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x. I N T R O D U C T I O N

The present work was carried out to the UNIDO contract 

No. 77/65 dated June 8 , 1978» concluded between the United Nations 

Indistrial Development Organization, hereinafter referred to as

"Customer», and the All-Union Export—Import Organization T3vet—. r e fe r re d
metpromexport, hereinafter to as "Supplier".

The contract provided for the carrying out by the VAMI Insti­

tute of semicoomercial tests of the Indian raw material — 10 t 

of sillimanite concentrate, 6 t of coal and 3 t of petroleum coke, 

supplied by the Indian Hare Metals, Ltd. for testing with the aim 

of setting up the production of Al—Si alloys by the electrother­

mal method.

It is known that in the Soviet Union the Electrothermal method 

was developed and commercialized for production of A l-S i alloys by

reducing aluminium and silicon from the natural alumosilicates and
•  •  »

other types of silica-alumina raw material in high-power e lectric -

arc reduction furnaces. An operational commercial unit for produ—
•  »

cing Al—Si alloys by the electrothermal method consists of raw ma­

teria l and charge preparation, electric-arc reduction furnaces up 

to 22,500 kVA, and of a metallurgical section where silicoaluminium 

produced in the furnaces is processed into silumin and heat-resi­

stant aluminium casting alloys of various types and applications.

One of the major advantages of the electrothermal method over 

the conventional method of producing alloys from aluminium and s i­

licon is the use of low-module type of raw material such as kao­

lin  (AlgO^^ SiOg* 2H2O), kyanite and silimanite (AlgO^'3i02),  low-
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-iron  bauxite, etc, which cannot be efficiently  processed into 

alumina and electrolytic, aluminium.

Material flows in the electrothermal method are many times 

less than they are in the alumina production and aluminium elec­

trolysis. The modem electric—arc reduction furnace for produc­

tion of silicoaluminium is tens of times superior of the alumi­

nium reduction ce ll in power and output.

When producing the casting aluminium alloys with the use of 

the electrothermal silicoaluminium it  is possible not to use at 

a ll the commercial grade silicon, to cut a total consumption of 

aluminium by 20 to 25& and to replace it  by approximately 50$ 

with secondary aluminium alloys produced by remelting the alumi­

nium scrap.

The aim of the tests carried out according to the above men­

tioned UNIDO contract wa3 to determine the technical feasib ility

and process parameters of the method developed in the USSR fo r
» *

production of A l-S i alloys from the Indian sillimanite concentra­

te with the use of coal and petroleum coke as reductans. At the 

same time the task was to optimize the process parameters for 

preparation of briquettes and pellets from the sillimanite con­

centrate feed to mee£ the process requirements, and to determine
*

the data concerning the melting parameters, refining and metaliuz^ 

gical processing of silicoaluminium produced in the furnaces, to 

be further processed into casting aluminium alloys.

Prior to the semicommercial tests of the Indian raw material 

which were carried out at the VAlfl pilot plant fa c ilit ie s , the 

laboratory tests were conducted on determining composition of the 

sillimanite concentrate and other physico-chemical characterise



tics, including its pelletizing ability together with other feed 

components, reducibility and electrical conductivity of the feed 

using as a reductant the Indian coal together with petroleum coke.

The Customer's raw material (10 t of sillimanite concentrate 

and 6 t of coal) were delivered for testing at the VAMI Institute 

in January 1980, As it was agreed between the sides, the Indian 

petroleum coke was not supplied for testing work and was replaced 

by the Soviet-produced petroleum coke. The same arrangement con— 

cerns a binding materials. The Soviet—produced dry beneficiation 

kaolin and a water solution of sodium lignosulphonate were used in 

the tests.

The present report contains the results obtained during the 

laboratory and semicommercial tests of the Indian raw material. 

Taking into accoung the results obtained, a conclusion is made on 

a technical feasib ility  of the commercial production of Al—Si al­

loys from the Customer*s raw materials by the VAMI-developed me­

thod. The report also contains recommendations concerning the se­

lection of the main production units, the expected consumption 

rates and other perfozmance figures of the electrothermal process 

required for technical and economic evaluation of establishing 

the cbmmercial production of Al-Si alloys under the Indian condi­

tions.

2. RESULTS OP LABORATORY TESTS

2.1. Composition of sillimanite concentrate

A tria l quantity of the sillimanite concentrate is represen­

ted by a light-gray fine-grained sand stone. The concentrate gra­

ins have a glass lustre and are mainly represented by sillimanite
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with a minor admixture of other minerals, the most noticeable 

being the grains of disthen (33), as well as of zirconium, ruti­

le and brown hydromica. Excluding disthen and zirconium (0.53), 

a ll other minerals are present in quantities of 0 ,1  to 0.23 and 

less, A content of sillimanite (and disthen) in the sample un­

der investigation was about 983. The sillimanite grains are 

transparent, not clouded with admixtures of clay minerals and are 

mainly laminar in shape, A typical refractive index of sillimani— 

te is 1,650,

A chemical composition of the sample, 3 wt,, is as follows:

A12°3 -  62.3 CaO -  0.10

Si02 -  36.2 MgO -  0.12

Pe2° 3tot -  0 .3 1 MnO -  O.II

FeO -  0.018 k2o -  0.012

Ti02 -  O.II Na20 -  0,151

Zr02 -  0.J4 CM
oo

-  0.15

HgO -  0.17

A simiquantitative spectral analysis , besides the components

mentioned above, gave the following data, % wt:

Or -  about 0 .I Cu -  0.001

V — about 0.1 Pb -  0.01

Be -  0.001 Ge — about 0.01

These small and trace elements, due to a very high sillimani­

te content, are connected» probably, with the main mineral of the 

sample.

The data obtained by the complex thermal analysis (CIA)* of 

the sillimanite concentrate samples reveal* a small loss of the 

wei{iht (—0.233) at I95°C and some gain (+0.1653) at II00°C due to 
1 /
'The CIA was conducted by "Paulik, Paulik and Srdey" thermoanaly­
zer: under the following conditions: sample -  I g, DIA -  I/IO:
TO -  500, rt -  IO/mln.
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the sample oxidation. A total reduction in weight of the sample 

is , according to the Clà, — 0.065Æ.

The X-ray data and the infrared spectroscopy data confirm the 

purity of the material under investigation.

By its mineralogical and chemical composition the sillimanite 

concentrate meets a ll the requirements of the electrothermal pro­

duction of A l-Si alloys.

2.2. Granulometry and other characteristics of

feed materials

Prior to process testing of the sillimanite concentrate the 

Indian coal and the petroleum coke were ground to — 0.5 mm.

The sillimanite concentrate as well as other power materials 

introduced into the feed — commercial grade alumina, dry benefe- 

ciation kaolin and dust from the gas cleaning plant were tested 

as-received, without grinding.

The granulometry, an average size of the particles, a true 

density and a melting temperature were determined for a ll  the materi­

als under investigation.

A weight content of the major components and of specified lmr- 

purlties in a ll the feed materials used in the process tests of 

the raw material, is given in Table 2.1.

The data on granulometry of the materials under investigati­

on and on their other physical characteristics is given in Tab­

le 2 .2 .



8 T a b l e  2.1

Average chemical composition of feed materials used 

in process testing  of raw material

Technical analysis of Chemical analysis of raw materials and reducing

Description
reducing agents ,  %  wt agents' ash, % wt.

ash
A c

vola­
tiles
yield

non— 
volati-1- 
le car­
bon
Cnv

A1 2°3 Si02

i
1

Ре2°з Ti02 Zr02 Ca0+
MgO «2 ° L .O .I.

▼
X 2 3 4 5

l

6 i 7 8 9 10 I I 12

Indian s i l l  ima— 
nite concentrate — — — 62.3 36.2 ■ 0 .3 1 0.II 0.34 0.2 0.07 0.065

Soviet dry bene­
fication kaolin — 36.2 47.4 0.69

.

0.56
, !

0.6 - 12.5

Commercial grade 
alumina, USSR — —

.

:

Main '  

compo­
nent

0 ,10 0.09 0.001
11

— 0.03 0.50 —

Dust of gaz- 
cleaning plant, 
USSR —  ! —

i

i

i

I
43.7 1

t

29.6 0.06 0.02 ;

i

0 .0 1 : 0.6 0.2

Lignosulphona— 
te (dry resi­
due) 14.3 —

1

•

1

i
In ash 
0.74 0.5 0.51

i
Ì ' 

j
t

8.47 39.24
$

_  1

1
Coal, India 19.76 35.5 38.81 24.85 60.82 5.2 1.2 — 2.75 -

Petroleum coke,
USSR 1.24

. . . .

