---- ... ---
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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 ar~ assumed payable w1 thin 7 days 

(similar to the earlier projects). 
A·~ the same time the receivables are determi.ned on the basis 

of the total operating costs, and the accounts pa~able (current 
liehilities) on the basis of the materials and utilitiea costs. 

As far as a product and in-process inv~u~~~y !s ecneerY'~d 
assumed 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 J6 days. 

The cash-in-hand is_determined in an amount covering a two 
weeks requirement in salaries and wages to be paid a:id 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 an equity capital in the ratio 
1 : 1 are taken as the sources of financing a construction of 
the EDU. 

65 % of a total working capital requirement will be covered 
by a short-term bank loan. The remain.ing 35 % of the working 
capita~ to be financed as a margin money on the same conditions 
as the fixed assets. 

In a general form the total 
- an equity capital 
- a long-term inte!'!lal loan 

a short-term ban~ loe.n 

investment costs are as .follows:· 

- Rs.10,446 thous 
- Rs.10,446 " 
- Rs. 1,'i'i8 ti 

Total Rs.22,G?O 

For calculations according to the sources of !inancing and 
break-down o.t the amounts by years see Schedules 10-7 and 10-8. 

The amounts !or .financing the total investment costs are 
offered on the !ollowing conditions: 
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----------- - ---- • ---- ---··- ----- -· t· - -- ··-···- ·-

Item 
i 

PinanciDg source 
Conditions of crediting 

·4n-m-1a-=1:-----, """".P=-e-ri~o_,d=-an-d-con­
interest rate' ditions of re­I 

I I 

' ---------- .. -----· --------------- / payment the deb 

1 

2 

Equit7 
Long-term internal loan 12.5 

Short-term bank loan for 17.5 
working capital 

I 

I - --------·----·--·-.. ·------~- ..._ __ -- .. ~·-· 
10.3. Total production costs 

i 
! 
I 
: 10 years start­
: 1ng the next 
year a!t~~ ~~t­

, ting the EIXJ 
. into operation 
taken into ac­
count in a sal­
vage value at 
the end of the 
design operation 
period o! the EIX 

The production costs are determined as the total annual costs 
for production of high-purity aluminium by -y-ears of operation on 
the basis of an estimate of the operating costs, annual depr~ct!e­
tion and the interests paid for the use of the credits. 

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

10.4. Period of operation 

For analysing the cash inflow ~d outflow in the !inancial-
economic evaluation is assumed to be 17 years as follows: 

- construction period - 2 years 
- period of operation - 15 years 
At the end o! the 17-th year a salvage value of the project 

is included into the working capital. 

10.5. Financial evaluation 

For a financial evaluation of the EIXJ project the following 
calculations have teen carried out: a cash !low, profits and 
losses by years of operation on tb.e basis o! the capital and 
operating costs, sales revemils, conditions of financing. 
A financial analysis was per!ormed on a cooputer using the 
programs developed at VA1U. The calculation results in basic 
prices are given in the !oll~wing Shedulee: 

·---------
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- cash !low (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 inter::i.al rate ot return on investment 
- an internal rate of return on eq-111 t7 
- a pay-back pe~"1od 
- a break-even point 
- a minimum price of one tonne of high-purity 

aluminit:lll ensuring a bresk-even ope~ation 

.5,5 years 
- 65,2%(3.52t) 

- Rs.44,000/t 

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

The pay-back p~riod is shown on a graph, Pig.1, at the end 
of this chapter. 

When determining a break-even point the annual financial 
charges and depreciation calculated, as an average, for S2l 

operational period, are added to the fixed costs. 
For a break-even point see a graph, lig.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.~ctioD is delayen 07 1 to 2 years 

at following levtls of H.f'J. price: low - Rs.45000/t (variantB 
3AB/LP, SA1/LP, SA2/LP); basic - Rs.4~?50/t (variant Sh.B/BP, 
Sh1/BP, SA2/BP); hi5h - Rs.50000/t(varie.nts SAB/HP, SA1/HP, SA2/HP) 

For calculating escalation !actors an increase in the 
coustl'l.lction capital costs is assumed to be 10% per year,(e~cluding 
know-how and Su_pplier's desi3n wc.rks), working capital and 
iri. the ~pera.ting costs - 6 % per year on the basis of the data 
available on variation o! construction ~nd operating costs of 
the ineustrial projects in India. 

Below i~ the Table e summary is gi~en of the pI.'Oject profi­
tabili~y parame~ers obtained by c'1culetion with variations of 
the pa..-ameters S~Jdied. Tbe celculctions have been performed on 
a computer rl th the use or the correriponding prograrne. 

An interdepenC.ence of ell the parameters studied and their 
•~!!ect on the project pro!i tabili ty parameters are shown on 
Pig • .3 at the end o! the eL.upter. 

'· "' ... 
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The in!luence of all the parameters studied on the project 
profitability indices are show.rt ill Table below and on F}.g.3 at 

the end o! the chapter. 
\ ....... -- -- ~- ... ~ ... -.. --~ .. -~~ 

l
--------- ------- -T'Uni-t---:T Pri~-;--;;f high-purity alwni:n.iwn, Rs/t 

Parameters of I o... ~--- . ______ _ 
aensitivity I measure 45 000 47,7~0 50,000 
analysis and (l~w level) (basia lev-el)(hlgh J tVel 
pararue ~e:a.-a ot 
p~oject profits- ! 
bility -t--~~~ 

% 
% 
%(t) 

yee.rs 

8,1 
3,9 

9,0 

o,o 
o,o 

I 
15,} 

14~7 

65,2(3)2) 
5,5 

o,:i 
o,o 

------·· ·-· ------------- -------·----- ---

20,~ 

22r.5 

53 '9(29·1) 
4,3 

6,0 
o,o 

~7,0(524) 
10,5 

Note: IRR! - internal re "! of return on investment; IRRE_ - internal 
rate ot return on equity; BEP - break-even point; 
F.BP - pay-back period. 
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Schedule 10-1 

.'Fixed investment costs 
Ra. 000 

. 1 

Item 
. _,,.. ---··- ----··--- --~---.__.,,.,J ____ ~-- .- -- ,.. --

Investment ~ategory Foreign LOCE.l Total 
-·-·--------- - ---·----·~------------·-- -~ ---- -

' ' Site preparation and develop1aent 
I 

46 46 1 

2 Buildings. and structures l - J,077 3,0·11 

3 Techno~ 

J. 1 1 !Cnow-how 

J.., ~ • Tax on know-how 
I 

1 Total, te.::hnology 

4 Process equipment 

4.1 Suppli~d !rom the USSR 

4. 2 · I11digeuous 

4.J Third countries supply 

4.4 Erection 

5 

6 

'1 • 

' fotaJ, equipment 

Pre-production 

Start-up and commissioning 

Contingencies 

~ 000 t 2,ooc 
960 960 

--- .. ··-- - r--- ..... -
2,coo 960 2,960 

90 50 ~40 

4,45? 4,457 

693 

944 944 

1,54~ 6,144 7,484 

993 

1 ,634 1,631 

;9 1,308 1,!J6? 
----------------

Grand total, fixed investment 
coats 4,392 

------ --- -----

15,.7'+3 '19,935 

--... ---· 
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Schedule 10.;.2 1 

Break-down o! fixed investment cost by years 

Year Qf constructton 

Investment category 

0!te preparation and 
development 
Bl.lildlngs and structures 
·rechnology 
Equipment and its erection 

rre-producti~n expenditure 

Overheais 

! First 

IForeignjLocal 
I . - .. .. . ! 
I ! 
I I j 

46 I 

1, 5ii01 
I 

I 

I 2,000 

I - I 
l -

I 
651 -

Second 

Rs.OCO 

I 
i 

Total 

Total Foreign iLocal !rotal. ;Foreign ! Lo~al :Tota1 
····-· ···-···-----·--;---- -----!-- --·-l-- -·; ·---r-· -----.. ~ 

46 - ... 
1,540: - 1,537 

2,9601 - -
i 1 ,340 6,144 

651 

I I j 

I 
j .. 

I 
1, 53'7: 

- I 2,voo I 

7,4841 1,340 

I -

46 
J,077 

960 
bt144 

651 

;46 
I 3,011 
2,960 
7 ,48'~ 

651 

Accomode.tion o:f Soviet experts! 
diltpBtched for r~ndcring 
technical assistance 
Design enei neering 
Miscellnneoua pre-production 
costs 

Total, item 5 
Start-up and commissioning 
Contingencies 

Total 

i - 493 411 904 493 411 904 

I 500 I! 1 , 092 : 1 • 592 I - I - - I 500 I 1 • 092 1 1 '592 
t I I , I 

~ _ . 110 . . 110 _ I 110 110 _ 

1 

220 m220 
•· 5~~~s;;-t-2,353 I 493 1 521 , 1,014 993 · 2,374 3-

i - - I - 11,634 ! 1,634 - I 1,634 1,6_:'1. 
I I ' I I 

322 322 59 . 986 1 1,045\ 59 I 1,308 11}6? 

2,500--·-4-:-72·1-:7,~~ i 1,892~0,822 12,?141--4;3<j2\ 15,54} 19,935 
- .. --·-·~-- ··--··---.L- - ....... ~-·· . ___ ____.,__ ___ _,_··---~----'---

(p 

0 
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Schedule 10-J 
Estimate of annual operating costs 

Period 

Years, starting from 
. begi.unl~ o! c~nztr.!etion 

Start-up e.nd 
production build-up 

Rs. 000 
- ... ,-- -- -.- ----

Pull capacity 

4-th and others 

Production programme 80 , 100 
-costs-cat-egory-------· ·------ ror-eign icicai.toie.1· !oreig1i ioca1 · totai 

' .. . ------------·---·---- • ___ p ___ --- ,i 

1 Raw end other materials, 
utilities 

1. 1. Commercial-grade aluminiwi 

1.2 Barium chloride 
I • .3 Crioli te 
1. 4 Aluminium fluoride 
1.5 Copper 
1.6 Graphi tized elf;atrodes 
1. 7 Sodium chloride 
·:. 8 Coal 

1.9 Utilities 

Total, item 1 

2 Wages and salaries 

I 

- 10,oe~! 
I 

567 I 160 
i 

97 
50 
288 
43 
5 
4,399 

10,082 
567 
160 

97 
50 
288 

4.3 
5 
4~899 

-

-

·12,457 12,45". 
648 648 
180 
111 

.380 

.324 
50 

-
5,833 

180 

111 
380 
324 

I 50 

I ;,il33 
-----.·~---....------,...------

16 '191 16 t 191 - 19,983 19,983 

408 408 i408 I 408 

J Operating overheads 9Z 443 540 97 !443 
1
540 I I -----···---- - - ---·· ·--- --- - -- -... ---------· ---------t----r-------t-----t--·--

1?, 042 17,139 97 l20,a34;20,931. Total 

4 Non-operatir.s costs of 
selling the produot 

Tote.1 operating c-0sts 

Ditto, per 1 t of high­
puri ty aluminium, Rs 

9? 
I I 

__ -=------~~? __ ! s2_5_j_-__ ~!_6_5? ___ , _6_5? +-= ! ' 9? ,'17 '56? 117, 664 97 21 ,491 21 '.588 

40,au9 39,978 

l I 
----~>~ -- --------·· --- -- ·-·- . ~--·---------·· •. - --· ..._.,... ·- .-----
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Schedule 10-4 

Calculation of working capital requirements 
Rs. 000 

Item Cost category 
Inventory Coe!tici- Years starting fr1 

· d t t beginning of ! ays en ° construction : turnover ___ _ 

---·----------------
1 Debts, receivable 

2 l!aterials and 
utilities 

2.1 Commercial-grade 
aluminium, crioli te, 
aluminium fluoride, 

7 

· coal 1 

2.2 Barium chloride, 
sodium chloride, 
graphitized electrodes 1 60 

2 • .3 Copper ! 10 

2. 4 Utilities 1 

3 

4 

5 

6 

Total, item 2 

In-process inventory 

Fini shed product, 
stored 

Cash-in-hand 

Total, current assets 

Accounts payable 
(current liabilities 
to be excluded) 

' ~ . 

4:-2 

36 

7 

15 

7 

360 

51.4 

24 

--- __ .. - -- ---·-----------·--·--...----------· 

Total, net working 
capital 

J-d 4-th and 
others 

29 

150 

3 

13 

195 

1,619 

333 

61 

2,552 

315 

2, 237 

·-·----
420 

35 

170 

12 

15 

232 

'I ,998 

407 

6? 

,,124 

389 

2,735 
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Schedule 10-5 

SWnmary of total investment costs 

Rs.000 

Item Cost ca.tego=-7 

1 Initial fixed investment 
costs 

2 

3 

Prelim.inar;y and pre-production 
capital expenditures 

Working capital 

Total, investment costs 

Foreignj Local 

1,340 9,26? 

3,052 6,276 

2,735 

4,392 18,278 

Total 

10,60? 

9,328 

2,?35 

22,670 

--------- ------- -- -·--·-- --------·- -- . - - -



Period 

Years 

'Gt category 

Fixed 
inve!Jtment 
co;:.;ta 

I'reliminnry 
nn~l pre­
P"'oduction 
coots 

• Viorkine 
cnr)i tal 

Total 

ro­
reign 

~-

Sohedulo 10-6 

Break-down of total investment costs by years 

1 

lo­
cal 

Construction 

to­
tal 

f o­
reign 

2 

lo- I to­
cal 1 tal 

I 

! 

Start-up and 
build-up of 
production 

I 3 I 

lfo- ·lo- 'to­
. reign ! cal i tal 

I i 
I 

I 1, 586 1, 586 1,340 7 ,681 j9,021 ! -

I 
·-

( 

Rs. 000 

Full capacit1 

4 
fo- 'lo­
reign ce.l 

'to­
tal 

Total 

f o­
reign 

1,}40 

lo- ttotal 
cal 1 

\ 

l 9 ,2671 10,60.? 

2,500 • 3.135; 5,b.55 \ 552 3,141. \3,693 3,052 l 6,2?61 9,328 . 

! I 

2,500 : 4,72~·- 7~221~:-,a9~
9

~
7

_J:~
7

-,G~.-----·~~=:--::=~-~---4~·4%, 4,}92 h
1 

a:;?~lf ... · .1 .. 

11,??9 i ,6?0 I 

, i I 

·----· ·-. - - -·-- --- ··-· . - -·~ - '·---- ·--- -------·-·-- -·--.. -----------··----·-··-··-·-.. ----· ·-·~··· -- ... . 

498 i 4~ 2,n51 2,135 

:i. 



I 

! 

Item 

1 

1.1 

1. 2 

2 

2.1 

2. 2 

3 

8~ 

Schedule 10-7 

Sources ot financix;ig the total investment 
costs 

Sources ot !inallcc 

Equity 

Major capital 

Margin money 

Rs.000 

--- - ~. - -- - -

Foreign Local 

9,96? 
479 

Total 

9,96? 
479 

---~---- . --- -··--- -···----··------+----
sub-total 

Long-term national loan 
(at 12.5% rate of interest) 

Major capital 

Margin money 
-- -----

sub-total 

Short-tel"lll bank loan !or 
working capital (at 12.5% 
rate o! interest) 

Total 

- ---· _________ ,.. 

10,446 \ 10,446 

9,968 9,968 
4?8 478 

10,446 '10,446 

1,778 1,778 

22,6?0 22,670 

-------------- ~------------------- .. -- ·- -...--- - - -· - ... -

-- . ..: ... ..... _ .... . 



Schedule 10-8 

Break-down of financing sources by years 

Rs.000 

--- - ------------· --J.---~- ·---.,.-4-·----~----------
Construction Start-up !'till 

and build- capa- Total 
up of pxv- city Ft::riod 

due ti on 
--------~-···-~ 

Years 1 2 3 

Sources 
- --+----~-­

/ 
- ---·----·---+-· ··-· ----~----·-+----·-----+-1· --· 

1. Equity 7 ,221 3 ,225 I '10,446 
' 

2. Long-term national I 
loan 10,446 • - 110,446 

J. Short-term bank 
loan 

Tote.1 

---·-- ---- - ------- ----~~----... -- ·--

: I 
1,280 ! 1,7'/8 

7,221 13,671 1,280 498 22,670 
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Schedule 10-9 

Production costs 
Rs.000 

~ -· -- . --- - -- - - -----------· -
Years from start of 3 4 5 6 7 8 
construction I 

___ , - - -

I .Production programne, % 80 100 100 100 100 100 
; 

' :17,664 
I . . 

1. Opere.ting costs 21, 588 I 21 ,5s8 21,5ss 21,588 21,588 

t 
12· Depr1$ciQti~::1 1.750 1,750 1,750 1,750 1,750 1,750 

r 

;3. Interest I 1,499 1,516 1 ,421 1,282 1 t 'i44- ~ ~'"'C: 

I 
I ,vv,,1 

Total 20 t 9'13 24,854 24,759 24,620 24,482 24,343 

Rs.COO 

--·- -- - - - - .. - -- - - ··· 1 -
Years fro~ start of 9 10 11 12 13 14 
construction 

Production prograwme ,%-T-100- 100 100 100 100 100 
I 

1. Operating costs 21,588 21 ,588 ! 21 ,588 21,588 ""'1 5P 0 21,588 
I 

c:. ' ..., . ..., 

2. Depreciation · 1,750 1t750 t 1,750 1 ,'750 1,750 1,358 
~ 

3. Interest 866 727 589 450 311 311 

Tot el 24,204 24,065 23,927 23,788 23,646 ~3 ''-Z,7 c:: 'c. ... 

Rs.COO 

Years from start of 15 16 17 Total 
construction 

Production procrarr.r:e ,% 100 100 100 
I 

1. Operating costs 21, 5E8 21,5E:8 21,588 31?,896 

2. Depreciation ~o ,5ES 

3. Interest ~·11 311 311 12 ,054 

Total ~1 '"'''9 ~ ' :: _.. ;-1, e?9 21'2~19 35~,538 
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PLA~T SITE : <<ii.0~3A 'r'PA-5Af,1~P ·).>: CASH FLOIJ 
========= FI~A~C!NG 5CHE~E : << >> --- ·----------- ------------ -----------------~----- ----·----------------------YE~~S FROM THE BEGI~NING OF 

-----·---···----·. -1- --- ----·---------·-------------
C0~ST~ucT:ON I STAqT-UP I 

--------!·-------!--------!--------!--------~----
-------------------- ------ ____ 1 __ .. 1----~---1----3 ___ ; ____ ~---l----~---l----

C'.' ~ S C ~ I P T 1 0 ~i 

1.DuTF'LC.. 1 1 • ! 
1,1,(AP!TAL cuST 7221.0! 13671.0I ! 

i~l/FSTMFl\T I I I ~.2.~Q~Kl~G CAPlTAL i i ,zao.:i 
1 1.3.JE:.irs PFP"rn::~r 1 • 
I 1.3.1.L~~G-H~M p~TF~~AL I I 

I L ., ~a., I 
I 1.3.2.~:~<l~G CAPITAL LCAN I 

I 

49g,Oi ! 
! 

1109.9! , , 

I ,,3,J.~~JRT-T~R~ JFPT . I 
! ................................... !,, ... ,.,! ........ ! ..••..•. ~ ....••.. ! .•.• 
! T 0 T t. L R ·. ~· A y "' F '· T s ! I I 1 1 0 9 • Q ' 1 1 0 9 • 9 I , 1 
! . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ! ' • . . . • . . . ........ ! ........ ! •••••••• ! ..•. 
!TOPL 0,;~tLCilli 7221.0! 13671.0I ~28:J.'.:l! 160?,9~ 11=9,91 11 

! 2 • l ~. F= L ., .i ! I ! ! 
I 2. 1 .Fl\t.'vCI\!G I l I ! 
! 2.·.1.~t:.uPY I 7221.C! Jz25.)I 
I 2.1.2.LO~G-T~~~ I~~~~~A~ ! 10~~6.~I 
I L A~ ! ! I 

I 2 • 1 • 3 , ,. :; ~ I( I '· c; C t.. P I T t.. l L ( A ~ I I '. ~ ~ 0 • 0 ! 
! 2 , • • 4 , '3 1-- 0 R T .. T t q ~, I ,_ T E q 'I. t. l ! ! 1 

I 

4~a.oi 
l 

! l ~A.., ! . ! ! 
! .......................... !... ~ •.... , .. ! ........ ! •.•••••. ! .. .' .•.•• ! ..•• 
! T 0 T t. L F l ,,_ A ~ C I •: l1 ' 7 2 2 1 • 0 ! 1 3 o 7 1 • C I 1 2 S (l • ; ' 4 9 ~ , 0 ! 
! z . ;' . '.) p E RAT I ~- r, c As H I ! I I ' ! 

z,2.1.':ET ~r<C·~IT ~.tTf;R T:."li I -285.:!' q3o.8! 1026.0! 
~\D DIVICE';OS I I I I ! 

2 , ? . 2 • :'\ ~ P R [ C T &. T l J :~ ! · 7 S C' • "I ! 1 7 5 0 • 0 ! 1 7 S C , ~ ! ~ 7 
. • . . . . . . . . . ....... ! ••...... I. . .. ' ........ ' ..... , .. I ••.. 

f 0 t : L • I') ;'. ~ ; t. T i •: (; :-:: A s ti , . . • . I I 1 I+ ti 4 • 6 I 2 I, g Ct ' 8 ! 2 7 7 6 • c I 2 9 

T0 t i ~ · i \ ~ iJ, ~ · · . .. . . - . " · · · j · · 7 :, 2 1 : 6 i ' i 3 ; 7 ~ : ; : . . ;. ? i. L 6 i . . 3 1 78 : 8 i . . 2 7 7 6 : 6 i .. 2 9 
CASI-- 3A !\CE I ! ! 41'>4,b! 1570.9! 1666.1' 18 
Cv'-':.J1.A;r.i: CASH ~.:1LP.~E 1 i.~4J1 Jt'l35,6! 4701.6! 65 _____________ , ______________ . ________ , ________ , ________ , ________ , ________ , ___ _ 

1 1 
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---------------------------------------------------------------------------------· YEA~S FROM THE BEGI~NING OF THE CO~STRUCTIO~ I 
------- -1---- ------------ -----------------------------------------------------! 

========= 

~ucT:ON I STA~T-UP FULL CAPACITY I !--------1--------!-------- --------! ________ , ________ , ________ , ________ , ________ , 
!----~---1---- 3 ---!----~--- ----~---l----~---l----~---'----!---l----~---1---!~---i 
I I ! I I I 

13671.0I I I I ! 

1280.0 1 

! 
I 

498,0i 
! I 

! I I ' I I 
1109.9! 1109·9i 1109,9! 1109.9! 1109.9! H09,9j 

! ! I I - I 
! I ! ! 

I I ! ! J ! ! ! 
.! •• - ..•..•....... ! .••••.•. ~ ...•.•.• ! ..•.... ,! •....... ! .....•.. ! •.•••••. ! •....... ! 

. .. .. . . . .. ...... ; .. : : ? ? : ? i .. : : ? ? : ? ; .. ~ : ? ? : ? : .. : '. ~?:? i .. : '. ?~: ~: .. ~~~?:~I .. '.:? ~: ~; 
0 13671.0 '.28:>.~! 1607.9! 1109.9! 1109·9• 11()9,91 1109.9! 1109-91 1109°9! 

I ! ! I ! ' ! 
! ! ! I 
I ! 

0 
I 

498. 0 i ! ! I 
! . ' ! ! ' •••••••• ! •. .' ....• ! ..•••... ! •.•.•.•• 1 •••••••• 1 ••••••••.•••••••• 1 

O! 13b71.0 128(1.(' 49~.0! I ! ' ! I f I I I I I 
-285.3! 930.81 1026.oi 1164:7! 13Ct3.51 1442.2! 1ssa.9i 1119.1j 

I I ! ! ' ! ! 
I •750.~! 1750.0! 11so.i:-1 1750·0' 1150.0I 1750.0! 1H0·0! 1750·0! 

.• •...... , ! ........ ! •••••.. ! .....•.. • ..•....• ! •.•...•• 1 •.••.••• 1 ••.••••. ! ...... ;.1 
! I ;404,6' 2~80,81 2776,C' 291~·~' 3053.4! 3192.Z! 33)Q.9! 3469°6! 

oi·11o;;:;i··;;;4:0:··3;;o:si··z;;o:oi ··2;;4'.;i· ·;o;J:•l ··;102:2i··331o:o:··;•••:•l 
, , '.4f>4,t>! is7o.9! ~666.1' 1S04·'' 1943.S! zoa2.3! 2z21.o! z359.a1 
! I 464.f.I 3(135,6! 4701.6! 6506·4! 8450.0! 10532-2! 1Z75J.3! 1s11J.o• _, ________ , ________ , ________ , ________ , ________ , ________ , ________ 1 ________ , ________ , 
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~INA~CI~~ SCME~E : << >> 
!--------------------------- ----··----------------------------------------' ¥E~~S F~O~ 'HE BEGINNI~G OF THE CONS 
I --------------~----------------------------•-! 0 E S C R l P l 1 0 ~ t ~. ;_ ;,. :: :.. :" :.. ~ : ; ~ 
I --------!·-------1-------- 1 --------!--------! 
f 11 ! ~2 I 13 ! 14 ! 15 ! 
!--------------------------- --------!·-------!-------- !--------!--------! 
I 1.ClUTF 1_:1.1 ! I ! ! ! 
I 1.~.c~>-JTA.L c.5! I 
I I~V~ST~E~T ! 
I 1.2.wo~KING !"APITAL I 
! 1.3.0E31S RE;Jt.YMENT ! I I 

1 , 3 , 1 , : . C ..: G - T E ;;: ~ I ~- T E R I, A l 1 1 J 9 • 9 ! 1 i 0 q • o I ~ 1 ·•• 9 • 9 ! 
L1t'J ! ! 

,,3,2.~~~<lNG C\PITfL LCA~! I 
1 1.3,3.-.H"lRT-Tc:RM DHT I . I . ! . 
! .......................... ,.! ........ ~ ...... ,.,!, ....... s •••••••• ! .... ,,.,, 
I T 0 T p, L R ;_ p A y "' F " ; s ! 1 1 J Q • 9 ! 1 1 0 c:> • 9 I i 1 ) 9 • 9 I I 
' ••••••••••••• I ••••••••• I ••• ! . , ...•. ' ! I ••••••• ! ...... I .. • ••••••• ! ........ ! 
!TOTAL 0,1HL01o1 I 11~9.9! 1i09-9! 1109.9 ! 
I 2.I~Fl!• I ! ! ' 
f 2.1.Fl'l:'Hl~G ! ! I 

I 2.1.1,::CUITV 
I 2.1.z.LO~G-Tr~M I~TER~AL 
I L :'' 'l I 
I z.1.],w:~KI~G CAPif/;L LCA~! 
! 2.i.4,)HORT-T~R~ l~TcP~AL ! 
I L :it.~ I ! ! 
! . I • ' • I • o I I I 1 I I I f I I I I I Cj I I I I ~ ' ., I I 0 I f I I ~ ' I I I I I I I ! I I I I • I I I f I I I I I I I I fl I I I I I I 

'TOTAL ~'\A"ICJ~:; ! . ! I 
I 2.2,r.P;-;;;\f}r.,.(j C~SH I ! I I 
I 2.?.1,\ET PRC~IT AF.ER TAX! •858.4! ~997,, ! Z13~.?i 2547,6 3885.8 
! A ... r. 0 I ii I '' E '• ~ s ! ! I I 
1 2 • 2 • 2 • r:: ~ ? ::i t c 1 ~ r I o.,, ! , 7 s c, • o ! , 7 5 c . r, 1 · 7 so • c • , 3 3 s • 2 
! .•..••. I. . .. I. I .. I. I " ... I.' ........ !. I ...... ! .. I.... I •••••••• 
! T O T A L l i E H .i p; i.. .:; A S H I 36 '.l fl • 4 ! 3 7 '- 7 • 1 I :" B B 5 • 8 i . . J B S S : S . 3 8 ~ 5 · ~ 
' I I I I I I • 1 o • I 1 1 I I I I I I I • t ~ I I I I ! • I • • I I I I ! I I I I I t I I ! I I 1 I f I • t I I 1 I I I I 

1 ~ I 
1 

I I I I 
0 

I 

!TOT". r~~~o~ • 3~08.4! 3747,· ! 3ifs.a 1 3885.8• 3885.B 
!CAS~ 8AL~~CF ! 2408.5! 2637.2! 2776.0! 3885.8! 3885.8 
! C U ~· U L A T I 'v F l 1' ~ ,.; 3 A L A ~. C E I 1 7 ti 1 ~ • 5 ! 2 0 2 4 8 • 7 ! ? -. ~ 2 4 • 7 ' 2 6 9 1 ~ , 5 ! 3 0 7 ? h • 3 

'---------------------------'--------!--------·---··----·--------·--------
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-----------------------------------------------------! ~. • • ,.,.-.r•TV 
t" \.• '- ~ "",.. ' re - • • • 

--------1-------- 1 --------,-------- 1 ---~----!·-------1 
---:~ ___ , ___ !~--- l---!~---1---!~---l--~!~.--l--.!~---i 

! 

I 

f I I I • I • I I I • • I I I • ' I I I I I I I 
1 ! I I e I I I I I 

11(')q.qf i1)Q,Ql 
' ....... ! ........ ! . • • • • • . . . ...••. ' 

1~09.9! 1109.91 

! . 
I i 

I I I I I I I I • I ~ I I f I I I • . I 
• • • • • • • • ~ • • • • • • • & 

! ! 
! 

! 'I•••'• I!••• I• I•• '• • • e I 
- . . . ... . . . . . . ~ . . . . . . . . ...... " . 

I 
I 

j9Q7,1 ! 

! ' I 

I 
2547,6! 

I 

~338,Zi 

I 

3885.8! 
! 
' 

3885·8 
I 

3885,8! 
I 

! ' . I I • I t I ' I • t t I I ' ! • I I I I I I I ~ I • 1 t I I I I ! I I I I I I "' f I I I I I I I I ' 

! 37~7.1 I ;885.8 1 3885,8! 38~5.8! 3E85·8 3885.e' 

I 

( 1 3 c; • '.: i 
! 

. 7 5 0. c ! I 
, 7 s 0. (1 ' 

! • I • • • • • • ' • • • • • • • I I • .. • • • • • ! . . I • " • • , ~ • • • • I ' I I • I I I • • • • ! 
3747.~ ! 3[f5.8' 3R85.8! 3885.8' 3tB5·8 3865,, 1 
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Pj_Al\,T SiiE : <<"0~3' hPA-SABfep·. ")> 9° l~CO~E STATEMENT 
FI~A'CI~G sc~fMt : << >> ================ 
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1 ! YE~RS FROM lHE BEGI~NING 
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2.S~LE~ QUA~TITy, ~T I 432.0 540.0! 540.0! 
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7.~.SH ~T-TEk~ I\TERNAL 

LO A 'II 
. . 7 : " : G q 01 i ~ . i •: r £ ~ E ~ t ....... ' 
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SCH1DULE 10-11 

================ 
·-------------------------------------------~------------------------------! YEAQS FROM THE BEGI~NING OF THE CO~STRUCTIC~ ---1-----------------1-----------------------------------------------------
N I START-UP ! FULL CAPACITY 
___ , ________ ! ________ ! ________ ------~· ! - .- -~-!--------~--------!··------

' 3 ' 4 ! s 6 ' 1 1 a 1 9 ! 10 ---1--------!--------!-------- ________ , ________ , ________ , ________ , _______ _ 
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~I~A~CI~S ~CHF~E ; << >: ========================:::::::::::: 
!---------------------------1----------------------------------------------· 
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I ---------•-------f-----------------1----------· . D~SCQIPltO~ CO~SfRUCTrO~ I START-UP i ________ , ________ , ________ ! ________ , ________ , __ 

'--------------------------- ____ ! ___ , ____ ~---1----~---i----~---l----~---1-. 
1.CAPITAL cosr l'JESTA1E~T 7~21.0! 13671.QI ! ' 
?.F.ou1:v c~p·~AL 7221.01 J22s.01 
3 • \0 (J ~ Ii. ! \ G L A ~· l T A L ! I 
4.G~!"lS< "ROFII ! ! 
5 • D [ PT :, P E P A Ya.· E '• T I 
6. lNTE~E<;T PAYAlc\TS ! 
7,0(S!D._llL Vt.LI.IE I 

~zs~.o· 
~Q64,r,1 

! 
~ 4q Q, '4 I 

49~.o 
4197.0 
1109.9 
1516.2 

~. I•;COME TAIC I I I I 

9.THE ~ETUR~ JN I~VESTVf~T! -7221.0!•13671.Q! '.t84,0i 3699.0 

I 

4197.C! 
110«L9! 
1421.0• 

I 

' 4197.c! 
!10.THE ~ETURN ~\ ~OUITV ! -7221.0! -~225.0! ,~4.6! 1072,9 ! ___________________________ , ________ , ________ ! ________ , ________________ , __ 1666.1 ! 

!---· -----------------------!---------·-------·-----------------------------
1-----------------------------------------------D~~ :oIPT 10~ ~ULL CAP~CrTY 
!--------!--------1-------- 1 --------1--------!--
! 11 ! 12 1J 1 14 ! 15 I 

!---- --- -------------------- !-------- !~------- -------- !--------!-------- !--
' 1 • C :... ;;> I ~ t. L t C '.' 1 : \ V E S T ,. E ·• T I ! r 
t 2.Ecurrv u,;Ji.=.L ! ! 

J.~:c~·<r"-': Ct'JJTAL 1 , , 

4.G~')S~ PqCFI1 '<'97.0! ,.1Q7.o ,.1q7,"! 4197,01 4~97.~· 
5 • r· E ~ T ~ R F ;; :. v ·.· ::: ·• T 1 , o 9 • 9 ! · 1 o q . I') 1 ~ () -:, • q • 1 

6 . : '•TE ., EST ;:> : r '·' E •, i S 5 3 8 . 6 r 4 4 q • o • 1 1 i . • ! 3 1 1 , ~ i 3 1 1 , 1 
7."ESI'J,,AL \/f.:..UE ! I I ! 
~ • I ': c G ... E T 6 )( ' ! I I I 

! 9 • T r1 E ~ E T u ;; " - :, I ., I/ E s T , .. E ~ T ! '• ~ ~ 7 • 0 I .. 1 ? 7 ' (' I t.. 1 q ~ • :, I 4 1 Q 7 • 0 ! 4 , ? 7 • : 
!'iO.''iE -\FTJ'i~. _.,. !=OUIT'f • 2.:.~8.5! 2~J?.2! 2770.:! JeBs.sr 3ass.a 
I I I I I I . ·---------------------------·-------------------------- --------.--------

I ·~ T f - ·.A L :\ :. I E I': r: " t T ~) =- ~ 
:•. !'..,•S.,.''F~T • 15,2? P.C, 

O'. ECJITY : 14,67 P.C. 
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ALC~LATilN OF I~TER~AL QATES OF RETURN g;H1DULE 10-12 ==================================~=== 
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PLA ... T s:,E : <<<~~g~ HPA-~~~IL'>> 
~I~~~cr~; sc~~~: : << >> :.:::===== 
!---------------------------·--------··--------------- -·--------------· 
! i YEA~' FQOM THE 8EGiflil 
I ---------•- ·-----1-------··-·-····--·!------· 

C" ~ S T ~ !J C i : ~ \ ! S T A k T - IJ ~ ! . 
--------!--------!----··---·--------!------· ' 

! 
!--------------------------- ----~---:·---~- -'----~- .. ;·---~---:----~--

1.Cl.iTF'":"' 
1.i.CA,JyT.H !".JST 

! I ! ! 
7221.C• 13:i11.0I I 

! I I I 
I 128).0! 4~8.Qi 

I I 

I~V~<:;T"lt:ll.T 
1.2.~0~\I~G C~'rT~L 
1.3,QEH'i ~i:..:>.!Y°'1F: ... T 
1.~.1.~C~G-TE•~ I\TER~AL 1109.9i 11(}9, 

LOA~ I 
1.l.2.~G~l(I'.G c~;iir:,L LGA~-.· 
1 • ' • 3 • •; 4 IJ R : - T :: ~ ·~ 0 E P T ! ' 

I I •••••• ' •••••••••••••••••••••.•••••••. f ••••••• 

T1T~L RE;J~Y"c•rs ! ! 
. ...... . • ' ' ' e ' e ' ! • • ' I f e I 

11 ') Q • 9 I 1 109 . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • ' • • • • • • • • f • • • • • • • • • • • .. • • • ••••••• ! ...... ' 
TJTAL 0Ji'LC.ti 7221.0 13~71.0 ~2.'!u.-i 16•)7,91 11J9, 

2 • I ~i F L j \ii 
2.~.i:l'tA'.ICPVi 
2.1.1.~QUITY 7221.0 3225.v. 
2.1.2.LC~G-TE~"' I'.JTERll.Ai. 1'i.4o.O! 

L 1.p~ I I 
2.1.3 • .o1CQ1(1~'j C4PJTAL LOA~' I 1.:ao.0. 498.0 
2. 1 • t.. > wJ ::i r - Tc ::i ., p .. re R ~.AL ! 1 • 

L0 4 ~ ! . I 
........................... ! ........ !,,., .... 1, •.•.... ! .•....•. ·····•· 

!TOT-<L FI'•A~CJ"1(i 7a1.0! 11671.0I izg.J,O! ,4Q8,0. 
I 2.l,OPERATI~G C~5rl ! I ! ! 
! 2.2.1.\::T P~:iFir HTEP UX! I -147L3• -554,2! -459. 
! A~,D DIV! H'Jl")5 ! . I ! I 
I 2.2.2.')EPREC!r<TIO'lf ' I 1750.C• 1750.0! 1750. 
! ............................ ········'········~········'········'······· lfOTAL O..iEHTP•1.: CA5H ! I 276.6! 11q5.8! 1291, 
......................... ......... ! ••...... t, ....... ~ ......... f ••••••• 
!TOT4L I~F~Ow 7221.0! 13~71.01 1556,6 1 16Q~.a, 1291. 
ICAS>l qA1ANCE ! I 276.6! 85,9! 181, 
ICU~u~ATiVE LASH ~ALANCE I 276,6! 362.6! 543. 