11.04 87.72 15.9 22.4 16.7 0.30 mm m m

!t
в



9
T a b l e  2.2

Granulometry and other characteristics of 

feed materials

Size distribution, % wt Average 
grain 
s ize, mm

Melting1 
tempera­
ture 
°c2/

Density
Description +0.5 mm

“ . .y
0.5-0.25

mm
0. 25- 0 .10

mm

*
—0 .10  mm • true

Sillimanite concen­
trate, India 0.03 4 1.2 58.5 0.27 0.257 1.800

—

3.30
1

Dry benefication kao­
lin , ШЗЙ - о.оог1̂ 1.780 2.63

Commercial grade alu­
mina, USSR 0.05 0 .1

--
38.7 61.15 0 .10 1.900 3.56

Dust of gaz-cleaning 
plant, UùòR —

*

100.0 0.005 1.750 2.3

Coal, India 2.7 7 . 6 64.6 25.1 0.174 1.48

Petroleum coke, India 5.9 I I . 6 47.5 35.0 0.19
~

2.06

g/спГ

apparent

2.06

0.36

1.15

0.2

0.78

0.7

Notes: I ) According to sedimentation analysis.

2) Determined on start of melting of oeger cones



10

The data obtained on the chemical and granulometric composi­

tion on the Indian aillimanite concentrate meet the Soviet requi­

rements to highr-alumina raw materials which are used in the elec­

trothermal production of Al—Si alloys.

Attention is drawn to an excessively high ash content of the 

Indian coal, which may result in some increase in consumption of 

the commercial grade alumina to be added into the feed to stabili­

ze an optimum (60 to 63$) content of Al in silicoaluminium, as 

well as in an increase of iron contert in it, which is a specifi­

ed value.

2.3. Briquetting Ability of Peed and Its Strength

Characteristics

A ll the feeds where the Indian raw materials were used were 

intended for production of the primary silicoaluminium containing 

mainly 60 to 63$ of Al, the balance being silicon and impuri­

ties.

The Indian coal and the petroleum coke were used in varying 

ratios in a ll the feeds as a reducing agent. For strengthening 

green a.-id dry briquettes a water solution of sodium lignosulphona— 

te or of sulphate—cellulose lye meeting the Soviet standards, at the 

rate of 5$ on a dry residue basis from the feed weight-, was Intro­

duced, Besides, 4 to 5$ of dust collected in the gas cleaning 

plant during the operation of the elcctric-arc reduction furnaces 

was added into the feed. For the chemical composition and other 

characteristics of these materials see Tables 2.1 and 2.2.

The weighed out and thoroughly mixed components of the feed 

were pressed by a laboratory press (200 kg/cm2 ) into cylindrical
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briquettes having height and diameter of 30 mm. The briquettes 

were dried to constant wight at I05°C. Part of the briquettes were 

calcined during 2 hours without an access of a ir at I0C0°C.

The strength characteristics for the dried and calcined briqu­

ettes were determined to evaluate the briquetting ability of the 

feeds and their suitability for use in the commercial process. For 

the main feed compositions used in the commercial production of 

silicoaluminium in the USSR, the strength characteristics of the 

bri^uetts produced under laboratory conditions, were as follows:

-  109.6 kg/cm2 and 6  iqgo“ 1̂  kg/cm2 .

The laboratory tests for briquetting ability of the feeds were 

for convenience divided into several groups.

The firs t  group of tests was designed to clarify the effect of 

adding alumina and dust of the ga* cleaning plant into the feed on 

the strength characteristics of the briquettes.

A ratio of the reducing agents (coal and petroleum coke) in the 

briquettes, as well as of the sillimanite concentrate and,kaolin in 

the feed of this group., did not change and was 70 to 30 for coal and 

petroleum coke (on the noi-volatile carbon content basis) and 80 to 

20 for the sillimanite concentrate and kaolin ( by weight of the ma­

te ria ls ).

The second group of tests was designed to study the effect of 

the sillimanite concentrate and kaolin content on the briquetting 

ability of the feed, their ratio for various feeds being 80/20;

60/40 and 35/65»

The third group of tests was designed to study the effect of 

the total relative content of non-volatile carbon, as well as the
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ratio of reducing ag: enta in the briquettes on the strength charac­

teristics of the briquetted feed.

The total relative content of carbon in the briquettes of this 

group were assumed to be I 00f 80 and 50/5 of the stoichiometric, com­

pensating for a defic ency in carbon in the feeds by adding ground 

coal. A ratio ot ground coal and petroleum coke in the briquetted 

feed of the third group tests was assumed to be 70/30, 40/60 and 

0/100 (by content of non-volatile carbon, CQv in coal and peroleum 

coke)•

The results of the tests for determining the briquetting abi­

lity  for feeds of the I—st and 2-nd groups are given in Table 2.3»

T a b l e  2.3
fteis

Briquetting ability of sillimanite-containing\ depending on 

quantities of alumina, dust and kaolin in them

Tests group and 
feed No.

I—st group of tests 2-nd group of tests

I. 2
3 : 4 5 ! o}

-  f

I. Briquetted 
feed,composi­
tion by J/Ci

t

j

»
i

i
»

-  sillimanite 
concentrate 45.35 37.33 34.53 37.90 27.04 14.86

— kaolin 11.33 9.33 8.63 9.47 18.04 27.66

— alumina - 10 .10 10.71 6.42 9.25 : 12.43

-  dust of gas 
cleaning 
plant mm 3.78 3.84 3.80 3.74

— coal 36.41 36.32 35.58 35.59 35.17 34.70
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I—3t group of tests 2-nd group of te3ts
lests group and 

feed No.
I 2 3 4 5 5

— petroleum coke 5.93 6.92 6.77 6.78 5.70 5.51

rotai 100.00 100.0 100.0 IOC.O 100.0 ICO.00

2. Composition of 
briquettes:

— relative carbon 
content iCny)
in briquettes,
,15 re l. 100 100 100 100 ICO 100

— coal/petroleum 
coke ratio 
(Cny basis) in

briquettes 70/30 70/30 70/30 70/30 70/30 70/30

— sillimanite/ 
kaolin ratio 80/20 80/20 80/20 80/20 60/40 35/65

— calculated 
composition of 
feed by metals 
in alloy ,% wt:

-  aluminium 57.88 64.81 64.61 51.34 60.81 60.06

-  iron 1.39 1.21 1.15 1.23 1.27 1.33

-  Ti and Zr 0.75 0.59 0.55 0.63 0.62 0.60

3* Strength of bri­
quetted feed, 
kg/cm2 :

— dried-briquettes
<ar 105° *56.6 34.9 44.6 65.5 65.1 51.3

— calcined bri­
quettes,
GT 1000° 6.8 2.7 4.4 7.6 8.9 9.4
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Briquett-ng ability of sillimanite-containing feeds 
depending on relative content and ratios of reducing

agents in briquettes

3-rd group of tests
Tests group and feed No*

7 8

---*

9 10 I I 12

I. Briquetted feed composi­
tion:

i

*s
1

— aillimanite concentrate 37.90 42.74 50.76 41.13 45.59 52.73

— kaolin 9.^7 10.68 12.69 16.30 11 .4 0 13.18

— alumina 6.42 5.21 3.26 7.37 6.40 4.88

— dust of gas cleaning 
plant 3.84 4.33 5.15 4.17 4.62 5.35

— coal 35.59 22.22 31.II 19 .20 —

-  petroleum coke 6.78 14.82 28.14 5.92 12.79 23.86

T o t a l ,  %
9

100.00 100.00 100.00 100.00 100.00 ICO.00

2 . Composition of briquet­
tes:

— relative carbon con**- 
teni (Cny) in briqu—

ettes, % re l. 100 100 100 80 80 80

— coal/petroleum coke 
ratio in briquettes 
(Cny basis) 70/30 40/60 0/100 70/30 40/60 0/100

-  sillimanite/kaolin 
ratio 80/20 80/20 80/20 80/20 80/20 80/20

— calculated composition 
of feed by metal in 
alloy, % wt:

i
1

i
aluminium 61.34 61.92 62.67 61.35 61.72 62.28

iron 1.23 0.95

0.61

0.54 1.28 1.06 0.75

Ti and Zr 0.63 0.57 0.64 0.62 0.59

S E C T I O N  1
I1
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T a b l e 2.4

Briquetting a b ility  of s i l l  inanité—containing feeds 
depending on re la tive  content and ratios of reducing

agents in briquettes

1 i No.
3—rd group of tests

in 031—

;»ntratej 37.90 

9.47

ning

quet—

6.42

5.84

35.59

6.78

100.00

42.74

10.68

5.21

10 I I 12 13 14

50.76

12.69

3.26

I

4.33 5.15 ;
Î ' i22.22 I
i i

14.82 i 28.14 !
_______1_________l

41.13

16.30

7.37

4.17 

31.II 

5.92

100.00  100.00 100.00

45.59

11.40
6.40

4.62

19.20

12.79

100.00

52.73 ! 47.33

13.18 j 11.83 

4.88 ! 9.17

5.35

23.86

100.00

4.80

22.57

4.30

100.00

50.82

12.70

8.60

5.15

13.64

9.09

100.00

con-*-
■iqu—

)ke
tes

in

sition  
in

I

100
I
I

70/20 |
I

80/20 |
i
I
j
:

61.34 ’ 

1.23 j
j

0.63 !

100

40/60

80/20

61.92 

0.95 f 

0.61

100

0/100

80/20

62.67 t
0.54 j 

0.57 |

80

70/30

80/20

61.35

1.28

0.64

80 80 i 50II

40/60

80/20

0/100

80/20

! 70/30
ii
I
i 80/20)
!

50

40/60

80/20

61.72

1.06

0.62

62.28 | 61.21 
<

0.75 i 1.36 

0.59 0.65

61.44

1.23

0.63

S E C T I O N  2

15

5 6 .1 5

14.01
7.73

5.70

16 .38

ICO.CO

50

0/100

80/20

61.76

1.04

0.62

♦ I
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Testa group and feed No. 3-rd group of tests

7 8 9 10 II 12 13
14

15

3. Strength of briquetted 
feed, kg/cm2 : */

— dried briquettes, S' 105°
•

75.5 I I I . 5 *57.1 70.8 104 .2 142.9 66.7

"1

102.0 127.5

— calcined briquettes, • t
; IS.3 12.3

v • ■■ —.....

20.9
1

S' 1000° 17.6 24.5 34.5
iJ

14.2 35.3 35.5

For t*1« basic feed prepared from Soviet raw materials, r f  105 * 109.6 m 
S' 1000 = 19.3 kg/cm2.
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As one can see from Table 2.3, the amount of alumina, introdu­

ced into feed No.2, calculated to produce alloys containing 63$ Al, 

decreased considerably, a3 compared with feed No.I, strength of 

the briquette. An introduction in feed N0.3 of dust from the ga3 

cleaning plirt improved its  briquetting a b ility  and somewhat decre­

ased the negative e ffe c t of alumina on strength of the briquettes.

Taking into account the results, obtained fo r  the f i r s t  group 

of tests, the follow ing (Table 2.3) tests were carried out with 

feeds containing a moderate amount of alumina (calculated for an 

a lloy , containing 60% A l) and with introduction into the feeds of 

dust from the gas cleaning plant (about 3.8̂ 5 from weight of the 

fe ed ).

The results of the second group of tests show that strength of 

the briquetts do not change appreciably when a kaolin content in 

the feed is increased two— or threefold. But this, in its  turn, 

decre3es a re la tive  content of the sillim an ite concentrate in the 

feed, which is the main source of production of Al-Si alloys, and 

results in a necessity to increase by I . 5 to 2.0 times of a weight 

content of alumina in the feed.

The results of the third group of teste given in Table 2.4 show 

that strength of the briquettes increases mainly when a coal con­

tent in the briquetts is decreased and is replaced by petroleum 

coke. The maximum strength of the briquett3 is obtained with the 

feeds Nos.S,12, and 1 5 » containing only petroleum coke as a redu­

cing agent (without coa l), Taking into account that reactiv ity  of 

petroleum coke should be considerably les3 than fo r  coal, these 

feed compositions can not be recommended fo r  mettalurgical testing. 

The data of Table 2.4 show that fo r  broquetting a b ility  of the 

feed3 under test the nearest to the basic compositions of the
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feeds used in commercial production (fo r  which = IC9.5 and

ff'lOQo0 = 19.3 kg/cm2) are the feeds N03. 8 and I I .  A weight ratio 

of coal and petroleum coke (by Cnv) fa these feeds i 3 40/fC, and 

a total re la tive  content of non—vo la t ile  carbon in the briquettes 

varies within 80 to 1003  as compared with a stoichiometric quanti­

ty of carbon which is required fo r  reducing a ll  oxides of the feed.

To check experimentally the e f fe c t  of the feed materials' size 

on the briquetting a b ility  of the feeds, the 4~*th group of tests 

studied the e ffe c t of reducing the s ize  of coal only and of coal 

together with sillim an ite concentrate on the briquettes.' strength.

To carry out the test, the materials were separately ground in a 

ba ll m ill down to minus 0.1 mm. Then the feeds were prepared in a 

way i t  wa3 done fo r  the feeds studied in the 3-d group of tests, 

the only difference being the fac t that in some feei3 the additio­

nally ground coal was introduced, and into others — the additionally 

ground coal and sillim an ite concentrate. According to the results 

obtained in the tes t3 (Table 2.5) due to additional grinding of the 

materials the strength of briquettes increased fo r  both dry and cal­

cined ones.

T a b l e  2.5

Average data on re la tive  increase of the briquettes strength 
with additionally ground feed materials

Coal/netroleum coke ratio in briquettes
”nv> !

70/3: 4C/50

t

; O/ICO

Relative increase of strength, % re l : ; 

“  additionally ground coal a <£E05° 47. : " • I
a 51000° 94.3 24.4 -

— additionally ground coal
and sillim an ite concentrate a (T 10 5 ° 30.9 3.9 27.0

A (f  i c c o 0 90.2 34.0 C
D

•



The data presented show that the fin er ground coal is d minant 

in increasing the strength of briquettes.

Taking into account the results obtained and the data from 

Table 2 .4  i t  is possible to recommend fo r  further metallurgical 

testing No. 7 feed, along with Feed3 Ros. 8 and 10.

2 .4 . Metallurgical evaluation of feeds 

2 . 4 Reducibility of feeds

The feed reducib ility  test3 were carried out according to the 

"AMI method developed to f i t  the production of A l-3 i a lloys, A labo­

ratory e le c tr ica l furnace with a tubular heater ( Tig. 2 . 1 ) wa3 used 

fo r  te s t in g .lt  ensures maintaining the temperature of 2.0C0 to 

2 .C50°C ina reaction zone of the furnace. For testing the samples 

of 120 to 150 g in the form of pe lle ts  5 to 8 mm in dia, were used. 

Zach reducib ility  test consisted o f two stages. During the f i r s t  

stage in a reaction crucible 4 and a condenser 2 (F ig . 2.1) the fe­

ed was loaded* During the second stage in the reaction crucible a 

content o f the condenser le f t  a fte r  the f i r s t  stage of the test 

(calcined feed pe llets  covered with sublimed matter) and in the con­

denser -  the in it ia l  feed in the same amounts as in the f i r s t  stage 

of the test .

The content of the reaction crucible a fter the second stage of 

the tests was analyzed fo r  metal A1 and 3 i. Reducibility of the feed 

was evaluated by degree o f reduction of A1 and 31 from the feed accor­

ding to the formula:

B Me

Me
I I

calc
x IC A

T7 Tsvetnie M eta lli, N 6, 
(Non-Ferrous Metals).

1977, ?. 52



where: M*jj -  actual content of A1 and 3i in the crucible after 

the second stage, g;

Me i -calculated content of A1 and Si in the feed charged calc
into the condenser, g.

Fig, 2,1. Apparatus for studying the reducibility of feeds
and feed materials

I — tubular heater, 2 — condenser ;

3 -  perforated partition, 4 -  reaction crucible,

5 “ support; 6 — feed being studied (pe llets );

7 -  water-cooled cover; 8 — water-cooled case;

9 -  inspection connection; 10 — graphite cuttings,

II  -  electrical insulation, 12 -  current supply.

This investigation, method permitted in the most exact manner 

to simulate, at the laboratory scale, the conditions of the pro­

cess in electric—arc reduction furnace*. Feed charged into the
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condenser during the f ir 3 t  stage of the testa, ia under conditions 

simulating a top of the e lec tr ic—arc reduction furnaces. A content 

of the condenser charged into the reaction crucible at the second 

stage of the te3t3, is under conditions simulating a reaction zone 

of the e lec tr ic—arc reduction furnaces where preliminary heated and 

p a rtia lly  reduc-d feed of the furnace top zone comes.

The feed reducib ility  tests were carried out with the feed com­

positions given in Table 2.4. For a re la tive  content of non-volati­

le  carbon in the briquettes or pe llets  equal to 80 and 50 'S  ̂ a Teed

compositional adjustment was carried out by adding to the pellets of 

crushed coal of 3 to 5 nn and thorough mixing of the coal with the 

pe llets  to average the composition.

The data oh reducib ility  of the feeds are given in Table 2.5.

a b l e 2 .!

Seducibility of the studied feeds

Feed No, ' 
(from tab­
le 2.4)

Coal/petroleum coke 
ratio, non—volatile 

carbon basis

Relative con­
tent of carbon 
(Cny) in feed
(numerator)and

Degree of re- ; 
duction of A1 
and Sl from fee<J
at 2000°G,%. !

in briquettes 
(denominator) 

% rei.