'--------------------------- --------!--------'--------~--------!-------
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........ i 

. 498, 0 ! ! I I 
I ! ! I I 

-554,2! -459.~! -320·3! -181,5! •42.8! 95.9 ~34·1! 
I I ' I ! - I 

1750.0! 1750.0' 1750·0! 1750,0! ,750.0! 1750·0 1750·0! 
I I - I I I I 

• • . Z l;,: 6 ... 11 q S : S ! • • i Z 9 i : 0 j ' • ; i. Z q: 7 j • • ; S 6 S: 4 ! .. ; 1 Q l: Z j ., ; St S: t " ; f A~: 6 I 
··;55;,;;,:··16Q3:a:··;291:ol··;;.29:;i··;56&:;.i··;101:2i··;1~5:; ··;;3~~6l 
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---------·--------!--------'------~-'-·------!--------'----~---'--~---~-! 
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~~A\• ~l'E : <<~04~~ ~?A-S~~/L~>> C-5H FLOW 
Fr~A~~t\' :c~E~t : << >> ========~ 
!--------------------------- -----------------------------------------
' YEA~S F~C~ r~~ a~GI~~I~G OF THE 
! ---------·-·---------- ------------------! o-sc~r~'!0\ ~LLL CAPACITY 
! ---;~---:·--:;---1---~;---i---;~---:---;; 
!--------------------------- -- ·-----··-------!------ -!--------!-----
! 1.Cll)TF _"'" ! I I 

1 • 1 • C A -· I T A L C J S 7 I 
I\V~ST~E\T ! I 

1 • 2 • iii 0 >l !C ! ~J C. C ~ P I T A L ! I 
1.1.DE1T> Rp_.y~~~T I I ! 
1.J.1.1_0..,G-TE~'°" t'nEl~~A·_ 1ioq,9 1 11:>9.9! r1·')9,9! 

l J A '.I ! I ! 
1.J.2.wc~KI~G C~PIT~L LOA..,! ! 1 • 

! . ~ : 1 
: ~ : : ~ 1 ~ : ~ : : : :· . ~ ~ ~ : ..... i ........ I ........ I ........ ! ........ i .... . 

ITOTA1.. R'.:PAY~E'-Vi I 1109,9! 110C),I)! 1109.~! ! 
! ............. , ............ - , I .......... ! ' ....•.• f , • • • • • • • • ••••••• ! ....• 
!TJT~L 0 1_Tl=LO'.i ! 1109.9' 110Q.Qf 1L"'.l,9 
I 2. I\Fl'J\io ! ! 
I 2 • 1 , ~ I 'i A ~ C I ~, G ! ! 
I 2.1.1.EQJITV ! I 
I 2.1.2.LC~G-Tr~M I..,TER~AL I ! 
! L '.)A.., I I 

! 2.1,J,#O~~r~r. CAPITAL LCA~! 
2.1,4,5~~~T-TEl~ INiERNAL I 

LCA'J I . I 
t •••.•••...•.••••••••.•••••• ! .....•.• !, .... ,.,f,, ......••.• , ••. ! ..... 

TOTAL F:\ANCI~G ! ! I 
2.2,QPqHy~r, CASH ! I 1 

2.2,1.\~T PRO~YT AFTEP. TAX! 373.4! 512.~ i 
A~o OIVIJ~~ns ! I I 

2.2.2.0fDRtCIATJO~ I 1750.0i 1750.~! 

~ 
65),9! 

! 
, 7 5 0. lj ! 

1062.6 

1338.2 
••••••••••••••••••• I ••••••• ! . ., ...... ! t " ••••.• I ' ....•.. ! .•.••.•• 
TOTAL O~E~AIIN~ C~SH I 2123.4• 2262.1' 24~J.9! 2400,9 
•••.••••••••••••.•••••••••• 1 ......... ! ••..... ,1, ....... 1 ........ . 
T 0 T A 1_ I \ F L 0 w I Z 1 2 3 • 4 ! 2 2 6 2 • 1 I 2 4 0 ) • 9 ! 2 4 0 0 • 9 
.CAS~ RAL.~~CE ! 1013.5! 1152.2! 12Qi .O! 2400,9 
ICU~L~AT!VE CA~H ~ALA~CE I 4543.6! 5695,81 6Q86.8! 9387,6 , ___________________________ , ________ , ________ , ________ , _______ _ 
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-------------------------------------------------· S ~RC~ TriE acGI~~I~G O~ THE CO~ST~UCTIO~ i 
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Xarket and ED~ capacity for projuction of high purity 

aluminiu.rr.. 

3.1 · :9rief survey cf In::5ian market 

l.t present, In-~ia is not procucinJ hiJh :Jurity alumir.ium and 

the demand of the local markEt is totally covered by i~portec 

suppiies. 

The me.in fi~ld of hi;rh purity aluminium a?-?lication is the 

pro·Jucticn of c.lurr.inium capacitors. J.t prEEEnt the oerr.and fer 

high purity al~~inium is 250 tpy, end in the year of 19S9-

l990 it will grCM to a?out 50:,) tpy. 

3.2 Capacity of the EDU fer hi;h purity aluminiu;n pro,·:uct.fon. 

The AJr~al rated capccity of 540 t~y of hiJh ~urity aluminium 

adopted for the !Je:nonstration Unit. The above c2paci~y is 

deter1ninea by the fella.,, in; fc.ctors : 

the anclysis of dem2no fer hi;;h p;.irity 2lurr:inium in In:.~ia; 

the unit ca?c:.city of the re!:ir.in; c€ll tc b'.; instt:lle:l; 

the ass~~e~ numlx'r of cells 

The 7C K.Z\ refining cell is a:io:_:te:: for the E")U, ~ing the: most 

~verful cEll for hi::h purity clurr.inium ~'"J!'C ·uction in t~ \;crlj 

practice c..t prc~ent. 1'he avera;--e c:.r.nuc.l cell prc::ucticn is 

18) t>Y• with th€ hi;hest technical en::: econo::iic paraw::tFr:.. 

'I'hrE?e cells 2re c::.~o:-;tej fer !nstc:l] ~tfon. Thi~ nu;;;b.o:r is 

pr•vi::e:: for the possitility to h.::..vc c:. mLC:le cell in the ::-...,1...1 

cc:nocs.!t icn. 1'r1is mi , --le cc ll is c. tj![Jicz l c.-: 11 fer e: n 

in::::u:stri2l pro: .... ction, hc:vinJ <:he mo.st e:.va-itc.:·eous m2;-n-:::tic 

field an:: C.J.rrent distrfrut.ior. by cc:':.ho_~i:;,, u~ ca:ipare::: wit.!-1 

en'.5 cells, 0ns:.lr:n:! t'.!e o:;t.i.'":1"-'l con"i.t.icnE io: the: rE"fjr.irq 

- s-
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Production progra:n.11e 

________________________ . ._ ___________ ·---------------
High purity 99.995 99.99 99.97 99.95 Al grades 

Percenta;J'e of 1.0 45.0 45.0 9.0 
pro'.5.ucd.on 

---------------------------------------------------------
The c uality of high purity aluminium is given in 

Table ~low : 

-------------------------------------------------------------
s1. ~lurninium PercEnt2.ge of irn~)ur itieos f.1ox.:i..;::...ur l l-.lu.'T.iniurn 
~~. content,min -Fe---

1
---51~--cu-1-~n---~1--- ~:5~0~~et 

. : 0 ~ Stanoard 

----------------------~----,----------------------------------

1. 99.995 o. o::.1s c.0~1s o.c:::1 c.c::::1 C.GJl .?95 

2. 99.99 o.oc3 C.083 O.OJ3 o.oc3 c.c22 J..9; 

~- 9'.:J.97 c.c1s 0.015 o.o::s 0.003 o. CC.:2 J..';:7 

4. 99.95 o.o3o 0.30 0.015 o.oos 0.002 .Z..S-5 

--------------------------------------------------------------

-. 

r;1e g!:'a.:::€ of ::.1. u::;iniurr. i:..: d€tc!';;-.ine :- 'by 

sub.:- t:-c:: ct ion c..f tctcl O).r.~Ent cf specified 

i::-.purit:..:..-=s \re, Si, .:1..:, :~n .:in::: Ti) fro:r, 10);~. 

-G-

=t ... _. .• ,,;. 
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4. O Hater ials and Utilities 

4.1 c1assificat.1on of materials 

For the pro:iuction of hig-i pur 1 ty aluminil:m the 

follcwing mc.terials are used : 

raw materials :primary alu.-ninium (technical grade) 

proauced by electrolysis cf cryolite-allli~in2 melt. 

industrial m2t€rials : electrolytic copper and 

graphite. 

2uxilic.ry materials: bariu~ chloride, cryolite, 

aluminium fluoride 200 scdium chloride (co:n:ncn 

salt) 

Vtiliti.E:s : po-.. :€r, compressed cir, Liel oi~, soda 

an:l v.·c.ter. 

-~-

.. IF;: ·-
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4.2 Supply prograrr.:11€ 2nj &:Jurces 

1. Prirrr-ry alu~inii.l.m 
(technical gra~e), 
lic_:uld 

2. Primary alu~iniurn, 
(techr.ical gr2de), 
solid 

3. 22ri~~ chlc~i~e 
(Ba Cl2 2H2c) 

4. Cryclit.e 

• J.lu::.ir:.:'..u;;: f l~cr ide :: 

6. ·..;o:S .iu:n ch lcr i ie 
(co~T~:-: s2lt) 

-· 
s. 1-.-: po-.; er 

j C·. i--.. : po. ·F-= 
. ··- :: .::. t .. ' ... ~-!.~, l lj" 

'· . : -1'.: .1 c: , 

t 55c 

t 

t 18.5 

t 6.8 

t 5.1 

t 2.5 

t 8.7 

t E.. l 

Tr• i - - l'" 6 
!-· . . . ._,; ... ,.: ~-· -

i·~ ~1··1c6 -. ..... ...... , 

::. .• r 

t. 

t 

559 

18.5 

6.8 

e.1 

.., c:. "" .. _. 

c.. 7 

S.l 

• r· _t 
.......... .:.;o: .~.'-' -
, .. -.., •r(> 
··..; • .:> 1:: ... ..; 

/ r. ,­
--t -·. -..J 

Cell-rco:cis cf 
Korba s:re 1 t€r 

Korb= 3;r.Elter 

Calcutta 

Bo:-:-.!Jay 

cc:la..i tta 

l·:~.::.;-.j"~ Prz.~~zh . 
s~cte Ele=tric_t 

::-:--st BC:"l]'-- l 
--- tc t.E F~ ic Ct.L i­
C i:':. y ~~~ t.~~ • 

-.. -. -. -. -.... -. - , -..... -. - . -. -. -. - " -. - . -. -. -. -. - . -. - . - . - . - . -. -. -. - "' -. -. -. - .- . -

- '6 -
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5 .1 Litt of induf'tri2l c.nc 2u;:il i~ry ur..i t.r of 

the EDU. 

s.1.1 rn·u~trial(t~chnol=~ic~l)un!t~: 

hi0~l rurity <'-lur::inium L?roductior.. 

tr:ree -70I~A rc::i::i!1g cell::: c:re to ::c in.st.:11.e;C; 

.\ 15t c:i.;:.oacity briCge crc::-ie is rce;\.:.irec :or t::e 

o:.cerL.tior. 2;d re~_,;1ir oi: the re=:ini:->; c cl ls. 

ce.· ti~.g. 

~:e:l r.~ cr::olite 2.!1d c:lu~.ir.iu.T. .::lt:oric!e: 

:.~ .... : it· .. : ;.,2 • ~ r,:) ::.,. u:: ti :Jr.. . . . ;.:; f c.:. tho des 

-~ ,; (r-·.- ..... -.,.~, c~ .-~t : :~~n t:.~ c~,..· 
l,.oo. ~ .... • .... • ... • • _ ...... 

-~ · ...... ;. 

.... ·· r· 'a 
,_. .... ~-. -:::,( •• ti • ' , 

:::=: ''* ; . *'*' .Lw.www ... w 
. ··-------~ .. 
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5.2 Tecr.no:.oq• 

At :..:;reze.-it the high pu!'.'ity cilur.:inium is comriercia.lly 

~r~duc&C: Ly electrolytic re::ir.Eng of prim~ry aluminium 

by triple-le.yer m~thoc. ?his method en~ures the 

pr:-c.uction of hish purity clu."1inium of A95-A9~::i sr<:ice~. 

For the hi;::h :mrity 2lur·.ir:iur.1C::PJ.) pr~C:uction the 

li-=:uiO. ;_?.=i..-,ary alt:.r.1ini'-.l!:". is :.:'e5 to the cells \-·here 

·. ith e.lu: .. ir..iu.":l to correct the c2-::~')0:. i~i::m of anuC:.ic 

all::-r. ~or th5 ~e~iocic~l pre)2rction of electrclite 

one reiini~g cell i~ ~e:ect~c. 

ell by ~c2ti~9 o~ 

1:ariu.~ chloriC:e, cry-:;litc:, alur-_iniu.":l .:lt:.-:.!'"ioe :::-N3 

so "it:."1 c~lc ri<le c:::::-.c '!:"~· clectroc!-:e:-:-.ic--,l refini:-.g .of 

cel:r . 

... ~ . '. .. . 
...;. .. ~.;.. 

r ., ~· ~ "' -
' ~ .. ' ~ _, ". -

... c: 

, ?"' 
'Y ; \ :.... 

:.: .::: 

--
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5.3 Bri0f C"r:arc:cteristic of ED:J 0roce:s c~!-:·:-·.ent. 

The n2in pr;:,ces~ unit of -t:1E EIYJ -::or hi.::h purity 

<Jlu:-~ir.iun :::i.:-::,dt;.ction is 2 refining cell. Erie f 

technic2l charectsri~tic O~ the cell iE CiVen 

in T2:::le belm::-

1 • 

., 
L 0 

3. Currsn t ef:f i·:- i c.:: :::; 

s. :f.J.r<::i:i.:.n :>:: cell :i:: :r.:-

I - .. 
·"""" 

'\,.-- -r .... =-~ 

T::l ·..:.e 

70 

('. 6 

S-3-95 

17,CCCJ 

5.0 

·r--.._r- T/!1 -. ·-'- •••••••r, 

_ _,..,..__.., _____ --·-· -·· 
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Region of the EDU location 

Considered location site 

In accordance with tte uiucio con=.ract No.85/2 the following 

states for the EDU location were to be considered : 

ttadhya Pradesh state, the operating ~co•s Smelter 

i!'! ¥0rba region; 

i-:est Bengal state, the non-operational sru::o•s Smell:.E:.r 

in Jaykaynagar reg ion. 

6.2 Korba hl~~inium Smelter 

The capacity of the smelter is 100,000 tpy of primary 

aluminium. 100 KA cells with vertical ancde studs are 

installed at the Smelter. The Smelter consists of raw 

cells-lines with gcs-cleaning plants. Each cell-line 

consists of four cell-roo~s. Fifty one cells ~re installed 

in one cell-ro0m, the cells being arran~ed in sin;le rC!ll, 

end-to-end. 

rhe cell-roo~s &re equipped ~ith cr€ction crane of 8J/20 t 

capacity end two process operation cr~nes of 6/12.5 t 

liftin~ capacity. 

The smelter is pc.:er su:;plied from the operating ix>wer 

plants (state sector) located in Korba re;ion. In 1985 

Bl-.I.CO had started the construction of a captive power 

plant cf 270 H.: capacity, tre first unit to be corn.-nissioned 

in 1937. 

The cell-line (4 cell-.t:ccm) is su·1plie:": with pm:er fro:n 

t~e Silicon REctifier Sub-station con~is~ing cf ,6 rectifier \ 

units (Outlet pcra~et('.S of the rectifi€rE~ cu~rent 

: 930 ·1, 22 :~.) 

High skillEd m<:npowcr is aw:il2::-le zt t:ie 2..~nElt.Er. 

-t'L-
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• 6.3 Aluminium Smelter at Jaykaynagar. 

The Jaykaynagar Smelter was;constructed arrl commissioned 

40 yec=rs ago under the design of the Company.1~1usuisse 

SWitzerland. 

The Jaykaynagar plant consisted of alu.~ina plant, Smelter 

and Fabrication c.:omplex. Th.: .f.>ru~~.::~ ,:k.r. ~= ~he Srr!Pl.ter was 

9000 tpy. The cell-room tb. l is ec.;uipped \·1ith 24 KA 

horizontal stud cells, end the cell-room !Jo.2 with SO KA 

vertical studs cells. 

'!)urim last 15 yec.rs the cap~itiE-s cf ~ll:r: inc. c.rc alur.1inium 

production have not been operated. The cell-rooms and the 

Rect!f ier Sub- stations are not used. 

1'he structures c.nd the equipment of cell-room No. l have a 

high level of wear and high investment is required for their 

restoration. 

l'he con-:.itions of the cell-room No.2 :lld the R€ctifier 

Sub-station are sati~factory. 56 cells are inst.2llej in 

cell-room Ib.2. The cells are e.rr~nge= in two rCMs, end-by­

end. The cell-roo:n is equi;>ped with E.O.T. cranes of 

12.5t cap<'=-city. 

Four rectifier units are installe'.l at the Rectif ii:::r Sub-

station. :'he rectifier am:_Jerage is 16. 8 KJ.., rninLTiC.l 

possible volta;;e 78 v. J.t present the rabric2tion Complex 

is po.-;er su;ipliej fro:n the O::·tcteElEctr i-= ity :::oar::. 

- .1'3 -
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-.-. -·-· - .. -..... -· -. - ..... -· -. -. -· -. -· -· -. -· -. -. -. -· -·-·- .-. -·-. -· -·- .-. -. . 
(3) (4) -· -. -. -. -· -. -. -· -. -. -· - .- ··-. -. -. -· -. -· -. -.-. -· -·-. -. -. -. -. -. -. -. -· -. -(1) (2) 

c. 

E. 

F. 

Fixed Capital (resi.cual 
cost of existing assets) 

3,434 

905 

3,:JoJ 

-------------------------------------------------------
1'ctal of Initial Fixed Costs 

(l.+3+C) 

:-~'.!?3IN MJ1·!EY (35)~ of working 
capital 

Interest -:urin'] co:is1..ruction 

13,019 

648 

427 

14,087 

1,200 

22,436 

756 

698 

23,S-40 

1,405 

---------------------------------· -------------------------
15, 287 25,345 

-.-.-.-.-.-.-.-.-.-·-·-·-·- -·- -·- -·---.-.-·-·-·-·-·-·-·---.-.-.-
:-rote: l~ :S::-:t.r:nsicn of tl-.~ o~xrc..ting ccll-r.:o:n ib.5 

for the E·;u. 

- .•' ·. ' : ........... 

2) cc:;: it.~l re_;_·~r .::.:1::: n:storc:ticr. \:c.r1:s of the 
E;:i-.tin-::.- cE:ll-!.·c. .... r.~ .c.2 .incl:..:.:::.in;; disr.12'ntlinJ 
cf l.4 cells for in..:.t.c.11~ tion of tziE: EDU c:it 

thE:"ir i=JlLce. 

~) :Ccur rE.:t.iicr .. i·=r ur.ic.~ c.r.£ t.c be i.ns:.c:..11<::: at 
thE ~E=tif i~r s~~-~:~ticn. 

-20-
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A.9.2 Fin3ncing sources 

Rs. 000 -. -. -- ~ -. -. - .-. -. - . -· .._ -. -. -.-. -. -. -. - .-. -. -. -. -. - .-. -. -. -... 
Sl. 

Fin2ncing Sources i~rl>a :\o. 

-. -. -. -. -. -. -. - . - . -. -. -. -. -. -. -. -. -. -. - . -. -. -. - .- . - . -.. - .. ---. -
1. 

2. 

EC::uit.y capital 

Lon-:r-tE:rrn n 3tional (S 
loa~ 12.S~ interGst r&~e 

3. Short-tErrn b3 nk loan 
on wor '1n;; cc.pit.cl 

(U 17.s-, interest r'°..cte} 

?(; ... - l. 

7,043 11,517 

7,044 11, 518 

1,200 1, 405 

-----------------------------
15, 2.S7 24,440 

-.-.---.-.-.-.---.-$-.-.-.-.-.-·-·-·-·-·-·-·-·-·---.-.-.-.-.-.~ 
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Annual PRu~UCTION (X)SI'S 

-·-1---.-.-.-.-·-·-·-·-·-·-·~· • -· - '!" .-. -· -.- . -.-. -.. -. -. - .-........ - .- . -· 
Korba k 

~it ~~:t ua~tityf ost;- -~~~-~t~Qr~g~~-----
F.s .s. OJO 'Ua ntity So st 

-.-.. -. -. -·- .-. -. -. -· -.. :::. -.- .-. . -·-· -. -. . -. -. . -. -·-·-· ·-· -"!~:'::.~ 
~:-.-.-.-.-.-~:.-.-·-·---.~:- l.~:-.---.~:-.-.l.~:-.J.-.-?:.-.-·---·~:-. 

Sl. Cost category 
No. 

1.1 .Z..lu.'Tiiniurn t 22,404 

1.2 ~ariu~ Chloride t 22,0JO 

1.3 Cryolite t 20,233 

1.4 i~luminiu n fluoride t 22,562 

1. 5 So2iu:n chlor i :::e t 14,CJO 

1.6 :;raphite t 40,000 

1.7 C:opper t 50,0·JO 

1.3 so::a t 3,000 

1.9 Fuel cil 1 3~60 

556 

18.5 

6.3 

a.1 

2.s 
8.1 

8.7 

3,lCS 

12,457 

407 

138 

153 

35 

324 

435 

202 

559 12,524 

18.S 407 

6.8 138 

8.1 183 

2.5 35 

8.1 324 

8.7 435 

45 135 

34 114 

--------------------------------------~------------------------· 
:'ot~l of 1 14,121 14, 295 

2. UT ILr·r:ss 

2.1 . ,... 
po·~; Er 10::<) 5:;,6 .-·.\-

1::::, 37 :J 5,553 lJ, 370 5, 35'2 /::.hr 52J 

2.2 :Qr.1pre.sseJ ~ir n~u.m 1. (. 32~,0.:JJ 518 324,CJO s:i.s 

----------------------------------------------------------------
rctal of 2 

3. 

4. ~€.:;~ir C.. me:i;i;:.E­
nr. nc-e 

4.1 cf e.u i~Y1E nt 
(2.§ ') 

:-_ .• OJO 

• 4 .2 of b~ i 1 · i!1; $ ei:; d 

4., 2Jl 

5, 217 

6,076 5,910 

270 556 

12,_3~ 301 

27 2o 

----------------------------------------------------------------
32S 

- ':)~"1-
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·-. -. -. - . -. -. -. - . -. -. -- -. -. -. - .- .- . -. -. -. -. -. -. - . - .- . -. -. -. -. -. -. -. -
( 1) (2) (~) (4) (5) (6) ( 7) (8) 

-.-.-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·-·-·-·-·---.-.-.-.-.-·-·-·-·-·-·-·-
s. 

o. 

7. 

a. 

Cverh-:-ad cost.s 
(@ s·;~ of 

:.s.ooo 1,033 1,035 

esti."!1c:.te:J costs) 

6a .Les costs -de- 035 635 

---------------------------------------------------------------
1'C l~ i. c·r:::::q;. :'IC:; -oo- 22,327 2 :, 7 ::.o c- ~~-· L.::._ ~ 

r::.cprEc ic:. t .:en -de- ·~·:.. 4 1, 8~·4 

:nterEst -de;- ~ " - .., .. _,_ 10V 

---------------------------------------------------------------

----~.: E:, ::c ~ :=t.: le tE _::. 
y:r 1 t cf LiJh 
· -r i:. y c. l :...1:. i n .:.-.. .:::i 

-G.o-

. ..:. 

.... ,-: 
,_,I:.'-.=.:; 

4~, 12-5 47,111 

·---.-.-.-.-.-.-.-.-.---.- -.-.-.-.-.-.-.-.-.-.-.-.-.-.- ---·-·-
.. ~ ...... ,c-. 

,,.,,,;-..... ... _ - . 

2 

·;.;, . : 

- c." .C: ... -, ~ ..... 

•. 

f 

r- : . . ~-IC'. 

·" .. : . ... ~ 

li' L.:cr 

-- , : -,r 
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-. -. - ·-· -. -.- . -. -· - ·-· -. - .- . -. -. -.-. - . -.. -. -. -. -. -. - .- . -. - . -. -. -. -. -
Sl. ](:scr iption Unit of 

measure 

-. -. -. - . -. -. -. -. -. - . -. - . -. -. -. -. -·- . - . - . -. - . - . -. -. -. - . - . -. -. -. - . -. -
i. • 

2. 

3. 

~n~ual output of hi~h 
p:....r ity c..lu, inium 

:-:i::;h ;;urit7 alu.~.i.n_.:__i..!!;1 

s2 le s .:,Jr i::€ 

;:J. Q,)Q 

t 

..>/t 

4. Sales reven~e (it.3xit.4) ~.OJO 

5. Cperetion :x_.sts -::10-

6. :?res s :::,:cf i:. (it. 4-it. 5) 

7. -d:-

• Int~rc::::t -do-

'J -. -::c-

it S-+5 

it.. 1 

1. 

b, 2..;,7 25,345 

54J 540 

50, o-.: J so,o.:.o 

27, J _.::; 27,C'2J 

22, 327 22,730 

4,u73 4, 22J 

9~.:; 1, 8~·4 

523 766 

3, :!_~, 1 1,::JL.:; 

. -. - . -. -. ~ ..... . -. -. -. -. -. -. - -,... - . -. -. - . - . - . . - ... '\. -. -. - . - . - . -. -

-~........:..... ,. ... - ·~· .~ . "'' .· . .,. .;. ...... ; . . ,.. ...... . .... 



Number of the switched off 
pots in potroom B 75 

Initial data: 
- Number of EDU pots 
- Average voltage of the EDU refining pots 
- Rated voltage at the transformer station 
- Voltage drop at the transformer unit 

busbar and voltage reserve 
- Average voltage drop at the aluminiu:?l 

pot 
- Anode effect voltage 
- Frequency of anode effects 
- Duration of anode effects 

Operating voltage at the pot is: 

4,567 - 30 • 3 = 4,504 v 
24. 60 

Voltage drop at the EUU pots is: 

5.7 • 3 = 17.1 v 
• Nui:ber of pots to be switched off is: 

17,1 : 4,504 = ;,B'""' 4 pieces 

.Annex 2 

3 pcs 
5.7 v 
950 v 

15 v 

4 1 56TV 
30 v 
1 per day 
3,0 min 

Thus, according to the first version of the EDU pots 
rrangement 3 pots are dismantled and one is switched off, 
ccording to the second version 4 pots are to be svr.itched off. 

some short periods of the EDU pots operation general voltage 

rop increase will occur, naoely: 
- by 114 V during ? days once in 60 days when one of the 

ots is operating for the electrolyte preparation and· cathodes 

mpregnation, 
- by 1•8 V during 3-4 days at the ate.rt-up, once in 4 1 3 years,-
- by 1+5 V during 3-4 days once in 1•1.5 at ledge refilOV~l etc. 

This does not affect the operation of the pots. 

. . . 
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Annexure 4 

EVALUATION 

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

As per the request of Indian side the variant of the EDU 

location in extended part of cell-room N° 78 of Korba Smelter 
was also considered in the Feasibility Report. 

In this case all technical conceptc of the Unit will be 
similar 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 this 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 

l SRL' 1 No 
I 1 

Description Unit I variants 
ltion 

of EDU loca-

I 

I 
1 2 

1 DC power supply 

2 Additional bussing: 

length 

weight of busbars 

same, in percents 

J DC power consumption: 

- specific 

- annual 

- same, in perc~nts 

4 Total capital coat 

3 

: cell-room 
N° 75 

4 

I 

cell-room 
N° 78 

5 

1 From exi stt~q SCR sta ti­
: 0 on .N° 858 
/ 

m 

t 

% 

i 20 
! 

' 14 
i 
' 100 

kWh/t ! 18500 
I 

kWh/year
1 
9.99x1o6 

% 100 

Rs. 000 : 22670 

59 

40 

290 

10.24x1o6 

102.5 

23924 



2 

1 2 J 4 5 

5 Annual operating costs Rs.000 I 21588 21729 

6 Internal rate of return: I I 
I I I 

I I : 
- on investment ' % 14. 2 I ! 15.3 I I 

- on equities % 14.7 
I 

12. 4 ! 
I I 

1 Break-even point %(t) I 65.2(352) 66.8( 361) 
I I i 

8 Pay-back period years I 5.5 I 6. 1 ! 

I I I 
i 



'\.· ·~~r; ~; (_'.f 
" 



Contract No 8:112 
UNIDO 

PROJECT REPORT FOR ESTABLISHMENT 
OF SUPER PURITY ALUMINIUM PRODUCTION 

IN INDIA 

V.-\Ml 

final Report 

No DP 1 IND 8-l ! 007 

Volume II, Book 1 

Drawings 

LENINGR:\J) 
] 9 8 () 



PROJECT REPORT CONTENTS 

Volume I - General Explanatory Note 

Volume II. Book 1 - Drawings 

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

Volume Ill - Specifications of Equipment 



LIST OF DRAWINGS 

No, Drawing designation 
\ l ____..,____ __ _ 
I
. I Technological drawings 

... 1 ; Process flowsheet of HPA production 
I 

l 2 ! HPA cells section (Variant I) Plans sections 
j 

Drawing 
No 

.1360970-Till 
j sheet-1 

I, 1360970-TM 
sheet-2 

3 HPA cells section (Variant II) Plans&sections! 1360970-~.I 
l sheet-3 
I 

4 HPA cells section (Variant I) Busbar diagram l1360970-T:M 
l sheet-4 
I i 

; HPA cells section (Variant II) Bus bar diagram! 1360970-T?,I 
I 5 
! 

6 70 kA Cell for refining aluminium 
7 l ?O kA Cell for Electrolyte preparation 

I cathodes impregnation 
j 
: 
: Electrotehnical drawings 

8 Diagram and plan of busbar route 
(Variant I) 

9 Diagram and plan of busbar route 
(Variant II) 

10 Section of HPA cells (variant I) plans, 
section 

and 

11 Section of HPA cells (variant II), plans, 
section 

12 G~neral layout. Variant I 

13 General layout. Variant II 

: sheet-5 
' 1335338-:'.'0 

' 
! 1.335339-BO 
' 

: 124?836-0C 
: sheet 1 
i 1247836-30 

sheet-2 

1332639-~'..c 
sheet-1 

1332639-AC 
sheet-2 

1367230- ~ _1 
sheet-1 

r 1367230- I''[ 
sheet-2 



HenpanumaHHbte 
3Ael<!l7po11umo1r1 Kqmoobt 

U3 &ioKa !JcnoMoea­
me1tbHbtX MacmepcKux 

UN!MPREGNATED 
CATHODES FROM 
A UXI ll IAR-:t 
SHOPS. 

Om.xo£ rru 
I 
I 

COAl/ 34.8 ~T A~2a=:O-~-----~ I 
SAi.TS I TPY 

JAeKm Ot1Um 
ELEC!ROL.':JTE 

I 
I 

I 

Jlw /// $ IZ1 ); 

311eKm 01ium m8e ObtU 
SOl ID ElECTROL.:JTE 

CRUSHING 

BAexmpoAum t3po5iteHblU 

CRUSHED ElECTROl':JTc 

SECTION 1 



~----------.-.---·---

(/puflLJ,UnUA 11bHA~ T£i(H0!10rtl'i£Cl<AR CX£1\1A nPOUJBC 
PROCESS FLOw'SHEET OF 1-1/GH PURITY ALL 

Omxoo'f1ll.{ue eOJb1-8 cylL/ecm!JyKJt.LfYIO iaJoovucm1<!J 8mopou cepuo .JAeKmpoAuJa 
rruGASEs-=TOEXi5r'i,VGGA5CliiN1NG PLANT OF cELLLtNE~o 2.. -

-..: ~ . 

I - r 
I 
I 
I 

-~ I. I 

~ //7 m /,"/ "D 7 I I Komoobt nponumaHf'ble 
IMPREGNATED CATHOJJES 

AHOOHb/U OCGOOK ---
ANOn£ SED/MENr 

16 r/2oa 
E. TPY 

0177pa!iomaHl-!b1e ·1<ai7lOOa1 

USED CATHOJJES 

.311exmpo11umHo'R KapottK°' eapf.lt.1Cai'K, 
w1.aM, orrpaaomaHHCn cpymepo81<a 
ELECTROLYTE CRUS0 LEDGE, __ _ 
Sll.IDGc, USE]) L.IN!NG 

~-~-----------.... ----... iiiiiiiiiiiiiiii-----



-
OUJBO,A,CTEiA AAKJMUHYl'R Bb!COKOU '-I UC TO Tb/ 

Y ALUMINIUM PRODUCTION 

l/3CI 

Co11u 
AAtoMUHUU ~btcoxau 11ucmomhl SAiTS 

_ __. !JAumeUHbtU qex Jafioila 540 r/20iJ 
HIGH PURIT::J AlUMINIUM TP:J 
TO PlANT FOUNIJR::J 8a 

2 

A1tKJMUHUu Cb1peu, u3 
K0pt7!fC06 3/teKmpOllU.30 556 T/200 

CRUDE ALUMINIUM FROM TP':J 
CELL ROOMS 

Meob 311eKmpo11um1.1'!eCKQ'il 76 r/eoo 
ELECTROL-:JTIC COPPER ' TP':i 

SECTION 3 



I 

Yl./ACTOK c~wKu co1iEu u nPuroro81tEHUR co11£aoi LJJUXTbt 
SALTS DR:JING AND SAlT MIX PREPARATION SECTION 

s 

l<.puo11um u cpmopucmbtU a1110MUHUU 
CR':JOl.JITE AND ALUMINIUM FlUORIIJE 

-

Cyxue 8aCE2 u tlaCe 
DRY 8aC12 a.ND NaC1 

6 

I 

6 

<I 

, 

_ lJJ uxmofJKa 
t--•::Jlllloot 

MIX PREPARATION 

' 

7 ----~ Ho !Jl.facmoK 311eKm!Jot1uJe/Jo~ 3D ':f 
~~~~, 1,__~-o~E-D __ U_C_E_L_L_S....._S_EC_T_l~O-N-----:~ 

f!puMB'fOHue: 
Pacxoa Kamooo6 oaH no epac:purn!J. 

NOT£: 

CATH01JE CONSUMPTION IS GIVEN ON GRAPHITE fJASIS. 

SECTION 4 



~ .... :;::.-

. 

naJ. HauMEHD8AHUE TExHUVECKAR KOttl'fECT8D i7 PU/1E~AHtlt 
lJESCRIPTION 

XAPAKTEP!ACTUl<A LUTYX 
l?EMARl< 

liE/1 SPECIFICATIONS QUANTITY 

Kocw iJAR a11loNuHu11-cc;pl(a Cy:lf,errrc' 1''!1" 1V. 

1 
....... 'J•t.-i ...... 

lAJJlE FOR. CRUDE ALUMINIUM EXISTING 

2 NowuHa 30/tU~O'IHOR 8Mec(TlU1'r!OC/Tib KZ Ha 'fegme¥t:.ax 
!<CDWO' f200- 2 He r; ,t.OJQHa 

POURING MACHINE lADlE CAPACITY KG NOT SHOWN 
-

3 311el<!T:/JOAU3ep pa¢Uf.IU/J08D'iHb/U Cu1ra mcKa 70 KA 2 
RE,C/N!NG CELL. Al1PERAGE 

311exrripo11uJep i311n 1fnuiomo811eHt.1R 
Cu.1a moKa lO A !+ 3,1eK~o11uma u np num;((J Komococ 
AN PERA GE it.\ t 

CEll FDR ElECT8DlYTE PREPA/<.ATIDN 
A/Ill CATHOJJE IMPREGNATION 

fle'!b J11e1<mpu'tecKa?1 011R JA e. \lnDIJ'i 0:,'<[J'fl C!l''ccm ~, 1~~c.·"' 
11 'fl Ui.')"" 11.1.::;u.J ,'-''· 

5 cywKu co11eu ;%{:~~nb f5!3.51<W 1 EXiSTING ElECTf./C ~U/?.!fACE F08 SALTS 
IJR.Y!NG RATING 

6 CMecL1me11b Tun- AonacmHou 2 
Ho ·1epme-:;ax 
He noK0.30'H 

MIXER PADDlE T:f PE ;Var SHOWN 

Kmr5e,1b 311R cuxux co11eu DoceN 
L. 'q 'I ., ,... 77 "''{)";( 

7 f M3 5 
'I '-F'' <;,,;, 

'"' He nc,'<aJaH 
8UC/\ET FOR JJR::I SAlTS CAPACITY cu.m Nor SHOWN 

Kapoo iJ11f1 81Jexmpo11 uma 05oe11 /'13 Hq P~7i:.>'f"'fX 
8 f 5 

;--' /(,../, " 
CAPl4C!TY Q 13 CLl.m He i:CXQS~H 

8DX FOR. ElECT80lYTE Nor SHO;'/;V 

8axyy11-KODLL1 8MeCmUl10C(llb 
f/() yc~~o· '11\ 

9 3 
'-,-1 )/._,.~'-11 

CAP..aCJTJ 3 T 
He rm<.aJQH 

VACUUM -lAIJlE NOT SHOWN 

SECTION S 

AAHHbl~ YEPTE/K HE noMEii<~T 
PA~M HO/r\EHL-ifO 1.-lMi nEPEAAYE' 13 6 0970-TM 
AP::ff~M OPIAHVl3AU~l!M ~ AIA4AM i---::--:-----:------------------J 
5E3 corM.Ct.1~ Vf HCTJ-iT::fTA BAM~i AAtlfOMV1H~Eeb1~ .;AaDA e r. KoPBA, ~lHAµ,71 

l..UMINIUM PL.ANT IN KORSA, INDIA 

TiHIS ] o"WING IS NOTTO BE .j.'(C~EP!.A:~.:HTM.t~D·A.£!.'Of-ICT;W.\~OH~AP. Crc1Bu7i /\ur;r 
f\I"\ ::cTAHOe!<A AM r.;o~J81JACTaA A/iiCMl.lHVll! 

REPRODUCED OR TRANSFER- ~bfCiJKO~ •rnCiOibl PHASE SHEET 
/o.ucro5 

SHEETS 
s·-RE 0 c:.,<P::x!.'t:c:ffAI.. !J~MONSTRAT:ON Ur!T FCR 

D TO THER ORG-ANISATIONS P."l'Jnucrr~N Ct~ ~1c;.i PUR1n A r...uJrwu,..,· T3 O 1 
OR PER.sONs WITHOUT AGR~E- nP/.-IJ.141.muA1:0!-!AR TEXH011orn~EcKA'if VA M I 
MENT WITH VA MI c8XEMA npoµ3aoJ..CTBA AAKiMuHuff 

b/COK.0/11 'flrlCTOTbf 
Pfl.OCE.SSAFl..OWSl-li!~T Of: /.UGH LEN 
P11R1ry /.Jt.JM/N/UM ppon,,,,.r, 



c: 
l"O 
Cl 

c::; 

r;·· 
B 
~ 

(A"'. 
'.!.J 

~ 
<:::) 
~ 

<::'.) 

~ 
S? 

(;;\ 
I 2. ) 
~ 

' I 

! 
i 

I 
! 

6000 

~ I 
J.. 

I 

!0.0001 

H 

f ~ 

J 

SECTION 1 

+4.800 

• 
!8000 

30600 

ff x 6l 

I 

+ 

~ 
~ 

*' 
(§f 

C lll,ecmt. 
£XIS Tllv 



6 7 8 9 f 0 11 f2 / 

"-DOO=B6DDO ; 

~~A 2800~ 10400 

. I I ' 
I I -

t ; I I ± I -
I 

* t I r t 
I 

I 

3 ~ 

7 {\ . .----i...-
,... 

I I z 
11 I I I I l\l t I I ~ ~ LI 11111111 I I I I 

I 

I 

~~ lbU ~~ ~"~ :h- I ) C) I I I n 1e ......... :_._~~ 

-1- - ~ ~ I ....... •' :::-----.......... -
~ I" 91 !IT ... .,...,._., __ q ... .,...,.'rr.,.. ...... ~ .. NJ I ' ~ I ~I . ·'. n n 

11 I I I I I ... 
I I \ 

-
1: ' J 1111 11 I I l 11 

I I. I 
6Lt2.0 

5.0DO I 1 

·~ t ... '-I t-H \ ~ t-H t -
T T I -- ~ 

\ T_ ...... ........ 
r---......_ I 

~JI e~ 
I 

7600 7600 
100 l ,__,300 

~ 
(7000 ~ H , fJH05b 

\ 
, 

PROPO: 

1--A 
·- --- ------

S E CT f ON-- . --------· 

2 

718 l/IOW,LJ LJ wuJ.1onpo8oi3 
fa3oomcoc-noiJK1J!O'loemcn t cgll.(ecm£ 

, 1<011.1i.eKrnopy cucmeMbl eoJoomcoca j 

ING 8US8AR CONNECT GAS EXHAUST :IJUCT ro ~ 

MAN!FOl'iJ OF CEll l?OOM GAS EXHA 

i 



Kopn c 
CELL ROOM 75 

1 
I 

b MOHmU eMblU UJUHOn o!Joo 
POSED 8US8AR 

HAU.ST S!ISTEM. 

i 

MoHmO>KHbtU Kpd 
ERECTION CP..ANE l ------ - - -~ 

I I /?. Wmo1tJe6b!X KlJa) 
7.500 I~~ STUD RESET1 

1 
i 

---\ ~::;---; Jrl-0---+~ I 
I 

l 
! 

SECTION 3 
9000 



{8000 

A-A 

80/zor 

f.090 

' 

j I 
I 
I 

L t7.8DD 

12.SDD 
I 

3.000 

ODDO 

SECTION 4 

AAHHbl~ 
PA 3M HO 
AP~fflAM 
5E3 cor 

THIS D. 
P.EPROD 
RED ro 
OR PER 
MENT 



AA HHbl~ 4EPTE .14< HE nCJAAEIKIAT 
PA3MHO»'.EH!AIQ IAM-1 nEPEAA'IE 

SECTION 5 

1360970-TM 
A?~ff IA M OPr AHIA 3A~l.HI M IA AUUAM 1--------.....-------~-------1 
5E3cOrt1.ACU7l UHCTl../T::ITA BAMW A/\IOMIAHUE6btv1 3ABOA e r.KoPsA, ~HA~s:i 

At..UMINIUM PLANT IN l<ORBA, IND/A. 

T 3:<cr.=P,.1~Ae1-1TAt.bHO· AEKCHCTPALi:.tOHHMI Craau~ /\uc r /\ucro8 
~IS DRAWING IS NOT TO BE ~CTAHCaJ(A ~"" nPOJ.4JOOACTBA A/IKJMWHU~ PHASE SHEET Sl-IEE'TS 

P.EPRODUCED OR TRANSFER· ~~~~~?~eN\A~ri~b~ONSTRATION L'NIT i::o~ ""----'---'------I 
RED TO OTHER ORGAN I SAT IONS PP.ODUCTION OF ,..,,IJH PURJT'f ALUMINIUM Tso 2. 
OR PERSONS WITHOUT AGREE- .'iYACTOI< 3/leKlPO/l.U3 Poa A8¥. \f.'/\M I 
MENT WITH VA MI (~AJA~17.[s1~£f'r:1oAff. (~Afj~j1)' L /-\ 

PL.AN AND SECTION ENINGRAD 



:-11 .,__ ________________________________ _ 

0 ' 
~; 

.c --· 
! 

~: ..... ' 

.. 5 
:::: 

5500 

!$ 

6DCO 

-~ 
I 
I 
i 
! 6000 6000 
I 

!:lo,r:_'~ r.eMaR qacmo xopnyca 
8u I :...=rNG EX TENSION 

2500 

1+3.000j 

6( 

i1 
r--T--~--"1~~====~*======~~~-r~-;r-------cP-+-+.1--

f40DD 

E.5000 

SECTION 1 

700 

1000 

\ BHo8b 110Hmupye11b1u 1.11u1 

PROPOSED 8US8Af( 



) 2 3 4 5 6 

0000 6000 , 6000 6000 6000 tooo IOWO 
' , 

l 
' 

I 
l 

KaJJn?tc 75 / CELL ROOM l 

I I 111 I I I 

111 

, 

tH ~ + Hi t-H j 
-..,r~.-----..-t-r-..., +-- - T ,_.:,-~ ~- - Lu --i;;~ I 
11ii====z:::::=?====::;;===*:::c:=:c~~-t11v 1 

mo~ 2270 ~ , _ ~ I 
7600 76 DO 17 f oo ~ Cl/L!./erm6gHJll{l/U WLJHanpxrJa l 

-----~-_,,_~ -----+----+---'---'----'~------¥-~ EX/ST I NG 8U SBA R 

~~ 

; 1.1.1uHonpoBoo 
BAI? 

{a30Q'77COC - noaK;1IO'!OemCR I< cyLJ.iecm~!JIO(J.(eM.!J 
KOt111eKmopy cucmeMbl eq;;ao,77coco Kopnyco 
CONNECT GAS EXHAUST :DUCT TO EXISTING 
MANIFOL..D OF CcL.l ROOM GAS EXHAUST SYSTEM 

---·-------~ ·---s E c TI 0 N-.--~i-~ 

~----------------------------------~-------------------...... 

I 
l 
j 



7.500 

MoHmCJ)f(HbtU Kpa1-1 (cYLL£ecm8y;ol.J..(uu) 
ERECTION CRANE (EXISTING) 

A-A 

80/E!.OT 

-- - - -- ---------

2. WmbtpeBbtX KpaHct (cyw,~m8y101.1ft.1X) 
STUD RESETTING CR.ANES {EXISTING) 

18000 

SECTION 3 

8/t2,5 T 



IZ8DD 

3.000 

0.000 

~ 
SEC"flON 4 

AAHHb1a 
PA 3M HO 
AP'JrnM 
5E3 corA 

THIS IJR 
RE PROD 
RED TO 
OR PER 
MENT 



AAHHb1a YEPTEJK HE noA"E~rAr 
PA3MHOIKEHIAHJ WA~ nEPEAA4E 

SECTION 5 

1360970-TM 
AP':JniM OPrA HMJA~lil~M W AU '1M L--A-----~-~----:-:K~~L-1-:--A-~-~ ----t 
6E3 Cor/\Ac t 1c:i uHCT'Jf"TA t.

1 
yrJ AIOM~H'{E.8bl£it 3ABOA. fJ r. OPSA, H 

.. rn.,. vi"'' ui•rri ALUMINIUM PL,ANTINKLJR8A,1NtJIA. 
"'l::t~l<'C~Of~PU~M~e<T.:-=:-:'A/l~bl-l~O~-A-:-:E..-:"1:::::0H~C~T pM'~~l.ii M~CJ~HJ.4Li'iAi.iR..:..,.C~r==a"5'a '.":".u ~:r/IA.u".':cr:-'lr711 u:-:::c ;;e;­

TH 15 DRAWING IS NOT TO 8E ~crAMOaKA ifi·MI nPOw3eo,a,creA ANOMWH~fl PHASE ~HECT SMEETS 
REPRODUCED OR TRANSFER- ~~~9~e~r~[0h~~ONSTRATION UNIT FOR T ~o 3 
RED TO OTHER ORGANISATIONS PROOOct'rnir OF HIGM Pu~1T1 it..UMINIUM v 

OR PERSONS WITHOUT AGREE- ~'fACTDK 3AEKTPO/IW.3EP08 7f B4 VA M I 
VA MI l/3APHAHT2). flMH J,f PA3P£3 

MENT WITH HP.4 CE~t.,S SECTtON.fV!iP./ANTe) LEN! NGRAD 
PLAN A/VD SeCflON 



0 
'";/! 

<) 
::r 
::s 

;;\ 

ol ,_ 
tJ " ~ :l 
c 

re 
ti. 

< 
~ 

0 
c 

e 

SECTION 1 

Cyw,ecm!Jyml!..fUU wuHonpo6a0 
EXISTING dUSBAR 



30t<A 

e 

8Ho!Jb MOHmupyeMb/U l.l/UHOf7/J08oo 
PROPOSE'!J d US8AP. 

SECTION 2 

AAHHbl~ 'fEP·, E1< HE noA"EJKi.ff 
PA3MHO;«EH~l0 l-MH nEPEAA'iE 1 :360970-TM 
AP-:ffUM OPrA Ht.i3A4t-fflM u AIALJ,AM .....__"_IO_M_IA_H_J.-i_E_e_bl..,,.~-.3-A-BOA--B-r.-!"l<o'!""'P_b_A_/ ~~H,4_&-'_$1 ___ _ 

SE3 corAACU~ IAHCi¥1NTA BAMU ALUMINtuM PLANT IN KOMA. IND A. 



c 
co 
0 
c:: 

e 

I I 
I 

I 

3Aexm i/.U34 

HPA CEl 

81-108b MOJ.lmU eMblU WUHOnt.Jo!Jaa 

PROPOSED EJLJSBAR 

SECTION 1 



,1uJepb1 Al34 
CELLS 

~-- --+----

aa 

e 

HHblU 'IEPTEl< UE n~E)KUJ 
PA3MHO.«E'H~rD ~AW OEPfAA~E 

BUS8AR 

S E CT I 0 N ·2 

1J60970-TM 
AP)f~M OPrAH~3AUU'1M U AWL+4Mr--~A~/\~IO~M-li1-HW-E~B-bl-==~-3A-eo,l.--8-r-. K~0-PSA-,~ti~u-'f..f-~---__. oE3 corAACMfl UUCTM~TA 8AM'-i ALUMINIUM PLANT IN KoRaA. INDIA • .,... 



SECTION 1 



.. --

6 4 

-e ... -~ _f i~ I - ~~ 9~ -f B ~ ~ '\. I'- Ll 11...r 

~ / 1 i 
.L 

I . " ' -L.11 

I 

I 
I 

; 

I 
~ 

II - ~ 
I I ,.._ I I 

·/ 
I I 

~' ~ 1 - r - ._ 
i=:: ~ - s:: ~ • . - ::.. 

'II ~ b ~ - ~ 

~ {or=, n LI I r" l LI ~ 1 fff- f :J ....... 
i'T' ...... J m1 .._ j 111 ""'""' 

J "= [Tl c f- ... : ~~ ... ::>'" r ~7 - ~ 
,,.. . It 

+ L I+ ,_ 
- .... 

I 

I I I . 

.... .... ~ I ~ .... ~ .... 

I . I l. ~ r.L 1 t-- ..... ,, ~---~ ·---

r " rv "- .... ...... r '~ 
t' 

I 
'\ I 

I 
I I I I 

~== I I I I 
I 

4760 

I ·-
~I~ T ·-~ •xx•• 

. 
~ "N'-.l'-.hy .. ~ ~ "'~x,. ~N\ ;?- yy vx K-X""' 

$ -$ -m- r 
~y ){)j ' 

3t- i£ a v x 1"'' · l\/v10,.".-. 
'x''X ~"'"~ ~ x.x.tt-."-'-

-
sgo I 590 i I 590 i 

' I I 
: 

I 
I 

l I 

... .. 
. 

I 

64'20 

J J L-..r"" ~ 
--------- --~~---- --- --------·· ----, 

I SECTION 2 



4 5 

~\ 

3590 

- SECl\ON 3 



N!! HauMeHot5aHue TexHuc;ecKaR KOA. npuMe-
no3. xapaKmepL.'cmuKa Quan 4a1-1Ue 

Jt.em Name Techn<-cae tdy Re-
NO charactetisti..e s mar.ks 

Ko*!:JX Me,naAAU48CK.ULJ PctMHOeo muna 

1 FMMc TYPE 1 STEEL, SHEL~ 

2 cpymepofJ1<0 aHODHGR Mae1-1eJur, woMar, !fetJ/t/J.lblt 
0/1.0KU. 1 °'AN01J£ LINING MAGNESITE, f:/RF·CLAY, CAJlBON 
Bt..OCKS 

Ka mo a AuaMerp efJCJcpuTa 

3 lltAMeTER 01= SOOt-tM IJ CATH01JE CRAPl-l/Tc CATHODe 

4 MexaHU3M not3oeMa KCJmooa~ MOLJ.f HOCTb npu!JoarJ 

CATH01J£S MIS/NG MECHANISM 
!JRIVE POWcR q75K8T. 2 RATING 

\ Mema1i110KoHcmpy1<quR 
\ 5 .JAe1<mpo11u3epo 

1 \(\ \, CELL STEEL STRUCTURES 

I I 

OwuHD6Ka 
AAl()MLJHue601e 

i I 6 KamoDHOR WUHb! l/3lJr70NM 1 1 CATHOJJE 8USWORK ALUMINIUM 
I BUS BAR. 

Kpb!UJKO . 
7 I COVER 

-

r 

;~ 
I ~ I I 

11) I 
SECTION 4 

1: I 
' I ,4aHHbtLJ 'ftpmex He noa.~~1.1m 1535335 BO /:_fJJMHC)f(eHwo u11u nepeaave 

~!J2UM op2aHUJQqURM lJ Al./l(01•1 3/1£KTPOAUJ£P ~AR PAcpJ1- Cmao~,Mocca Macwmoo 
eJ CDtAaCUR tJHCmtJmljmO /JAMJI HYIPOBAHtlR Al! MUHUR HA Phase Mass Scaee 

J I CUt1Y TO!<A 70 KA n i -- -- Thls dtaw~~ Ls not to ~e 70 KA CEll FOR Aucm I Aucmoc · ze/noduce at t?ansfer.-. REf."IN!NG A~UM!NIUM Sheet Sheets J ted to other. Ot9,ani.t.dtLOr13 
oz petsons wlt not.ft. a9iee- VAMI ment wlth VAMI 

lenLng.tad 
- .. - - -· ·-



SECTION 1 

L 



' 
: 

i 

7 
~ -- I 

I I 

' I I 

--~ --- r- = '-=== / \ 
~ = l rr - rf' I 

I 

h i I " 
' ----..J ~. I 

IT/ ~ I. I 

' I 
: 1- ,, 

3 I 
I 

J I ! : I 
'. .... I 1= :~ /""-.~ti 

l i • , 1 

!"" n ,,,,-

\I _,._., .. .:/" I 
..~ 

I . ' 
- ' -- ~ 

I 
.....____ ------~I --- :.... .... 

' 

-$; -~ 
- , I 

-~ ~~ -f ~- -f ~~ I 
' 

=1 i1 ii . tL ~ 
t 

-
]~ i -~ --.:- I .... ~ -~ ~ ~ • .. n ... Ii.,' .... - v!1-r... I - I~ J ~~ f '.\ LI l'=i n 1 i 'I ;~ 

'2. 1 

~ 
l,.::i - v----....., 

~ ~I =~ "'"' u ' i - · i .,,-
~ ~~ 

, 
.z.. I ~ i 1 ~HI l= ! 

t--
...... ... !-' C) 

I 
-- I C) 

I 
- . I 

,_ -- L I !l C> 
I 6--:: <o 

~ 

. I ------ t' 
I 

I ~1 ....... I _µ -- --, ---, . I ' ; 
I I rt'I ~ 

r-- ..+ , j -m_.L v 
I ..... I -

I I I I 

: 
-

I 

L 
1 

4760 ~ 
~.x )(,_)(,_X YX v-, 

590 590 590 550 I 
v r XXX• ~1;y(JC, xYY ' 

I ~ 
li 'J(v J I 

.,, y )( rz. "~" -
" 0. ~~-Jt-- r r r, 11 fr 11 11 0...'-.1.{ x --, ( 

:'-.'-.'H X ... ~ I'.'' l' I ll 11 -
IL _..JI I} I 'I 

~· 642.0 
I 

~ j ' i 
I 
I 

I 
! 

- . ----- ------- ~ ------·-·-- -·---- --- --, I ' 

•• I SECTION 2 l -- . " 
It 

-



---

-- .... 

->-

69S 695 

t \ 
11 _ ~ 

... 

f I + 

SECTION 3 -

IV~ 
noJ. 
Jtem 
No 

1 

2 

5 

6 

7 

-

-
~01 
p_a:: 

~~ 
Th 
ze 
ze 
02 
m 



-

/i/9. HauMeHofJaHue TexHuYecKa'H /<.Oii.. npuMe~ 
noJ. xapoKmepucmuKa Quan 4aHue 

~r 'Jtem Name TechnLcae t·ty Re-
chai.octer.i sties .,l mcrt.KS 

1 

No 

Ko /I'\ tf=!eX . PaMHoeo muna 

1 Mema1111u CKUU 
FRAMc T~P£ f 

I STEEL. SHELl 

MaeHeJur, woMor; !le04fJlb!t. 
'Pymepo~Ka aHoaHoo OAOKU I 2 MAGNE S /Te, FIRE· CL.A 't, ANOZJE UN/NG CARBON 81..DCKS 

I M ema/l.llOKOHCm1Jy1<4uR 
I :JAeKmpO//U.Jepct 

I ~ 3 CELL STEEL STRUCTURES 

Komo a ,4uaMemp epocpura 
\ 4 DIAMETER OF SODMH fJ CATH0.D£ GRAPHITE 

CATHODE 

,r ) MexoHuJM Moll{HOCTb npu8ooa 
noObeMG xamoao~ DRIVE POWER 0,75K8T 

(!_ 5 CATHODES RATING 
. ~ 

i RAISING 

\~ MECHANISM 

AAKJMtJHueBb1e 
Dwu 1-1061<0 KamOOHGR UJUHbt 430t7011/'i f \ ' 6 CAiHODE 8USWDR.K 

Ai.JUMINIUM 
BUS BAR 

I 
~ Wmopa 8= 4500 MOll.(f!OCTb 

f It-' npu°!JoBa I 7 c npu!Jo8oM 
DRIVE POWEP 2,2.KBT .2 

SHUTTER 8 =4500 RATING 

J 
WITH IJR.!VE 

Kpb1w1<a 
I 8 COVER. 

II 
I 

~ l/f,aHHblU 'fepme* He no8Ae)f(Um 
1:3:3533 B fJO p_(]JMHO~eHUIO UAU nepeoc!'fe 

LJ_ °!e_IJeUM .. J'l!!tll-ll/301./UFIM ll l.Ut.(OM 
BA£KTPOAU3EP ,tf],Afl nPHrOTOBAE· Cmaau11 Macca Mocwmod eJ, .Jcu11 l/Jfcmumyma BAMU HWR 811.EKTPi UTA ti flPOflUTKU Phase Moss Scaee - KArOAOB HA CUA':ITOKA 70KA. n - -

IL 
This r''f.awim; Ls not to 8e 70KA CEl.l FOR ELECTROl!:ITE 
zepu uL1ced oz tzan5fcr.· PREPARATION AND CATHODES Aucm I Aucma~ f zed t." at:her oz.~anizoUons IMP~EGNATION Sheet Sheets ot Pt;t;;;~n-: wil 'hout a9tee-

VAMI ment with VAMI SECTION &. Lt!ni.na7..ad .. 



Knn(85E>) 
5CR srATION {85v) 

KaMYOA 11€KTP01iuJA 

CEt..t, ROOMS 

78 

12 ff 

CxEMA 
DIAGRAM 

10 

+ - + - + -

EMOHTUPYfMhlU Y'fACTOK UJUl./OflPOBO. .4 
PAAT OF 8US8AR TO 8e 1JISMANTLE~ 

77 

SECTION 1 

9 8 

+ 

76 



85B 
7 

+ 76 

r 

75 
--- -- -·-·- ---- ---- ·-- ---- - ---------

SECT\ON 2 



A 

nAAH 
PL.AN 

--+-~4 

19DOO 

75 

.4850-------l11 

SECTION 3 

A,AHHbl~ 'iEPTE;:< HE 110AAF:IKl.'T 
PA3M~O:f.EHUIO tAAL-4 nEPEAA'fE 1247133 6·3C 
A~rl-fM OPrAHli!.3AU.U'1M U MAUAM~-:----~..._-------------1 
6E3 corAACU~ lAHCTUT~TA 6AMU AMOMl--IHIAEBbtCf 3A80A 6 r.KOP6A IAHAU~ 

ALUMINIUM PLANT IN l<OR8A, INDIA
1 

THIS DRAWING IS NOT TO BE 1<cnSb~M~Hrt:~~8u"6EJAg~f~0,,,~~01' Craau11 Auc1 i /\uc108 
REPRODUCED OR TRANSFER· i~~~f~N~t1¥i~~ON PHASE SHEEr I sµEETS 
RED TO OTHER ORGANISATIONS PROllUCTl~N OF MICH pjlrr~1'fltiJt~IL~R I 

OR PERSONS WHHOUT AGREE· CXEMA H flllAH TPACCbl lJJUHO· \ 1A "A., 
MENT WITM VAMI flPOBOAA (BAPllAf.lr[J. vl-\1"'1 

'/JIAG/l.AM AND Pl.AN OF SUSBAA LENING~)..., 
nOUr ~A~NT . I ~ 



Knn(sso) 
5 C R STATt:N 

(es-1) 

Ka 'fTYCA .=iAEKrPONIJA 

CcLt.. ROOMS --

12. 

( 

+ .-

11 

+ -

CxEMA 
;DIAGRAM 

10 9 

+ -

8 

+ -

/1, EMOHTUP:t£Mb!U ~'IACTOK lUUHOnPOBQ.4 A 
PART OF BU51JAR. TD BE 11/SMANTLED 

77 

SECTION 1 



8 1 

+ - + 

-10KA 

ll/UHOflPOB A 
'SMANTlEIJ 

76 75 

SE~TION 2 



I 

76 

. 

n/\AH 
PLAN 

-·-'"-

A 

~HHblW 'iEPTEiK HE nQAAE)f(UT 
PA3MHfJ)KEHIAfO UM.f flE'PE'AA'fE 

A 

~ 1/s 
. 
,-· .. 

. 

• ~ , ' >-

f 

75 

--- 5 

SECTION 3 

~~rLAM OPrAHIA3AL.t~1iM Iii /1~1.µMt---:-----~-----:----------1 
6E3 COrAAC~01 IAHCTUT:fTA BAMU AAfOMtAHIAEebti.1 !AeDA & r.KDP5A, loiHA"4Sl 

ALUMINIUM Pl.ANT IN KClReA iNDIA ................ ...._ ......... ~~~· , 
nus DRP.W:NG 15 NOi" TO BE ~!N~~r~1~~i~ ~~~a~~,. I~~~~ ::~;:~ I 
REPRODUCED OR TRANSFER· EXPEJtl,.,ENTA&. llfMONmtATION UNIT FOR ~-. I 
RED TO OTHER ORGANISATIONS PMl>UCTION at= MICH PUR1r:;,.~r.tiMiNfUJ,f FS 2-. 
OR PE'RSONS WITHOUT AGREE· C.(E.MA(H f111Af.I Tf.ACCbt IUllHOnPo- VA M I 
MENT WITH VAM I ~'°1A"f1148j~Ht,f'r~l ,,L~ Jl&JJ•~~~ , e""'":::oA"' 



~i 
e 
c: 

n fl /I j.j 1-1 (/ . 

PLAN AT EL. '3.i 

---->;.;n=:c....-. ;!; ~ 0 -::Z ' " 0 r I " 

~-~. H • ";:;t- -i;+- __.,.. - rt 

. ~_] . 

a.oao. t 

0 e 6 C!tJ1j E cm a!! HJill, l! rO "'u HD" p' D a_o.;_.~_A .... I _._.,____ 
ct EXISTING BUSBAR I 

I 306001 ,,,,__ _ ___,_ __ 
6:100 I 6000 I 6000 I 

SECTION 1 



I-I ll II m M. 3 [/fl ll 

T El. 3.000 

C .!:J l.1.1, E. c m .E.!f HJ w,.. u s. "'°~ 
EX(STING CR.'ANES 

-~-

. 
~--==F-~--~--+---~___;~~~-+- ,........... O~b BHo~6 nP0£KmuPYEMO~D 

; ~onPoaotr"'· 
_ l <t_ PROOECTED 8US8AR 

6000. 

~~ci)~a-~---(~ 

--- ~--- --. ----~. 

SE CT I 0 N ·2 



p II J P F J 1-f 
SECTION f-1 

-, 
'------- -- - - -· 

5000 

t I 

/~q J15'J 
18000 

17. 800 

... 
12-500 

,1 :1.::J. r. P . 
......... 41 -----~°"---;vu. TOP 

- 0.130 

:'.:':"::=-r......_--~~~-~gR3. 
Gll.OUtlD i.EYEL. 

SECTION 3 



SECTION 4 

.1332638-tlC 



Fl?::: 

0 f ., 

~! 
C)J 
CJ; 
~I 
' 

c;·· 

SECTION 1 

rt n fl -11-

.1 5.500 SOOD 

®® 
Tl 17 /./ fl 

PlAN AT EL. 

!t#OE.b flPOE.!\mHP~E.:vzA~ 'fACmb 3.4AHJO 
PRQ:JECTElJ PA~T OF l3Ull..lJl/YG 

-II 

' 



0 

_//. _// 11 m iv1 I 
AT El. 0.000 

Ono a 
L!:JW,£Cm!i!:Jl(J:u,J!l'O DmE:H!f PA.30.bP...tmb 

REMOVE £X!ST/IYG WAL.l, 
.I .. I I 

f:~ E:.C.mB.HHJ HE KP.AH6 

E.X.JST/NG CR.ANES 

'O 6000 , 6000 , 60/JO 6000 6tJoo 
' ; / 

D rrl M. 
3.000 TPA HJ.-1.J.j.A i?llt4_ECm2'.Yrau_;Ero 

n;z .PI:K ..Obiil1U~ X"OPfl!:Jc..A HA IJT/rt- 3.000 

l!M/TS OF EXISTING . C£ll..ROOM 
COVER.ING AT EL.. 3, 000 

I . ry· Otb c:J Ecml!.~ffll.J/-E.(O UJJlllonPo!loµ 

ct. DISTlllG aus BAR 

6000 • 6t71JtJ i GtJOO 

SECT I 0 N ·2 
f'YJJl,E..CmS!iHJf.LSA!I L/AC'm/, :J.A,tfN>tSI 

EXIST/II() PAAT OF 8'.111..ZJ/NG 



( 

p ti 3 p £ 3 
SECTION 1-1 

80/2or 

I I . 

1-1 

2 f. 330 
I 

/7,. 3/JQ 

.,.-L....t~,. _____ rx_. ---

G.SOO 
,V_JJ~iii::::tt-___ ___,[ __ --

48tJO 1)~ 4800 .I',__ _ __;;__"'"" 

18000 

SECTION 3 

21· i. 

. 12.~ 
!:I p.1. 

~AIL. TOI 

- O,/~ 

cRclitn .3 
LEVEi.. 



p fl 3Pc3 2-2 

c 1/. 3-"'1:____ ___ ~--
21. 450 

J 
17. 81/0 

* 
i 

- 0,/50 

CR 
!:IJJ • • 3. J 

t1UIY1+. V 
LEVEL. 

. 12. 5~ I ! L..rn T I 

I 
I I ! n-1 I - I ' 1 I I I I jT1' 

!:JP.t:f. \g'' ;;;;;•1 1~1~~~11~1~~1~1 ~I ~~i ~I ;;;;::;~1~1~~1~1 ~ 
RAIL. TOP..-;---- Ill ~,I :;===~-w======r±t' =\===;=?=i===R.=80=(J=ffir==r.=;ll r.r===+ 

, _ I , 1 1 ! 1t::::r:=l O e, 
I . _: , __ , , . 1tl, . r 
I ~;-~, . -I ::f I lif:, it/ 
l' i~=-~ ·_ ·\~~I -~·OCJO , ~r 1 

j 1 .. ,) q.oao- .\ w;... '.I .J, ' ,. • ~: • ,. i 
1 JJ"·'(./, 1r I 11-rr ---~1 :1 ~ 1 

< fsao 'it~' I z~i f 1°i 
~""--

~ 5soo . Gooo Gooo Gooo 25al 
1
. 26000 l _k:.,oo 

@ ®cb f 5 

-:A 
p, 
/.) 
6 

SECTION 4 i1 
~ 
R 
c 
ft 

T - -



f!!:lll7s;;..~m.B~H11LJ.YIO cm£HY u ?101\Pbtm.Ht=. P.MD6JJFH'Tb 

REMOVE EXISTING WALi.. AND FLOORING 

C!! E.cm B!::I HJLU n sl snoP AEMOHmJIPOilAmb 

t:J/SMAIVTl.E EXISTING STOP 

Oeb '3At=Km.PoAM.lrPA .118'1 

¢_ OF H PA CELL.. 

SECTION 5 

tJ,;.u11::.1~ .,e?me>K tire nQAA?;f<HT 
PA3~u;o>«eHHlO ~At1 nEPe,v.\4e 
/,P:Jn-<M OFrAHa3A\,\~~.·M '.If l1t1~.~. 
GP.a GCrMCl-1)1 ~r.anri:rumA Bgt,:{ 

1332638-AC 

r 



17At00 __ 

SECTION 1 



aAEKmPOht.i:lEPoe. E>APl.'1AHm I M 1: 500. 

Naur. VARIANT I scALt. 1:sno. 

H:J I \ 
/ ' '- --

A+17 ! 
&+93 

"""' 
I 
' -

I i 
- viss.i11.:. 

~ 

Lil \ I / I - -
. T t i ! 

-... ..... 
i -

l I l 
E I j I 

29S4o I I i I 

I v ' -16A+.35;506 _ 
I 

• 

'"' - / '\. 
~ 

-

--~ v 
I 

' iR -

I~ 
( 

r SECTION 2 



• 

Cxt~·1A DA3rv\EU\EH~-\~ ~4AcmKo&-9A~­

enu SECTIONS LA'IOUT. 

88 

1S 79 

~ 

© J4ACffiOK 31\EKffiPOAM3EPOr, AB4. 
. 5ECflON OF H PA CELLS. 

~"tACffiOK Q!WK~ CO/\E~ ~ m>l-irOmO&i\EHt.i~ 
fIT', CO/\EBO~ W\itXrn~. 
\8j SALTS DR'flNG AN.I> SALT MIX PREPA~ATION 

SECTION. 

@- ~4~cmoK PA3/\~BK\11 AB4. 
HPA Crfill NG 5ECT\OtL 

SECTION 3 

• 

1 

1 

8 

8 

8 

8 



11-78 

L\ST OF E.XlSTING BUll.DINCTS AND STf\UCTU~E.S FOR REFERENCES. 

KoPn~cA al\EKmPOAM3A.. 
CELL - ROOMS. 

19 _ r A3004UCmHb\E COOP~)4{EH1'\$t. 
GAS _CLEANtK3 =IHSTALLATlON SHOP. 

Cu AOC rAM H03EMA. 
80 - ALUM IN A SILO. 

B1 
- 6AOK &enOMQrJ.\ntEAbHb~ OtnAEAE.HMM l\EJ.A S/\EkmPOAK3A. 

AUXlllAR'f l)EPAPTMENT FCR. ElECTROL'ITlC SHOP. 

8,, _ UE1. PErEHEPALlM\.t 1<P1itOAWmA. 
L- CR'IOLlTE REGENERl\TlON SHOP. 

85 A
- RPE05PA30riAtnE~bHASI no.&.cmAHUMQ r4 t 

RECTIFORME.R SUB.STATION (>j!t_ 

85 
Q._ nPE06PA306AmE1'bHASl noACmAH ~~~ N 2. 
U. RE.CTI FORMER SU&STATlON N 2. 

81 _ AMmE~ HOE Olt\AEAEHIAE. 
1
/ FOllN.DR'f SHOP. 

I 

88 
_ nro¢1A,\bHO- m~E>Hbl~ UE)(.. 

PROFILE TUBE SHOP. 

7 
At>tHHbl~ 4EPmE>K Sb\nOl\HEH HA OCHO&AH~M MAmEPMAAOB~--nPEA-

CtMBAEH H blX ~'-'PMO~ 5Al\KO ~EPmE>K N GOS/ K'O/ 12.1/ C/ t0/0001 
· N COB/KB/ 121/ c/ to/0004. 

NOTE. 

nHS J>R.1'W IN c;. 15 Bl\SEJ) OK INFORM#\TION RE.LEASq) B~ &1'LCO 

Dv-lG. ~COB/KB/ 12.1/ c/ IO/ 0001 
_ N COB/KB/ 121/C/iO/.CIX>4. 

SECTION 4 

J 



EZZJ 
l I 

=+- - +=--I 

+--1=---=t 

-r>n-

--D---

·-

~CAOBHblE 0603HA'iEH1'1S\ 
L.EGE.N:D. 

PEKOHcmP~:H~P~MbIE ~4A.cm)(.H 3AAH~~ 
MCll>l Fl EJ) P~RTS OF BUll..J)\NGS. 

C~~ECITT~lOQ\~E 3AAtH1$1 ~I\ COOP~>KEHM~­
EJ.lSTlNG STRUCTURES AN.D~Ull.J)INS.S. 

ABmuAQDOrM c~w.Ecms::::now,vt E. 
EXISTING ROADS· 

}\{Ei\E3HOAOPO>KHb\E ~mH C~UJ,ECmB~KJ\U~E. 
EJJ5TlNG RAlL.WA'/S. 

-9cmA:KAAA-111V.HOnPOBOAOf!> r\POEKffiHP~EMAs:.\. 
PRc:JECTED BUSBl\R . RACK. 

-3cmt..KAM W~lion~SOAO~ ~U~Ecmej\O\UA~· 
UlSTlNG- .. BUSBAR AA~K. 

' &oAom>oSOA nPQ~.3BOACmBE.HHb\~. 
rNDUSTRIAL WATER PIPELINE. . 

KAHAJ'\1'13A UH~ -. <t>EKA/\bHA~. 
FECAL. SEWERAGE. 

K-A~AJ\IA3A U\I\ SI /\~BH EBA~. 
STOR.M WATER. SEWEi\AGE. 

APEHA>K 3Ar~S/\EHHbl~. 
&URl ED TUNNEL.. 

~5El\bHb\~ nt:SHHEAb. 
CABLE TUNNEL. 

SECTION 5 

AA HHblt1 "4EPIT1E~ HE. rtOAtiE>KM 
PA3MHO~EHIAIO\iMi nEPUA'lE 13 012~ o-rn 
AP~rMM OPrAHM3AUH~M M /i~UA1VJt--..... -----.,.------..---~------I 
6E3 COtf\ACHst HHcntHtttjmA BAM AMoM~HHEBblH 3AB9A & r. PEiA HAM~. 

ALUMHilUM PLANT IM \\ORP>A, NIH 1'. 
nus J)AAWING lS NCYI' TO SE 

- -~·- • • • • & ..... .-.\la ........ 1. T 



N 

I 

1 

co 

i6A+ 50 

\ 

~ 
~ 

17A t DO 

SECTION 1 

1 
I 

I 
t 
I 

! 
I 

LJJ\AH PA3ME~E HLi SI 

SECT\ON OF HPA 

85 B v 295,40 

76 

c ,,., 
+ 
tD 
0 ..... 



HL1SI ~LfACITlKA Sl\EKffiPOht.<13EPOB. f>APMAHm ][ M f:500. 

~ HPA CELL&S LA'IOUT. VARl/\NT "f SCALE i: 500. 

-..... '\7295)2~ 

-\ I -' ... ' ' - -..... 

?) l 
-·-

II · ~ , J !(j0 i ,v29s4J I 
~ 

... ....,, --~-- f6A +35,506 

c: 
cp 

~ 

....... 

I 
_/ 
~ 

\ 

L9 - t6A+39 
J k 

·o " " "VJ " _#. 

• 29~40 

• 
I 

I 

~ 
fr>' 
~ 

+ 
Cll::I I 

c I '" ...... . 
-{6+60~42 ~ GAtS2 

J f08+7~p) 

\ 

l,..i ~1' 
--J;o'() 

,t\ 

. ) 

295,10.i, . 
~ 

• 'V 295,10 

t J" ii A+S4 93 

75 " 

I ~ 295, '25 
., 

I 
1---1-------- --t--+ 5 

'l}A, + 8.9 

--
--- ---· - ·---s E C T I 0 N-- 2-- -- -

\ --
'\. ....._ 

~ 

/ 

v 

' ~ -i 

1 

l 

V295,' 0 

I 

\ 

""-------' 
) 

-v 
( 



CxEMA PA3MEll..\EHU SI ~4ACmKo~ 3A~­

EDU SECTIONS LA'fOUT. 

(!) 
es& SSA 
c::::i C:J 

78 

:~ 
15 74 72 

w· 81 

~ ~ I 

f-f\ ~4AcmoK 31\EKmQ_oi\~~EPOB AB4. 
\..L) -

SECTION a~ H PA CELLS. 

881 

~4ACffiOK ~WKH CO/\E~ \.1 f\P~romOBJ\EHl-iSI ® _ CoAe.ao~ w"" xmb1. . 

SALTS :OR'tlNG ~ND SAL.T Ml~ PREPARATIOt-4 
SECTlON. 

® _ ~4ACmoK PA3/\~BKH AB4. 
HDA CASTING SECTION. 

SECTION 3 



I I 
3KcnA~KAti~SI ~U\EC.m&~lOU\WX 3AAHMH lt1 COOP~>KEHJ.i~ 

(A.A~ C.O?ABOK). 

L\ST OF EXISTING BUiLDI N GS ANJ) STRUCTUR.ES (FOR. REFERENCE.SJ. 

71-'B KoPn:::!c 31'EKmPOJ\H3/... 
-, CE.LL ROOMS. 

79 _ rA3004~CmHblE. C.OOP~>KEHHs;l. 
GAS CLEANING. lNST/\lL~T\ON SHOP. 

'"'O C~Aoc rAt..tH03EMA. ·· 
0 - Al-UMINA SILO. 

81 - 6"oK '1<:.nOMOrAmE.AbHblX. Offit'\E..~EHH~ ~EXA 3f\EKmPOAH3A. 
AUlllLIAR'i DEPARTMENT FOR. ELECTR.OL~TIC SHOP. 

82. UE~ PErEHEPA4l-tlA KP"'OAMmA. 
- CR'IOL.ITE RE<7ENER.ATIO ri SHOP. 

85 A- nPE05PA30B~m E.f\bHA ~ noACmAHU,lA~ N i. 
RE.CTI FOP.~v'\ ER. SUBSTATION l'J!!f. 

855. nPE05PA30 BAm EA bHA.sl noACffiAHUIASl .N 2. 
R.E.CTIFOR.MER sue,srATION jf2 z. 

87 _ AMmEHHO~ omAE/\EH~E. 
FOUN.t>R':I SttOP. 

I 

88 __ nPo4>UAbHO - \'TJP~6HbU1 l.J,EX. 
· l>ROFI LE. TUBE SHOP. 

nPL-iME.\.fAH~~. 

MHHb\~ YEPmE>K. BblOOi\HE.H HA oeHOBAHHl-1 MAme.P~AAOB, nPEA­

cm~e,1'EHHbt~ ci>IA!)MO~ 5A/\KO 4EPmE>K N cos/,KB/121/c/10/0001. 

N COBJKB J121/c/10/oo04. 
... 
NOTE. 

THIS 3lRA.WING IS &ASED ON INFOR.M~TlON RELEASED 8'/ SALCO 

DWG. N..coe/1<a/p.1~ Ao/0001 : , 
N COB/K~/12{/0/fO/OOOJ~. 

SECTION 4 

C~JI . ' 

I / /I 

r I 
----

2· I I 

-+=-4=-=·J 

-Bn-

-D--==-

' AAHHbl~ 4EP~ 
PA3MHO>KEH~ 
APJO\M 0 Pr A I, 
6E3 GOrtu\~ S 

THIS DR~W\N1 
~ REPP.QDUCE.1> 
RED TO OTiiE 
O~ PERSONS 
MENf"·WJTH 



~CAOBHb\E 0503HA'\EtjH~. 
LaEGtND. 

-

C::J nPOEKITIHP~EMblE 3AAHH>I ~ C00~>+<E\H12. 
PROJECTED STRUCTURES AND BUil.Di NGS. 

NCES). . ' 

I ,.-' /I PEKOHctl\M~~MblE ~YACtnKJ.1 3MHH~. 
MQDIFIE.D PAR.TS OF BUILJ)I NGS. 

I I ~W,ECt11B~UOll.\"1E 3AAHH~ H COOP.::l>KEHHS1. 
Ex.lSTI NG STRUCTURES AN.D BUILJ)I NGS. 

AernaAOPor"i nPOEKm~ P~EMblE. --
PROJ EC TE.D ROADS. 

AsmOAOPCr~ ~l4ECm~l-Oll\HE ----
EXISTING ROAJ)s. 

0~· )KEJ\E3HOAOPO>KHblE. ~m~ G~U,\E.CmB~~Ul,HE. 
EXISTING RAILWA'IS. 

++-· I I 3cmAKAAA. Wi'\HDnPOBOAOB nPOEKffi¥\~EMA$1. 
PROJECTED 8USBAR RACK. 

*=-~I 3cmtr..KAAA WHHOnPOSOAOB ~ll.\ECITTB~HOUJ.A~. 
E1'1STI NG- BUSBAR RACK. . 

I 

-Bn- BOAonPOWA nPOl1~BOACmBe.HHbU1 
INDUSTRIAL WATER PIPELINE. 

--o---rG- f<AHAM·13AU"'1~ ¢EKAi\bHA$l. 
FECAL SEWERAGE.. 

--D--==- f<AHAJ\111.JAL\l<iSl t\ LiiBHEBA~. 
STORM WATER SEWERAGE.. 
- I 

~ 
~PEHA>K 3Arl\~5f\EHHblL1. 
auR1 ED ru.NNEL.. 

I 

--00---
KAEEAbHbl~ m~HHEAb. 
G~BLE. TUNNE.L. 

SECTION DI. 5 
04. 

. 

' AAHHb1~ 4EPITTE~ HE. nOME>f<l.fr 13o7Q30-rn PA3MHO>KEHHKl MAM OEPEAA4E 
~o ~l"MM OPrf\H~A~M H Mi~M 

AMOMWHWE8blH 3ABOtc Br. KoPSA ~HA!.i~. 6E3 GOrAA':.K SI "1HCmM~ml\ BAM~ ALUMtNJUM PLANT IN OR&A, IN.DI A: 
TI11S lR1'WlNG 15 HOT TO BE. ~IEl>~MrmHO-~CmPAU,tlOHHASi Gm~~ f\Ht:m i\Hcmo& 

I() KA llSI nPOt13~~BA AAIOMhHH$1 PHASE SHEET' SJU:.m REPRQJ)UCE.D OR TRANSFER .. I(~ 'i CIT\bl. 
ffo\Rlt"1E~JL .DEPllON!fAA'TlON UMtT FOR DO/f:S f, REJ) TO OTHER ORCTANISATIONS UCllO OS: MllOU , .. _ .............. M. 

O" PERSONS WITHOUT AGREE.~ fEHEPAJ\bHb1n nMH. BAPi.tAHm .u.. ··VA.MI MENt:--·WfTH VAM J. 
GENERAi.. l.A'fOUT. VARll\HT "[ • 

I t."11Jt1.111:ta11.'I\ 



ti !-
, 

~it/" {~-1 ~K' f.)'\f ~1:::/ . ~~· t ~:. 
~:~-

f'~ "· ( ~ .. ~ ".:: ~ .f• ) ;i·Z 'f: f~ ~: 
:.: ?~:~ ~ •' ·' 

., ; ,, (, 
~· ~ ' 

.; ., t 



• 
Contract No 8;) 12 

UNIDO 

PROJECT REPORT FOR ESTABLISHMENT 
OF SUPER PURITY ALUMINIUM PRODUCTION 

IN INDIA 

V.\MI 

final Report 

No DP I IND 84 / 007 

Volume II, Book 2 

Basic Engineering Design of Main 
Tee hnological Unit ( Electrolyser) 

V 0 TSVETMETPROMl~XPORT 

LENINGR.\I > 
1 9 8 () 



• 

PROJECT REPORT CONTENTS 

Volume I - General Explanatory Note 

Volurn~ II. Book 1 - Drawings 

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

Volume Ill - Specifications of Equipment 



CONTENTS 

1. Executive Summary (Conclusions) 

• 2. General Initial Data 

2.1. Aim of the Project 

3. Assumed Capacity of the Refining Cell 

3.1. Refining Cell Capacity 

3.2. Brief Characteristics of Refining Pot 

4. Characteristics of Materials and Equip~ent Assu:r:ed 
for Elaboration of Basic Engineering Design of 
Refining Cell 

5. Location 

6. Technology end Equip~ent 

6.1. Brief Process Description 

6.2. Refining Cell 

6.3. Energy Balance of the Cell 

6.4. Calculation of Voltage Drop in Cell Bus~ork 

6.5. Operating Voltage Drop and Specific DC Power 
Consur:ption of the Refining Cell 

6.6. Su.'Tll..ary Table of Cell Electrical Balance 

6.7. I.:ajor Specifications for Cell Installation. 

AIIT!EXURLS 

Annexure I - Cs.lci..llat.:'..on of Cell Encrcy Balance 

Annexure II- Calculation of Vol te.r;e Drop across Cell Busv10rk 

ArJ.nex.tre III - Su:-.".":~~y Table of Ir~vestr .. ent costs for 
T1~anufacturi:-1g a!1d Ir..stal1e.tion of 70 tA 
Refining Cell. 

:::>RA\'lII:GS 

1. Refin:.q;; cell for 70 l:A I~ 1---~73 ;>;;;x:i 

2. Lir:ir.e r; 1335274 

3. CathoC::.e l~ 1;35575 

I 

4 

4 

4 

4 

4 

5 

16 

17 

17 

I? 

22 

23 

23 

24 

24 

09 .... 

.. 



• 
1. EXECUTIVE Sm:t!ARY ( COI~CLUSIOUS) 

1.1. General Initial Data (Chapter 2) 

The aim of the project is t.o work-out the cell for esta~lish­

ment of high purity aluminium (HPA) production in India taking 

into consideration the climatic conditions and utilization of 

Indisn 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-econorrdc 

indices of the HPA production. 

1.3. Ch&racteristics of ~aterials and EquipIJent Assuoed 
for Elaboration of Basic Engineering Design of 
Refining Cell (Chapter 4) 

J.:a.jor IJaterials for fabrication of the refining cell are 

mabllesi te, firecley, light v:eight fireclay ·and clay bricks; 

carbon blocks and plates; graphite; elucinium bers. 