7 70/30 I00/IC0 60.1
8 40/5D I00/IC0 53.63
9 0/100 I00/100 43.2

10 70/30 i 100/80 51.88
II 40/50 : ICC/80 45/61
12 O/ICO 100/80 33.1
13 70/30 100/50 40.06
14 40/50 100/50 39.74
15 0/100 100/50 34/78

3asic feed of Soviet raw materials - 45.20
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The data of Table 2.5 show that with an increase of a re la tive  

content of petroleum coke in the feed, as well as with a decrease 

of a carbon content in the pellets  the feed reducifcility becomes 

worse•

The highest degree of reduction of A1 and 3i from the feeds un­

der Investigation which is higher than the 3ane figure fo r the basic 

feed, was obtained with the feeds Nos. 7,8, 10 and I I .

The reducing agents' content in these feed3 is lim ited as f e l ­

lows: from 76 to 40"̂ re  ̂ — fo r  coal, and from 24 to 50*5,.^ — fo r  

petroleum coke. A re la tive  content of carbon in the briquettes or 

pe llets  should not be below 80*5 because an adjustment of the 

feed composition by crushed coal do not fu lly  compensate fo r  the less 

of metal due to the worsening of conditions fo r reduction of the fe ­

ed oxides.

2.4.2. E lectrica l resistance of feeds

I t  is known that a specific  e le c tr ica l resistance (33R) o f various 

feeds is of the major importance in selecting design and e le c tr ica l 

features of the e lec tric -a rc  reduction furnaces crucibles. In accor­

dance with the laboratory method adopted in VAill an JER value was 

changed fo r  feeds of various compositions.

Before testing the briquetted feeds to be investigated were cal­

cined at I000°C in a sealed container fo r 2 hours and then were co­

oled down to the room temperature ground to minus 0 .5  mm and charged

into a container of the measuring apparatus.

When using the feeds lacking carbon in the briquettes, a fter 

calcining and cooling them a carbon adjustment was carried out by



adding 3 to 5 nun calcined coal. The calcined briquettes were ground 

together with coal down to minu3 0 .5  ran and then charged into the 

container of the measuring apparatus.

A measuring method of the 3iSR is based on determination of a vol­

tage drop when passing d irect current through the feed being tested.
2

The feed is in the container under pressure of 40 kg/cm .

The measured values of the 33R of the feeds are given in Table

2.7.

T a b l e  2.7

Peed e le c tr ica l resistance

Teed No
(from
Table
2.4) !

Coal/petroleum coke 
ra tio , non-volatile 

carbon basis

Relative content 
of carbon in feed 
(numerator) and 
in briquettes 
(denominator),

Specific—elec­
tr ic a l resistance 
of feed, ohm.cmz

7
8
9

10
11
12
13
14
15

70/30
40/50
0/100

70/30
40/60
O/ICO

70/30
40/60
0/100

IOO/IOO

100/80

100/50

14.30
13.41

15.40
14.10

23.79
17.70
1 6 .41

Basic feed from •
Soviet raw materials -  ! 15.4

One can see from the table that with an increase of a petroleum 

coke content in the feed its  e le c tr ic a l resistance decreases. Per 

the feeds Nos. 7, 8 , 10 and I I  characterized by a higher degree of 

reducib ility  of A1 and Si (Table 2.6) the 3ER value is somewhat



lower than for theta3ic feed prepared from the Soviet raw materi— 

ala.

2.5. Conclusions fo r  the section

Laboratory testing of the Indian a illim anite concentrate and 

coal was carried out to preliminary determine the procesa parame­

ters and obtain the basic data fo r  conducting the seuicommercial 

tests.

During th*3e tests a chemical and material'composition of the 

sillim anite concentrate and of coal was determined. Their main pro­

cesa characteristics were studied including the briquetting a b il i­

ty, reducib ility  and e lec tr ica l resistance. The results of the labo­

ratory te3t3 on the whole can be considered a3 positive.

The tests revealed that among the feeds tested the best process 

characteristics belong to the feeds Nos. 7, 8 , IC and I I  (Table 2 .4 ). 

They can be recommended fo r  further semicommercial testing.

In these feeds the reducing agents' content should be as follow s: 

from 76 to 4CÍ (r e l )  -  fo r  coal and from 24 to 6Z-% ( r e l )  -  fo r  petro­

leum coke.

A re la tive  content of carbon in the briquettes and pellets  to 

be used fo r a semicommercial testing should be about 90 to 95 5̂ 

of the stoichiometric amount of carbon and should not be lower than 

30% ( r e l ) ,  because an adjustment of the feeds during melting by 

crushed coei w ill not compensate fo r  the loss of metal due to the 

worsening of conditions under which reducing reactions take place.

3. Results of semicommercial test3

The test3 were carried out on the semioommerocal equipment of
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the Leningrad P ilo t Plant (L?P) of VAk.1.

J .I. ochenatic flowsheet and b r ie f description of the

equipment

Pelle tic in g  the feed and its  melting was carried out according 

to the standard procedure adopted at the LPP. ?:wdered c deponents 

of the feed — the Indian sillim anite concentrate, kaolin anc. alumina 

were fed d ireotrly to a weighing section.

Lumpy materials (the Indian coal and the _tr ier petrrleum coke) 

were fed ir.t t a jaw crusher for crushing down t :  minus : C mm and 

then into a hall m ill fo r  grinding down to minus C o  mm. A fter that 

the materials were directed to the weighing bay. Batches t f  IpC kg 

each were prepared.

The weighed components of the feed were leaded ir.t: a recei­

ving hopper and by a f l ig h t  conveyer fed into a drum miner for tho­

rough blend—g. The blended feed then was transferred into a three— 

chamber drum p e lle t iz e r  where it  was wetted with a water solution 

of su lfite—cellulose lye (density 1 . 15  to 1 . 1 “ g/cm3) s-nd granula­

ted into pellets of 3 to 30 cm dia. The pelletized  feed then was sent 

into a r o ll  m ill where at pressure of I 50 kg/cm2 the e llipso ida l 

briquettes v«re formed measuring 65 x 40 x 32 mm.

The briquettes were kept for 3 to 5 days im the ship and then 

without special drying were 3ent fo r  melting. lesides, some pellets 

of - 12  -  2 f mm size bypassing the m ill were also forwaried for mel- 

+ {- •

Peeping a record of the quantity of feed charged into the fur— 

rate was ::ne by a quantity of the feed containers charred and
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controlled by a to ta l nuztsr of the melted batches.

The melting was performed in a two—eiectro de sen  commercial fur 

race of the LPP VAHI rated at 150 k'ff. A ba3ic diagram fo r  connec­

ting the furnace to a transformer is given in Jig. 3.1. The furnac 

transformer has a range of secondary voltage3 fr:m 25 to SO Y 

(23 3 teps). The maximum current at the low side is J.ICC A, a vrcr— 

king current averages 2.7CC A. ?cr the average values of working 

current the active power losses in the current cinductors of the 

furnace is IS .2 kW.

The main dimensions of the crucible and shell i f  the furnace 

are given in Pig. 3.2. Bides of the crucible are lined with stan­

dard fire c la y  bricks and the bottom is of carter material. The 

150 mm electrodes are graphitized and current is supplied via two 

cipper water-cooled semirings embracing an e le itrtd e  from two s i­

des.

A primary a lloy  produced in the furnace was refined by flux 

according to the standard procedure. Then i t  was diluted with alu­

minium to obtain a s ilicon  content close to tme eutectic one. Afte 

that manganese was added into the melt followed by f i lt ra t io n  in a 

vacuum filter-apparatu3 to produce casting a lleys .

3.2. Compositions of the feeds being studied and their

strength

According to the results of the laboratory tests fo r semicotr- 

mercial testing f iv e  feeds (N03 . 8, 10, I I  and I-i (Table 3 » i ) )

were selected having d ifferen t content of a reducing agent (IGO'S, 

£ :■% and 50*5) and d ifferen t coal/cetroleum coke ratio  in the brique 

tes (70/30 and 40/60). Besides, the 7 feed was tested in a pelle
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l

Pig. 5,1. Basic connecting diagram of the two—electrode 
semicommercial electric furnace.
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Pig. 3.2. Two-electrode semicommercial electrical furnace
I -  lining; 2 -  carbon bottom; 3 “ graphite 
electrode; 4 -  current conductor.
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compensated for by adding charcoal.

The basic feed A1 from the .Soviet raw materials tís  used as a 

reference.

The feeds fo r  semicommercial testing somewhat differed in their 

ccmoositi:n fren the laboratory feeds. A to ta l carton content in 

them was =1 to 53^ of the stoichiometric and they i i i  not contain a 

recycled dust of the gas cleaning plant.

honres itions of the feeds fo r  semicommercial tesos are given in 

fable 3.1.

The rriquetts (p e lle ts ) prepared in the plant o:mditicn3 were 

tested fo r  mechanical strength. Strength of the bnomettes (p e lle ts ) 

was determined by a number of drops from 2 m height on a concrete 

flo o r  to their fa ilu re , strength of dried ;u? to o:z3tant weight 

at I05wf; briquettes and pellets  by a crushing pressure on a 

briquette (p e l le t ) .

A normalized strength was taken a3 a strength n¿asure fo r  the dry 

briquettes (p e lle ts ) equal to a ra tio  of the crushortg strength to a 

3cuar=d normalized díamez~e, which i 3 calculated according to the 

formula

the thrve coordinates.

?•:: spherical pellets a normalized diameter ::mcide3 with the 

geometrical one.

?or the strength characteristics of the feeds see Table 3*2.

dn
3
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T a b l e  3.2

3TR3NGTH OF BRIQU •s a :;d pz:
TZoTÔ

__ » O FOR JZHIOCNOOZ-.OIA:

Feed como03iti— Ncrmali- Average Strength
Feed No on sed dia-

0*' measured, 
P,kg/bri- 

que tte

normil 
sed, 0
kg/cn2

L-ercen— 
tage of
Gfixed' 
in bri­
quette 
% of 
total

coal/pet 
coke ra­

tio

d. np,cm dr ::3

'iquettes :

basic 100.0 70/30 5.32 - r I3I.5 4.55

7 ICC.C 70/30 «.If w 53.3 2.24

8 IGC.O 40/5Û 107.3 3.30

10 80.0 70/30 «.n —. i a± IC2.5 3.53

II 80.0 40/60 - • - 102-3 4.32

14 ; 50.0 40/60 ! 142.5 5.04

l le t s :

7T ICO.O 70/30 2.^0 L. m - 23 .2 3.18

—11— 2.30 ' - 18.2 3.44

1.90 - .  : 14.5 4.C2

—II— —11— :.50 2-5 IC.4 4.52

Table reveals that strength of crique::;3  improves with lighter 

percentage of petroleum coke and lower percentage of reductans in 

briquettes, which i3 consistant with the results of laboratory 

tests. Charge Nc 14 (carbon in briquette * z0%, C/PC = 40/60) ha3
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a some what higher normalised strength than a the bas 

No. I I  (carbon in briquette = 80'S, C/PC = 4C/6C) in sim: 

basic feed with respect to strength. Feed No.” has the 

strength (abt. 50f5 of that of the basic feed ), but the 

v ity . One of the ways to increase strength of briquette 

crease their 3ize.the tests were also carried out with 

a pelletised  form.

Tables 3.2 and 3.3 show that normili3ed strength c: 

creases with smaller diameter and at a diameter of 15  0 

the strength of the basic feed which offers potential : 

transportation and conversion of this feed or. a ccmmer:

3.3. Semicommercial ¿melting Conditions

¿melting process conditions corresponded to the cor 

in sim ilar tests. F ir3t, the furnace was heated withcu: 

coke f i l l in g .  As soon as the furnace casing temperature 

ke was removed and briquetted feed was gradually added 

with no tapping of a lloy performed. Following build—0 

alloy was regularly topped every 2 hrs. A3 a ru le, the 

wa3 stoked and charge added to the furnace a 'le r  each s

The furnace was started using the basic feed and me 

were taken, a fte r  thermal equilibrium had ie=r> establi3 i 

hrs of operation.

A lley  was tapped into molds lined with graphite. ¿1 

with sand lin in g  were installed between tie  tapholes an 

boxes trapped unreduced oxide3 and carbides containing 

cm of metallised phase (slags) which were then crushed

.0 feed. Feed 

la r  to the 

l:west

te3t react 1— 

s is to de- 

feed No.7 in

' pe llets in— 

m approaches 

:r successful 

la l scale.

::itions used 

: charge us ing 

таз I30°C со— 

fo r  10-12 hrs, 

lc of the ledge 

furnace top 

H oy  tapping, 

asuremer.ts 

s i  in 40-48

ag boxes 

i  molds. The 

large porti— 

down to ЗО-
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—o u Lil s ize, wighed ar:-i returned to the *> ̂ «s n l  A r Wltn

the charge.

dontrol assessment of the quality of alloy produced and the 

furnace operation was carried cut on the basi3 of decanted alloy  

recovery into the mold and the weight of settled slag in the 3lag

oox.

Jamples of decanted alloy were tahen during tapping fo r  chemi­

cal analy3i3 and also for content of non—metallies.

Part of decantant was resined with a nix of sodium chloride 

and cryolite  to ensure more thorough removal of non—metallic3 from 

the a lloy .

The follow ing maicr operating parameters of the f;mace were . 

registered during smelting tr ia ls : power rating, operating voltage, 

consumption of power, fcrio_uette3 (p e lle ts ) and corrective additions 

of coal and quartzite. Amount of decar.tant and slag produced were 

accounted, and recovery of refined iecdntant determ in jd.

Visual control of condition of briquettes on the furnace top, 

their agglomeration on the top, descit of the charge to the lower 

leve ls  of the furnace and thermal s ta b ility  of briquettes was mairr- 

tained.

Quantitative assessment of the furnace operation was carried 

out on the basis of specific  con3unction of e le c tr ic  power and 

minerals of the feed per I t of resined a lloy .

The major c r ite r ia  for selection of power and process parame­

ters of the smelting tests using various charges were:

— regular tapping of a lloy frem the furnace while ensuring 

minimal contamination w tti slag;

-  maintenance of conditions to secure continuous operation of th> 

submerged-arc furnace, with the to? being constantly covered with

d
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6, kg/ca^ P kg/briquette(pellet)

Fig. 3*3* Strength of feed No. 7 v". normalised
dlame ter
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charge.

3 .4 . Crude a lloy smelting and refin ing tests results

Table 3 .3  gives the test results of crude a lloy smelting and 

refin ing.

As seen from Table the smelting of feeds (Nos. 7,S,"r ) with 

percentage of reductants in briquettes equal to ICC-"? of the to­

ta l allows the best results to be achieved (as compared with the 

basic feed ).

For example, spec ific  power demand fo r smelting feeds No.  ̂

and 7r decreased by I I . 6 and I I . 9%, respectively, consumption 

of feed minerals -  by IC.5 and 12.55. Recovery of refined alloy 

amounted to 91.92 and 93.53 as contrasted to 8C.773 for the basic 

feed.

Visually smelting of feeds 7 and 7r went w ell. The top was 

stable and easily stoked, briquettes on the top sa tis fa c to r ily  re­

tained their shape, though some crumbling was observed, but pellets 

did not breake at a l l .  Tapholes could be readily opened, a lloy tap­

ping wa3 unhinded Metal was hot, slag content-moderate.

Consumption of feed minerals was 2.57 t/t fo r feed No. 7 and 

2 . 5 1  t/t fo r  feed So. 7 C , which is s ign ifican tly  lower than fo r  

the basic feed (2.87 t/ t ).

Changeover to feed No. 8 with higher content of petroleum coke 

resulted in somewhat higher aggloméra tien of the charge, however 

even in this case performance data were better than the basic: 

spec ific  power demand wa3 IC.53 lower, recevery of refined a lley  — 

-  7.C35 higher, consumption of charge minerals -  2 .5 3  t/t as 

against 2.87 t/t.
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CRUDE ALLC'Y ÒXEL'HNG AND RLFINi: 

"SST RESULTS

Peed Opera­
tion,
hra

I n F u t 0 u t p u t Power Volta— Power 
rn- erm. demand

No
briqu­
ettes,
kg

coal,
kg

guart— mine- 
z ite , ra ls,
kg kg

decan­
tant,
kg

slag,
kg

r e t i-  
ned 
a ll cy,
kg

ting, V 
kW

"kWh

j

"A"
(basic) 70 1970 — 113*4 1414.2 610.0 244 492.7 I3I.0 70-72

1
j 9I70

7 80 2553 - 143.3 1573*9
1

708.6 212.6 651*3 134.0;68t 73 1 I072C

7 f 26 813.2 — 44.5
i
: 531*6
1

225.3 55.6 211.8 133.5i68^73
i

Ì 3471
1
1

8 68 2042 - 132.2 1391 6C2.4 210.8 52S.9 129.5 58t 70 ; 8805

10 70 1858 199.8
1

II4 .9 1438.5
1

615.5 245.2 499•5 . 135.0 70t72 9450
i

I I 76 2076 221.9 147.9

t
1537.4
t

665.2 279.8
;

528.3 1 3 2 . 5  68t 7I 10070

14 70 1598 489.3 157.1
1
1391.61I

620.9 322.9 448.9
.

*

133.0 70r74 ' 9310

40 BSI.O 145*5 86.8 775.2 344.7 165*5

■

255*3 127.5 68-70 5 1 0 0

S E C T I O N  1

P 
Hb
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T a b l e  3.3

.T ï 3Ü2LTING AND REFININA 

:EùT RECULTS

Power Volta— Power Reco- Consumption per I t of r e f i -  Composition of refined
ra- ge,
ting, V 
kW

demand
kWh

»very ned alloy

mine­
rals,

t

power,
kWh Al

alloy 

3i ?e ri+C
of re—--------
fined bri-" 
a lloy,quet- 

Ŝ tes, 
t

coal,
t

quart­
z ite ,

t

■

; .