Indian equip~ent and saterials are s6lected for the cell 

( exept for bir::etallic pl~tes and bottom carbon blocks, ir.:ported 

to India from the third countries). 

1.4. Location (Cr.apter 5) 

The 70 kA refinire cell is d.esioied with due consideratj on 

of Incian cli~atic conditions and it cen be instelled in any State. 

1.5. Technolcgy and Equip~ent (Chapter 6) 

The refi~ing c~ll is desiDJed for tte technology of the EPA 

production 'Ly ttree-leyer electrolytic refir.inc; of co:-::::.ercial 

. 1 . . 
[!'~.ce a t~r.-1.r.:i •~r: •• 
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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 ie a steel welded bath lined from 

inside with magnesite, fireclay;and clay bricks. The C.imensions 

of the lined cavity: 

2,450 x 4,760 x 700 mm 

The inside bottom layer is made of cart.on w8tPrials (anode blocks 

with inserted steel bars for current supply). The loading (feeding) 

compartcent for pouring of raw alurr~nium is set in oneof the end 

walls. The cathode asse~bly is a support steel structure installed 

on the anode shell. The cathode buswork, cathodes, cathode lifting 

mechanism and cell enclosure are installed on the steel structure. 

The cethode buswork consists of four aluminium busbars with cross-

section of 430 x 70 mru and it is ~enufactured in form of two pecks 

(with two busbars in each pack). The nunber of installed cathodes 

is 13 pee. The cathode consists of a cylindric graphitised block 

~ith inserted stub with aluminium bar. The cathode lifting 

L:echanism con&ists of two electric motors, two gears and four 

j€.cks. The cell enclosure is fabricated. of a.lur:-.ini11m sheet~. 

Total weight of the cell is about 62 tonnes. 

Total din:e!!sio~s: cr:cde shell - 6.1.j..l;..Q x 3610 x 2120 cm 

cell - 6950 x 3f10 x 4575 r.Jll 

For this cell the following has been pr~pared: calculation of 

cell enerby belance, voltace drop in the busvork end electrical 

tal~nce. The ca.lculotio!1s revealed that in Indian clir.:atic 

corditions and considering t~e fabrication of the cell of I~dian 

r:a.ter.ials the following perfor::ance ficures stould be e"lzt.:red: 

- J..r::p erace - ?O + 1 }:A . -
- Current der.sity - 0.6 A/~n2 



• 
- Maximum capacity (for continuous operation 

during a year - 8?60 hrs) - 191 tpy 

- Cell voltage drop (including cell buswork 
voltage drop) 

- Specific DC power consupmtion (excluding 
power required for electrolyte preparation 

- 5.5 v 

3 

and losses in the buswork) - 17,650 kW.hr/t 

The wajor requirement :for the refining cell fabrication is 

to co~ply \'lith the Specifications for Cell Installation during 

the manufacture of the cell assemblies. 

The lining of the anode shell is to be carried out 

specifically carefull, 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 establishcent of high 

purity alurtiniura production in India will ensure the ~ost 

favorable techno-economics. 

2. Indian side has a great experience in fabrication and 

installation of aluminium cells, so the fabrication and install2-

tion of high purity aluminium production cell can be executed 

with the required quality. 
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2. GENERAL INITIAL DATA 

2.1. Aim of the Project 

Th_e 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 or Indian climatic conditions; 

- r.ith utill~aticu of Iuaian materials and equipment. 

3. ASStn.:ED CAPACITY OF THE REFIIUNG CELL 

3.1. Refining Cell capacity 

At present HPA is comnercially produced by electrolytic 

three-layer nethod for refining of prinary (Commercial grade) 

aluminium, which is widely used in the USSR and other coWltries. 

For HPA Production 25-70 KA Cells are used in the USSR, 

and 14-60 KA Cells in other countries (for exarr.ple - 18 KA in 

France, 14 KA in Switzerlend, about 40 KA in GDR and Huneary 

and 60 KA in USA). The 70 KA refining cell is adopted for design 

of the present project. 

The normal (rated) e~~uel cell capacity is 188 try. 

Y:aY.:i=um cell production capacity is 191 tpy (for the contineo.-us 

operat~on of the cell during a year e,760 hours). 

Sl 
1:0 

1 

2 

3 

4 

3. 2. BRIEF C:iARJ.CTERISTICS OF REFirirG POT 

---.,·----··-- --------- - ---···---·····- ...... --- ··-1···-· . ····--- --- . 
Description Unit ( Value 

i Al:-.p erage KA : 70 

Curr~nt efficiency 

IZu~:ber of cotbodes 

Pot servi:e live 

% 

pcs 

yeers 

93 

13 

5.0 



4. CHARACTERISTICS OP l!ATERIALS AND EQt:IPMENT ASSUMED FOR 

ELABORATION OP BASIC EUGTh~ERING DESIGlI OP REPmmG CELL 

List of main material~ and equipment for refining cell 

manufacturing. 

- magnesite brick 

- light-weight firebrick 

- fireclay brick 

- ordinary clay brick 

- carbon blocks and plates 

- bottom (ra:rmr.ing) paste 

- graphite 

- Steel 

- aluminium sheets 1 x 150 mm 

- cast aluminium bus-bars 430 x 70 mm 

- ext~~ded aluminium bus-bars 430 x 70 mm 

0.75 KW electric cotor, covered 

- worm reduction gear 

- 5 t screw jack 

4.1. Require~ents for main materials a~d e;uip~ent for 
~anufecturing of one refining Cell 

- • • • ~ ~ w. . . . ,..... . . . .. . ~· . ---.-w. -

Sl. Descr::..,;ition Unit Value Densit¥, 
ro. Cr./ cc 

1 I.:acnesit e brick m3 3.16 2.63 

2 Lic;tt-weight fire-
l1rick -do- 4. L;.() c.9 

3 Firecley Lrick -do- 4.CO 2.0 

'+ C:rdinary clay brick -do- 3.45 1. ·?0 

5 
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Sl. Description 
No. 

1 
--~-------·,...-- ... - .... ,.. .. -·· 

5 i Carbon blocks and 
l plates 

6 Bottom paste 

7 ' Graphite 

8 Steel 

9 Aluminium Sheets 
1 x 150 mm 

10 Cast aluminium bus-
bars 430 x 7C mm 

11 Extruded aluminium 
bus-bars, 430x70 mm 

12 0.75 KW electric 
motor 

13 Worm gear 

14 5t screw Jack 

• 

Unit Value Density, 
Cm/cc 

6 

- .-., ..... , -..--.- --- .-.- --··-··--- ... __,~- ., __ .. ___ .... ...,.....,..... .... , ... -. .. , 

T 5.25 

-do- 2.36 

-do- 1.43 

-do- 18.92 

-do- 0.23 

-do- 0.98 

-do- 0.98 

Pea. 2 

-do- 2 

-do- 4 

Including 
gr~phite for 
cathodes 

----~------·-------··-- .. ·-~·---····-·· -·~ -- ··- --·-' ~-- ··-

4.2. ~aterial requirements 

Refractory & therr:ioinsulation materials to be utilised for 

set-up of the cell should cornply with the following require~ents 

so that: 

- to ensure the required heat resistance of anode Jacket 

walle & hearth to ottein optimum heat co~ditions for refining 

procecs; 

to ensure the cell cueranteed service - life; 
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4.2.1. ltagnesite brick is use~ fer the Cell inside lining 

layer being in contact with electrolyte, liquid aluminium and 

anode alloy. In this case magnesite brick should meet the 

following requirements: 

- refl"a.ctoriness and resistance to electrolyte, liquid 

aluminium and anode alloy. 

- di~ensions of magnesite bricks are to be specified 

(380 x 150 x 75 rmn, 300 x 150 x 75 mm and 300 x 150 x 65 IIlI!l). 

- required mechanical streng"!.i1 (600 kg/cm2 minimum). 

The above requirements allow: 

- to prevent the impurities (in general silicon and iron) 

to polute the Cathode ~etal; 

- 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 inpu~ity level of cathode metal; 

- to nake the lining with less nunber of beams (the 

utilisation of large di~ension bricks), which also reduce the 

ir::pi.;.ri ty level of cell working nedia; 

- to ensure the required cell lining service life period 

(5 years ~ininu~). 

4.2.2. Fireclay brick 

The fireclay brick is used for the lining layer located 

directly after the ~agnesite layer. The fireclay bricks are to 

Deet the following requireoents: 

- refllictoriness relatively high resistance to cell working 

mete.ls; 

- ~echanical strength stould be not less than 230 kg/cm2; 
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- thermal conductivity should be in a range of o.a-0.9 Kcal 1• m 

hour•degree 

The above requirements allow to ensure . ; 

- the necessary service life ot lining (not less than 

5 years). 

- th~ cell heat operation conditions. 

4.2.3. 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/cm3 

thermal conductivity 0.4-0.5 W/m°K minimum 

These requirements of lining materials shall ensure the heat 

operation ffiOde of the refining cell. 

~.2.4. Grephitised electrodes 

Graphitised electrodes are used as a- graphite part of the 

cell cathodes being in contact with cathodic alurr~nium. 

The grephitised cathodes are to neet the following 

require~eLts: 

- Specific electrical resistance should be c.1-9.0 nc 

- Flexural strength - not lezs than 70 kbf cm2• 

rupture streneth - not less than 35 Y.g/cm2• 

The lower quality of electrodes ~~11 result in ir.creased 

graphite end power coLs~icption, as well es i~creased costs of 

cathodes Lanufacturi~~, repnir and ~ainte~ance. 
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4.3.0 Characteristics of oaterial and equipment 

a.3.1. Ordirary clay brick 

Sl. Description 
No. 

1 Brick size 

2 Compression 

3 

strength, 
rrd.nimum 

Flexural 
strength 
ruin. 

Unit 

mm 

V a 1 u e 
-·-·-- . ------

Soviet Indian 

250x120 
Y.65 

230x115 
:r65 

kg/cm2 : 100 75 

) -do­
! 22 

l 

9 

Remarks 

Standard size 
r:i.ey be ordered 

Average for 
5 samples 

-seme-

-----·--·--~-........ _...,. _____ ... __ - ---·-· .. ---· _ .... ·---·--* .... ---- ·-· -- - . 

4.3.2. Fireclay brick 

! ----~·-

' ~l.·i Description Unit 

i i.o.1 ---- --·- --
1 Brick Sizes I 

cm ' I 
I 

2 I 
t 

I A~2o3 content, 

I 

2 % I :i:-u.n. 
) 

3 : Refractoriness, oc I ' . I min. 

4 % I I Porosity, rr.ax. 
i 

5 I c . ' I or::pression. 21 
• stre:r.cth, nan • kr/cl.:i : 

Va 

Soviet 

230x114 
x65 

230x114 
x40 

; 

30 

1670 

23 

230 

1 u e 

Indian 

230x115 
x65 

230x115 
x40 

30-32 

1670 

23 

230 

Re:r.iarks 

General purp­
ose 

Ser:i.i-acid 
fireclay 



4.3.3. Light-weight fireclay brick 

I . . -
... I s1.· 
~ No.I 

Description Unit Va 1 u e 
I--·- -

I 
I 

1 Brick sizes 

2 Density 

3 Compression 
Strength, min 

' 
4 :r.:ax.Thermal 

; conductivity 
• at average tem­
, perature: 
! 
I 350 + 25°c 
' -

650 .:t 50°c 

Soviet 1 Indian 

mm 250x124 
x65 

230x114 
x40 

0.9 
i 

r1~3 i 
kg/cm2 ' 25 

; 

ll/m.o,) 
0.4 

250x124 
x.§.5 

230x115 
x 40 

. 0.8-1.29 

20-30 

0.27 

0.4 

4.3.4. Compacted caGnesite brick 

Sl. 
ro. 

1 

Description Unit 

Brick di:r.1ensio::1s 

~ I.:agnesium o:r.ide % 
content 

3 Calcium oxide 
content in 
calcined product, ' 

n:ax. % 
4 Silica content in 

celcined product 
5 
6 

Porooi ty, r;ax. 
Corpaction stre~­
ght, :-nin:ir:um 

% 

! 

V a .1 u e 

Soviet Indian 

380x150x75 380x150x65 
300z150x75 300x150x75 
300x150x65 300x150x65 
91 91 min. 

2.5 
11-18 

60 

(600) 

1.0 L~X. 
16-20 max. 

40-GO 

(400-500) 

10 

Remarks 

Remarks 
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4.3.5. Graphitized electrodes 

I - ·- - .. -·- -

Description Unit Va 1 u e Remarks 
~ 

· Sl. I 
i No. Soviet India 

1 Sizes: Outside dia :mm 350 350 
i 

I 2 Specific electrical 
.resistance, max. mc.Ohm.m. s.1-9.0 I 9.5 
' f 

3 ::r:.:echanical strength 
kg/cm2 bending strength 70 85 

I 

4 
i 
Rupture strength -do- 35 75 

l 
--- - - - - - -· . - ·--- . ·-

4.3.6. Carbon Plate 

.... ., .... -··-·----.. ---. 
v a 1 u e 

Sl. Description Unit .... ·- .. . - ·- . -- . ·- ·- Remarks 
IJo. Soviet I:ndie.n 

------·-·- r•o••-··•·•• - ·-· ·-------· •r• 

1 Plate Sizes mm 200x450 200x450 Can be 
630 : 

630 manufact-x x 
ured of 
Carbon 
block for 
cells et 
Korba 
Plant 

2 Compression strength, t 

win. .kt/cm2 230 230 Average 
for a 
batch. 

3 Stability factor 15 



4.3.7. Carbon block 

Sl. Description 
No. 

Unit 

12 

V a 1 u e 
Remarks 

Soviet Indian 
---------------------------·-~ 

1 

I 2 

I 3 

I 4 

5 

Block sizes mm 

Average co::ipression I 
strength, min. kg/cm2 

, Porosity, max. 

! 
I 
I 
Specific elect-

; rical resistance, 
lmex. 
lStability factor 

1% 

4.3.s. Bottom Paste 

400x550x 
. x 900 

400x550x 
x 900 

'. 400x550x 
1340 . 

400x550x 
1340 

230 

22 

: 220 min. Value of 
:individual 
! measurer.lent s 
;should be not 
1less than 80% 
.of average 
'value 

24 max. 'Value of 
(individual 
measurements 
should not 
exceed the 
average value 
by more than 
10% 

90 .. 70 max. 
8 

--- - - ·~ ---···---·- - --- - ·- --------------··· -·- ----- ... -- ·- --
1 V a 1 u e 

Description Unit Sl. 
170. I 

' Soviet Indian 

1 

2 

I 

' I 
! !.:echanical strenght 1 

Binding factor, I 
r.in. 

5 , Yield of volatiles 

4 Porosity, :-:-.ax. 
(Baked) 

~ 
kg/crn2 

1 

kg/cm2 

% 

-do-
•... -- -·------------ -- ------· --··--·--- -

240 

16 

6-12; 
I 

22 

200 r.:i:n. 

25 

23 r.•e.x. 

Rer:mrks 
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4.3.9. Sodium Sulphate Water glass 

' ; 
' v a 1 u e 

; ~escription ' Unit Remarks 
j l 

I 

No. ~ Soviet India 
t I ' 

; 

. ------·----~-- ... -- J -- -.. ~ .. --------- .· ,.. -- --- - ,- - - "' -- -
1 1 ;silicate modulus I • 2. 31-2.6 2.1 ,S;<?:-30% t 

'. 
r 

M1.20-14. 4% I 

2 Density kg/cm3 ' 1.43-1.5 1.48-1.52 

4.3.10. Cast Iron. 
Cher:d.cal Composition: Si 3.2-3.6~ max. 0.3% rm 

P - 0.12% max. S - 0.03% max. 

------
4.3.11. Collector Bars 

Sl. 
No. 

1 

2 

3 
4 

Description 

Strip Steel with 
cross-section 
Steel Grade 

Carbon Content 
Strength 

-- - - -----·-- ·----- -------- ---·:--· -··-- - - -- .. -
V a 1 u e 

Unit 
Soviet 

mm 230x115 
BCT1Kn 

% 0.1 
kg/mm2 31-50 

Indian 

230x115 
IS 1875-

1978 
0.1 

37-45 

Remarks 

4.3.12. Product mix of materials for anode casing (welded structure) 

---· ---- ----- .. --- -- ·- - - -

Sl. Description Unit v a 1 u e 
Remarks Iio. Soviet Ind:an 

1 I-beam 17o.45 I~os: 45, 25 
No.24 

2 Channel no.16 !~ Oi:: 15, 
22.5, 25,35 

!Jo. 22 
Jro.24 
r.o.34 

3 St :::-ip-t hi c l:r: es s mm 60-80 60-80 

\'lid th -do- 130-180 130-180 
4 Sheet, thid::-:e::::s -do- 5-15 5-15 
5 Steel cr2.de 

(ite:-.. s 1, 2, 3) -do- BCT3nc5 IS:226 

..!.&..:.L..I... ~· ... ~~-..!.. ·.:....... -~- • - --~ __ ·_. - -- - _. _. ~ ---· __ _!_ --- ~ 
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4.3.13. Support Steel structure of cell 

Sl I Description Unit ---- -v;J:'-;-;;-.;-
Uo. ------~~- -----~--S~v~;t_ . .L _____ ~_n!~~ 

. I I 

1 l Channel, height i Nos.12.14 NoE.12.5, 15 

Remarks 

2 1 Sheet thickness mm 5-10 5-10 · includes 
I cell 

3 Steel GrJ1e ECT3nc5 IS: 220 enclosure 

4 

5 

Aluminium sheet 
thickness 
(enclosure) 

Fabric-bases 
laminate 
sheet, thickh~ss 

-do- 0.5-3 

-do- 5-10 

4.3.14. Cathode Lifting mechanism 

5-10 

Sl. Description 
no 

Unit 
V a 1 u e s I 

So vi ~t------ __ I_n_d_i_e_n __ I Remarks 

1 

2 

3 

Channel 

Sheet, thickness 

St eel Gracie 

4.3.15. Cathode bussing 

Sl. 
No. 

1 

Description 

Ce.Et Altrr:inium 
bus-bnro 

1.1 Bus-bar sizes 

mm 

Unit 

mm 

1.2 er er:ical ~o:..posi tion; 

.hl' r::s::r.:. % 
Fe, :-::2:;:. c" 

10 

Si, r::a:r.:. % 

~os.6.5-10 ~os: 7.5;10 

5-10 

IS: 226 

V a 1 u e 

Soviet Indian 

430x70 

g9.5 00 5 ./; . 
0.35 0.35 
0.12 0.12 

·-------

' 
, , j,, 

I 
I 

Remarks 

available 
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Va 1 u e 
Sl. Description Unjt Remarks 
lio. Soviet Indian 

------- -~--- ------·- -

cu, % 0.02 0.02 l max. 

' Zn, max. % 0.04 0.04 ' • 
Ti, max. % 0.015 0.015 I 

2 Extruded aluminium i bus bars 
I 

2."I Bus-bar sizes mm 43Qx70 430x70 f 
I 

f See item l.l 2.2: Chemical 
! composition I I - I ' 

2.3 l Ultimate rupture ? 
I strength Kg/Ill!!l- 7 9-10 ! 

' ! I 
I \ 2.4, Relative ' eloncation % 15 10-12 

3 Steel 

3.1 Product mix • • 
I - beam height Iro.16 No.17.5 

3.2 Sheet, thickness m..."U 10-20 10-20 

3.3 Steel grade BCT3Kn2 IS: 226 
---- -------- - -- -

4-.3.16. Ecce!ltric clasp 

---- - ·-· -
Sl. Description Ur:it Va 1 u e 
ro. - ----·~ Rer:arks 

Soviet Indian 
--- --- -- ---- - -- --- -- - .. 

1 Casting (oteel 
casting) :r .. --:i 290x200x 230x200x 

170 170 

2 Steel £;rade 25 ,q 12/8 SS 

• 
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4.3.17. Cathode 

' 
V a 1 u e 

Sl.1 Description Unit 
Soviet Indian 

~ro. -~~~~~~ _j_ ___ --- j ________ . -
I ! 

1 . Aluminium rod ! mm 80x120 
I 

2 t~aterial (item 1) 
I 

I 3 
1
st~el s~uLs, dia 

4 i Steel grade (it.3)j 
! 

' 
5 I Bimetallic plates 

4.4. Utilities 

4.4.1. DC power 

mm 

steel 
aluminium 

- Ar.perage of DC power 

80x120 

: Aluminium I AlW!linium 

.180 I i60 

BCT3K~2 IS: 226 

- 70 KA 

- Permissible anperage fluctuation - + 5% 
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For aluni­
nium corr:po­
si tion see 
section 
4.3.15 
item 1.2 

Soviet 
supply 

- Duration of energency DC power 
cut-off 2 hours r;;a:r.i::::um 

4.4.2. AC power 

AC power voltage - 220 V 

D~ration of ecerGency AC power 
c:it-off 

5. LOCATIOI! 

- 8 !:ours cazinur::. 

70 J:A refininc cell is to be desi01ed with due co:r,siC.eration 

of Indian cli~atic conditions and can be installed in a~y stnte. 

Tte setting up of the Expericental DeLor-stration 0~it 

(three 70 I:A refinins cells) is plan~ed et 3ALCO Alur..i:r~ium 

s~elter i~ Korba. 

.,._.. ,_. 4""+1C:fteft":fte. t- • :M. ,_.... _.., ='* c- rr« , • 0 er 
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6. TECHNOLOGY AND EQUIPI.:ENT 

6.1. Brief process description 

One of the comn:ercial methode for HPA production at present 

is an electrolytic method of cornnercial 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 aluminium (alumi­

nium in liquid form) is fed into refining cells in which elect­

rol~~ic refining process takes places. Electrolytic refining 

process is performed w-lth use of chloride-fluoride el,ectrolyte. 

Crude aluminium (prirr.ary Al) is fed into pots by the 

pouring I:lachine. 

The follo~~ng ~aterials are added periodically to crude 

al urnini U:r:l: 

- Copper tc correct anode alloy conposition 

- Crushed solid electrolyte to nake 'for losses. 

HPA produced i~ the pot is periodically re~oved by vacuum 

ladle and then it is casted into pig8 e~d ingots. Anode sedillients 

and electrolyte c?"Ust ere periodically renoved from the cells. 

The flue-c;ases from the cell where electrol;y-te is prepared 

and cathodes are imp~eg:nat~d periodic~lly are to be clear.ed. 

. • .. '•*nCn 

6.2. Refini~g Cell 

(dw~. r:o /,3:J'i"i7:r) 

The cell corrnists of two r:a.jor parts: a ce.ttode ar:d s:::oC.e. 

6.2.1. Cathode 

The cathode co~:ists of: 

- ce.thode 

- t «•..a:s ...... , 
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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 are to be electrical insulated 

18 

of semi-frames. The support structures for jacks a..~d electric 
motors of cathode lifting mechanism are installed in the upper 
part 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 insulation in places 
of steel structure contacts with anode shell. 

6.2.1.2. Bathode Buswork 

The cathode buswork consists of two packs of busbers inter­
connected by three spacer be~s. Eyes ere provided on two outer 
bet.::s !er sue::pe~sion of the catto~e b~swork from the screws 
of the cethode jacks. 

Each peck consists of two interlocked e.luoinitm bue::bars 
r.ith cross section of ?O x 430 mm. 

Pitted from the outside of the t~swork pecks ~re the 
eccer-tric clecps desib!led to ensure electricel co~tact between 
the cathode b&rs end busber packs. 

6.2.1.3. Ct.thode 
(dWG• ~o 1335875) 

~~e c~thc~e co~zists of: 
- crcphitis€d t~ock 500 wr::i dia and 340 r..m hit;!:; 
- et eel ctt:.'t; 

- r.lur::.niu:-. bar r.i th croi;;s sccticn of ": 20 x EJ r.".::1 

- cteel - clur.iniun bi~ctellic plcteE. 

1 " • ' 
'· ' ,. ', 1. , ... ' ' 
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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 platea and a 

stub) is inserted into the stub hole. The gap between the stub 

and graphite is filled with cast iron. 

The assembled graph5 ised block is i~pregnated with electro­

lite. To protect the graphite block from oxidation it is nantled 

with high-purity alw::inium metal. 

6.2.1.4. Cathode Lifting Uechanisrn 

The cethode lifting mechanism (2 pcs. for one cell) is 

designed to ensure the required positioru:ing of cathode graphite 

part into the cathode netal pad. 

The cathode lifting cechanism consists of: 

- tv10 screw j acl~s 5 t capacity eech f 

- worm gear; 

- electric :r.:.otor o. 75 kW 

l:exir::um strol:e of jack screws is 500 IJI:'le The electrical insulation 

is provided for bet\·:een the ~ack screv:s and cathode buswork. 

6.2.1.5. Cell Er.closure 

The enclosure is desi~ed to red~ce the cell teat losses 

c:.nd to protect the operatin£; perso:-~r.el fror::. radiation heat. 

The enclosure co~sists of: 

- central r.ood, 

- side re~ovatle ccverc. 

Centr-al hood is fatr:catcd of 2lu:ir::-u:-:. shee:s instc.lleC. on 

::::tecl frar.:e ::;..~ ~pe:nded or. t~cs to t~1c su;.;iort steel s.i..ruc:L;.re 

of the cell. 



Side covers close the openings between the longitudinal 

rows of cathods and longitudinal Wtills of anode easing. Special 

cutouts to pass the cathode bars are provided for in the covers. 

6.2.2. Anode assembl7 

Anode assembl7 consists of 

- anode shell 

- skirting 

- lining 

6.2.2.1. 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 pillars for installation 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 are provided for on the longitudinal. walls of shell. 

6.2.2.2. Skirtir.g 

The provision is cade for the skirting to cover the upper 

horizontal surfaces of the liring siC.e vralls. The side skirting 

is fabricated of zteel s~eets fi~ed to the upper horizontal 

belt of anode shell. 

The skirting sheets of end walls are also fixed by the cross 

beacs. By weates the cross beenE ere ~ixed into the sockets of 

the a:1ode ce.sing support pillf:l.rs (see drc.Yli~g 1:0. 13358 73 ) , 

The 'tracl:et :or installation of the pneuna tic clevice for t:ie 

~oacing to t:1e feeC.i:r.g cor.:~c:.!'tr-.cnt (for r:.ixing of anode allo~·) 

is provided for on the cross bear ~ith the feedin~ co~pa~tr.cnt. 



6.2.2.3,. Lining (dwg. )Vo 133587.lt} 
The following is used for lining of anode shell: 

- asbestos sheets, 

- alumina 

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

- anode c~rbon SPctions. 

Anode sections consists of carbon block with groove and 

steel bar (collector bar), located in this groove and iron 

casted. The lining of anode shell bottom consists of: 

- layer of alumina fill, 

- layer of asbestos sheets, 

- two layers of clay bricks, 

- three layers of fireclay lightweight bricks, 

- two layers of fireclay bricks. 
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The layer of bottom paste is applied on the surfcce of 

fireclay lining. After that the ano~e carbon sections are laid. 

Tr.e lining of anode casing wells cons~sts of: 

- layer of asbestos sheet, 

- one layer of lightweight firaclay bricks, 

- two leyers of DR[7iesi t e bricks. 

The joints between anode s~ctio~s as well as between anode 

sections and the wall lining ere to be filled :~th bottom paste. 

The feeding cor:r~rtr:-.ent is provided for in one of the end 

walls. This feeding co~pertment consists of an i~clined ~raphite 

tube and a horizontal ch~nn~l cor.necting the tube with the e~ode 

casing cavity. The a,cles of this wall are lined ~ith clay bricks. 



6.3. Energy balance of the cell (Annexure No 1) 

Energy balance of the cell has been made on the basis on 

Indian climatic conditions and'its location in two-storey cell 

room. 
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The following basic data has been used in the energy balance 

~alculation: 

- electrolyte tecperature - 810°C 

- current efficiency - 93% 

- raw aluminium specific consumption - 1.03 t/t 

- thickness of layers: electrolyte - 13 cm 

cathode netal - 18.5 cm 

anode alloy - 36.0 cm 

- electrolyte composition - chloride-fluoride 

- abcient te~perature in the cellrooill: 

b 3 0 32oc a ov-e + • m -

d - o 2;0 c un er + ~· I7l - .,, 

The results of the calculations ere given in the table 

below: 

SRL 

1 

2 

A::-.pcrage 

Current density 

- anr~ual 

- daily 
- t.o:.<rly 

M) with continuous cell o~cration 

.... , ... ., . 

Units 

r:A 
•/ 2 Ji c:r. 

t/year 
k[/day 

~:Jtoi..<.r 

Valves 

70.:t.1 

0.6 

1?1 

523.4 
21. 8 
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n~~ r---- De:cri;ti~n--- ----- - - -- -- ----·-;;:;~:·---~--;~;~.~-
1 --------..-- ----~---- ----- --- -

! 4 I Cell heating voltage 
1 

(cathode bar-anode flexible) 

5 

6 

7 

Voltage drop across bus work 

Cell operating voltage 

Specific DC power consumption 

v 

v 

v 

kWH/t 

Calculations of the energy balance have shown that: 

5.32 

0.18 

5.5 

17650 

- the designed refining cell with electrolyte layer of 13 cm 

and arr.perage of 70 kA will be in a heat equilibrium; 

- the cell will operate at optimum heat condition, w~ich 

ensures technical and economical indices adopted for the project 

a~d also power, raw and other materials consucption. 

6.4. Calculation of voltage drop in cell buswork 
(Annexure ro 2) 

In accordance with calculations carried out the voltage 

drop in cell buswork is 0.18 v. The evere£e current density of 
2 the bussing vms azsu:-:.ed eque.1 to o. 29 A/mrn • The eco:r:or.;ically 

feasible current dencity for Indian condition is in t~1e ranee 

of 0. 27-0. 29 A/n:m2• 

6.5. Operating voltage drop and specific 

DC power consucption of the refining cell 

Refining cell operating voltage drop is: 

5.318 + 0.18 = 5.498 :· 5.5 V (see Annexures 1;os. 1 & 2) 

where: 5.318 - heating cell voltage drop, v, 
0.18 - voltage drop of cell buswork, v • 

. ~ ~ , {·· . . , . . 
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Thus, the specific DC power consumption is: 

W = 5.5 x 103 = 17,650 KW.hr/t 
o.335x0.93 

where: 0.335 - Aluminium electrochemical equivalent, g/A.hr 

1 

2 

3 

4 

5 

6 

93 - current efficiency, ~. 

6.6. Summary Table of Cell ~lectrical Balance 

(see Annexures Nos. 1 and 2) 

Unit 

;Voltage drop in cathode assembly 
I 

v 
Ohmic voltage drop in electrolyte 

Polarization voltage at electrodes 

Voltage drop in anode assembly 

,Voltage drop in anode 
' -----

-do-

-do­

I -do-

flexible_s ______ L~~-o_: __ 
'Total, heating voltage I -do-

Voltage drop of cell buswork -do-

.• 

I Value i 

1 

I 0.475 
I 4.066 I 

I 
t 0.38 I 
I 0.38 
I 

l 0.017 
! 5.31a ~ 

0.18 
··-- --··-··~ ---· 
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Total, cell operating voltage -do- 5.498 z 5.5 

6.7. Llajor Specifications for Cell Installation 

To construct the cell u3e the materials with phy~ico-che~ical 

properties as stated in Section 4 of this Eesic Engineering 

Dcsicn. 

InEtall the cell in conforr::i ty with the follow:.r.g £pecifica-

ti or.:::: 

6. 7.1. Installation of J..!·.oG.e SL ell 

F..7.1.1. TLe fabricnted ar;ode slrnll stall h~ve the fcllov:ir.g 

tolerances of ti~ensio~2: 

"""' .. ... f ~- , 
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•·''· "",, 

- inside length 

- inside width 

inside depth 

- departure from 
straight line: 

- long wall 

- short wall 

25 
+ 20 om r:.ax -
+ 20 mm max -
+ 10 nun max -

30 mm max 

20 mm max 

6.7.1.2. To set the anode shell check that departure of 

longitudinal and cross axes of the cell from the appropriate 

axes of the support structures is 10 mm nax. 

6.7.1o3• Difference between the elevations of the corners 

of the shell sounted on the supports shall not exceed 15 mm. 

To level the shell use steel plates inserted under the corners 

of the shell. 

6.7.2. Anode Shell Base Lining 

6.7.2.10 Width of joints of the bric~work of the shell base 

shall not exceed the following: 

- clay brick 7 mm 

- lig!-.tvrnit;h t fireclay brick 2 mm 

- fireclay brick 2 rnm 

All brickwork except for top l&yer of fireclay brick is leid 

without anj· :::ortar. Fireclay !!::Ortar is used for top la:rer of 

brick:J. 

6.7.3. Ir.stallation of Bottom Blocks 

s. 7. 3.1. Jot to!::. blocks '.'r.i 11 be laid with a special bo::.d ac 