I3 I.0 Î70-72

—

9170 80.77 4.0 —

i

! 0.23 2.87 18 610 55.3 39.6

I

3.01 1 I . I I

134.oj68t73 10720 91.92 3.92 — , 0.22
I
i

2.57 16459 55.6 40.5 3 .05 0.-76

i '
133.5!58t 73

i
3471 93.6 3.84 —

1
: 0.211 2.51 16390 55.8 39.4 3.03 0.76

;
129.5 5St 70 8806 87.8 3.86i

1

— 0.25 2.63 16650 54.1 41.1 3.10
1

0.73

__

135.0j70r72
;

9450

1

81.15 3.72
i

0.40 , 0.23
t

2.88 18920 55.0 4 0 . 1
1

3 . 1 5  ;
i

0.^4

!
132.5 68t7I

1
10070

1

; 7 9 . 3  3 . 9 3 0.42
1
■ 0.28
1

2.91 19060 52.7 42.5

i

3 . 1 2  1 C .  68

t

133.0 70r74
; ;

9310 72.30 3.56 1.09 0.35 3 . I C 20740 50.1 44.8 3 . 3 5 0.75

i ;

127.5 68-70 5 100 74.07 3.49 0.57 0.34 3.04 19975 50.3 44.7 3 . 3 0 0.69

S E C T I O N  2



Visually the furnace operated well. The top was stable, aggio— 

aeration — moderate. Briquettes on the top retained their shape, 

did not break, No problems were encountered in tapping.

Trials of feeds with 30IS content of reductant in briquettes 

(feeds No. 1C and I I )  revealed somewhat lower fugures. specific  

power demand was 13920 kTfh/t of refined a lloy  fo r feed No.IC and 

19050 kWh/t of refined alloy fo r  feed No. I I ,  or 1.7 and 2.4 7 hig­

her than the basic case. Recovery of refined alloy and consul”)cion 

of feed minerals insign ificantly  d iffe r  from the basic feed.

Visually the furnace operated well on both feed3, though hig­

her tendency fo r top agglomeration was noticeable , as well as lo ­

wer performance data with increase of petroleum coke in the feed. 

Tapping feed No. 10 a lloy caused no d if f ic u lt ie s , though i t  was 

more complicated to open the taphoie when smelting feed No. I I .

Consumption of quartzite was higher with thi3 feed resulting 

in a l i t t l e  lower aluminum content in the a lloy .

Performance data of feed No. 14 containing 50^ of carbon in the 

feed were s ign ifican tly  lower. Pcwer demand rose I I . 47 as compared 

with the basic feed, recovery of refined a lloy dropped 8.47% con­

sumption of feed minerals increased 3%

Visually the furnace operation was unstable. At operating vol­

tage 7C 7 side ledges formed in the upper leve ls  of the cavity, 

which were u.ard to reduce and their melting required build—up of 

voltage to 74-75 V which, in turn, led to collapse of the top and 

more problems in opening the taphoie. Quartzite hai to be aided not 

only to secure elimination of bottom ledges, but also to keep the 

top from fa llin g , which resulted in 357 consumption higher than 

that of the basic feed an drop of aluminum content in a lloy down



To check whether i t  is possible to improve performance data of 

feed ho. 14 lumpy coal added to briquettes -.vas replaced by charcoal 

(feed 14 A )• Table 3 .3  shows that such charge positively improved 

operation of the furnace: specific  power demand dropped 3»"73 as 

compared with feed ho. I4t recovery of refined alloy rose 1.773, 

consumption of feed minerals were somewhat lcwer.-the figures were 

s t i l l  much worse than those of the basic case.

Visually operation of the furnace with feed ho. 14 /J was bet­

ter than with feed No. 14. The top drops were less frequent and hed­

ging less severe.

nnaming up the semicommercial t r ia l  results one may come to a 

general conclusion that it is Technically feasib le  to process 

a l l  feeds under te3t using the proposed technelegy.

Lower percentage of reductants in briquettes worsens operation 

of the furnace, which i 3 s t i l l  rather good at SC3 of the to ta l.

Substitution of charcoal fo r  Indian lumey coal added to briquet­

tes a l i t t l e  improves the furnace performance.

3*5» Conversion of electrothermal Crude Alloy into All-2 and 

AZI2M2£rH A.lSi—A ll oys

The Afl-2 a lloy i 3 used in manufacture of machinery, electron ic 

and e lec tr ica l industries, manufacture of consumer goods.

The AFI2M2MrH alloy is used fo r  d.c. casting pistons fo r  tractor 

engines.

These alloys were prepared from crude a lley  (feed ho. 7 ).

Chemical analysis of crude a lloy, 3:

3 i  Fe Ti , Zr A1

40.5 3.05 0.45 0.40 55.6

to 5 0 .1 3 .
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Theoretically removal of iron, titanium and zirconium from the 

AlSi—alloys consists in use of difference in so lid ifica tion  points 

of various melt components by the f i lte r in g , centrifuging and other 

methods to separate solid phase from liqu id  phase and t£> obtain 3i— 

lumin at the temperature of entectics. And manganese is added to 

secure higher degree of iron removal from the a lloy .

Production of alumin and a lloy wa3 carried out according to the 

flowsheet which includes melting of charged materials proportioned as 

to produce A lS i-a lloy  containing 12-135 Si, refin ing with a univer- 

sal foui—component flux of the follow ing composition, 5: I.'aCl -  

-  56.5, KaP -  25, KC1 -  I I . 5 and Na^Al?- -  removal of slag, co­

oling alloy to abt 620°C, pouring onto the f i l t e r  (quartzite g r it )  

heated to abt 60C°C, cooling of a lloy  and f i l t e r  to abt 5C0°C, f i l ­

tering of a lloy  in vacuum (residual pressure abt I mm Hg).

In case of the AKl2M2MrH a lloy  the f i l t r a te  was alloyed with copper, 

nickel and magnesium.

Chemical composition and mechanical properties of the alloy3 

produced correspond to the Soviet standards.

Consumption factors fo r  production of a lloys, kg/t:

Item
1i

Charge components
Alloy grade

AFI2M2MrH2

I E lectro ly tic  aluminum 765.S
I

723.0 '
2 Crude a lloy 323.1 324.0

3 ! Manganese metal I I . 5 I I . 7
4 ; Copper - 22.0 i
5 Nickel - I I . 0 |
5 Magnesium - I I . 0 i
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3.5. Conclusions fo r  the Jection

The results of tr ia ls  of te 3 t lo ts  of s i l l  inanité concentrate 

and coal supplied by Indian 2are Ketals Co. prove a principal sui­

ta b ility  of the materials under study fo r  the electrothermal produc­

tion of A13i—alloys .

The tests involved the study and establishing the conditions 

of charge lumping by briquetting and p e lle tis in g  methods using the 

drum p e lle t is e r  and ro ll press at the VAUT p ilo t  plant, process and 

e lec tr ica l parameters of the direct reduction process fo r  smelting 

various charges to obtain the crude A l i i—alloy  containing 39—61%

Al and the balabce of s ilicon  and impurities: determining regime 

parameters of flux refin ing of crude a lloy from non—m etallica, as 

well as metallurgical conversion of refined a lloy into kP 2 a lloy 

and heat-resistant AKI2M2IcrH alloy corresponding to the UC3R stanr- 

dards (GOST 2585-75 and 903T 1583-73).

The results of 3emicommercial tr ia ls  are consistent with the 

preliminary laboratory results. In particular, they reveal depen­

dence of basic process parameters of various charges preparation 

and d irect reduction smelting on content of coal and petroleum coke, 

which are added in d ifferen t weight ra-rios by fixed carbon.

With respect to unit power demand and recovery of refined a lloy 

the best results were obtained using feed No• 7 (Table 3 . 3 ) with 

overall percentage of fixed carbon in briquettes 91—53 5̂ of stoich i­

ometry and ra tio  o f carbon in coal to that in petroleum coke in 

briquettes equal to 70/30,

However, during direct reduction smelting of briquetted charge 

with this composition briquettes would partia lly  break on the fur­

nace top, which resulted in somewhat higher consumption per I t of
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alloy produced. Comparison of operation of the two-electrode furnace 

on feeds N03 7 and 7r using briquettes and collets showed that 

specific  power demand and recovery of refined alloy practica lly  did 

not depend of the charge lumping method, ¿melting pelletised charge 

7 r resulted in lower consumption of charge which i3 accounted fo r 

higher thermal s tab ility  of pe llets  as contrasted to briquettes and, 

correspondingly , lower breaking and crumbling at the furnace top. 