provided in tLe Bef::ic Ene;ineering Design. 

6. 7. 3. 2. '.7idth of joints betv:een tre carbon blocks in the 
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6.7.3.~. Allow no gaps or cavities between carbon blocks. 

To eliminate the gaps fill them with hot carbon paste and pour 

with pitch. 

6.7.3.4. See that the surface of the anode shell bottom is 

horizontal with absolute difference between the individual points 

not exceeding 20 mm. 

6.7.4. Anodfl Shell Lining Curb 

6.7.4.1. The lining curb is made using fireclay brick on 

refractory mortar, bonded joints and carefull fitting of bricks 

to eech other and to the anode collector bars. Width of joints 

betv:een the anode bars and bricks shall not exceed 0.5 mm. 

6.7.4.2. Fill the gaps between the shell and the curb with 

building gypsum mortar. 

6.7.5. Leyine Side Lining (lo~g and short walls) 

6.7.5.1. According to the Basic Engineerins Design the first 

and second layers of magnesite brickwork ~re laid elong the 

whole perir:et er of the cell cevi ty except for area of the loading 

com:partr.:ent. 

The first le.yer of magnesite lining is laid on gypsur.1 r::ortar, 

the seco~d layer is laid dry. 

6.7.5.2. All r.:.agnesite brickv1ork is cerefully fitted ar.d 

bon&e~. Fill all joints facing the inside cavity of the cell with 

5ypsum r..ortar. 

f.. 7. 5. 3. Check that width of joints for the first layer of 

r:1aer.e::;i t, e brickvJOrk facing tl!e ir.side cavity is o. 3 r.n7l :,ax., 

that of otter layers - 0.5 If r.eccscary :machirJ.e the feces 

of bric1:s to r eet the e.1,ove specificatior:s • 

. ·,, " . '• .' .. . \' 
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6.7.5.4. Lightweight fireclay brickwo~k is laid dry and 

bonded 1 the joints are later filled with alumina. Width of joints 

is not to exceed 2 mm. · 

6.7.6. Bottom Joint Ramming 

6.7.6.1. Before ramming the bottom joints: 

- clean the cell cavity from gypsW!l 1 brick debris, solidified 

putty, etc. 

- heat the bottom joints to 110-150 °c, do not allow over­

heating of the carbon blocks to over 180 °c. Having heated the 

joints clean them with v.rire brushes. 

6.7.6.2. See that ranr::.ing mix (bottom paste) is at least 

160 °c when placed into joints. 

6.7.603• Check that ra::::".!r:.ing ~d.x is loose and free from ltl:lps. 

6.7.6.4. Heat rar.:;::;.in~ nix so that to prevent any paste 

coking. 

6.7.6.5. Ram the bottom without int€rruptions in one 

operation. 

6.7.6.6. Ram using 8-10 fills 40-60 mm thick. CroBs-hatch 

the previous layer before each next fill and ram. 

6.7.6.7. The surface of the raI!lI!led joint should be slightly 

raised to a height of 5 mm above the block surface. 

6. 7. 6. 8. Use pneur:atic rar...t"1ers pref.eat ed before the u.se to 

a teoperatur~ of 100-120 °c. 
6. 7. 6. 9. The rar.r:.ing workers shot.:.ld wear clean beets. 

6.7.7. Loa.ding Cor:par-tment Brickwork 

'rt.e :.:ein cor.-:po:ier.t of t:;e co:-.. part~ .. ent i:: a era.phi te tube 

ir;.pre[;'lated, with electrol:rte a:-_d set at 9.!: a:'1cle of ubt 15 deg. 

of tte vcrtic~l. 

~ ., fl ,. ;. ' 1 • • # •• 
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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 

bricks. Width of joints betwee~ bricks is 0.3 mm max • 

;,.: '• ' .. 
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ANNEXURE N° 1 

1. CALCUIJ..TION OF CELL ENERGY BAUNCE 

BASIC DATA FOR PREPARATION OF ENERGY BALANCE 

SRL 
No Description 

2 Current efficiency 

3 Rc.w aluminium consumption per 1 t of 
HPA 

4 AveraGe estimeted level cf: 

electrolyte 

- cat.hode metal 

- a::i.oce :::.lloy 

5 Electrolyte composition: 

barium chloride 

cryolite 

- eluciniu~ fluoride 

- sodium ch~oride 

6 l..ir te:::p e:'[:. tu:>e in cell-room e. t 
elevntion ticher t~~n +J.O m 

7 ~ir te~~e:'ature in cell-:'oam ct e:. 
lo~er then +3.0 m 

---·· .. 

I. ~ ' :"t. ., •f<t , •• 

f Unit 

I Of' 

I " 
I % 

t/t 

Cr.I 

-do-

-do-

% 

-do-

-d.o-

-co-

cc 

-C.a-

Value 

! ..... ,.. 
I 

VIV 

I 93 
I 
I 

1. 03 

13 

18.5 

J6.0 

57-58 

16-17 

21-22 

"": .• o 

32 

25 
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2. CALCULATION OF CELL EI3RGY BALANCE 

The energy balanc~ of refining cell can be·represented by 

the fr_llowing equation: 

·;:~ere Q1 = c::crt,Y ::-cc;..lircd to co:::; c::.::n.te !:cct lo ~s ::=:; 

Q
2 

= energy used for electrocheoical processes.in this case 

- for electrode polarization; 

Q
3 

= quar..ti ty of .hee.t 2ntering the cell \·;i th poured raw 

g,l ur.:i ni um; 

Q4 = r.eat los:es r;ith HPA renoved from the cell; 

Q5 = he.at losses from cell heat-trc.nsfer surf~ces. 

Heat cor;:mmp ti on for r.1el tir..g and heating of electroly'ce 

copper chart;ed to tte cell e:.re nee;:lected due to ins:'.g:riific2nt 

values of these heet output items. 

2. 1. EE.t.T II~UT 

end 

2.1.1. :,:'.ls.nti ty of electric p:;\·:er reqllired for cor.ipe!:::.;ation 

of tec..t losses. 

I 2R 
Q =-

1 1000 
kl":. hour 

hour 

r:hcre I - c1J.:':·ent ir.tc.~si-'.;~;, 1.. 

R - cell electric re2i :ta~ce, Or"m 

Cell clectri CE-1 !"'C::.::i 2tE11:ce cs:: be repre. ented by tte follo·:;-

ir1e; :01-nule.: 

~here: R
1 

- c:ectr~cal re~i~t~~ce of c~thode ~Ece~bly, 
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The calculation of electrical resistance of individual const­

~ ruction units and total electrical resistance of a cell are given 

• 

below .. 

The d~ta of electrical balance registered at commercial re­

fini:ig cell (analogue cell) \';i th construction uni ts nnaloQle to 

the cell assu~ed for the present Basic engineering has been used 

for the calculation. The electrical balance of the analogue cell 

was enregistred at current intensity of 70 kA. 

The electrical resistance of the cathode assem-oly \':es deter-

mined by formula: 

v;here R6 - electrical resistance of cat~.ode aluminium bar, 

~ electrical resistance at section 11 stub-graphite-c8.thode 
metal", 

n - nuQber of cGthoces installed. 

Electrical resistance of cathode bar ~ill be: 

= O.OS = 14.9 • 10-6 O.!un 
5)85 

\.here .d V 1 = 0.08 V - voltac;e C.rop c.t section "cathode b2.r - stub"· 
of e.naloc...i.e cell cathode, includ.inc; val tace 
C.rop of t~~e clc.::1p "c::~thod.e bu:::2:..n::.; - cc.thode 
c~ thocle coL.cctor b::.r" E.nd t!:e c:2..":1p 11 cc·tLo­
d.e collector bar - f't"J.b" 

I 1 = 5, ;»85.A. - current :...:;.ten:.i ty throuc:;h or:.e c2.thoce of 
snnloc;ue cell. 

= 0.)96 = 7 J. 5 

•. ' .. I ts'ibf · , 0 1 =5 'MS$ 1'¢F. ¢' T ;9 = : • a 
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where: !'.1 v 2 = O.J96V - voltage drop at section "stub-graphite-ca­

thode metal" of analogue cell. 

Thus, electrical ;- esistance of cathode as~embly of estimated 

cell will be: 

( ) -6 6 R _29.7 + 53.7 10 = 6
0

8 x 10- Ohm 
1 - 13 

v:here: 13 pcs - number of cathodes installed at the cell. 

Electrical resistance of electrol~rte will be: 

LlV xl 6 
J = 4•7 x 1 ~ = 58.2 x 10- Ohm 

I x 1 1 70xi03x15 

v:here Ll V 3:L~.700V - voltage drop of electrolyte of analogue cell, 

1 = 13 cin - electrol;/te le7el of estirna ted refining cell, 

1 1=15 cm - electrolyte level of refining ruialoblle cell, 

I=70x103A - current intencity of esti~ated refining cell 

e.nd e..~loQle cell. 

Electrical :-esintance of c.::ioC.e asser.lbly r:ill be: 

R
3 

= jV4 = 0.3B1 = 5.44 x 10-G Ohm 
I 1ox103 

\·:here Ll V 4 = o. J81V vol te.ce drop c.t anode asser.bly of c..:·1e.l0Gue 

cell; 

·:.hc:-e 

•.. · . v 4 

I = 70 x 103A - C~"-rrer:t intend ty c:..t refining cell. 

l,:;erc..c;e clec-:;ricn.l :-e.:::L tc..::ice of c..~·.oce i'lexi bles v:ill be: 

= 0.0 17 = 0.24 x 10-6 Ohm 
7J::103 

)\ v - ·" Ur 17~r - '\'Ol"-r ··o .~T'QT' ··.+: r __ ._·r•r-e f"'.e~·-ibl.e of P:.r-.. J.c_:-:-i1e .L..1 • ~ - .. • y - • ~"'-~- - --- :- - " . ~- -- -~ -- - --) 

cell; 

T 70 ~" 3 
-= ~- IJ A -
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of the refining cell: 

R = (6.3+58.2+5.44+0.24) 10-6 = 70.68x1o-6 Ohm 

The electric por:er reqtii~ed to compensate the heat losses 

amounts to 

-6 2 
Q

1 
= 70.68 x 10 x I kW hour/hour 

1000 

2.1.2. Electric power consumed for polarization of electrodes 

Ep x I 

1000 
= o.3s x I k~-hour/hour 

1000 

Y:here: Ep = O.JS - E.I.:.F. of polarization, V 

2.1.Jo Heat input with raw (primary) aluminium pou::-ed to 

the cell. 

O.J35x0.9Jxix292x1.16x1.0Jx10-3 = 0.109I 
1000 100 

ki7hr 

hour 

r:here: O.JJ5:r.0.93x10-3xI - hourly ce.pe..city of cell, kg/hour 

292 - specific aluminium hee..t conte.nt at 310°C, l:cc..l/kg 

1.03 - consump-;;ion of re.w alumini.am per 1 ton.11e of HJ?A, t 

2. 2. !:EAT COlJSU!.:?TI OH 

2.2.1. He2t 102.ses v:ith "':''";EA i .. er:ioved from cell. 

o. 1 :J6I 

I '.:'JO hour 

·;:he:re o. 335::"..'. 9 Jx1 ,-JxI - hoi..;.rly ca.pnci ty of cell, ::c/hour 

.f't,...,.,.-·•1r1• - ') - ' ... ' (_ . 

._ .. ' 

of cell 

r •.. ~ . • ' 
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Nu= 0.135 (Gr x Pr) 1/3 

\·:here: Nu - !Jussel t number; 

Gr Grashof number; 

Pr - Prandtl number. 

In detailed form this relationship can be represented in the 

\·:here: Q - C)nvective heat losses, kcal/hour; c 

d.. - coefficient of convective heat transfer, kcal 
-m""'2.-xi_I:_· o_u_r_x_d_e-gre e 

A - thernal conductivity of air, _k_c_a_l_,_... _____ _ 
m x hour x ue6ree 

A . 1 t . . oK-1 r - air vo ume ric expansion, 

2 9.21- free fall acceleration, s/sec 

Fr - Frand.tl .::ur.iber for air 

J 
. . . t .... . 2; ' - air VJ..scosi y ra~io, m sec 

t 2 c:J~Yecti ve teat transfer su:rfc.ce ter:;era~a:-e, °C 

S a:-ea of cor..vecti ve hee. t tre.!i.sf er rnr:.'2..ce, r.i
2 

:?or ho:-izcmtal co·;:n turned r:urfaces ct is res:.<.cir.c; ~y JO%, 

for up-"tl~:'".'".ed :::ur:f.'r,ces a.. is ir.crca2int; by J053. 

\p . .. 
J ~-

'·' f • ' ' I ,.. "'- '~ "" ' ' 

? . ; :':: ('(' ' .. 



t2 - heat transfer surface temperature, °C; 

t - ambient air temperature, °C 
0 

7 

Thus, total heat losses of. cell surfaces may be represented 

by the general forr:iula: 
~ 1b [ t2+273 4 

Q=Qc+Qrad = {d.Ct2-to)+ Ered x J av x Co ( 100 ) -

t 0 +273 41} 
- ( ) J x s 

100 

2.2.1. Hect 1032es of hood central covers. 

Surface erea of central covers - 1.31 m
2 

Ered = 0• 6 

:fav = 0.9 
t 2 = 34-0QC 

d.. = 1.09 kcal 
-m ... 2.-.....x_h_o_u_r_x_d_e_g_r_e e 

Q = {1.J:;:7.09(3tt0-32)+4.96x0.6x0.9 [cJ40+ 273)4 - c3 2+273)47l x 
100 100 lJ 

x 7. J 1 = 467 50 teal 
hour 

or 54. 36 k\'i x hour 

hour 

2.2. 2. 2. Hea·t los:::es of dde remove.bl·e covers. §urf2.Ce area 

of ::-::ide :::e::wvc.ble covers - 8. 41 m
2 

Cred = 
0

• 6 

'js.v = o. 9 

t 2 = JJ6°C 

d.. = 7.08 .;..;.1:..,;.c..;;;;a.;;;;.l _____ _ 

m2 x hour x de6ree 

~ = [1.J::7.S(JJ6-:12)+!'..96Y.J.6x0.9 Lc 336+27 3)4 - c3 2
+

27 3(jl :xs.4·1= 
1JO 100 J 

C :·ea = '• 3 

t ~ ..... r·cc 2 : I { ,) 

l r.....,~, r·....,-, !J. -~ r1~ ·1 ·,. = j , :: ( -· -. '-= •• .. : ::. ( i t .. -: , I _. ) ~ _ ( ; .::' + . _,, ) ··j : , .-: • r .. , :.. = - L ... ..,, .. · .. • c. . • ... ,) --
1 JO 1JO · 

F.>770 '.:c::l o:r 1 ;.~;: :·:.:~our 

.,. ~ .• t •, ,. ·' 
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2.2.2.4. Heat losses though cathode holder bars surfaces. 

Area of cathode nolder bar - 6.03 m2 

Cred = 0• 56 

jav = o. 55 

t 2 = 128°C 

d. = 5. 58 .;.;;k .... ca;;;;.;1--. ____ _ 
m2 x hour x degree 

8 

Q = [5.58(1?8-J2) ... ll.9f'.;xo.i:;6y0,55 [c 128+273)4 - c32+27:3)47l6.03 = 
100 100 Jj 

= 4820 kcal or 5.6 kvohour 
hour hour 

2~2.2.5. Heat loEses throuGh cathode stubs. 

J.rea. of 

£red = 
fc.v = 

t2 = 

sub 

o .. s 

o. 8 

1~ 30°c 

2 
heat transfer :::urfQces - 1.65 m 

.:;(. = 7. J4 kcal 
~m~2.;;;.;;;.x_h-ou~r--x~c-e-g-ree 

Q = [1.J4C1i30-J2)+~.9fo:o.s):o.s [c 0 J~;~7 J) 4 - c 32;~bJ/jj1.Gs = 

j ,. .l 

= 17170 teal or 19.96 l:r:.hour 
hour hour 

2. 2. 2.6. IIe::.t los:::es C.urine; crust re::-.ovo.l. 

I.rea of cell o,;;en s:..trfe.ce fa:ri:-1c; crust re::-.o-1al - 7 •. ,:5 ra
2 

t::-ed = 0 • 8 

F = .:;. 1 - f- ::top 

Fr2c"'cior: of ti~~e Lhen "be. "'vh i ::o open - o. 02083 

= 5200 ;:c::~l or 6.05 ~~·;;.1·.c.u.r 
'Fi'OU"r .r. :; u r 

' ) 1 0 [; tl r1 ~ "" 1 r· -· ; E. _ n .• i .•.• i.<~ ._, __ c.e 

; ... -::·cc.. ·::if ;~Cc . 
.._ 
~ 

? - :.11, :'1 

t ~·t;d = o.s ·-' j:c:: .. l \A = ·~ • 0) _..:..:....;, ____ _ 

j = 0.9 
'.:'V 

t = i; ~ cc 
2 
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Q ={1.Jx6.os c1ss-32)+4.96xo.sxo.9 fc 155+ 212)4 - c32
+

21J)4U4.14 = 
100 100 1J 

= 8810 kcal or 10. 24 ki7.hour 
hour hour 

b) end side, vr.i. tho'..lt compartment 

Heat tra~sfer are - 1.J m2 

Cred :: 0.8 ~ = 5.85 .;.;;;'i: ... c.;;;a.:;.l ______ _ 

..p = o. 9 m'" x hour x degree 
.J E.V 

t2 = 140°0 

Q = {1.3x5.85(140-32)+4.96xOo8x0.9 

= 2020. 0 kcal or 2. J? k';/ .ho:.:r 
hour hour 

c) sl.ort side v;i t:1 compc.rtr.ient 

Area of heat transfer surface is J.38 m2 

Cred = 0• 8 

j'r.v = 0.9 

d... = 5. 19 l:cal/m
2

h Cieg. 

t 2 = 99°C 

Q ={1.3x5o 19(99-3n+4.94x0.8:z0.9 l< 99 +273)4 - c3 2+ 27~>'J/3.J8 = 
100 100 if 

= 28·'.)0 l:cal/hr or J.25 l::'1'i.h:-/hr 

Sides of the shell: 

e.) long 

J .. ree. of te::.t 

= l~.8 

t 2 = 95cc 

2 
~urf~~e is J.16 ~ 

.J_ c:-, 11 ·-c,·,/m2h ~ - , • .:. c~.!.. , 

G; = {5.11(35-~C.hl.9(::C'·.8:~C':.c.5 [<9:S+?73)~ 
100 

- ~;);::Q ''C" 1 /hr '"' r -:g '·· lo .... /t· - ...... ~ ·- c;. __ .... ..;r ....... .-1 r"'' ... _ .... r 

b) sI.:.-::--t [:::_c e: v:: :;~:.'.)U t cc;::--.;'r.:.~~"_,:: c'"t 

l~:·er._. of :.0c.t tr:.'.:--~·c:- :u:·.:'rce i.:~ r1.7(-, r..
2 

t ::·ca = 'J. 8 -" -- '.:·;t, 1·c·rl/•'·::\, 'CC" v'\.. ,., - .. (..-- ... J.1. . t.:.i 

~ = ''J• G j i~V ... 
"2 = 

·,. *il'I ••'PM ·?11 I I 



= 740 kcal/hr or o.~6 kllhr/~r 

c) short side with cor:ipartment 

Area of heat transfer surface is 0.76 m2 

C red = o. 8 o(. = 5. 17 kcal/m
2
h deg 

.::f av = o. 8 

t 2 = 98°C 

Q = {s.17(9a-32)+4.96xo.sxo.s [c98+273)4 - c22
+

273>4Jl 0.16 = 
100 100 If 

= 510 kcal/hr er 0.59 k·;;hr/hr 

Cross beams 

Area of heat transfer surface is 5.7 m
2 

E.red = 0.8 Jl= 6.45 l:cal/m
2

h deg 

f av = Oo9 

t 2 = 205°C 

Q = {6.45(205-32)+4.96xO.Bx0.9 l.( 205+ 273)4 - (3 2+ 273)4Jl 5.7 = 
100 100 IJ 

= 15230 kcal/hr or 17. 71 k'iihr/hr 

2. 2. 2. 7. 2o Ce. t1:ode shell below r;orking floor 1 evel 

Bottom: 

a) shell 

l.rea of heat tre.nsfer surface is 18.0m
2 

t'. red = 0• 8 

jav = 0.75 

10 ' 

t 2 = 65°C 

~ = Jo.7xt~58:i:(65-25)+.:.96x0.8):0.75 [<6 5+ 27.3)4 - ( 2 5+ 273)4_Jl 'i8.0= 
l 100 100 J 

f'· ..... ,/.,. ' 

= 5070 l:cc.l/h:- or 5.9 l:':;r:r/hr 

t) bc::.;.ms 

c d = o.s C.. ::'C 

~ = o. 70 
J 2..V 

t - r: .. oc 2 - _, .J 

•• I" I ... •• .. I ... 
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Q = t~-21(55-25)+4.96x0.8x0.7 [c 55+27J)4 - c25+ 27 J >4lt 38.33 = 
100 100 ') 

= &'770 keel/hr or 10. 2 kVihr/hr 

Long sides: 

a) shell 

Area of heat transfer surface is 16.87 m
2 

c ::-ed. = o.a 
:f = o. 85 av 

t 2 = 91°C 

~ = {s.25(91-25)+4.96xo.sxo.s5 [ 
( 9 1 + 27;? ) 4 

100 

= 11350 kcal/hr or 13. 2 k';,'hr/hr 

b) beams, cheru:el s, rus.:. et ple tes 

( 25+273,t:J: ] "Ii'.: 07 
- 100 - ) IJ IU • .._, : 

Area of .hec.ttrc..nsfcr surface is 10. 5 m2 

~ = o. 8 d. = 5. 05 kco.1/m2 h deg C...red 
jcv = 0.70 

t = 82°C 2 

Q ={5.05(82-25)+4.96x0.8):0.7 [C 8~~~7J)4 - .< 2 5;~~3/:/} 10.5 = 

= 5360 l:cal/hr or 6. 23 k'i,'hr/hr 

Short dd e Yli thout cor1~:;a::ntr.,er~t: 

a) shell 

Lrea of .r_eet 

tred = o.s 
':f c.v = 0.8 

t 2 = 7J°C 

2 
tre.~wfer surfc.ce is 4.24 m 

J.... = ~. 82 l:cal /n2h G eg 

J \ Q = 1 t.82(73-25)+L.96~0.8x0.8 [
(7 3+?7 3)4 - ( 25+ ~;73 /j.fl t. 24 = 

1CO 100 ~ 
= 18)0 l:ccl/hr o:- 2.15 ~:·::h:::'/hr 

l) c:1ur:·.el c, I-r.car.:f', etc. 

J_:-·ca of !.ect t:-::·.w·::er r~,::-·f'~ ~·e i8 ;..:;3 m2 

C::-·cd = '~.s .i_ = _,. .:=1 : ~J/:J~\ :.cc 

:f CV = '. 70 

~. I ~ ' ·I ... : ' ... '" ""'·' ·. I -. , 1 ... ' ., ~ · • ~ 



• 
Q = t'4.51(63-25)-;-4.96x0.8x0.7 [c63+ 27 3)4 - c2s+ 27J)4 f/3.93 = 

100 100 JJ 
= 1200 kcal/hr or 1.4 kWhr/hr 

Short side v:i th compartment: 

a) shell 

Area of hee.t transfer surface is 4.24 m2 

e = o, 8 ,{ = 4. 76 kcn1/m2h dPg 
CJ.·ed 
~e.v = 0.8 

t 2 = 71°C 

G = {4~76(71-25)+4.96:xo.sxo.a [c7~~~7 J)4 - c 2 ~~~72>4J} 4.24 = 

= 17 50 kcal/hr or 2. 04 k\7hr/hr 

b) ch2.nrels, I-bear.ls, cus~et plates 

~~ea of heat transfer surface is J.93 m
2 

c"red = r.s J.. = t. 29 kccl/r.i
2

h deg 

':fav = 0.7 

t 2 = 57°C 

~ = 1·1 • 29 ( 57-25 )+L1r• 9fo:O. GxO. 7 ['< 57 + 273 )4 - _( 25+ 
27 3 )4_Jl 3. 93 = 

100 100 If 
= 970 kcal/hr or 1.13 ~:hr/hr 

Collector be.rs 

Lree. of he2t tr2nr.fcr surface is 1.64 r.1
2 

e ::'ed = o. 8 c{ = 6. 59 l:cnl/m
2
h C.ec; 

= o. 71 jc..v 
t2 = 205°C 

12 

r = .: i::,c.('"'Oi::_....,i::.)+t 96-:-0 S··O 71 [(c. .... ,:l,..c../.J) - ( .,1+c )''/ 1 6" = { 
~,....~ ~~., 4 2c ,..,73 '~ 

"" • ~ _, '- .) c.. _, . " •• • • . • "'-' C' / Otl . • ~ 

= ;.??O i:C'!c.l/l::r or t .64 i:~::::r/hr 

:f (: 1 ::. 0 \", ['. : 

.' ,.. .... , •'. 
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2.2.3. Summary Table of Heat Losses of Electrolytic Cell 

Heat loss items 
r
.su f c 1 Convection Iformali-f r.:ean ang-p .. reE 
• r a e · factor of sed deg- le factor heai 

j uemperatu heat tran-'ree of of radia- nsfE 
1re sfer to black- ~ tion surf 

. ' air ness / 
t? f ri., creel ; JJa,,, s 

f-!---t-·----- ______ _3 _______ -----+-3 --r' __ 4 ____ "-·-~-----'. _6 ____ 7_ 
! 1 : Cer.tral covers , 340 7. 09 1 o.6 o. 9 7. ~ 

I 2 ! b l 136 7 08 I 6 9 i j Renova 1 e covers : .,., 1 • o. o. s. 4 

~ .3 Holes . 770 ! : 0.8 F =0.85 

4 

5 

6 

7 

8 

Cathode holder bars 

Co.thode stubs 

Crust re.-r.oval 

She el above r:orl·:ing floor 
level: 

sides: 

a) long sides. 

b) short .side r;/ coopc.rt-
r:;ent 

c) short :::ice v: /o cor.:-
;::c.rtr:ic::J.t 

Sl:.ell ';:L~ll G: 

a) lO!lf; cices 

b) sl:ort ~iC.e ::/o cor::-
p~rtr.wnt 

c) 2!1:>1,t sid.e \'"/CO'--·"....,-'-.., . ··'!"''""""- '"' ' 
:-:-.cnt 

C!'~ ::-.::. "::l en.:.i s 

~· J; cl 1 '.,cl or: ' . ·,·.or· 1~-11[; .!'J.00r 
:c:cl 

Eo ... ~ ~o:r.: 

e) !-.ell 

s E c T I 0 N 
. ". "'"'"':.-· ..... ""' ,·--, ·---·"" 

I 

128 5.58 
I 

0.56 0.55 

430 7 • .34 I o.s o.s 
770 o.8 F =0,1 

155 6.05 o.s 0.9 

99 5.19 o.s 0.9 

11,0 5. 85 o.s 0.9 

95 - ~ 11 o.s o.ss 

120 ... -6 :, • ? o.s o.s 

98 5.17 o.a ':•r 3 

205 c. !, 5 o.s 0.9 

65 : • ~·8 0. 8 :·. 75 

1 .. " .. ... "' 

2.2 

6.c 
1.6 

7.6 

4.7 

J • .3 

1. 3 

J.1 

o. 71 

C·. 71 

';;. 7 

A("" I 

I..::,,• ' 



nary Table of Heat Losses of Electrolytic Cell 

r su-.f c i Convection Horoali~1. I.:ea.n ang-i Area of i 
1 t .1. f'. et · factor of sed deg- le factor heat tra 
I empera u heat tran-,ree of of radia- nsfer 
ire I sfer to black- ltion surface 

. ' . air ness i , 

13 

f 

Heat losses 

Q t 2 f rl.., I Cred ; :fov S i 
0
c ! kcal ----;-::-·----- -~2- ---- -1-~c~l------k-\'!-.-l1r~---- -- %;·--

! m~.hr. °C ! 1· "'1ir hr 

~--+-~---t-·- 4 -1---~----f- 6 7 I 8 9 
. 340 1.09 , o.6 0.9 . 1.31 : 46750 54.36 

. I . j 
! J.36 

1 
1.08 o.6 0.9 s.41 . 52690 61.27 

floor 

:>c.rt-

Or.1-

or::-

f].oor 

770 

128 

4]0 

770 

155 

99 

1!,0 

95 

i 20 

98 

205 

65 

I 

i, - I o.s F =0.85 2.24 83770 I 103.22 
I ' 

6.05 

5.19 

5. 85 

. • 1 1 

.. 17 ··-. 

I j 

0.56 

i 008 
I 

! o.s 

0.8 

i o.s 

i o.s 
I 
' 

I 0.8 
i 

o.s 

0.55 

o.8 

0.9 

0.9 

o.ss 

o.s 

=. 7 5 

6.03 

1.65 

7.65 

4.74 

3.38 

J.16 

0.76 

c.16 

5,7 

iS.0 

~820 

17170 

5200 

6510 

2800 

2050 

7!:0 

510 

1: 2 JO 

! 
! 

I 
5.60 

10. 24 

3.25 

2.38 

o.~9 

17.71 

10 

14.62 

16.47 

! 21. 75 

I 1. 51 
I 

; 5.37 
i 
i 1.63 
I 
j 

2. 75 

o.s7 

o.63 

1 - ,.. .. _ ';;} 

SECT I 0 N ·2 
[J- • _"! ----!..'------.ii--• .... -m!!I!·.-•'•···· ... ___ ---- 4 

~··~.-~ 



1 2 

b) beams 

Long sides: 

a) shell 

b) chz.nr,el s, I-beG.r::s, 
Q.lssets ple.tes 

Short side r:/o corr.part-
oent: 

a) shell 

b) char.l.!:el ~, I-beo..r.1!:, 
gusset plates 

Short side r: I cosp2:rtr.iE nt 

E.) shell 

b) chm:.r.el s, I-be2.rns, 
g-usset ~let es 

9 Collector be.rs 

10 Ur:.c.ccounted locses 

: 0:;1 .. 1 

3 

55 
• 
l 
l 91 r 
t 

82 

73 

63 

71 

57 

205 

t i . 
--- .. ...i--.-... -~ .. --~-,---~-- --- ~--~~-. -~ ..... -- -· 

SECTION 1 

.... ~ . ·. . 'I. ,. 

4 5 6 I 1 

4.2i I o.s 0.10 I 38. 
I • ; 

' 
i ' . \ 

' ! o.ss 16. 5.25 o.s 

5.05 o.s 0.10 10. 

L.82 o.a o.s ' t.2 

4.51 o.s 0.7 J.9 

4.76 o.s o.s :.2 

.:. 29 o.s 0.1 3.9 

6.59 o.s 0.71 ;. 1.6 
I 

·- ........_,_!__ ______ ----~-----···- ....... -.---·---~-

• t'Ji• ~ t' r, . ti ' 
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3 4 5 6 1 8 9 10 

4.21 l a.a 0.10 38.33 8770 10.2 2.74 

• 
' 

5.25 o.a o.ss 16.87 11350 13.2 3.55 

5.05 o.a 0.70 10.5 :;360 6.23 1.67 

.:. 82 a.a o.s . :,..24 1850 

o.s J.93 1200 0.38 

4.76 o.s o.s <. 24 17~.o 2.04 0.55 

.::. 29 o.s 0.1 J. 9 .3 970 1.13 0.30 

6.59 o.s 0.71 ... 1.64 ;390 1.64 1.25 
I 

31980 37 .19 10.00 

- .. 9,-,~o )I CJ 371. 9 2 1oc.oo 
. I .. -~ ... ~-. -- ..... -... ·---- ____ , ., -~ .. ---------- -----· 

-- --- ---·-- --·-----·-• I 

SECTION 2 

.. ·1 a-:, . •f . • . " 1 ••• , •. 
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Taking into account unaccounted heat los~es {those from sur­

face of the cell cathode structures, and those with electrolyte 

crust, anode deposits, etc) assumed equal to 10% on the basis of 

measu.reme~1ts, the total heat loss of the cell will be: 

Q5 = 334. 73 + 334 • 7~ : 0• 1 = 371092 kYlhr/hr 
v.::; 

2. 3. Determination of A.mper~e e.!ld Hee.ting 
Volte.se Drop 

Sub~tituting the calculated value in the expression of the 

cell ene::-gy ban.ace ne Get: 

6 -6 2 . 
70. 8x10 x~ + 0.38xJ + Oo 109::J = 0.106xJ + 371 • 92 

1000 1000 1000 1000 

or 70.68x10-6xJ2 + O.JSJxJ - 371.92x10J= 0 

Vteat = 69880 x 70.6sx10-6 + o.3s = 5.318 V 

~~1~~g into ~ccou~t accu:::-ecy of calculation of t~e cell e~e::--

CY b~:le:.r!ce and fluctuc.tion of ar:-.bier_t air te::::veratu:::-e over e. year, · 

:_:e ce.J.cule.ted :-.:.:;icrace of the ce::l is e.C.opted e~"J_c.l to 70+1 - kA. 

Cr.:c_1le:.tsd out:r:::;.t of t!--.e cell: 

7 '"'·'"''"''"'•v0 ;-:ir; •• -; 93-..-0"'60·-10-6 - ~,c1 .J\}\..J._,J_ ·~_;.,/.1 .. ·0• ~ .. ._., ,h - .,./ try {cc: tinuous or;erc.tion, 

-:_760 L/:;er:.r) 

. ::ere: IJ. 335 - elcctroc}-:er.:_cal J-_l C~".1:_ v:::.le:::t, [,/J."h 

c.., """ 10-2 C'' .,...,..."',_ .... r,f"i C.: E' c~r ~ 
.; _) ... - ~ - - . .;. I, "" - - ~ .• ' " ' /0 

, .. ' '·' '. 
\" . ' • .l-4 ••• ., 
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2.4. Sur..m~ry Table of Cell Energy Balance 

Energy Input 

Item kcal/hr 

Electric power I 
to corrmensate 

' heat losses ' (Q1) . 296830 

Electric power 
to polarise 
electrodes 
(Q2) 22850 

i 

Heat cor-tent 
of crude alur.ri.- • 
nium fed to 
ce] J (Q3) 6550 

SECl\OH 1 

.. ·· .,.,.,. 

k\'lhr/hr % 

J45. 15 

26. 56 

7. 62 

Energy Output 
S/N Item 

1 Heat loss with Super-Puri· 
:rr.i!'lium tapped from cell (( 
I 

2 Heai; loss by heat trt:.nsfe: 
3Urfaces (Q5): 

2.1 Central covers 

2.2 Re8ovable covers 

2.3 Holes 

2.4 Cat~ode tolder b~rs 

2.5 Cethoce s~ibs 

2.6 C~ust re~oval 

2.7 Shell above workin~ floor 

2.7.1 Sid.es: 

a) 10!1.f; dces 

b) :::!1.ort side 

c) ~l:ort ;::i de 

2.7.2 Stell ~allc: 

c..) lonf:: 22.C.es 

c) 2!.ort 

::.s.1 :30~:0~.: 

r.:.) :-:!" ell 

b) l:ec-~E" 

:·:..c.:.e 

-.c-..~!~~ ... :; .-·_( .. (;;-' 
: 
·c.) :"":ell 

\ .. I co·-~..., ,,+~o, • J .• _~ ,__ uJ. ......... 

r:/o C:J'::'S.rt: 

\··/c"·· -· , ......... _ ..-· • v .............. .., •.. ~-· 

·------
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~ry Table of Cell Energy Balance 
f 

. I . 
Energy Output 

~/hr I % I S/N Item I kcal/hr kV/hr/hr % 

' alu-1 i 1 Heat loss with Super-Purity 
l 'mini um tapped from cell (Q4) 6370 7.41 1.95 I I 

' 
I I I 

,. 15 2 Beat loss by heat tre.nsf er . surfaces (Q5): 319850 371.92 98.05 
• . 
' 

2.1 Central covers 46750 
j 

54. 36 14.33 

,56 2. 2 Renovable covers 52690 i 61. 27 16.15 ! l 
! 2.3 Holes 88770 . 103.22 . 21. 21 • ! 

! i 

2.4 C2thode held.er '""""-- 48a:> 5.60 I 1.48 U(;.....i.. .;;;J 

~2 ' 
2.5 Ce.thode st.tbs 17170 ' 19.96 5. 26 

2.6 Crust re:-:-.ove.l 5200 6.05 ' 1. 59 
I 

' 
2.1 .Shell e.bove v:or}:int; floor level: J21EO ' 37. JS 9.87 

f 

2. 7. 1 Sid.es: 13630 15. 84 
' 

/:. 18 
! 

a) long dC.es 8810 10. 24 2.10 

b) ::;ho1.,t s:Lde \ .. /co·-~.., ,.,.J-r;.crt 
• J.·~~ '-"-- u ·•- .. - 2800 3.25 o-86 

' 

c) :oI:ort ;:i de ~·:/o C:J':;-ert:Jent 2020 2. 35 0.62 

2. 7. 2 S!:ell \·;all G: JJOJ ., P3 _,. :.J 1. 02 

c..) lon; . ' s::.c.es 2050 2.38 o.63 
' 

b) sho:-t 2:..de r./o c:-ir:-:'."'·::rt~-.G"l t 7f 0 o.86 0.23 
' 

c) ~~-art ~-i.Ce r·/co·-·-····~ ... ~r·· ... . . '! ._..~ u., ~--- v 510 'J. 59 0.16 
i ' 

'2.7.J C:-':ss :·ec .. r.:0 15230 17. 71 t.G7 

?.8 C" :'" ,.11 
.......... _ - ..L..-~ 1-,clcn·l v: o :- ~ :::. ;1,: f~.~'or le·:el: JGJ20 , ~ 05 •, .' e L 110 14 

;:·. 2,. 1 Jo-~ ~0~.: 138~:) ' 16.10 .'. 24 
' 

" ) r:f. ell i ~-.:::7 0 ~.9 I 1.55 <- i 
' I 
b) ':;c::- -~ f:' 

: -:-:_77 J i 0. 2 ! ~.C9 
l 

~ ,... ..., ~ 

(_~ 
I iC7'iO I ~ ~ , 3 :; • j 2 • c •. \ ~) ·.:..) ( J:::. '"· 

: :'.) ;: C'~l 11;.::i 1;.2 3.48 

--- --- 1 

s E CT I 0 N ·2 
.. 

·.· .. ··" 



• Energy Input 
I 

Item kcal/hr ki7hr/hr % 

I 

E!leI 

ls/N Item 

b) channels, I-bean~ I I gusset ple.tes 

! 2. 8. 3, E:hort side \·r/o coops 

'

, r.le!1t 
i 

I : e.) shell 

I ,~ b) chc.nnels, I-beamf I . Q..lsset plates 

I
i 2.s.4! Short side Yr/cor.ipe.r1 

I e.' "" shell 
' I 

: b) channels, I-bea.1-:-.i 
I cusset ple.-tes 

' j , 2. 9 Collector 'b2.rs 

I ! I 2. 10 ; :J'°"ccounted losses 
--------,· ~--+·-··-~·~c~•·-f·-· --+~.-----·~·-·•.,-•• -

; ' ' ; 

~~-~-0-~1-~L~~~~~-32_6_2_2_0~~3-7_9_._3_3~---'100 _ _l___J_ __ ~:-~_;"~L~~~~-

SECl\OM 1 

. . ... 
SCP T 

~ ... ·•. . .. · . _,. .. ~ , 

•.• - p 
I "' p • "'- • ' .~ I ··~~,"f" ._. 1 ,,. ,r'° .. 

1• I II I . I 



% ls/u Item 

b) charL.~els, I-beans, 
gu.sset plates 

! 2. 8. J Short side \'iio cor::p9..rt­
, r:ie11t 
j 

! a) shell 

~ b) h 1 I b 
I 

c .• a.nne s , - earns, 
cusset plates 

I I 2.s.4; Short side \"l/conpe.rtment 

! 1 a~ shell . 
' 
; b) cho.nnels, I-bear::s, 
i i]..i.sset ple:tes 

' 2. 9 Collector bG.rs 
; I I 
j 2. 10 : J::2.2.cc::mnt ed losses 

______ .i-.. -.-·~--~···-f,-- --+-~~--~ .. -- ·-------··---
' f r ; 

I - ... ·~ '100 
I 

17 

' 
ut 

kce.l/hr k\'!hr/hr ' % 

5360 6. 23 1.64 

JO~O J.5, 0.94 

1850 2. 15 0.57 

1200 1.4 o. 3'7 

2720 3.17 o.84 

1750 2.04 o. 54 

970 1.13 0.30 

3990 t;.64 1. 22 

31930 37 .19 9.80 

326220 379. 33 108 L I ~'a~--1 

~-~~~-- '-~ ~~--~~--~~~~--·---_...,-·----~------ ----.-

.... . ... ·~ 
/' .,, '; ~ - " ··' .•• • ,# 

----- --



1. 

Annexure No 2 

CALCULATION OF VOLTAGE DROP ACROSS CELL BUSWORK 

Basic Data 

Cell ar::.perage, kA - 70 

No of cathode buswork packs, pc 2 

No of bus bars in one pack, pc 2 

No of anode buswork packs, pc 2 

No of bus bars in one pack, pc 5 

Cross-section of busbars: cathode buswork, mm 

anode busv:ork, mm 

Working temperature of cathode buswork, 0 c 

Working temperature of anode buswork, 0 c 

- 430 x 70 

- 420 x 60 

- 80 

- 50 

2. Voltage Drop A¢cross Cathode Buswork 

Acperage distribution per cathode: 

J= 2Q 
13 

= 5.385 l:A 

w!lere: 13 - nu:.::ber of ce.thodes per cell 

/.lurdniu:m resistivity at 80 °c 

= o.028 [1+0.0049(80-2o'j:o.03~oh~;nrr~2 

0 028 1 · · · t· ·~ t 20 °c ohrr;.:r;-.m • - a u~inium res1s 1v1~y a m 

d., = O.OC49 - te~perature coefficient of alusini~o 
resistivity 

First buswork pack (see Fie.1) 

2 

'rhe first catbode buS"aork re.ck is ccnnected to 7 cathodes. 

Volteee drop in the first peck is calculated from tte 

e:xp!'essi or,: 

v:hE::!"e: cl, 
vi ::: .fl td t i;(d, +cl+~ ~c~ +of:, + c,( )j 
c'1,···, c{ - ci.;rrent der.sity :n n~1p::--or:ri<.tc 

2 of fir::t ce.:!'.oce tJsv;ort: pacl~, J./r::.fl 

' .. ,_... ~ ..... ..;· .... , ~ -.... ,"'...£..< .;...:,, ·..:.:..-~:..__._-""""-'--.....__--=-_:_· ...:_ . .-,,;,,....;._· .................. +...1..1,,....;.. ____ ,.. __ _.. __ ..,,..,fr-