Data in Table 3.2 reveals that strength (G, kg/cm2) of small pellets  

in higher than that of large pellets  or briquettes.

¿melting of briquetted feed ho 8 with carter, of coal to carbon 

of petroleum coke ratio of 40/50 showed that strength of briquettes 

wa3 quite satisfactory and performance no worse that far standard 

briquettes used in the Soviet industry. This data show that feeds 

of this of sim ilar composition can be smelted using the industrial 

technology of briquetted charge preparation and direct reduction 

proven in the USSR on the large commercial scale in the electrother­

mal industry*

The results of t r ia l smelting of feeds Res 10, I I  and 14 given 

in Table 3 . 3  show that decrease in percentage of carbcr. in briquetted 

charge to 80 and 50f5 ( r e l . )  with the appropriate make-up of carbon 

defficiency by additions of crushed coal to the feed brings about 

disruption of normal ore reduction process conditions. Strength 

of briquettes increases but other smelting figures a3 recovery o f 

refined a lloy , unit power demand, etc. s ign ifican tly  decrease.

Replacement of crushed ccal in feed No. I 1  by Soviet crushed 

charcoal (feed 14/1, Table 3*3) secured somewhat better performance 

data of d irect reduction proce33, however, the earlier results obtai­

ned using feed3 Nos 7 and 8 when a ll carbcn wa3 introduced into b r i­

quettes were not achieved.
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Part of refined A lo i—alley produced from feed3 ic 3. 7 and 5 

was converted to commercial grade casting alloys — A 2 a lley and 

heatresi3tant AKl2X2KrH according to the process flowsheet used in 

the Dnieper Aluminum Smelter. Tria l lots  of commercial grade casting 

aluminum alloys weighing 150 kg are being prepared fo r  delivery to 

Indian Rare lletals Company.

4. Expected performance data of electrothermal process 

using raw materials under study

On the basis cf results of semicommeroial tests the calculated 

composition of refined alloy and consumption factors of electrothermal 

process were established under the following conditions:

— sillim anite concentrate to kaolin ratio  in feed — 80/2 - ;

— coal to petrôleum coke ratio  in feed (by 0ny) — 70/30 and 

40/50;

— content of iron and s ilicon  in crude aluminum used fo r dilution 

of crude A lS i—alloy — 0*30 and 0.15, respectively ;

— amount of recycled waste: 80^ of slag and 95̂ 5 of dust ( : f  to­

ta l ) ;

— refined a lley  contains 52.5~ A1 and 35.675 Si.

Expected composition of refined alloys is shewn in Table ± „I.

T a b l e  ¿ . I .

Expected 3om?C3ition of IWined A lloys, %

[ I
Zr ! Ca Other

'  ! 1... j j

59.6 35.67 2.162 0.364 ¡0.232 j0.858
55.5 35.67 1.817 O.3 I 3  ‘o.278 ! 0.827 0.495

C/PC ra tio  
in feed

1 70/30
2 40/50

H



Consumption factors per I t of r e f i .ned alloy are given in

able 4.2 •

Consumption Factors per I t of 2efired

I a b 1 e 4. 

A lloy, kg

Item C/PC rat io in feed
------- -------- - - - --— '

------- --- .---  _ _  _  . . . . _________________________________________ _ . . _____ _____ ______

70/30 4 0/5 w

I Sillimanite concentrate 95C.2 III= .C

2 Dry kaolin 24C.C 28 C. C

3 Commercial grade alumina 432.3 35C. 7

4 Crushed quartzite I8C.C I8C.C

5 Metallised slag 28 0. C 28 C. C

6 Dust from dust f i l t e r s 256 . c 255.0

7 Coal I5C2.C 98C.C

8 Petroleum coke 353. c 63c.c
Ûy Electrode paste 80.0 8C.C

10 Solution of su lfite -ce llu lose  
lye  I . 16 in wight 689.3 689.3

Unit process power demand per I t  of refined alloy (SC^Al) 

w ill be abt 13000 kWh/t: throughput of a 225C0 kVA furnace -  29 -  

—29 tpd with an average yearly coe ffic ien t of furnace u tilisa tion  

of 0.93-0.95.

Table 4.3 shows consumption factors fo r  production of I t of

some common casting alloys
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I a b l e 4.3

Consumption Factors per I t of Casting Al leys, kg

G r a d e

Ardacii!rH A.ÜZL2 w«1.a” 2 1 Ají 2

Coal to petroleum coke ratio  in feed

70/30 40/60 7C/30 40/5 0 ^0/30 4 0/60

I Aluminum 7C5.23 555.37 7CI.95 701.55 731.54 720.04

2 Refined
alloy 330.95 325.35 324.53 324.58 355.20 345.97

3 Manganese 9. 3O 3.02 —  - 9.525 8.54

4 Copper 22.0 22.C 22.0 22.0 — -

5 Nickel I I . 0 I I . 0 —  — — —

0 Magnesium I I . 0 I I . 0 -  - — -

The above expected figures can serve as a basis fo r preparation 

of preliminary economic calculations to prove economic v ia b il ity  of 

the electrothermal industry estabilishment in India.

5» Conclusions

I .  In accordance with the contract No. 77/o5 dated June 8,

1973 signed between the TO Industrial Development Organisation 

(TOIDC) and Export—Import Cbjedireriie " Tsvetmetprcmexport" a se­

ries of laboratory and semicomrercial metallurgical tests were c a ju­

ried out during January—June 1980 of a t r ia l lo : of s illim an ite con-
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centrate 10 t in weigrt and t r ia l lo t  of coal 6 t in weight :urr. 

hed by the Indian Rare Petals Co. at the laboratory- ins tail--t icr 

of the VA2i!I Institute ani p ilo t installations of the YAH p i l t t  

plant with the view tc establish their su itab ility  as basic rate 

ria ls  fo r  electrothermal production of aluminum—silicon  a ll:y s .

2. The study and pr::ess tests conducted in accordance m h  

a ll steps of the -recess flowsheet used in the UJoR proved a pri 

cipal fe a s ib ility  to use the raw materials under study for elect 

thermal production of aluminum-silicon a lleys . Aluminium-scl ice 

alloy produced in the : nurse of tests was converted into casting 

aluminium a lloys: A.1 I and AEI2I£2ilrK grades u3ed in the au t:n :ti 

applications. iie chari sal properties of the alloys meet the speci 

cations of the current .ov ie t standards. Twc tr ia l lots of alloy 

weighing IpO kg nave teen prepared fo r  delivery to the Indian .la

Sletals Co.

3. Laboratory investigations and semicommercial tr ia ls  estât 

hed that t r ia l lo ts  of raw materials supplied by the Indian, c me 

d iffered  from raw materials used in a commercial unit of the Dni 

per Aluminium Cmelter.

Basic differences are as follows:

— higher quality : f  suilimanite concentrate with respect to 

content of major ccœt meats and specified impurities;

— higher ash content ;up to 20^) of hard coal with re la t iv e l 

low content of 3pecifia ; impurities in coal ash;

— lower bn  ogee t t  mr a c il ity  of feed made of s il l im a m e  : or 

centrate and coal resulting in lower strength and thermal stab il 

of briquettes.

4» Owing to prc'cl aa i f  briquetting feeds containing sullima



44

te concentrate and coal, kaolin was added to a ll the feeds during 

the tr ia ls , as well as petrcleun coke and commercial alumina. The 

la tte r  was added to maintain aluminum content in the crude alumi­

num-silicon alloy at 59~5 Id. Aqueou3 solution of sodium lignosu l- 

fonate in quantity of 5% on dry basis was used as a binder prepara­

tion of feeds.

5. Optimum composition of briquetted feed basing on desired 

strength of briquettes and reduction process parameters is as

follows, wt. %:

sillim an ite cCncentrate — 47.C2

k a o l i n  — 11 .76

alumina — 4.50

coal -  22.04

petroleum coke — 14.58

su lfite—cellulose lye (binder)
above 1005 on dry basis — 5*0.

Coal to petroleum coke ratio  in briquettes in tern3 of fixed 

(non-vola tile) carbon wa3 4C:50.

¿melting charge of the above composition in the furnace produ­

ced the crude aluminum-silicon alloys as follows, wt. 5: aluminum — 

-  54.1, s ilico n  — 41.I, ircn -  5.10, titanium + zirconium — 0.73.

The furnace performance (throughput, power demand and recovery 

of refined alloy)were sim ilar to the figures obtained when using the 

charge 3melted in the commercial plant.