Current density in buswork sections is calculated by the 

formula: 

d = ~· n (2) 
k.a.b 

K - number of busbars in a pack 

a x b - cross-section of busbars, mm 

h - number of cathodes connected to cathode buswork at 
appropriate sections 

2 

Substituting the appropriate solutioni in the expression (2) 

we will get: 

d = 2282 • z 2 d - 2282 • 4 0.358 A/mm2 = 0.626 A/mm 3 - = 
2.430.70 2.430. 70 

d1 
5385.6 2 

d4 = 5382 • 3 0.268 A/T'JID.2 
= = 0.537 A/m;n = 

2.430.70 2.43Q. 70 

d2 
2285 • 2 2 

d5 
2282 • 2 0.179 A/rJID.2 

= = Oo447 A/mm = = 
2.430.70 2.4-30. 70 

d6 
2335. 1 0.089 A/rr.::n2 

= = 
2. 430. 70 

Thus, voltage drop in the 1st pack of the cathode buswork will be: 

v1 = 0.036 [1.31x0.626+0.64 (0.537+0.447+0.35E+0.268+0.179+0.089)_} = 

= 0.0728 ~ 0.073 v 
The second buswork pack (Fig.1) 

The second pack of the buswork is cor..nected to 6 c~thodes. 

Voltage drop in the second peck is determined by the forwule: 

~ == f [ td' 1' ~ (d/ +~) +, ~ J/ ~ t; (~ '+~-)} 
Current densities in the respective sections will be: 

d' 2385 6 '"> I .22E2 • 2 A/r:::} • d3 o.~c,s = 0.537 J..../mm'- = = = 
2.430. 70 2.43(). 70 

d' 5382 • 2 JJ!!.i'T.2 d' 
c,- - 5 • 2 0.17? '/~-2 0.447 

,,._·-. ... 
:;; = = < < .... ) = J• ..... ..J 

1 2 .. 43C. 70 4 ~ I• 30 70 "-• ~ . 
d~ S3F'5 4 - I C,.2 ::;c:; 1 -. 

• o.35s :./ :~r; 
c. 

d5 • C.OE ::-- t./:._-:-,'-= = = 1 <' = .:::: 2.4 3C·. 70 2. 430. 70 

~< <O .. I .... ____ ,_ .... ____ ,, __ ._._ 
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3 

Then, voltage drop in the second pack of the cathode buswork 

is as follows: 

V2 = Oo036 [1.31xo.537+0.64 (0.447+0.358)+1.28x0.268+0.64(0.179 + 

+ o.os9>J = 0.0624 ~ 0.062 v 
Thus, voltage drop in the cathode buswork will be: 

v = 0.073 + 0.062 
catt. bus. = 0.06?5 -:::: 0.068 v 

2 

3. Voltage drop in Anode Buswork 

3.1. Voltage Drop in Anode Riser 

Aluminium resistivity at 50 °c is as follows: ,. 

J~
0

= JA~o [ 1+ :X.(50-20) J = 0.028 L 1+0.0049(50-20)] :0.032 
ohm.mm" 

m 

Voltage drop in the anode riser will be: 

v = J DS() e = 35x103x0.032 
a.r. • J "Al n ·a ·b 

4.0 = 0.059 v 
3X420X'60 

n = 3 

l = 4.0 

3o2. Voltage Drop on Horizontal Packs of Anode Bus~ork 

Resistance of busbars No.1 end 2 (Fig.2) is as follows: 

R = 0.032 2·31 + 0 ·29 x 7 = 4.09 x 10-6 ohm 1 , 2 2 x 420 x 60 

Resistance of busbars No.3 and 4 is as follows: 

R~ = o.c32 2·31 + o.59 xi = 2.97 x·10-6 oh~ 
..... , 4 2 )( 420 x 60 

Resistance of busbars No.5 is as follows: 

R = 0.032 2• 31 + o.59 = 3.68 x 10-6 ohrn 
5 420 x 60 

Hence, resistance of the 
1 x 10-6 

R = -------.....--~----
_j__ + _j_ + _j_ 
4.Cg ?.97 3.£8 

hcrizontal pack of tr·(. anode b~sv:ork: 

= 1.17 x 10-6 or.o 

.. 



• 

• 

4 

Voltage drop in the horizontal pack of the anode buswork: 

V = J·P = 35 )( 10; x 1.17 x 10-6 = 0.041 ohm a.p. \ 

Voltage drop across the anode buswork will be 

v = v + v = 0.059 + o.041 = o.1oc ohm 
a. b. a.r. a.p. 

And total voltage drop across the cell buswork: 

0.068 + 0.100 = 0.168 ohm 

Considering voltage drop in the welded connections the total 

voltage drop across the cell buswork is adopted equal to 0.18 V • 
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Unit 

• Anncxure No 3 

SUl.'lllARY TABLE OF INVESTI.IEJIT COSTS FOR illAHUFACTURING .Alm 
Il!S'l' ALLA'l'IOIT OF 70 KA REFINIUG CELL 

Cost cntegory 

4 

At I trimester of 1986 price level 

Unit 
cost, 
Rs. 

5 

C o s t a, 

Foreign 

6 

Local 

7 

Rs. 
...... -· .__., ........ ..-. 

Total 

8 3 
. -- --- ·----------- ... --- ---------------

t 

l~c; 

A11odc A:>ocr:'Jbly 

Welded steel anode shell 

Anode Lininca 

Asbestos sheet mill board 
10 mm thick 

1000 pcs.1 OrJinnry clny bricks: 
(ke) , 250 x 115 x 65 

kc.,. 
( !?!'.)) 

J.:c 
(m3) 

Mac;ne::Ji te hricks: · 

725 pea - 380 x 150 x 77 
1~ pea - 300 x 150 x 75 

4 pea - 300 x 150 x 65 
Fireclay bricKa: 
2152 pea 

255 pcD 

230 x 115 x 65 
2 30 x "! 1 ~ x '+0 

12000 

50 

I 

I 450 

3.1+1 i I 

0.91 

I 
l 
r 
~ 

! 
i 
I 
I 

143220 

28000 

905 

28330 

7225 

143220 

28000 

905 

28330 

7225 



• .. • 2 
-- --··- _ .... - - ~ . -·- ---·· -----· . --- ...... _,,. - ... 

I 

::;rtL :~ty Unit G<,ut cntcc;ory I 
Unit Costs, Rs. 
coot, - ---- ---· - - .. _ 

Ilo Ro. 1!1 ore:.i.c;n LocBl. f ·Total 
• 

1 • c:. 5 5·~ 1 i-~)o l.- (- Licht wci61t fireclny bricko: I 3.09 - I 12236 12236 
(1~.•t) ('-'j) rn 21 ;A pee - ?50 x 12LI- x G5 

95 pcs - 230 x 115 x 40 
.. 1.'-1

.1,.i O~ :::: t Al•unina, fillinr; 3000 - 960 960 
f t 

·1 • ~; • 7 0 • 01.-) t Fi rec lny paut e 3000 ! - 48 48 
' j .. ,.t_.~ ~._j,'1 -U.o- RclFuning r1ix (bottom paote) 7500 

I 1?325 17325 ' -
·1 • ;: • 1 0 • ·1 G ' -uo- IlujldinG gypsum 1500 I f 240 240 

I - I I I 

1.;·.-10 0.0·7~. 00<.liur.1 suplhate water c;laos 3000 i - 225 225 
1 

I 

··1 • -~~. 11 : 0. 0) 7 i / Chrioolyte asbestos 1500 I - J 85 . 85 
I I i 

• I 
I 

1. :·~. -1 > o.oy::, ' 
; Grnphitizcd clcctrodeo, din 350 I!l!ll 40000 t 2200 2200 
I -

Cnrhon plat c: 200 x 370 x 625 nun 29000 ~ 2204 2204 
-1. ;·. 1 --;. 0.07(, i· i 

- ( 

. 
I I ~ 

99903 I 999s3 '11otnl of it em 1. 2 • 
I . 

; l 
I 

1 ~ 
! ; .. ! Ano<1c 3cctiono 

1 ;-, ·1i0 ()''.J6 I i 7500 ' I 720 t Bottom pnote • i 720 . ..... . . . I -
• 

A ... '"°' 1 r \(..: :-u.o- I Strip steel (collector bar) 1 • .'..'•·-I_)•,.·,_, ; croso-noction 230 x 115 n1m 9000 I i 47520 I 47520 
' I 

-
I . ! 

1 7 -·: 1 -r·o --clo- I Cn::::t iron 3000 i - I 3960 I 3960 •;'•.?: • . ,('._ ' 
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1. 7>. '.) 

c· 
? •. , 

?.1.1 

~'.1.? 

) .-., . --
;.) 

2. lt-

, ' r: 
,_'.. "_) 

:-i.:i.-1 

• 
i 
!qty Unit 

' l 

t 

~.176 

0.23 

0.8.'.)2 

0.16 

1.012 

t 

-do-

t 

t 

t 

0.005 ; t 

o.c:.7 : kr.; 

6.5 . kr; 

..-, 
c. I) c~;. 

Coat cntec;ory 

Carbon bloc~ section 400 x 550 mm 

Aluminium strip, oection 1 x 150 mm 

Total of item 1.3 
Total of item 1 

Cn t110rlc ncoembly 

0<:11 ::r'; eel structure 
(oupport structure): 

steel 

- aluminium 

·rot n.l of it cm 2.1 

Pnntcncrn (lJolto, nuts, woshero 
split pins) 

Fabric baaed laminate 

Asbcstoc sheet mill board 

Cn.thodc lj ftinG rncchnnj mn 

Llotor 1T = 0.75 kV/ 1 '10001'pm • 

Unit 
cost, 
R8. 

1414-8 

20000 

' 

For·.?ign 

73230 

7.:5230 
73230 

• . ----r- ____ .. ' 

Coats, Rs. 

Local 

4600 

56800 

300003 

j 

Total 

732;o 

4600 

130030 

373233 

12000 _ 10224 I 10224 

30000 - 4800 ' 4800 
t-- .. .,.. - .~ ..... -.... ·-- .... _~------ ... ··--··~- ..... -~ ...... - ... . . ·-
I 

10000 

150 

50 

1200 

15024 ; "!5024 

50 

101 

325 

21+00 

50 

101 

32~ 

2lr()Q 
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:.HL 
TTf\ 

,, ..... 
',/ u .J Unit Coct cn.tec;ory 

__ ._, __ ---- ------~ ..... -·-- ---.. ----···---· --~-·-. -~-- ·-- .... 

'"'.:-).2 

' ,- "'."' .-_. :~.) 

' • :,. 4 

:'. (-. 

;-~. r) • .., 

,..._" ,- ") 
L- e> o. (_. 

::.G. 3 

2.G.4 

2.7 

.. .., 11CfJ ,__ .... 

4 : pea 

0.03;1 t 

0. ')(~:.:~ t 

0.982 -do-

0.175. t 

o.03G -do~ 

(~86). f~:) 

/ 

'.'hrm redvc ti on r:;enr, reduction 
11•\r1liP.r i = G3, pe::i..'P'liosthlc 
torque on alcw-cpccd shaft 
- 120 k:;f/m 

Scrcu jack, capocity 5 t 

Snpport otructure 

Totnl of item 2.5 

c~.thod.c lmowork 

Cn:; l; f\l11J:1i ldurn busbaro, section 
'1)0 x 70 aun 

Extrudc<l nluminium lmsbnrs, 
section 430 x 70 mm 

Beams, cross-beams, etc. 

Fasteners 

Total of item 2.6 
Eccentric clamp 

Unit 
cont, 
Ra. 

?500 

15000 

12000 
-- I 

35000 

35000 

10000 

10000 

5000 

I 

Costs 1 Rs. 

Foreien I 

-

I 
~ 

I 

! 
'I 
c 
I 

l 
~ 
~ 

' I 

i 
[ 

Lot al 
r 
i 
I 

f 
I 

15000 l 
60000 r 

384 i 
77784 I 

I 

I 
34370 · 1 

34:;70 l 
1?50 ' 

360 

?0850 

65000 

• 
Total 

15000 

GOOOO 

384 

77784 

34370 

:;l~3?0 

1?50 

360 

-

. -- _ .. __ 
70850 
65000 



• • • 
. . , Unit Costs, Rs. 

3~L i Qty Unit Coat category coat --- : ! 
No. • R ' Foreign · Local 1 Total 

s. . I 
~.8 I Cathode ~ 

' 
2.8.1. 0-.442 t Aluminium bor, section 80x120 mm ,30000 - 13260 .,, 1'260 

2.8.? 0.152 t Bimctnllic plntc : 
(Alwninium - atcel) 108760 16532 - I 16532 

2.s.3: 0.101 t Steel 9000 - 909 · 909 

~.8.4 0.738 t Stub, din 160 mm 8000 - 5624 ·I 5824 

' . Totnl of item 2.a 16532 ; 19993 j 36525 
1rot al of it em 2 165 32 ; 249127 : 265659 
Grand total (it. 1 ~ 2) 89?62 549130 -~ 638892 

I· 

3 Fabrication nnd Installation ; 

' ~.1 1 pc. Anode nsscmbly lining 10500 - 10500 ~ 10500 
1 

).2 ;:..:.-175 t Fabrication o:f cathode bt1 sv1ork 550 - 1196 : 119P 
! ~ 

3.3 10 % Instnllntion 
(nnotlc otcel ahcll, anode 
sections, cnthode Rssembly) 538909 - 53891 ' 53891 

Total of item 3 65587 ' 65587 



• ~ • 6 

, Uni.t Coots, Rs. 
~~ li.T· I ., 'T ll i (, L:o:..:t cntcc;ory 1 COG L' 

Local Total ( '~ · Bo. Foreign 
'~. I 

O·rc:r11c".1l co:.;to 

·1 • ~~ - Port • 'J eli:i.r_sc'!::..; :i.nl1 lcv:i 0::.; :"S''?Pi? - 1346 1346 
l. {; 'J ~ .;1.111~ elm.rec:.:: -do- - : 898 8')8 

' . . , ::r. <' f'. 1 I :;t OJ.I cJ.uf; y -do- - l-tJ+-881 44831 

.u } · rrn1nportnt :i.on cootG from 
port to pJ~n+. cite - 110- - 2693 . 2693 i ~ 

i 
• 'f'ot;11l o:f item 4 49818 49818 

G~L'\r:D 'j'(l~'AL 89762 66L~535 .: 7!;4297 
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() (1 0 ' 11 a 'I C 11 11 l' 

l>l:,ignallnn 
HaHl'te11ona1111e 

Name 

i I I _ [ JS_o~ MeTaJIJil~ecimil 

h'.0.1. 
Q-ty 

I 

OJ 11Me'l31111C 
f emark 

i ; !~_teel casing ____ _ : ,--------1 --
i 1 f n ·roM =e : 

:-1 1----------llnclu~n~ __ _ ___ ---1----• 
· I 1 I IDBeM_filL__ 1s1.c150 - ~, kg 

, I ! I channel i 
!-, --l ! lllBeJIJle=-P-----I~S-L_,,-C,,_,._2~50---_-_-_-~:---~----I 

! -I ·I !channel - I--
' ! ! i llI3XJ;®__] __ ISMB250 --_-F·1 kg 

_____________ !!__~beam 1-
1.I@naBp ISMB450'----' - t~Q__Jcg 
II - beam 

----------J_JiucT 
0 

_ 
4 

_ -1.16-Jcg 

!sheet 
-- - ----~------ ---------, - - - ------ --

1---------1-"- 5~---•-CIQ~---- _.1!-C7-kg_-

I -"- c --'-'--------0 = 8 - -2 2-kg 

----1----------1 

I 
' I -
i I I 
I 

I 
! 

I -I 

I -"-I 
i S • ~o 

- -

" c _ _:'.'"_::_-u----=~1,2 __ _ 

e11111111u 
1-'art-; 

Assembly 
111111~ 

AmoNamneeun 3ano.n n r. Kop6a I1n,n;IDI -
:JrccnopnMOIITaJibHO-,IJ;CMOHCTpaIUlOHHM ycTaHOBI<ll ,Ir,1lSI npOH3BO.IJ;CTBa aJIIOM:IHrul 
BUCOJwa trnCTOTJ~. 

Aluminium Smelter in Korba, India 
Experimental ~~~~~~~~~~~~~~~~~~~~-

~ ~ demonstration unit tor 
hit,h purity aluminium 

~ production 
I3358?3 

I 3JI9KTp0.7U'I39p 
1 HHi1 Ha 70 KA 

CT3Jl1UI 
Phase 

pruf>mmpoao-q- 11 

170 kA Aluminium retinine: 

JI llCT Jl ICTOB 
Shrrt ~I ccf.; 

I 6--
VAMI 
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~~ ~:g s~ 

0603H3'1eHRe 
Designation 

HauMenoeauee 
Name 

Ko.i. npe11e11a11Be 
Q·ty Remark o-cSJoc:o 

6~~_:..-N..,;....-~.;._~----------------~-~....:....------------------------:-~-i------~I 

-
1
44 kg 

JIHCT 5 = 15 
Sheet 

- '+6 kg 

1---i---1--1-------------- ---------------- ----· 

lIOJioca 5 x 160 _-!1'78 kg-
Strip 

I-----,i-----·--------iTT_O_¥_"'...::.· "P.-.RB-_---------1 - I iO& kg 

! ~orging _____ l__j ___ _ 
-.---l-----------1 : I 

:K._,.p"'"'e=n=e=JK!L.._ _____ . ___ 1 _ 7 kg 

! '. Fasteners / I ---,-----1 -----!-,--

'
-----~-, 1,-----

! ---··-------------1 ----,--,---
1 

,i.~ap;a CT rum 15 • "')"')t: , 

I -·~- 1-~ 

I 1 .j Steel grade ,-i--·--
A __ 411_-2 I I335874 f_TiepoBiw. aHOJtHM_ 

1 
1 ~500.c.g 

: Anode lining i I 
__ 1_3_3-58_7_5------·-~aT_Qll_ --.-··---- ~-=~~-5-1-0_k_g 

A4, _Ce._t_h_ode _ -----:--1----
-11-jl _ f.iexaR.B.3M no.n;'Der.:a __ ·---- _ 1 

~.aTO,IJ;OB - I 1--- ---·-
-,-,-i-·------1 -2--i-4()~g-

Cathode liftinc I 
! l I : ~~~~~~~ ~~- _ .. ___ _ _ __ _ _____ _! -- --~-- --
,---- ! B TOr~J! ... rr.e.1-. __________ _ 
I I 
I _______________________ ------·----i ~nclud.ing _ _ 1 __ ._ 

.__ ___ -jl_-- -. I J'E.!!Yl!TOp _ qe_pBJ:'Ili!:il._ TPC.Y.C- 2 35- kg 

_ -·. -----------·--- [iop:.:x~ye:.~iL-rJm R.I c_ -----·· 
I ~e~~O!.LH_Q,JLJ~.Q~e_c Ot!,. ______ . 

• ,___ 

I 1 TI:nopa3:.~ep 30 nepe.n;aTO'i-:- ___ _ 
____ 1 ___ ·-·--------------·---, - . 

: !IQ~_ 't.II';Q.T._Q qQ, BJ:C,Il;!'!aJ! 
I 
Y·~::~::roC'l':& O, 9 Jioo;n;v.m-.:x -·- -·- ---- -- -I;~;------·- -- ----- ----- - - ..... ·-

1335873 • 1, .i 

2 
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06o3HaqeHHC 
Designation 

HaHMeHosaHHe 
Name 

, _ Transf~rming worm gear, 

type RI w! th worm -----

above the whe~---

Ko.'!. 
Q·ty 

IlpHMeqaHHe 
Remark 

standard size~----______ 
1 

gear ratio 60 1 input 

power o. 9 h. p. I ! ----
~1-1 ,--1 ,.,. ~~ ..I I ') ,', ".7'" kg I IMlU1a'fe..'iO_TpeXJJ!a.3Blm , __.~u.Y~-e--

1 ; Three-phase motor __ j ____ _ 
--:- ------,----- I I 

I
I I jC®ID1_~-9e-9- I --· 

'type i ____ 
1 -1-, -,------------:~ = 0.75 kW, 1000 rpm !- ----j 

__ l_l_i_ i- -----!---I-
I ·.lillm~I!HTo_B_@ _____ 

1 
4 : 200--£-g-

_11_, __ 1 :DJyaorro;n,er.mocT:&\\l ;--!-- __ _ 
1screw jack, ce.pacitL___; _____ _ 

I ! 5 t _________ _!___ -
-----,-----------------1 I I 

I I I 1
----------- ---- - 1------------

• . I I I 

I I I I ; I 

--i- 1-1 1;~;.r~ KYJ"~Y.lt~EO:~:CROBM ;-:-! _-1-0-.-5·k--g 

I I I Double-slider coupling_, ___ ! __ _ 
----1-1 I ! 

i_I __ i -~:::e:~azB~YJloqEo,. _\4'5-tg 
' 
Elna~ic gou11ling__y;ith. __ 
I 

l 
I 

I Steel structure 

: ! S 

1 

_ ----- --i.'.~T;00J<Qrt~;~;rJ;?. . _ - - - ~ -i 1012~g 
! I i 3JI8I{rpo.rrr~3e:tJa 

rubber-bushed studs --1 
' r.:eTaJ'"lJI01~0HCTDj"1:'.J;i~~ -- - - --! - -- ----- - -- - -- -·· -- -

I 
- :-~-kg--

i 

I, I 1335873 
, l::n 
'l:t'c 1 

I ,---



t S 06o3uaqeuue 
~~ ~~ S<ii Designation 

~e:~~~~~~.c~~~
0

l--~~~~-----~~~~~f-~~----~--·~--~~·~r1 --"!'~~ 
!B TOM ~CJie: 

Dpuyeqauue 
Remark 

Kc.~. 
Q·ty 

HaHMeuosal'He 
Name 

\Including 

,_---r-----------,lliBeJLJiep ISL~S---'~I 212 kg 

I . I I 
j I . Channel __ ,_! ___ _ 

----i--l--------------1 I I 

I I :.IlnCT & ~- -----/ - ; :5 kg _l_I_ Sheet _1_

1 

__ _ 

-"- I . ----~~--------1 - ~-27-kt;-
I I 

-,--
1-------------1---------------1--,----

t -"-----S"-=--8-----, - : _5__.kg_ __ 

I I _l_j __ _ 
. I 

~,- I -"- _ _s_= 10 ! - :tQ_§_k_g _ 

_ L_, _____________ !------------------- -----1--!---
I I • I 

, 1Ir:ci:r ____ 5.-::--45----- ---· ... 42 kg---

_1 ___ 1. __ 1 

1 

_Sh~e_t __________________ / ____ ; 
I I 

lI~:oca ___ 10--x---120 ------ - · - --5- ~-g--
_, _ _1_1 _______________ 1 _st_r_tp : '.----

' I : I 

i I _______________ ~::;r.'~ 50~~~5 _ - , - : 7 ks .. 
- ,-----1- I : I 

: K:D~T -----~'---1-2--------- - 10,5_ kt; 
! F.od _ _ I _, ___ _ 

-- -- -- ----------- ----- - ----- ~- l I f 

! l~penea _______ ---------- -- -i - 4-,5 ke 
~-- -!-- _ ___ : Pas_tetle"" __ .... ... _ . ·--1---

: I r.~_apra_~'n.."=1>.EUX--- _ _________ !------
__ ___! ______ _I _____________________________ 1 ;:i;eTa.i1efr _ _ -·-I 

Steel --~~!ts c;rt.d~ as_ __ I ______ _ 
-- - - I 

~--- per 
- - ---- ---·· - -- ·---

IS : 226 
---~-·-------------------:---! 

.I. l. 

----,-,--- -------- ----- --------, ____ _ -~I ·-

' i 

~fl<_ i 

1325873 4 
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06o3uaqeuee 
Des!gnatlon 

HaHMeuosauee 
:\a me 

\ .llncT a.11unnmeBull b" = 3 
Aluminium sheet 

II Ko.1.1 IlpH111eqaHHe 
Q-ty Remark 

- '60kg I 

I 

JIHcT am.mHneBHii S = s - . 100 kg-

11--~~l-~-----------~ 
A~wninium ah_e_~t ___________ 

1 

XaprutTe;pHCTmta amovrmms: 

Aluminium charact eriatic_~ __ 1 ___ 
1 ---------------- I I 

II::.i;p:.::e:.':'.'.u=eJI~np~o-='t!H=-o=...cc~T-=R-----1 !---
I I : Strength I l ·-1-,----------16 kg/ 2 -,-:---· 

I mm ---1 .---1 

I l 1_1 __ . 
-ii-.- ! 0THOCUTeJThHOe_~H.elillLI 

I. ---- I 
I ____________ 

1

Elongation -:--
1 

__ _ 

-,-- :2:::..:0o:__,,•~·~·-'2~8=~%~" ---------: i--
_I_ :-/-~. 

I I 
'TeKCTMI~T 1 

- 0-.£7-~ 
l __ , ______________ ,

1
Fabric-baeed l~ne.te ___ \

1 
__ 1

1

, ___ _ 

w---1 l:9I?TQH _ _.9_QQe.Q'!'_Q!3SZL _____ - 6,5 kg· 
, I , 

i ,Asbest~_s -~~eet Idl~ ~o_a_~~1 __ !

1 

___ 
1 ---:--, 

.,1 61 Q"~fi_QBKa .}:aTQ,U.t:M._ __ --- - -: 1 
11

2461kg 
Cathode buswork 

.-1'.-11·---!------------:-------------,,--! 
__]3_ TQ~L~QJ!~ ~ _ __ __ _ · 

1-i- _
1 

i _:no lud~ng _ _ __ :- 1

1 

• •- ~--
I.

I TI::r.:!!a a;m,'.I:Hl:eBaJI m:T~_ _ l. 982 kg 

,Ce't!emrnM 
---,--- --------- ------- ------~~~~t -~~:iz:in~u.m E~!• ____ ; !-- ___ _ 

section 430 x 70 --- - - . : __ I_ __ -1-----------------1 ---- --- ----- , I 

I 
t'.mt~_Mr:J~.~'"H~E?Jt?.{Ll"f?_eG_G.P-_ - 982 kg 
I i 
:BaHHa..A: c~trem:er.1 ____ ! - -- - -:------------------1 

I .,. 

I 
' 

E~:ruded _e.lunin~wn ba_r1 _ 

section 430 x 70 
·- -~----- -~~----------~ ·-·--·-
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0603uaqeuHe 
Designation 

HrnMeuosauee 
Name 

IY..mmecrum cocTa.ti MaTe-

Kon. 
Q-ty 

Il pHlleqaRRe 
i{emark 

----'-------------i.tP~H~a.1I~a~m~v1~H~-------.-- ____ , 

·mmm1crum cTarurapT 
1 

___ _ 

_ _, _____________ ffiIIp~.m "l3a.IIB.~o_" ____________ , ____ , --
Chemical composition ot 

lbusbar material as per __ 1 ___ 
1 ,_-,-'------------~ALCO standard No 19501 I __ _ 

_ 1_1
1 

I _ !-I 
I 3arorM 3KC!18HTPllltQp_lU1 _· __ 1} 286 kg 

l : Eccentric clamp ! __ ) ___ 
1 

--

1 

I i 
! CT&Th ---W8SS------I 
I . 
' Steel I 

--'----· ; -,-,-,:·----------! lU;~D, __ ...... IS..uallB""-1.---1~7-J---5--! - 166 kg 

I I ; I - beam 1 I :--,----~ - --'-----------, ~Jli~-rrc~TL_ __ _,c-~-~1ov--- 1 'It :Z.--k-

: Sheet fT \ - \"TJ 0 
-_._l __________ i -----1 

I 'ffeCT~------S-=-~1-=o-5----- - :;4-kg- -
f Sh : I _!_ i ________________ e_e_t _______________ 1 __ 

1 
____ 

1 

I : I I I I ::::a ___ 20-%-400 - ---- l_-_r_c-_-k_g_--
- - I : j 

\ \ ]:pe_rre~_ - --- ---- -- - - , - }6 kg---

i _I __ -- -~!.-~t_en__:_~~- -------- ----- --- ! __ I_ ---- -
I 
I 
i 

-- --- - -- ---------~-----------· -- I 

I 
I 
I ? -I 

Steel grade 

1'~_~;:1~ 

Cover 

IS:.226_ __ 

I 
-- ---- 1 5 k~--

I ----- --
------~-----! 

' ___ I ____ --
---

I 

i 
I 

I 
----

I 
- /----~------~-------

--,- __ I ___ ---------- -- -. 

. ~~~_!_ 8."IDI.!!;g!IS3bl!L__ _____ _ I_------
Aluminium sheet 

b=3 

1335873 

' ' --1-
i---

- -· ____ I_ -
I 

i 
:1--n 
'.·!1•.cl 

6 
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3730 

2790 
-- -,.--------·· --------

...._ ______ Gl(O ___ ___ ~1i.---------6L/O 

' 

i ---- --:r -
~ I 

I ~====i 
l 

' ~Q 
~ b=:==:;=li ===::t===~-:...;;: 

I 

I l I 

~ : ~ ! .&:@. l -t 
. l ~.n...E ,.....~cri : ;::lll 

~ ;· ·~--·----·- ~ ... ; P- - . - § :. ~ ~,-.-..._____: --
i;r 'rt ~ 

-~-w ~ 
1 
~r 

~I . I . I I 
L--_ _..._ __ .....---______ -

..... _ -------- -------- --- --- -- _______ _._J ------- ; _ _fif)_BQ_ 

I I 

I 

t 

I 
I 

I ---t- ----- ~---

1 

I 
i - :~---- -- -- ----- i • - . ~ --- I I 

' I 

I I 1 I J 
~ 

~ -
.J .. " I __,.,,, .. 

1 
I 

... l ..:. 
~ 

" 

I I 
• 

------- - --- -- 1 , 
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-~ ------

r I~ ~ 
~~ ~ I 

I ~~ ! 
,.....,... ________ __.!~__! ------------·----· ----- - - - _ _J 

I ! 

~----J'1_~_ I 6l/O -1 I~ 

m rf R---1 (f ~ 
I . "-- 'f' 

rfh ' I Jl - r;--
-- - - I - I - : i - c- 1: 1 I -.---,- - - --,--------~- ~ :~7 

f... + I + ' J ' + ; ' -f~ -·-·-- -- ------·--- -----------·-- ----------- -i-l-· _''[ ' ' 

+ + I + + i l ~r-r-- I - - l I ! , I . ________ ,....._,,___ _ ___, 
I I 

----- --- -1---- --1·---------------- -~ 1- -- I __ -
• ! I I 

~· I I 
~. I <\J I - - I I 

I 

- ,______ __ ·-··-- --· --· 

I 

I I 

- •. -- - - -- ------- -- -
I 

• 

I -- SECTION 3 
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1970 

I . 695 __ '-, __ 

---- J/20 I 
' 
' 

I 
l 
~ 



1970 
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SECTION 6 
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(!xeMa ripi 
J/Ltl G/(tlf M OF 



npqCafKU 0110811&1.x. 

OF AJ/OJlE FLEXl8LFS 
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SECl\ON 7 
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. 
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.. 

7 exHU'leCKQ j 

TECHNICAL C 

Pacl/emJ/Of! CtJ. 

{ f STIMATE :B 

n.11om11ocm' m 
2. c 

l./RRE N7 .J'eA 

Pa1Mep61 uJQt 

3 CA VI TY .!JIME 

_r.11g5u1-1a w 

" 
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., 

JJcG .:J.ne 1:7fo..nuJepct._ 
/ / eELL AXIS 

T e.xHU'lecKC/ R .::uip a J;;m epl./cmu1ra. 
. TeCHlllCAL CHA RA CT£ ,l(/S TICS 

Pacl/emJIOfl CtJ.110 nlOKO 
1· f STIMA iE 11 AM PERA GE 70JcA 

flJ10h7HOcm' mOJ<Q & J.Ael\mpo.JJtJme . 
2
· C1.1RRENT .JJe11.sir11 In eu~TROLYTe 

Pa311eplrf uJC1xrnt1 & nAaHe 

3 CA 'flTY .JJ111n1s1on.s in PLl'f# 

(JJg5uHa wa:;cmd'f SE cl\ o N 8 
~ ~A I/ J "7· v 'n ,. ~ _, I 

0,6 A/cm2 

21/50 ~ ~760mm 

'lOOmm 
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SECTION 10 
·--·-· _____ 2_2_qu ____ _ 

3100 
---------·-~- ·--- ... 1 

6220 

/ 
I 

.1 



60 
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SECTION 11 
--------·-- _______ 220_Q _____________ -· . ·- ___ ... . . .. . . 

3100 ··- . -··-----· -- --- ---· r=---=~-----· 
2_ 2_Q ___ . . ... ----.. ···--· ......... 
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SECTION 13 

3060 
,._._ _______ 16JO __ 

----- ·- _____________________ 3370. 
3&10 

-----1-- r- 2~Do ----r - . ... . .... .-------------- -- -----------------
1 

06o3H&qeHHe HaHr.teHoBaHHe 

I 

Kon. n HMna11He 
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------~~~-------_[Jl!j5UHQ UJO:rm61 

A-A 
M1:5 

/ 

/ ,· / / 

f /'/// 

SECT\ ON 15 

·-·--- .. 

" CA VI TY .JJtPTH 

Ko.1u1l.fecm80 /\amoa, 
5. 1./ 

tY()MISE/( _OF CATl/0. 

6 
JJ ua me mp ~farp11rupo80J1J1 

}l_/A_M ET£/(_ OF etJTf/O~E 

7 _ /( o.Auvecm&o a 1-1oaJ.1b 

NuMB£R OF AllO.JJE .si 
K o.nut1ecm&o 3aipJ3C 

8. 
ill1M/3ER Of FE£1il#G 

g_ CKofocm' nefeMellJE 

CArHo.PE MOVEME#T 

./0 .. Man:tJMOJIClltfti :;coil j 

MAX/Ml.JM 81/SWORt. 

.,., fp!J3Dnod6eMHOCm(; 
. noa-r,eMa KamoiJoB 

LoA.Jl CAf'ACITY OF 2 
MECHANISMS 

./JJtoMllHUe&#u 3aCoa G ? 

1 tcnepu Me H TO .n G If O -a e Moc;po 'fO 
nf.ou.3Coac1 Cci C1A1D/l///11u;; 

ALu1-11N11H1 s11E.t.TER IN Ko~& 
EXPERIHE/ITA/.. ~!HOAISTRATION ~ 

Al Vl11AlltJl1 PRODUCTION 



' '- " -, 
V / / T 

~///~/~ 
~ .... 

-- ---

_[.n!J5UHQ UJO:Cmdf 700mm 4 CA VI TY JJtPTH 

Ko.nul/ecmBo /\amoaoC 13 wr. 5. 
/{()M BE!( PCS _____ OF CATHO~ES __ 

6 ]) ua Me/llp z,farp111upo80J1H02.o ono1<a KOT004 

JJ 1_",J_J!f E TE/l ___ -Or eAlf/O.lJE ~l/!(Hi1E BLOCK_ 

7. /( oAuvecm&o a 1-1oa11&1:J:; ceKlJUU 

Nu/1~ER OF AHO.l/E SECTLOllS 

/( o.nul/ecmf,o 3aip5Jol/HtJ1a:, K<1(JMOHo8 
8. 

AluMBER OF ·FEEJJING .coMPAl<Tl'4ENrs 

cp S0011Jm 

16wr 
PCS 

-~ UJ1 
PC 

9_. C1ropocm' nefeMeUJeHU:I /\amoao& V=G2l11/mi1J 
n 
CATf/a:RE MOVf /t'IEllT VELO c1rr 

1 
O .. Mo Kc uMaftCllMci xoiJ OUJll ll,08xu 

- MAXIMUM Bl/SWOR~ T/?AVEL 

ff fp!f30noiJ6eMHOCm~ 2K MeXOJ./U3/r1o8 
· noil~eMa KamoooC 

LoA.F CAPACITY OF 2 CA7HO.ll£ LIFTING 
MECHANISMS 

JJ.1tomt111ueG61u 3aCoa G ?. K()foq. t/NdUll 
1tcnepuMeHTOJ!Gl{0-0eMoC7potjVOllllOll YCTCIHotca.- a.1111 
_ nio1.1.3Coac1f<2 Q./)1()11///llUJ? 8HCOKOV l/IJCm0761 

ALu1-11N1tJH SHE.t..TER IN Ko~BA /llPIA. 
I 

EXPERIHEllTA/. !JEHCHSTRATION 11/llT /'OR. HltJH·PllAITY 

H=SOOmm 

{).:{Ot_ 

Al VHl>lll/11 PROltJCT/011 s E c T I 0 N 1 6 
~---, -
.~;::in::= 133587380 
0/11aM ~~ u ~~u J.neK TPt?lltJ~ep p__acpuHuf o· ~modfJJ. M~o Muwmrm 
~ C1ENDSI UJC111wrtflll1 "'""' -go<llfM!/ 11.1.t 7D tic Phase Moss ~cote 

70 KA ~ef1N111c; a1.L n 61830 1: 10 

/:'eC:: ~ I s~:e"'J!J 2 
----~------ .. _____ V~l _ 

! 
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5 13w~ 

' ' ' ,_ 

/ ,r ,/' r 

. A/ 
IY()M BE!( __ Or CATl/OJES__ PCS 

6 1J ua Me/tip tfOtpl1TlJfOIOJIH02.0 ono1<a KOro()a 

J/1'.1_M ET£}(__ Of etJTf/OlJE_~AtrHiTE BLOCK. 

7. /( o.Auvecm&o a HoaJ.lfJl:x;, ceKIJUtl 

Nu/18ER OF AlllJ.JJE SFCTto#S 

K o.nuqecmCo 3aip5Jol/Htr1a:, KOfJMOH08 
8. 

#UMBER OF FEcJJING COMPART~ENrs 

rf 5001 

16wr 
PCS 

-1 UJT 
PC 

9_. CKopocm, ne1e11eUJe1-1u~ 1'Clmoao8 V=b211J/m 

CA1HCJ.J1c MOVE MEilT VELO c17r 

·n .MaKcuMa.11cHttti xoiJ ow11J1,08xu 
1u. 

1~1,~XIMVM 81/SWOR~ T/?AV£L 

1~ fp!f3onoi16eMHOCm~ 2~ flleXOJ.IU3M08 
' nool;eMa KamoooC 

LoAJI CAPACITY OF 2 CA7HOJJE LIFT/#$ 
MFCllANISMS 

JJ.1toM1.111ueG«il 3aCoa G ?. Kof6CI. 1JnJu11 
1tcnepu1t1eHTCJJlGl{O-iie/170Cl JJOtjVOllllOll YCTt1Hotca, a.I/>/ 
_ nr-:ou.JCouc1 Ca. C1.t710A1/./11u >? 8ficoKotl l/i1Cm076/ 

ALu111N1u11 SHE.t..TER IN Ko1.BA /llPIA. 
I 

EXPERIHE/ITA/.. DEHOllSrRATION 1//1/T f'OR HIGH-PV/l!TY 

Al VHIAlllJ/1 PRODUCTION 

H =SOom, 

0. = {0 t 
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06o3Ha11eHHe 
Designation 

HaHlileHOBaHBe 
Name 

I Ko.~. 
Q-ty 

Il~w11e11a11ae 
emark 

Ilo CTaBKa IIO m£IOPTY 
Imported , ____________ _ ¢Carbon block 

400 % 550 % 900 

- 2088kg 

Q.]2e~ npene~ IIl>O'tIHOCTRi 

Ha CEa.Tne He Mettee --.i,-------------Average compressive 

I I I !strength minimum j 

-1
1

-,-,

1

--------12 __ 20=_k_g/=c __ m
2=-=-=-=--=--=--=--.-i--

-I- I !_I 
:Ifupy~cT:&, He 6o.rree , __ 

~orosity I 
---------------, 

I 24 % 

_l __ , ______ 1========_1_ 
IY,!len.Hoe 

i 
6o~ee 1 

:3.'l!eRT:poc OtmOTI!lr 

------------1 
I tlectric 

I 
__ ! __ , _____________ me.xi.mum 

resistivi~--

---- -- ----· 
i I ?O__,.ohm. mm 

- __ I ____________ 1 _M_K_cn_ •. _"·1_.z_.r-__ -_-_~---_ -_--
I 1-----

. I -~§.,~~y_:.a ____ ------
\ Casting _. ________ , _____ ----------

[ 

U v 0 

. ~TYJI JII:Te::m.m 

I i--
1 --,------

- I 520 kg ,------Cast iron 

! 
'------

1 

- -- - - --------------------
I 

I 

_l_ __ 
I 

. )JJ~~-cre_;:r.;::!L99_Q'£?.B_:_ ___ _ 
Che~ical cocposition 
- -· -----·------ ------- --- --

i 
.~~ 3,2 ••• 3,6 %L ___ _ 

--------
! 

I 
I _, __ _ 

,. I I 

-- - -1------ ------ ---

II~~ 0 1 3%; P ~ 0, 12 % ; 
·--------------' --

I 
- -- '--------- -------- -------------

' 

.!IT: 

1335874 2 
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0603aaqeaae 
Designation 

Ha61mKa 
Ramming 

HaHMeaoeaaEe 
Name 

Ko.11. IlpHMeqaRHe 
Q-ty Remark 

IMacca no.noBaa 

--1-----1------------IRmnm __ -_1_n-=g~_mi_x ______ -- ----• 

lrrpene~ MexaBHSecKoil 
I 
I 

!npo~OCTH, He MeHee ,--:! ----,-r------------~echanical strength, 

I I '20.kg/~2 ~- - I l 
-.-- i j 1-1--· 

jl II i _,jKJolo.t..>.~c.j,Y,,...Y,....mu.....-.re ..... a ........ T~cc.urur ..... 3 ..... aLl..j,~--,1 1 He MeHee 
-,

1

-,-------------: Coupling coe!f'icient 1-- ___ _ 
i 2 l 25 kg/cm 1 

-------------'------------1--1 
-,- - ! IlopncTocTJ.., He 6o.n:ee 1 

I , Porosity 
i----
1 ; 

! 

~[- 1_2_3 __ % ___________ !_i ___ , 
I ! 2 ! _ce_~_aR.QJiliaJI~...___ ____ : a '20 51 _ _kg 

---------- -·---· 

' ! 
I 

.
1 1 A.node section ' , ____ 

1 '------------ -----~--------~ -,-1- I i I 

1

·

1 

1

11

. B TOM 'tll!c.m~_;__ ________ , -~- _ 
Including ; l 

-,--1 I t ,--1---
1 I I --~1m:.:c __ ~ __ CT§.i~!> p_g.zr_opo?_M_ ;- paoo_.J;g 
I I i _g_e11_em_:etL__ __·_I ____ _ 

.. I- -- ·Collector be.r, strip : 

I I 
.steel, section __ 

---.-----------·- - 115x230 IS 1875-1978 --·---
Jie.aTa a.m:r.mm:eBaa._ ____ , _ _ __ 

I ce-qem:eM : - i 115 kg ------------1 -----------·- -------· --1 -
:Aluminium strip section_ I ____ _ 
! I 

-i-· 
1 x 150 I 

- -- - -1---------------1 ---- ------·---- -- -·--- --·- --, - -
i 

ITOCT2..BI\a no ill.:-!OpTy _P-:9~ _ITO.TU>.B:~iL____ -- --- - 3088kg 
Imported Ce.rbon block ! 

··----I-------·-------------- -- - -- -- - .. -

I 
400 x 550 x 1340 

1335874 
- -- ~.; __ "-'"-• .. ,1• l,, f '···· : ,, 

."l:·n 
'.'h"t ; 

3 

I 

I 
I 
i 
' 
I 

I I 
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06oJaaqeaee 
Designation 

.__,_ ___ , ____________ _ 

Haueaoaaaae 
Name 

3a.mmxa 
Casting 

~yl'ya J.mTe:i!~A 

Cast iron 

Ha6RBM 

Koll. 
Q-ty 

-

!-

-
--

I Rammi~ I 

n~e11eq.iaee 
emark 

..::..::..··-- .-

800 kg 

-,·---, ---=---------,-,_ 
I I I Macca llOllOBa.R _ ___ _i - i "8 ~ 

-_j_I_ ------------ix-.. a_p_ruc_T_e_p_:rr_c_T_I!KlI ___ r_r.a_T_e_p_rr_arr_o_~l!--

1
,---• 

I I ;c=M=·=rr=o=3II!Jl!Ji=· ='-'!~------,- I 1-
IF'or material cbaracteris~ _ __ _ 

'tics see item 1 I 
~~~~~1 _I 

--,-!-31 - 'Tpy6a 3amrnomtrur i - ! _S.5--lcg--

_l_I 1

Pouring tube : I 

~--,-
------------~:;:::~:c::::PM [] ____ _ 

i fa 350 

-

I 
I 

_I __ . I 
I 
I 
I I ,_I_ 
I 
I 

I 

I 
__ l-------------;Y_-.n--e-.1Th ___ H_o_e_3_JI_.1.e_F_:i:i-. n_rrq_e_c_K_o_a __ ,--, ____ _ 

I I 

I 

~COITDOTIIB.n:errr:e, He 60Jiee l --:--------------1 ____..__ i----

' Electric_a!_reai_s_1i_yit_y~_· 1------~ 
i 

---· 

1

,_m_~imum _____ !_ ---· 
----1 9,5 :.-&~.~m __ : I ·----

1
-1 .. -··- -----------I - ---- --- --- -- - -1 

lIP~J:Le_.l!_J.~J<:CJ.m~e c_Irofi ___ 1-------- -

...... -'--··- i I 
.. ______________ ffil_Q_:I_H_QC_T_U;_ _________ ----. ___ \_. __ _ 
,- I ' 

.~echanical strength I 
I --- !-·-·-

---- __ 1 ______________ 1 ~::::;r::;~:;~:eHee _ -.-1--
~ I-----------·---·- ----- --· - ---·-

JI '85 ky cm2 min. l --- ----------- - ---- ------ - ,--·-·- ,_ _____________ ·--·--! --···-

1335874 

~ . ..k,_,;rr. . .. . 



0603H&'leHBe 
Designation 

HauceHoBaHBe 
Name 

lnpz paapHBe, He Mesee 
Breaking strength 

Ko.11. 
Q-ty 

Il_pu11e'lauee 
Remark 

!-----·-------------- ------------
• 75 kg/ cm~, min 

----

4 - 74 kg 
Carbon plate 

--
1200 x 370 x 625 __ _ _ l I ___ _ 
lr.~exa~ec~ wol!HocT:& I I 

--i-------------IHa c&a.Tne, He MeHee ,--,---

~echanical compressive \ __ 
1 

--!-------------, 2 i ----· 
rtrength 230 kg/cm 1 __ ----

---------------1 ! I 

Knpnm rJimi.fllWtt 06:.:RHo- ,,,45m3656Qkg 
I <> <> i I 

__ 
1 
_____________ BemrnM O.IDIBapIIl-lli : ______ 

1 

prdine.ry clay brick J I __ _ 

-1-
I -,-

I --,-, 
5 -_l_I 

l I 
·~-_, ____________ , 230 x 115 x 65 _____ --!----· 

I I I 
i lip__o_'tIBOCTii rrprr C'\""!'.l':'i!ll, ___ i ________ _ 

l i 
I He rrieHee ' : 

-- --:------------- Compressive st!"ength i--1----• 
-------------- -----1 :-------

! 75 kg/ cm2 n:in. I 
---'-------------! ~ 3 ------

-1 I :¥-= 1,9_ G/_111__ I I------
1_1 __ , _______ !----------- ----~------- __ \ __ ----

: YJ:pmit! mru.:oTHEfi 
I 

______ 

1

P!reclay ~rick _ ' ___ 1 __ _ 

- --- - -------- ~12~3-~30 __ • _ _!. 1~----·----- _ I 
i _________ ----- ----- - __ _1_-----~---1--- ---------------1 I 

I _9ri::eynop_HocT:o, He m~~e 1 ____ _ 

: Refractoriness 1670°c ci.n ; 
------1----------1- - ------- -- - 1---, 

ITO__-;>JICTOQ_'I'.:&.1. __ H~ 6o::ee _ __ _ · ____ _ 

___ i Porosit!____ _________ _ I __ _ 
I 

: 23 % I 

13358?4 

i..-... -.. ... - I. I ~ •. #' ,. ' ~ . ,. 
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0603Haqeuae 
Deslgnatloo 

1~-~~~~~~--~~1 

HaHMettoeattee 
Name 

Ilpe.neJI II]Oi:nIOCTR II.PH 

ClKaTim, He MeHee 

Compressive strength, 
2 ·230 kg/ cm • min 

t = 2 G/c~3 

KoJ1. 
Q-ty 

IlpHllHaHBe 
Remark 

Is - ! I\IrpmN 2}0 :z;-~_-i_5~5----3-, 7rn-~1· 7400kt 

I I j '.Brick I _ 
_ 1_!_7_, ___________ llillprm:g: 2::lll "'115" 40 d

1

,2

1 

,-3t.;lLL)--ir-.-. 

_l_I i_B_ri_c_k ______ _ 

I ' ~Krrptwr mar.mTHblfi .rrerim- --,

1 

__ _ 

i I B=e=c=m= .. ...!=iio__ ____________ _ 

-1-1 I l.1ght-weight I ; ____ _ 
_ l_l_

1 
____________ ,_i_r_e_c_l_ay_b_ri_c_k _____ \ __ I __ _ 

I ! I :IIpe.neJI npoqrrocTrr rrpII I __ _ 
I 

1

c.r..aTi:rr, He r.mHee :--i ~ ----'-------------1 I , ---
1 I I I I 1 , Cornpressi v~ strenght 1 ' __ _ 

_ !_I ! _25_kg/cm~ min 

1

_: ___ , 

J Terr.rrg!m_QE_QJtrrocT1'~ie _____ : I I I !---
1 I 60.11ee. rr.:m cne1rnefi 1 __ _ -1---·,:-------------\ i--1 
1 I 

1

. T_e!.'JJ~IJaTXP-~- _____ . __ !-----

: I , H~!:!_ cond~c!~ v~_Y~~x. 1 : __ J ________ _ 

-,-- I I 

I at average terr.perature , 
I I ---1 
, 

2 50+25°c-o 27 w /m°K ' 1 _! ___ ,, _________ ------- - --: ..;'_ - - -- - f - -- I __ 1----

~- _I_ .... I • ~~;t:.~-c~;~:)\V_lmOK ____ ! _1_-_-~-------
1 I -- -- - - ·------·-- ------- I 

I 8 

! .. -i--9 ·1 

"---1--1-------- ---. 

, Ij:p:u:q ~1-24x6.5------- 4,3in(- 3.8?0~ 

'~ric_~_ - -- -- - -0 ,1m-i,. 90 kr~ 
JJ_:]:J_I:i:I __ 230T-11.5;x40__ __ - ~ 

Brick 
--- - --------------·-------

' 

1335874 
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06oJeaqeHHe 
Designation 

HaHMeeosaeae 
l'\ame 

Koll. 
Q-ty 

IlpHlleUHHe 
Remark 

--•-------------- YII,,µ.i.u.Tiol.OuT....i..H.i..ioe.._.HHH....u....a.il..__ _______ ,- ----1 

9-- Compacted magnesite 

brick _..___ __ ,______________ --, 
Co.nepEatme OKHCH mrnmr . ----1 

i i 
Ha 1JPORa.7I8HHOe Br-mecTBO, i __ ! ____ , --1-,.------ : I 

He r~~el1ee_ __ ____ _ __ __ _ _____ 1 I ______ _ 

I I I bgnesiwn oxide content, j 

_J_I_ ~n calcined basis !--, __ _ 
I ! ' I _j_,_ j91 % min. 1_; __ 

1 

I I i 
i C o.rre;pzarme mmcn naJI~Wst 
I I I I ____________ 'Ha rrpov.a.n:eHHoe Bomecx:BO.r-·-- ___ _ 

__ l_I_ /He 60.rree 
1 

! I ! 

~l_1_.1 ____________ Falcium oxide content, __ .

1

. 

I p_n_c_e._l_c_i_n_e_d_b_a_s_i_s ____ i __ _ 

_ !_. __________________ : 2,5 % max. !--!----
' I 

, ___ _ 

~e:r:-s >-Te ,II;:E~o~:;:cn.---, -
_, _ _! __ . _______________ :::1er.::-rJdIJ~m:;..-r;eHE.QfL __ :--; ____ 

1 

i 
I ! :sg_::i~CT~~ _Ha__d_o.,11.e.a__ ---- • 

I Silica content, on - ----------------- ~-----
! 1 i 

i ! ~~~~ined_ }?e,~i:_s .t_ _ __ 
! I i 

1 , 1 % me.x. , :---- --------------:~o;:c;o~;n:-F:-u;rr()~=--~:--!--= . 
Porosity, 20% max. · : 

! -----. --~- ~ - ------~--- --i 

_I ___ ·--· 

Cortpressi ve strep~J!'!.J. __ _ 

500 kg/ cm2 min. 

' 3 --,---, 
- I I 

__ I_ - -----· 

t= _?,?_?_~[cm _________ _ 

i I 
1335374 
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06o3eaqeHae 
Designation 

HaeMeHoaaeee 
l'\ame 

Ko.11. 
Q-ty 

npe11eUHRe 
Remark 

IO 11\m>InN 380x150x?5 t• 1m 58150 ks 

. __ r-----------~iB_ri_c_k ________ ~ 

,- - II - ':;::: 300x1.50x?5 -t5m S 132kg 

I
I2 - .lrnpmrq f>00x150x65 0,01mf 26 Jc&__ 

!Brick . I __ _ 
,__

1

_!_13_, _____________ IKapToH ac6ecToB!lii !-_- 560 q__ 

_I __ I ·Asbestos sheet mill be.a rd ! i ___ _ 
, I '=' i-, 
! I 0 = 10 I i ____ , 

i l_! _________ l _______ i_; __ , 
-,!-114 - :ijf jTIBR.a 1

1,4ml 2310~g 
. I Ramming 1_1 __ --1- i i ' 

: iii-__________ Ln=·ia=c-=ca=-n-"':'-"'omi_.no~:.._..._•rur~~~~-------_-__ ,_

1 

_--~--==--, 
-,-,- ~ne.ne;r r.mxaH:=trec1=to=ii,___ __ : I----

1 l 1

rrpo-crHocTn. He _r_,_~_P_-"',H=e,,..e~ __ ; I ~ _,_ - -------- - -------=-=-- -- !-1---
1 I , t:e_ch_~i_ca_~ strength ' :-- ___ _ 

-

1 200 kg/ cm min. ' -'-,:!'-1' T-. -:~----> ------1--,---1 
r-.,_Q321!_:W:~J!T ___ Clli!.3I!._________ ~ _ 

; 
I I He r.~eHee : - -- -------------- ------------------
! I £oup_~:i._n~_ ~~!f !! c!~g t _ __ _ ' _ _ __ _ 
I l 25 kG/cm2 min. i _i __ -·.---------------·-- ----- , _____________________ -- ------

' IIo:n:cToCTI>, Ee 6Mee__ ! _ _ __ 

-- - 1------- ---

/I~ -
I I 

I 
I 

Porosity 23 % max. I ' ,----

Putty 
- _ _ _______ 0, 11m3132k,g 

I 
I 

---~: ___ _ 

--;- -1 
~ i ' 

Asbestos besed on sodium-
- -- - - - - - --

, I 

--- : I --1- ---i----- -- ---- su~ph~te w~ter blass 

.I 

I235C74 a 
. _.,, -:- # -··. . . ,. 
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C:!.i"C{?.':' :-r.:J_:J _ :.10"'1L_"I:!i_ ___ --2r1 

Silic~ modulus I 

, . , ~ I r1 ...... ,,,.~ .. , ... , ... 
I.\ . . .. 41 •. ' - ,\_; '1 -~.:. ·-

l'\'.l • r :: I p •::; '!!" ."\ 

I 

- ---- -- - --- --· - --------- -

-,- I 3 I 
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1I1_____ : _1_~1 ~en_sity -:-1-j-6__1r_<P 

I 
Io! - u3:.!a3~ ma::o:im.1.a ___ ______ - __ -""'6 

i _____________ ~~reclay put!:t ____ _ ___________ _ 

-,-117 I Il~c~.:a3!\a _______ _ 

: I S_p_r_e_~_d_in_~-- --· _ __ _ ____ _ 
--- -,-\-------------I'-.mc CT"CQ:!':'~,_TI>F.B:j 

! )_____________ Buil~~n~~s_um ________ __ --:----
-;---

1 
I 3 320k !8 ~aCtlIIRa ______________ D,27~-- ___ :g 

I I Filli?!!_ ---------- _ 1 
__ _ 

' '-------------
--,-,-, r .. rno3e.dt.____________ : -----

i I ~lumina _____________ l ___ _ 

--· 1------------: 
I I 

__ 11'--1--------------i ----------------,--, ----1 
i _' I 

1

1 1--------- :_i~-~-1 
---- ! I 

I 
i --------·-1 
I 

i --------------·------
.-'-'--!-------------- -------------------··---! 

-----

________ i __ , ___ _ _ ) ______________ ---------- I 

I- I I 

--~--!--------------- - ---1----1----

-- ___ , _____________ _ 
-1 

-·--,-----------
I 
I 

_ _____ I ___ _ 
..--1--;--I------~----~-- ~ I 

_I 

~.....--1--1-------- --------1----,-
Sheet -,,.. 
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1. IIrrRODUCTIOll 

'l'ho i;quip1~1cnt nnd T1ntcrinla :.:ipecificntiona for the F.,neibili ty Stuc'..y of construction Ot 

ti.~ t;xporincntnl-De1:1onotrntion Unit ( i;nu) for production of high-purity aluminium (HPA) have 
bean rrcpnred with reference to the aitir1g at the DALCO'a Korba Aluminitm :;melter (India). 

The oitinr, of tho EDU at thia o:noltcr ia conaiderod in the Peaaibility StuJly in two alte~ 

n .... tivco o:f nrrnnr:cl"'lent of the IIPA coll proccaa aections 
- Altcrnntivc I - the HPA collo arc arranged in the cell-room-75 iri place of three aluminium 

reduction cello to be diannntleds 
- 1Uternntivc II - the HPA cello nro nrrnueed in the extended pnrl of the eell-roorn-75• 
Since the l>oth nltornnt.ivca differ but little, tho di'fferenco in welghts of the equipment 

urd r:ntcrinlo, if nny, in in tho for;] of a fraction with a top fieure rf'Jf'erring to Alternative I 
m1d n botto!:: one - to Altornativc II. 

'.i..'l1c ovc~all rnquircinenta for the cquip1rient and materiala in the eumaary table below are 
civon with brcnkdowu by the oourcos of aupply. 



.. 

• 

i Iter:'l 

, 

2 

SU Mr.lAHY '£A13Iili 

of l!:quipmcnt and Materials Hequirements for .h;UJ for HPA 

..Production 

Equipment: 

Soviet 

Inuian 

Total of equipment 

---.. -- .............. - ... ··-··---- ....... ______________ _ 
, ____ ~'upp_ly _ql:_la~~~ ~~~s,_ ~- ______ _ 

l Al terna ti~~~-1-~-rna_t_i_v_e_I_I __ _... ______ _ 
I 

Remarl-:s 

0.03 

115.07 
0.03 

117.97 ----..------______ ,.. __________ _ 
115.10 118.0 

2 i.la ter lal s: 

-- -·-

0. 80 i o. 80 . . j :..;oviet 

Indian 
Total of n~terials 

- -- .. -· -· ----- )_8), 0 _, 88, 4 i 
183e8 : 189e2 I 

---------- -------- ---------· 

Grand total of equ::_pment and materials 

:.:>oviet 

IntJ.ian 
-·-·-· ···--·-· . ·--------- --------· 

! -. 

o.83 
298,07 

o.8J 
J06.4 

}"or convenient use of the Speclfications in this book please bear in minds 

the eq'..l.ipment o.nd materials with 1ut reference ·to the supply sou1·ce will be 
supplied from India; 

- the equipment ond materials to be imported from the U0SR will be marked as such. 
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' 

:\I l'-, : I . . 1 
-.--- I Trans. 1 I ypl', U11ll 
:'\" .1, ('• •r•:' "~! ' ! Name and tcrl111lcal characteristics hrnnd • of 

to k1·~11111ln!_!kal! Nu j model, m<'asu-
llowslw•·t I cl plier reme11t 

1 

') ,. 

.,. 
--' 

,, 
I 

1;xpjmJi· AiiTAL-Df.i:on::;·.rn/\'l'IOiI UIUT 

I. PROCl~;,;J El.'UIP:'i~:n• 

?0-kA rcf inin~ cell 

70-k.\ "l"r~t.:r.ol:•tn pr.<'rnrntion nnd 
cnthocle irr.pree;nation cell 

.'-lw1ini11"1 vncunn crucible, lined, 
cnpnclty 3 t 

1ncludinr;z 

steel 

lin~.nr: for crucible, 
1 ncludint~I 

n) onb~otoo bon~rl 10 r~ thick 

h) brick 1:0.3, lliL , r;rncle 1 
rrii t, ft>r flO":rinr: nlw 1i.nl11·1 into 
:r"'f~_ntn"'. rf'\l.l C'"""'"''.'-'tr 1,...nt: 
r.n t'lr'·r. ,-rt t.h hyr1r,11lic t!ppinr, 
clr-lvc, c~pncity 1~-00 t 
ircludi!lr:: 
- Clf'\Ctric motor, n = 1 k~7 1500 RPM 
- nnbnaton-~~~ont board, 020 

pea 

pea 

pea 

p..:o 

pea 

<Juan· 
Uty 

2 

1 

3 

7 
~ 

" '-

2 

Net weight. kg 

I 

0 OllC 

1.icce 

I 3930 

I 
2775 
1~J5 

35 
11.20 

2170 

~2 

4e·tfl 

total 

11940 

8~2!7 

3615 

255 
3360 

4~ 

44 
B.G 

4 

V/hom to 

be supplied by 



5 

;-,;us ' I Net Wl'lght, kg 
I 

-I Ty pl'. Unll 

I Trans. I Quan- Whom to 
'.'\11 ;in:nrdln~ , I Name and technical characteristics brand, of 

tu kct11111lu~lLal1 No I model, mPasu- tlty o· OllC total I be supplied by 
llowshet'l I cipher remc11t piece 

I I I 

I I - nobeatine I I I 
30 60 

I 
- 11~.ht-wf'if".,ht fire clay WJI-0.9, I ?95 ?90 brick no.8 

I 
I I - f!rl) clny, ~J) grade 1, I 

I 
brick Uo.o I ~10 620 

I 
- chrJootilo nobestoa, 

I 130· GOS1' 12871-6? 65 

I - plaotico 0.014 0.03 
I 

I 
- folt o.01a 0.04 I 

I 

' - rubborioed aobeetoo 0.45 O.') ! 

I - oilp:roof rubber 0.115 0.23 

I - caot iron C415 I 190 }00 

I - oteol 4~ 1110 2220 
I 

- r;onr pump i-;fr.iotor, Dedplate pea 2 5e.7 117.4 
l'~1JI-I~ 

- oil cup IV- L-I~ POD 4 0.11 0.44 

- lear fil tcr r4I-ll-OU -"- 2 2.1 4.2 
i 

- prosouro gauge, type 1, ~ 100, I 

Prnax 11 16 ke/cc2 -"- 2 o.a 1.6 



6 

' 

:.1 >:-- ':'yp1•, 11 ., 11 I i Not W<'l,hl, kg ---- ·-· .. --1 Whom to T1.;'IS. l1ra11<1, of \JUH!l• -
\~,> ,;\'l·11rdfil~! I Name and technical 1.:haracterlstlcs 

It~ f· \ :P1• ,j, ··-: h.'.t I ;\ () mmlt'I, 111('<!5!1- tlty l r 011e total be supplied by 
I Ill' 1 , 111 ·1, l i clphcr reme11t Jtece 

I 
I 

r·, I !rii11" nll'l~.· ;rnC'll' ntic :·~i~inr: I I 
-

I P'" ~ t pea 2 •!4 28 USSR I " - , 
! 
I 

' ' i'-· ·~,,,.,'1 ... "1" jnr~ hn:i':·;cr1 type -"- J3 ''3 39 
'· 

I ' ~ \" ' ' 

! ··o-"'"rJ Jit' l' I ..... . ~1 ._,_ 

. ' :•nrt'."i·V~ p01;,,.,,+.:io·1t't!"i:- w/thcr"'O• ( I 

I 
('t'l'Jnl~, ;~~·;0,.ntb.lc rnr~ ,~oo T''l 0 I 
lt')Ylf~t . ~""m1r-~·1 ~'1t rr:mf:") ~lll0-1100 C " - - '2 (1.9 1.0 

~ n. r;. ;~"' 111 vol t.".otor1 ocnlo 

'-"-o-:·uo iN 2 c.5 1.0 

l Pnlir-1,.-rcinforccu X"llhbrr hooo 1 I . 
o. n. ; : ::; r.m. 

b 
24 

.. ...., ; · ·,.., ·'r 11 '.1t"rl bnY for cl~ctrolytc, I• 

1 r.r\p:\C'i ty C .1.) n3 pea 140 2100 

11 I I .-J_;'.--J. ntr,....l 1111cl·rt for dry I 
I r ... ·,J ~ -~ • C'"\!)PCl t~{ 10 n3 pew ~ lt60 2300 

I 
1; f'"'""r n1n t ,....., ro,.. h11r:'l-in:T:' rl'"lll'l('l 

~,.,rill U. n totnl WC~ ('ilt r\ tor 1J:200 
rl.itre ,.,...e...,rn to Al~('rnntive I 1720(1 
r" d n l.•otto 1 one - to Alternative 
II) 

' - r .... ~n~~ .... ,,t~l"I·· nn'1 inntnlJn.t.:ton pea ''8 16800 
I 

i or nnw ~ovnr plnten, o~~ol 16800 
! ~ U.:i-I, cncti?1h::i 
i 
I I I 
i 



'~ ( i:-; 

\:1l ;t1"\'llf•'l11\: 

tll kl'illl<'i\•;:tt:~li 
ilow~ilt·:·i 

1 _· 

I 

Trans. 

;\11 
Name nnll tec!Jnlcnl characteristics 

n) ncc-1<1 '!00 (::1cnnitf1) 
I 

I 

I b) cnr,~<1 }'>n'\rd, ?> t,::""ntlo, p1no 
I 

I 

~ .... "'...,:. tool!'> ( <'i:'")'l':~,nr~i, ni1"v~lr, I 
r~~~rrn, clectrolyt~ prernrntion 
cup) 

I 
i II. ;· ATF.RIAI.;} 

I 
i Jlitor.C>Y'~~ 

' I - C"~~t nl11...,in:1.n" rn::ihnr, 11?0xGO 

- nlu· .. .inin--: Fitrtp 'Vi'O ::-: 1 

l'~\il t-:1~ nluI"'J.nin"'l /,~B 

- n~;lH'nt(')'1 1:-onrd .S10 r:·1 

I 
i 
I 

I 

A~~ 

Type. I U111t 
bra11d, of 
mot!1•l, lll\'<ISll· 

cipher rem en I 

I 

oot. 

I 

I kc 

-"-
-"-

" - -

I 
I 

I 

I 

1 

I 

' 

I 
I 

Net wc·lght, kg 

r;7r; . , I 
I 
J 
I 

total 

.22.Q 
300 

100 
100 

575 
.. 

2~zo 
l :;56~ 
! 21100 -211.00 

3rq 
j 430 
I 

r;<J/57 

? 

Whom to 

be supplied by 



I :",():-, ' I " I --1 I 
. ____ , Trans. I '.IV'. Unit I 

:\n :•((tlrdlnr~ I ' Name and technical charncterlstlcs br:ll'd, of I vuan-
to t_<'(ttn ·i11[!1cai: ;\;o j model, mcasu- lily 

llowslH.'1't • I cl plier rem cut 

I 
' 

i - rt!"'be~ton-cemcnt boo.rd, 20 mm T I J - I 

2 
i 
I 

I 

I 

thick 

- ol.ecl DCi'lJK J 

Kincellancoun ntr.lctura.l ntecl, 

Incl.1ldinr; H:PA cnntine; noction 
! ( 11500 Jee) 

kg 

kc, 

kg 
I 

Net weight, kg 

of one 
piece 

of 
p 

total 

600/680 

JOO/J40 

18100 --
19100 

··---·--- ·-· . ---·- .... _ .. ____ .. _ -- .. - ·-· +----~ ..... ----+-----+-~-

I 
' 

'l'otal 1:qui.prir'nt-Alt.-I 

i.:nter-lnl::i-Al t.-I 

~Jim0~~:.::,Al t.-II 
r.:nterinl:::-Al t.-II 

I 

26612. 
33.300 

2.161~ 
39527 

l 

8 

Whom to 

be supplied by 

I 
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10 

:\ i \" ' I i Net weight, kg 
- I TypL'. U111l I (.Junn-' Trans. I Whom to 

:\1) ;:, l·,inl!ri~~ Numc n11d tech11Jcal charaLlcrlstlcs hra11d, of -
tu f·» :tTl1dP;!it\1j ;\(I mni!PI, m<':1s11- I llty ( f OllC . be supplied by 

1.n\\."·dh 1
• : I Cl[)llcr re111e11t Jiece 

total 

1 •·,c-· 1 ~ lj· 1 tn ... I 
I I I 1J· ~ · ... ~ ··~.~~ 

! I I 
1~ l ,. 
; J.;l"'. ,'.! .. I n"':I i ., I 

' i- mil'C::J to:"I 1'ot1rd, 10 ;~!'\ thick m'- I 4f1 5GO 

13.3 I 

i - co:-.:;r:-:-c::nl cln~' brick ?~100 M3 I 5940 
i 
i - "'"!'-1"'"1'l t<" 1,r.t~'' ··y_,..,1 ! \' • ._ ... -

f.13 inclP•H,.,,..: ;r ::. ( J00x1 '.;Ox.65 mra) 0.6 100 

r '! ( JOOx150x'f 5 mm) J"\3 0.4 120(\ 
i 

!7 ~ (J!30x1?0x75 rmn) m 2.6 ?800 
I I •' 

I - fir<'cln;: lJr-lci~ 
I i 

i 
innlnrl:tr~I IT::> (2J0x114x65 rrun) I JT13 4.1 8200 i 

I 

f·~ ; ;; c. (2JOx114x40 mm) I n3 ~20 I 

I 
I I 
' - l:J ~~'! f~.rn~ln:1 brl~J~ 
I 

I I 

r.3 i in~lrn:.:tnr;I r: () ( 2J0x114x40 mm) 0.1 ')O 
I 
I 
I 3 I ~: •

0
• (250x124x6' mm) rt '~· 3 3870 

- n1t!"5.~1r\ - fil lin:. n ::> o.?.? 270 

- :-"~~"~ fH'1,f"I~~ (ri·~, .. ~-nr: T'ri'1tl") I ri 3 1.3 21~ 

) -----~------------------~-~--f-~ x) for c~1,,.rectcrintl<''1 or ::"'.ntcri lo oee Append~ x 

I 



11 

Typt•, / Unit I Net weight, kg 
ii charadcrlslll:s brn11d, I of I ~ua11· - Whom to 

m01kl, nwasu- t:ty < r ()' .e ! be sup lled by 
cipher I remc11t I ilece tota P 

I I I 

~· ):-; I I ______ : · · Tqll', Unit Net weight, kg 
, . I lra11s. ! l. I 1· f I ~u·rn· - Whom to 

:\ •' ;i, 1.·nrL 111f~ . Name n11u tccl111lcal charadcrlsllls irnni • 0 ' 
to1 1.-, '1n<1l11.:ic;il: :\u m01kl, nwasu- tlty < r fl'•C tota! be supplled by 

iinwsilt•t t , : cipher I remc11t I ilece 
I I I 

i- \"7'\tnr r.oc1in::1 ,.,lnrm, r-ocln-milphntt
1 

/ Jc~ ! I 75 ~ri, r.ocln-milphntt
1 

/ Jc~ ! I 75 
~00 k~ ';'l - c1:r;;~otlln nnb{'.'ntoo k~ ';'l 

, - b•iil<Ur.r: r;, ·rHm·• I k~ 1GO I k~ 100 
.l'."1 kg 25 - l"Jil t-t~_r) nlu"'.initt'."1 kg 25 

' !."'~e 1 ~5 
1 

- 0lcctroc1." tnbo !_1~e 1 ~5 

~'!-~xG ;JO pc e 1 91 - ~.,_l'~O'l Jllntn ;:QO:x'!-~xG;,0 pee 1 91 
Lnclud.lnr;a pee 16 12126 

I ! 96 
, , n t "' ,..1 r. t rl. r J I 
ic11:; r.~1 WTir:rc I , 5280 

I 
13~ 

':OOx~:;o :'1T1 ! 5100 

,t 1 x ";;o rn I 
1 

250 

1 
- ,,-,or1~ cH'•ctio~rn, includ.lnr;I pee 16 

1 

12126 

n) 1iotti:::n pnntl':! I 'I 96 
b) ~"11ric ~"r -r ... ~.,. nt,..,..1 r.trl.T' I 

~C.,. 1-.n ..-~7{)x11r· .............. ,,., Ir"fT I 5""n0 1 ,... c~ J.,, '->· .) •. l .UVT ,.a I I r:o 

~) c"lnt iron 

1 

13~ 

~.) cnr1Jon block 1:oox~:;o :'1T1 
1 

5100 

) nlu~j .. nit1-1 ,;hcct 1 x ..., :;o ;~.n I I 250 

~: , ~tnl"l r'·"'~l I 

;t-~l.-, :,~T~- rm G I pee 1 11530 I pee 1 11530 
.. ~1-',~~~:1 I I 

1 .. , 'I r- I 000 1 pee 1 1000 1 nt ~n j ''JP'\V r.c.; pee 1 1 
' ~ 

I 
' 

I 
I 

i I 
; I 

l 11n L ·.'"\It I d'[ 11 I J : • f 



·, i )~ i 
: Trans. 

'.'\" :1lT11r1:11:•: 
\Ii tn·!1n·•l11.:k;il' 

i;U\\'sht·"t 

,' ~ 

..-, .· 

l) 

;\u 
Name anti teclrnlcal characteristics 

\ C"ll "'~"'"1 n~:.'l'."',~t11r."'n ... ~ .. - "·-------·· -·-· ~ .......... 
. :i.rcl•1(1ir:.r:: r.t.<'l'l .'~G~J rrcS 

- nln· .in!tt"i 

- t rx tol:t to 

- 1v11H•ritor1 bo'lrcl 

- :fn~t".'ri,,rn 

i Cn t!10(1 f'~ rnio:t ·1r: n"Ci1rmi~:q 

I In~lu(1irir:: 
I 

I-

I 
i 

-
,,1,.r.- •.r:-. ~ 
r; ~ 0,7~ 

... ,., --or '1A fiV~y; ~ 

k:, n:: 1000 n.P.P. 

Wl">r--1 !"'."'~r·h~x ;'fJ-['0-G} 

,.""~ r1'1•lo ~- ~ r.:-:, P",...'lri~ible 
""':i:'~n" on loi":-!'J'l N"tl fll1'\.:.'t 
;'1) 1:1--f.:·: 

j - ,i !'\Ok ~J • 5 t 
1 

- nt~f'l ntrnct~irr-, otcfll lJCT~:.r~ 
Cn ... ~~n-~r- ,,,,r, .. .,.,....,_ 

j -- ~-~- .. _ ..... ~..:._:~....:~ ... :; 

: lN~l11(1il'r".S 
I 

/ - nln~tr.:1.n:-1 hn'11in,. 11.::0 x 70 IT'1 

: - nln .. .inin- 1 lrnnl.Jr'\r It-JO r. (0 r'J'i 

Ty pl'. U111t 
brn11d, of 
motl1•l, me:1<>11-
cl plier rcme11t 

pee 

I 
ipce 

I 
I 
1 poc 

poo 

I 

I 

pco 

k[~ 

12 

I (Juan· 
Net weight, kg 

Whom to 
I tlty Ill OllC total be s11p;>lle<.J by 

~ lccc I 
I I 

1 I 939 

I 
860 

JJ6 
I 

1 
? 
15 . 

2 2'l4 488 

I 
•' 

2 17.5 ,5 
I 
I ') 1 1~.5 21) 
I 

c. 

I I 

4 ~G 224 
I 

200 

I 2170 

')80 

9ao 



1, 
, ·1 , I l 
. • :-- · · 'J\ 1n., Unit I Net weight, kg 

I rans. 1 . I ' [ 'iunn· -- Whom 
'.\,, :1<"t·,,nl111~'. i Nami:- and techulcul chaructcrtstlcs >rani • 0 "'( 

t.i i .. ,-:1:11'11•·'.kal ~o m0<IPI, nlt'asu- Illy o (111c t I' I be suppllc 
iipw._ht••·t i Cipher rcmc11t r ltXe O a 

~ H It I . ', i 

I : I I I I - l'nil t.-1m nlw--.:tnin'I ! D 
I I I I I M ""){ ' ,. " r r: - .. t" f' 1 , ·" -::v TI. r.) ; 12~ 

t. 1 1 1 . 1 •) I t"..n 
I - ('! , (' ~ V ,..._; r:r:.... ,/"' 
1 ~ - I l 
' .rn ....... ,..nnr"' 1 %1\ 

- ~ ... (_ .. ~ l.t .. • ' I I ;,,,..., 
I I I . 

7 ! ! ;:~.~ .... _nt._1:1_g_~!_n_::r:. pee 13 I 2?0 
1 i I;,,....l,,r1:tnr-:1 I j 

1 

- ~tC'"l cri~tinr:. ntecl 25 1 1GO 
I I 
i I -
I t l nn '' .. 1 ; - n ,Cf'! .h ... Tv ITCJ I 30 

:". 1 r. ..... '::1nr~~ pee 13 166' I ··- ....... . 
I Ircl11•l'.'1f'"I 
i 

- nlw 5 rii1q rod, J\~~~ , 4~ 
I I 

' '" l "O 16 I - [1·,(-'~_ I I ) 
, ; . I 

p. l ' ' ' I T~' > (3""' 
! - ~l .. f"f' ''.,,., .... ~·"''.. I I _,v I 
' - h.-t. "~r-1 ~")lntn I pee J 3'J 267 USSR 
I - n, 11···7.n1_1q - ntcol, jnr,lncUnr;I I 
, n) nl n:-.initn G7 

: 1, ) n t,. r- i I 200 

i 
' 
I 

I 

to 

<l by 
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\;I \.._ ! 
I 

'.\: t) ::1..'(( lr1: f Tl!~ ; 
Tr:111s. I 

TypP, I J flit Net weight, kg 

' Name a11d tcch11lcal characteristics hra11d, of (Juan· -- Whom to 

l11 l•'\'ilf'1'li»'.IL';ll N<> mo11PI, mC'a'lll· tlty O~ OllC 
ltl1W';tll'\ \ 

I I cipher I 
total be 1•1pplled by 

I rcmeflt pece 

- ' I 

TypP, I J flit Net weight, kg 

Name a11d tcch11lcal characteristics hra11d, of (Juan· -- Whom to 
mo11PI, mC'a'lll· tlty O~ OllC be 1•1pplled by cipher rcmeflt I pece 

total 

- I 

I I I 
I 

lOtnl: lOtnl: ~iinn0nt. ~iinn0nt. 18080 18080 
I 

fir\ t crial s I 4.3.370 fir\ t crial s 4.3.370 

i 

I I 
I I 

' 

' I I 
I 

i 

I 
I 

I 
I I 

i 

I 
! 

; I I 
I I 

I 

I 
' ' I i I I I I I I I 



~ 
r~ 

!>i ...:; 
0 ,... -~ 
0 . -· ,_ 
.- ·--...: 0 , __ 

H ...... 
·- ,..... c--1 
~ . ....... :s ...:; () ._., 
< . ei ..... 
H r .. ~ 

p::! ...: ~ 
~ ~ ~ 
(~ r-" H •-. 0 ~ . ,...:: 

< ~~ ,_:i 
A t~ ', ... 
~-· ;:::; ~ . ~ 
< 0 8 t'- ,_, ·-· F~ :::~ .. 
r..~ 

~ ·--=- 0 
0 0 

"'. R ~ ,..... 
~~ .... ·-H (~ . - ..... . 

"'• "-' -· • 
i~ 

0 
H .... , 
r:~ 0 

• < H _, 
C--! .,. 

H 
~ r~ 

H 
:: . ...i , -• . 
r~ ~, 

~ .... . ·• 



~11:-; i 

'-:1' ;:\.'\'~)fl,}ll~! 
l•l 1·'1·!1111'111:'.k.ti: 

tlt>i.\·~lil'\'l f 

i llft l '.. \l: 

Trans. 

i\o 

' I 

Typl', / llnll J Net weight, kg 
Nume and technical characlcrlstlcs I braiid, of vunn- -· 

__ , 
tnOdl•I, OH':tSll· tlly I ( f !Jiii! I t I I 
cipher fL'mcut L---1 itt.~1.:e 0 a 

fil'crln lJ nl.n~ I 

Inclnclln"':Z I 
'l 

- l"'rhf'!1to~ b0~'.':"(1 1 10 ·--:;1 thicl: n'· ! lJ.6 / I 5GO 

- x) c"·-.--·nreinl cl"''' hrick ;~ 100 1"13 ~.2 I 2200 . 
- : 0 ~f':":."'11 to l)ti~ 1~ '!'"Y-'"l 1 

I 
I 7. 

incl1i•Un:;: ~- ~, (300x150x65 mm) j' r;:~ l?.G I l ?800 . 
.. : ~ (J80x150x75 mm) I n.:.i ~.9 · 2700 

- f'ir,..r-ln.y t~.~~: ;·:;_I 1 f?:c-lnd1nr:1 I ' / 
7. . 

N 5 (230x114xG5 mm) r..:.i ~.OG I 8120 

n G(230x114x40 mm) n3 b.11~ I I ~00 
I I 

- 1~.f"'ht fJr"~lri;,• brj.c-1';: I zn3 b.12 I I 100 
inol111linr-:~ 

?. 
;~ (, ( 230x114:x40 mr.i) r.1~ ~.12 I 100 
i~ n (2~Jx124xG5 mm) n:> ~.3 ~900 

7. 
- l·otto•1 ~·nni;o (:r.~·r":.i.rr: pnnto) nj .!} 2!i()O 

- '":"'"'.':f'r rod1ni1 r;lnrin 1 oocln-
r·1lr: ir. ~.: ,... I I kr: I I I 75 

~---------------~~----------- I 
;: ) for ~:1~ri.ctrrloticn o.r ;mtt"rlnia 

I 
oee Jlppnndi' 

I I 
111·1; I , : 

16 

Whom to 

be supplied by 



'·.' )' 
\; l) th.'l'dld i fl~~ 

l l) t I, 1
\'' 1: l '. d t J ~ ~ i l' ll I 

iii >\'-·..;ht•• 'i. I 

., 
' 

;_J 

lltl1 : •• \\\; 

Tr:111s. 

Nll 
Name a11d tccl111Jcal <:liarncterlstlcs 

<':n:-l_::"lll ~ n nf.'~ic::i ~Ori 

I'\ 11.1(~5. '1 < ~ r'.'.rn fl" '1 

- il':.tl t-np nl1 F-:in:ttt:1 

- 01 "~ ~r".'·1.~ t·~b0 

er"~~'"'"'· pl~~·tc' ; 00yJt~0x(>JO 

n1q··1 lJt'\ - f .i.llinr. 

f'l'!Or111 f'N' tlonrl 

incln<UYH"',I 

n) 1'(')!.:to·i p~ntf" 

L) rl"1.l0(' ';n:"'.'" 1,..,.,....,, rt~"'l n tr~.p 
:l"r c.nlJ ~ i'])x'l1.:.> : ~1 DJ,.. 1 r:rr ... 

c) cf1~ I; iron 

d) cn~bf'>n hloc'.: 

:i.) 1!1n· ir.i n> r.i!1cot 1 ;:1 :iO r.-::-1 

:it, ...... i. ;il1n1.l 
~ 1

'. rnl , · ;riJ TIOJ 

:;:~t~t; >"",_.., ---··,g ___ _ 

r~ t.~t'\l ~ ,\_;,...,) jIC~• .. 

Tqw, U111t 
br:111d, of 
mrnlt•I, fll(':!Sll· 

cipher rcm e 11 I 

kr: 

kr: 
kr: 
kr; 

m 3 

pco 

/1q~ 
I 
kr: 
kr; 

lrr: 

kg 

poe 

pee 

17 

Net W<'lg-ht, kg 
<.)unn- -

I 
Whom to 

tlty l f ClllC I be supplied by 
,Jll'cc 

total 

- -
I I 

~1 ! 

I 
1r,o 

' 25 I 

~.13 
! 55 

91 

1100 
r'IG 

I 

12126 
I I I 
I 

')6 

5?.80 

1~20 

5100 
250 

1 115:;<) 

1 1000 



:\I i ,-..; 

·---! Tra11s. 
:\1> :in·.1rill11!; t I 

t11 11'1":1111 ilt>i' IL'<IL :\o 
il,>1r,;!t, ... : : I 

I 

Nanw and terlrnlcal charadcrlstlcs 

Iw·lndi:i .. : 

.. rl""e~~1" ;··"'-L;O.,.. r-.~r-J,.,-,,r~ 
.,, "' - r .. ,-. • '1 - , • ' ( , •. ,. :- o, /.) L . , n = 10< ... J .i.· •. :-i. r.. 

· ·"\- 1 r:".' .... -;:o'•,'.')"'"- ;- 1 . -'. ·o-r.:; 
r""~ ~ •:.~ o ::. :-: r._~. 
''"l"T'" r ·t )l'l:.-::iJ1r"::<l Dhnft 
~ 'iJ ]:.;;-f •. ~ .. ! 

,;~\(~~: () ,.... :i t 

nt0r1l nt1'."'~~t11r".', o~orl J\;T ~J:H2 

T) pt'. lJ111l 
hra11d, of 
modPI, nJ<':tS11· 
cipher fl'!llC'!ll 

I kg 

" 
" 
" 
" 

I pco 

pco 

poc 

p~o 

kJ 

I 
i <,.>uan· 

tlty 

2 

2 

"') 
L-

I~ 

I 
I 
I 

I 

18 

Net wright, kg 
Whom to 

of Oii(' total be supplied by 
1.tece 

3200 I 
3':30 

I 133 
? 
4 

5 

488 
• 

17.5 ~'-

11~.5 29 

5G 221~ 

200 



19 

:'\ 

: 

I 

I 
~\I\:-, i 

Typ•.•, U:11L I N ct weight, kg 
! Trans. i hra11d, of vunn- Whom to 1) ;1l',·11nililt.!' Name and techrdcai characteristics 

lt'l •f!11!(1L:_i\.'ttl :'\:o rnod<·I, mC'aqu- tlty cf o 11 e total be supplied by 
ilnw~l1l't i ! i clpticr rcmc11t ;)lece 

i1J 

' 
I 

I 
I 

I i I 

21?3 
,,. 

I 
I ,-: ~;.:1ntl" ;~,,,....,_..,.,~,~ Jc~ u I 

i- -
I ! ncl'' ,~ -~- ·· r;I 
i 

i I I - nln-~iri1.ln h1nl~'""r A::.~. '~:::.0x7C ; .n · -"- 980 I 
I 
I - n.ln ·-.:tn:tn· 1 :':m~·nr ATl0, ''. ::;ox70 m -"- 980 
I 
I - l:~tll ~-·::1 nln:"'imih -"- 8 

i - rit<'"'l i~C,..:J JTCJ -"- 12!) . -~ 

I 
- .r,.,:·t"'~~~ -"- '° I 

! -· 
- f'!t.r.-cl . ;_;,...;_: l:JI~ -"- I 50 ... 

, } 
!:cc"n~.:r.tc cl~· 'T'\ pee ;3 2)0 I --- ... - .. .,.. _ __.. __ ... .....- ·--

I i 
ln~lnd~ "1;''.I I I I 

: nt,..~l cn.n• _, !1"" 
- ,.. • _,. , I 1.t v.,.\.,.. •', 

,~~),1 I kc; 160 
I ! i- nf':~rl 

,,. ' I' f4 _ .. _ 
130 j , , ,.,·.) rrc.) 

I • r 

13 166, I' : '~'"'. ~'1~cl I" pee :·-- -· ·- ---
'Ir.('l11<1lnr:1 
I 

!- nlu~.tn.tn:; ~,1, A_:.;~; kr: IJ-')O 
r.) ~~:~01 ;·o --"- 16 
h) '\,:, '' T:rr') -"- 890 .L '-) 1 N 

I 
... 

1 l i I 

! ' '''I 



20 

~~\ '~ i I Net weight, kK i Ty pl'. U111t --- Tra11s. ' h1a11il, of vua11- Whom to 
\;o :!\ c· >nil11!~ r Name anti kclrnlcal charadcrlsth:s 

No model, measu- tlty Cl OllC tolul be supplied by tu 1"\ i1nt>i1•:~il·ali 

I 
cipher rcmc11t I kl'.C ilowsiin'l ' I 

I I 

1- ~'1--·"t.nJ. r<tnto nln·tl'1.1.w1-ntccl 

I 

I pco 3') I 267 USSR 
I 

I1:f":lWU"1 r;I I 
! 

I In) nl11•i:tr:t11:·: ke 67 
I 

1') nt.l"rl 200 

') I 
t~:ir';n.l:\ _, ~ .'1,;;rn ··!:Uh <1:rtvr 2 1511 --- - ___ ,_ ---.. --.... poo 

I 

r ··"tl"'r !i~1N) J.'~r~l pee ? 8JJ 
~--"', n ::! "WOO n.r.;~. . . 

. r1·ox .r:nr-1 ;-<;-~) pco 2 120 
:to i c ::;, r: :: 1,11-7 k7/ 

r''C'~! ""l lv·i,lJ. b""rlnc I pco I 
,,. 

I 3 
I ~ 1'IO; h ::: ;::1 I.....,_ I 

I 
I 

'~ r,1:.1.:; kr; 5 
kr; , .. 

.... _ 
I 20 

') -"- j 1230 •IJ 
" 



~ 
Ill 

' ;-\OS 

i 
11 ;teen rd l 11 ~~ 
t t'<" ii rn >I u <! ic .!Ii 
flowshed ' 

I 
' 
i 
i 
I 
I 

I 
I 
I 
I 

! 
I 
' 

i 
I 

I 

I 
! 
i 

Trans. 

No 

I 

I 
! Name and tcch11Irnl ch:uadcrlstlcs 
i 

I 
I 

I 
I 

I 
Totul ~1~~nt i 

I mntcrio.lo 
I 

i 
I 

I 
I 
I 
I 
i 

I 
I 
I 
I 
i 
i 
I 

I 
I 
I 
i 
I 
I 

I 

' I 
I 

I 
I I 

21 

Tnw. I Unit Net weight, kg 
(.Juan- Whom to brand, of 

n.rnlel, nwa s ll- tlty o: OllC lo la I be supplied by 
cipher rcmcnl J ICCC 

I 
I I 21932 

40929 

I 

I 

I 

I 
I 
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N 

I·• • 
' ' 
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l~ 
,) 

i 
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l 
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l ') 

: 1 
I' 
! I 
I.) 
~ . 

I 
( ) 

I J 
; i 
~j 

J • 
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0 "O -<'"' e ~ (\l a. 0 0. ..c = ~ .,, 
Cl) 
J:l 

----------
0 ~ 0 ~ 8 0 0 

"' ~ ~ 
(.) £'... ~ ~ 0 g r 

b£ § Ki ~ 
(\J 

~ ~ ~ .x C' (\J ~ ,- u' ... I 
1::£ 
~ 

- - --- --- -------- ---------- ------------- ..._ ______ 
:ii: I CJ 

~ 
~ 

z u 
:.) 

:: -- I 
------ L{'\ 

--- - --- -Lr\ i.."\-- ·---- ·------
I 

>. 
r--\ ro \.I) ["- L{'\ 

• (\J \J 0 ~ 

J 
..... 0 • I • • • ,- 0 0 0 -- -- c --·- -------- --- -- . n . ,.; r·-i - -· ~ " <f '°..) ..... t.! ... ... :: 

·~ - . r. 
~ 

.~ a tj t..!) ,_) !? a J;1 t:U M c.> - ,_ 
~4 .'4 .!-t ~JI ~ u .!4 +> r • 

- --· ---- , . ~--l., d .. , 
. . .... i:~ I (i ('4 I 

~:~ ~ ~-
, .• 

~ r-4 ,. ~ 
..... d 

~ '\ .. ~ r3 ~,, r,'\ u ~~ rJ 
E-...: ~ ._, A ~J l:Q .;> ~ A 11 ., > 

< ~.: r.> •) < < 0 0 
c: ~ . (_-4 ,- (\J 

'1 ~I 
(\J 

~ 1 .. 
FJ ' I . ~ I ) L"\ 

~ '; ! \ (._) 

u ~t I ~ ~ 
I 

() r:\ 
-~ r '1 n r'\ 
'J 

{ I A H .:J :< (' J 
> 

. 
f 1' 1 • I l 

, . ' .. 
!.) R n ' () I'\ ., ,-,, '• 

• ,) \J 
) 

~~ t'\ I 
,. 

g l 
""' 

r 

'• .. ;l f4 ' : . ri 
I ' () •1 :c 

·~1 
1: t cl -1 .J-• 

J ~-I lo) 

~· /l ·:i ,f'l .'~ )~ f! 
~~ n I."\ '1 ( . 'l .J L'\ :1 

' 
.. ... 

~ ,J .s 
.J t '. ! ~ ; ~ • • 

' . ,'"J •) (.J . ' • •:l ,') 0 ' j . ' f . 0 I ... . . - ~-i ' ~ ; : l :--. cJ 0 I I .. • ~ ;1 :, ~J . l 
; .. l i 0 • ·f f r1 I 

•) u • -I ·.I 
r) .. ( ) r f ri ,j 

i 
r I ' i '• I, J 

~ ! .l ,) r • I I ., -.' -: : r I r-.f JI 

~J l () 0 

I 
~ tJ <J al () 

• f I : ~ ~ r: ., 
1-1 r '. g ' i4 

1 
i ! ~ ·, ~ .. j J ~. -. > b. 

•;: :1 ;~ -· l .. ,... • J . I t) r -.1 I "d l 
>': 1 

·) « ,• 'O I I -~ 
•.j . 1 

I " i j J <.1 d 1 -rl . i r) ' ~ 
~) r.j •J ~ rJ '· l <., ,, ;J ' i 0 I l r-i ; ) 

) I ! 1-i (• ·'. ) t I f , I ... (. 

'l ~ ~ r l ' 
J J 

! ~ ., 

., 
/: 

; 

,. ( 1 : I t ~- (' J 
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N 

>. 
.0 

.8 "O 

~ ~ - Q. _g a. 
;:I 

~ en 
a> 
.Q 

.!. 

·-

~ - ....... ..,,, 

, 
~ 
•/) .. 
') 

'.) 

'.J 
J 

-
/. 

• I l 
;1 

rJ 
() 
~ 

,~ 

u 
(1 

. l 

! l 
r -1 
0 
·P 
0 
• J 
1 • 

•1 . ~ 
'l 
!"') 
(,) 
() 

"ii 
i ; 

J 
('. 
(_ 

• ,. 
! . 
' .. ~ 
• I 

0 
• N 

t<'\ 
r 

0 
• ;J 

C\J 

0 
• g] 

0 
• 

"" L(\ 

0 l..O 

;! J. 
C\J N 

0 
• r<'\ 

0 • ~-

co 0 ~ 
•• 0 

rt<'\r 

\D 0 0 
• • • Orr 

0 
0 
• t<'\ ~ 

------------------~ ----------------~ 

<:> ... 

< 
0 
0) 

~ 

I~ J r i ,,! ' -; 
l -J 1:,; ..: -; .'·~ 

.p. ·i 
r~ r; ~ !"\ 
c ri . '..'­
·P 1 e 
,- ~00 

! ; .. ; ·P 
'1 

" i (_, :--: i 
·d 

(.'. 

.. . 
i~ 
(J 
> • 

1 

C'J 
• N 

' (' 
\ 

t' 

• \J 

... 
() 
") 

t... 
~ 
·P 
0 () 

k'-t , ') 

·P 

n 
{\J 

'l 
() 
I) 
•,1 

'. > 
<) 0 
l'. •J 

• I i 

~ f., 
() 

'l 
) 

0 
.j 

C\J l I j ~ t 

. 1' L.,. ' ,._. 

-:' 
f) 
q 
.-i 
/) ,, 

·~ 

' ') 
tr .-

_: j 

:1 
r-1 
0 

i .. ~ 
,.... ' 1 

0 
I> ··" ') ' 

, i I ·~ 
·P 

r. () '1 
' ~ \ \. 

0 ... 1 
n ri 

'\ 

'' ' -~ 
0 
() 

'. fl 

. ' : f) I 
(J 

•) 

" . I 

i 

I ',-1 . ' ' I .. 
r~ 1 <) 
() 
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:'\1.._':-; 
Tra::s. 

:\I.! .. :.:"1.)~·~:: ::l.! 
l0 ·~ .... :-..'. i. :-11..1 • 1.. •-..•"-..'-.. I 

.\,) 

•. OVtl;:,,,·.~1..·~ 

·~' y ;h.', 

J;\~lll, • >: .... ~u'- .... ~i...: ~eCji,-,,:co, \::1~; .......... \:::.sth.::s 
ffi;,"';i'.L~. 1 
(' i l) ~. ~ . .' ... 

4. C ·-:e:: 

Po:.~·.;.:..".:ile tle:.:::.·.::,:..e :;;;;v,._ .. ._ ... ,:;.J.o:.e 
w-.th c~~;e~ coxe~ 3 x 4 ~---2 1 K?:i~ 

Co~::>l!;7 ~L=-~ !"1~~~ ~n;o~c~- ~·- 2 __ "--"~' 
~..,.)Od 1.0a;, 1.S0- ....... -0_. 1 X , .O .... ;:.r. .J..&1 .... 0u. 

5 , .. -.. ..., ... 1 .... _ ..... -
• .t~ '-' ..... _ .. ~ .t . .J. - t: ~ -V'f""' ... 

1' e ::cmi.na1 c ,:,x -: .:J :- ', J t e r=dna:.;; Y
~T ( 
O.l.•..; 

2le::C.~le ~u~::.:i.~~ ~~9643 

o ·--·v"~"'- .. ~ .. ~ .... ~~- I'.···-f:3 •,;.;.:,,••\. .. .:>v . .-- ...... ~ ... 

.. ~fil.r.--~aalle=. s"t ee:. :_):..~: ~. 25:::~ ......... 

LjJd~ 
of 

ffil'.._,s~~· 

~ \.' ~:. (': l ! 

km 

-"-

pc 

pc 

km 

Net wc;;;1it, :<g 
n I ""uan- ·-----------
t.~y 

0.05 

!0.6 

1C 

'30 ' 

O .. OG 

of u;:.:; 
j)i...:.:..: toi:il 

3~·: 

20.0 

15.0 

20 

'60 

20.0 

. ----1-
".:'c. ·~s.l: · eq·..:i.::.::.,;n. t 36? 

I 

· :ns.·, c::-1..;..:it:.. 2J 
I 

25 

Whom to 

be supplied by 



~ 

'\,. ~ I ' 

i· 

Tr.1.i 

\u 
~<.11.&l' 41:,1.l tt'~·:.11i(al c~ •. :: ... ~.1.·:::...~~l::> 

.,. l i1 ii I ~ \ i )\ \ 
l>1a11.i, I <1[ ~:l .. JI• 

~ 11 I i4 I I 'I t 1111':1 ·~ 'i .I· 
I 

tlty 
rl il;iVT rl'nlL'lll 

! 

~., .... -
-..v ........ . -.... ~ .. -~ ........ ~ .. , I.----'\,._ r 

.a... ...... .__.._ ..... ......._.J;~U ~ c,.· . .-.. :;.;::,.;, 1 £w c:i:·wm A-,.., ........ ...,,.,. 
.1:~.A.•v~w 

,. 
•• 

~· 

,.·. 

'\."=.:.~~;..lLt -'--

..__j.,. • ._ ..... - ~, .::.::·.· ... cen ~::: ..... ::;.o"!;o:o.~J 
--.. + ~ -·- '~~ ....... ~---------- ........................... ... 

~ ~ ~ ri.v.. .. ~ . .-· ·_ ('n r,;-)·~ ',"'=' 2.~0 ... .r wi t:1 
r·~1 ---:~..;-:;:;.~~l.t ... -~·~~~ ;..""O·~nr, c:_.·· ··~<.: 

".1. , --c-.-~~:n t c::: y;_j_ ·~~1 .,)vwc~ 
~-.1'1.iD(.~ 

0 7 - ' ... 
• .,l i.:" 

I' ,r " "'"~1 . . . . .. ·' 
""') '\, .. ..., 

.._. L. ...... .Cl 

...., - . . .. .... (:',- .ir·~:.'.: '.Ju tic:: G.cv..;..cc::i 
\:"' 

~-""\ 

. v _-_~1c~ .. c·-~·,~~~ ·~ ·~ o.;: 
-- .;Jr- ~_;_._""~ .:,.7,:l .... .;c,,ll , . 

G.·~~l--~O 

3[1<) YJ. \p:'4 -~~-• 
..- . -- .... -......,.· .. 
"---·- -~·"""" ""'...-

r . ' .... ('0~1.t_··o:. J.c·::-.~\)0 fc~· 
. .,. ...... ~ ., ..... - . --- -- ...... IL..----~---------------------

C'.):;.:!:.-.:,: cc.:,~~.,:·~ 

, - C;:J;:.·~:..v.:.. c:'.::..;.n\.:~ c~o:r3~::i;00 

1 I 

· 4AOOA ' pc 
' I 1 
4.A[;OA4 , .PC 

, J'J I 
: 4:1\:po~ i pc 

U.J u ' 
I 

' ' 
I,.,,,.....~, f-r, I 

'J..Do..'>-0~ ! 
l 
i 

I l 
', ... ,, ,;, ,...., I 

....... , v i.u...i... 

!-OJB~A I 
I . , dw,q;. i 
1 Vfu'I : .. I 

pc 

pc 

pc 

6 

1 

2 

2 

1 

3 

i __ :\l'l W('l~~IJt, kg 

I 
I 

ol 111;e 

i:1e1.:c 

22.0 
22.0 

28.6 

lulul 

211 

132.0 
22.0 

57.2 

30.0 

260 

20 

240.0 

• 

26 

Whom to 

be supplied by 
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. ; . 1. I• ·,., 
,".u.tii\' 

'\•) 

.. 
...... i..~ L l. c,, j., ( ~~ 1 L ~la r ~4 L ~ L ~·, .. , ~ ~ ~:" 

i ~, I ) ' • • 

Ii' :1 i I• I, 
Ll\H.i'l, 

dp;1l'r 

U1iil 

! 
r o, 

llll';J5:1· 

I i t.'11l l' 11 t 

ikl WC'l~llt, k~ 
~ua11· I 

· 1 
I 

I tlly 
I 

( i ~ 
I 

I I lllC ! total 
I pa (C 

' - ' I I 

•.-. 

;• 

'-·'• 

r., ..... -. - ..., 

...., ,.., - ,.... 
..... ' ... ' .... oJ 

" - ..... 
- .. c.U . .!.e ":'QT;'C:-:' ·-,~~ ,,'"'_. 

~~·~~ ~~::~~ c~~-~ J ~ ~ ~~2 

-) .')~"r'' :s..-- ..... ~ )~- .. , ·--1 ... · >~ ..... ~:-_ ..... .. ~l.4.: 

'--'(°':~{)-- ..... _.._ -~" .... "' :,:1..._":i-~c~~:.i.0_1 

J,. .. ~= ·--"""' ... 
3 7. 

" ,-· 2 
' I.) Jrl1"", 

·~ J~ .t,. u-~n~ ./ 

"': ,,...,, ' -·:... :~ ~-·~ ~~·" --:l~ :-·~. \.4 

.:l~.J0.:;·"::...~ _ _;o:~-~~o~: ~ _,.., ': rri.:u'-

, .... , .. _ -
' _ _. .. , _____ .....,..,.,. ... _._._. __ 

. . . ... ·c._ ____ ... J.... to~~ -:o:..- •" ..... 
·"' ~ .:..~·--:..:n:...J 

:~~<~~..:b:.c " .. ~ r":'.... - ·-'-.I ...... ._'.~ ..... _, 

j\ I ~ 1•· - ... ::_,- .i.~ ...,J:";".~~~·'" ,.. , , 
,,)l ~/ ~._J' £:2~.) :. 

...... J-_ -·. v .. -- ...... :1"' ·~('·"~_, -'--..0."'"'!' ;- 1 .. :i 
. \.. . ., '""' ... - ..... ..::;. ' .... 

J :,, • ·.~J. .. 1 "'. "-·~' ."' ... ) 

"-"~-~..... "J _·.:.,__· -.. -""~u. .. .-:~ ..:.~· ... ..... :: "J 

'"".._..... .. ~ ,._...,..,._-. ........ ~-~- ... 
.1. • --" .-. -----~-----

[,,- •·. \:;,_ f\j1c-lc 7") -- 7_::; X u 

T/"f~I"'\ 
l \J.~ .i~ J. 

... 1-.:i 
4.UJ.u ... 

-"-

;_G:l 

km 

-"-
IT1\..i·~-J:30 :.:.:.::. 

Yn- r 

\..) ... •..t 

;{•)GS 

. ··, • 'l'' I 
u.1 Jl- .J 

l'~ ,-,-~, 
J~ ....... 

.. ·~..,r,..,,r­
.... ....,v.._..,...1v .J.. .. 

I 

~-;c 

pc 

t:H~-~. 

pc 

pc 
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