5. H ig h  p e r f o r m a n c e  f i g u r e s  c f  the  d i r e c t  r e d u c t i o n  p r o c e s s  

w e r e  al3o a t t a i n e d  U 3 in g  the  s i m i l a r  f e e d  w i t h  c o a l  t o  p e t r o l e u m  

coke  r a t i o  i n  b r i q u e t t e s  e q u 3 l  to  70:30 ( b y  c a r b o n ) .  H o w e v e r ,  t h i s  

c h a r g e  w o u ld  r e q u i r e  a d d i t i o n a l  3 tep3  to b e  t a k e n  in  o r d e r  to s e ­

c u r e  h i g h e r  s t r e n g t h  and t h e r m a l  s t a b i l i t y  o f  lumped c h a r g e .
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7. The performed tr ia l3  of raw materials were used a3 a basis 

fo r tentative evaluation of expected performance data of e lectro­

thermal process in the 225C0 kVA furnace:

— daily throughput of furnace -  28 to 2S t of refined a lley  

with average furnace u tilisa tion  factor of 0.93—0.55. Expected pro­

cess power demand per I t of refined a lloy — I 3CCO kWh;

-  composition of refined a lloy , wt. % aluminium -  60.0, s ilicon  

-  35.7, iron -  1.35» titanium -  0.32, zirconium -  0.28, calcium -  

~ 0.83;

— expected specific consumption of raw maaerials and

ductants per i  t of refined a lloy , kg/t:

siliim anite concentrate - 1115*0

dry-cleaned kaolin - 25; C . 0

commercial alumina - О•Оir\

crushed quartzite — 180.0

coal - 58 0.0

petroleum ccke - 53О.О

electrode pa3te - 80.0

solution of sodium lignosulfonat 
I .I6  in weight

£

•О•001 
v o

Besides, recycle products -  dust from gas f i l t e r s (2'

and metallised waste, slags (280 kg/t) — are used in smelting:

— consumption factors of refined a lloy conversion into commer­

c ia l casting alloys СИЛ - 2, AKI2K2 and AKI2M2MrH in accordance with 

the current Soviet standards are expected to be, kg/t:

materials C 4 Л 2 AZI21'2 AK12K2;:

refined alloy 350.0 325.0 325.5
aluminum 720.0 702.0 595.4
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manganese m e ta l  8 . 5

c o p p e r  —

n i c k e l

magnesium —

c . C
O .0

II.0
II.0

8 .  The r e s u l t s  o f  th e  p e r f o r m e d  t r i a l s  and e x p e c t e d  p e r f o r m a n ­

ce f i g u r e s  can  be u s e d  a s  a  basi3 f o r  p r e l i m — a r y  econom ic  e v a l u ­

a t i o n  w i t h  r e s p e c t  t o  f e a s i b i l i t y  o f  e s t a b l i s h i n g  the  e l e c t r o t h e r ­

mal i n d u s t r y  f o r  p r o d u c t i o n  o f  a l u r n i r r m r - s i l i c o n  a l l o y s  i n  I n d i a .
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А о о о п i  i  x

oPHCI?

djed :

JATIOiid F O R  TKH HAW IA T E H IA L s  A HD LA-Г

t h e  UJoH p o a  p . . c z v : : : c a  c?

ItHj о

Auii C Do MЛ :i OD

1. Заз c o a l  c o n c e n t r a t e ,  p ro d u c e d  ty  m e c h a n i c a l  b e r . e f i c i a t i c r .  

o f  y o u n g  g a s  соа1з  c h a r a c t e r i z e d  by a  7  d a t i v e s  c o n t e n t  o f  3 2 . 1  

to  37.0*5, l e w  a s h  c o n t e n t  and  by a l o w  i r o n  o x i d e  c o n t e n t  i n  the  

a s h .

2 .  P e t r o l e u m  co k e ,  p r o d u c e d  by c o k in g  a t  S80 t o  "’CC 'd  o f  r e ­

s i d u a l  p r o d u c t s  o b t a i n e d  when p r o c e s s i n g  o i l .

I n  the p r o d u c t i o n  o f  e l e c t r o t h e r m a l  s i l u n i n  arid a lu m in iu m  c a s ­

t i n g  a l l o y s  f o r  e n g i n e e r i n g  a p r l i c a t i o n 3 ,  the  f i n e  p e t r o l e u m  coke  

i s  u s e d  ( 5 . C  mm and  l e s s )  w h i c h  i s  p r o d u c e d  i n  d e l a y e d  c o k i n g  u n i t s  

a t  580 °J  and has  a  h i g h  r e a c t i v i t y .

3 .  E l e c t r o d e  p a s t e .

l o m p o s i t i o n ,  %

T h e m o a n t h r a c i t e  — 5C .0

B le n d  o f  cokes  — 2 ? .0  to  3C .0

B i n d e r  — c o a l  t a r  p i t c h  — 2 3 .0  to  3 C .O .

F o r  p r o d u c t i o n  o f  A l - J i  a l l o y s  a  s p e c i a l  "O M -V f "  " p a s t e  t o  

" ТУ—48” 1 2 -в “ 'т2"  i s  u s e d  p r o d u c e d  by the  D n i e p e r  e l e c t r o d e  - d a n t .

The p a s t e  h a s  i n  i t s  c o m p o s i t i o n  a t a r  coke and a r t i f i c i a l  g r a p h i t e .

F o r  the  p h y s i c a l  arid c h e m ic a l  p r o p e r t i e s  o f  th e  gas  c o a l  concen ­

t r a t e ,  p e t r o l e u m  coke and e l e c t r o d e  p a s V  s e e  T a b l e  I .

J



Physico-chemical properties o f  gas coal concentrate, 

petroleum coke and electrode pa3te

U n i t  o f
Gas c o a l  c o n c e n t r a t e P e t ro le u m coke D le c  t r o i e nas  te

D e s c r i p t i o n measure
r e q u i r e m e n t s  a c t u a l  
t o  " TI" I2YCCB o r o p e r t i — 
I - 1 8 -2 - 7 6 "  ( '  es

il

r e q u i r e — 
ments to  
60CT
15833-70

a c t u a l
p r o p e r t i ­

es

re qu i r em en t s  
to  TY
—49—I2 -S - ' " 2

a c t u a l  
p rop  ? r t i

63

A sh  c o n t e n t ,  not  
more 2 . 5 - 4 . 5 0 .8 0 . 3 0 —C . 7  5 7 .0 3 . 2 - 3 . 9

W ate r  c o n t e n t ,  not  
more if0 5.C 2 . 2 - 5 . 0 3 .0  ,1 .0 —8 • - — -

V o l a t i l e s  y i e l d -fJ 3 3 . 0 - 3 3 . 0 3 2 . 0 - 3 7 . C 10 .0 7 . 0 - 1 3 . = I 2 . O -2 C . 0 1 3 . 4 - 1 5 . C

I r o n  o x id e s  con­
t e n t ,  n o t  more :

— l i m i t i n g 0 0.8 0 . 8 - 1 . 1 — — i - —

— monthly a v e r a g e % 0 .55 0 . 3 5 -0 .5 0  ; — C . 0 7 - : . 1 5 — —

T o t a l  c a r b o n  con­
t e n t %

* i
78 .5—75 .5  i

!
8 9 . o - s : . : i

! -

S p e c i f i c  e l e c t r i c a l  
r e s i s t a n c e ,  n o t  mo­
re

ohm'mm2 
m

' i
- —

1

87 -

T e n s i l e  s t r e n g t h ,  
n o t  l e s s kg/cm2 — — 1 5 . 0 -

C om p re ss ive  s t r e n g t h ,  
not*  l e s s

.

’
—

* j

i — — 15 0 - ISO

J u lp h u r  c o n t e n t ,
^ ri» ^ J _

1.5 0 . 4- : . : .. ,



4-. B i n d e r  — c o n c e n t r a t e s  o f  s u l p h a t e —c e i l y  l o s e  l y e  and s u l p h a ­

te—y e a s t  l i q u o r .

These two p r o d u c t s  a r e  p r o c e s s i n g  w a s t e s  c f  l i m b e r  i n t o  s u lp h a m  

c e l l y l o s e  and  a r e  c a l c i u m ,  s o d iu m ,  ammoni e t c .  s a l t s  o f  l i g n o s u l -  

p h cn ic  a c i d s  o r  t h e i r  m i x t u r e s  f r e e d  as  a r e s u l t  o f  b i o c h e m i c a l  

p r o c e s s i n g  f rom  o r g a n i c s  ( s u g a r ,  o r g a n i c  a c i d s ' .

A c o n c e n t r a t e  t o  OCX 81—79—74 o f  " K > 0 1 "  b r a n d  i s  u s e d  d e l i v e ­

r e d  in  t a i l w a y  t a n k—c a r s .

P h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  the  c o n c e n t r a t e  a r e  g i v e n  in  

T ab le  2 .

T a b l e  2

P h y s i c o - c h e m i c a l  p r o p e r t i e s  c f  c o n c e n t r a t e s

D e s c r i p t i o n
r e q u i r e m e n t s  f o r  A c t u a l  p r o —
" Y ' ÿ i i ' '  o r c d u c t  p e r t i e s
to  OJT 3*1—7 9—74

4

*

4ppe3rance and c o l o u r

Dry m a t t e r  c o n t e n t ,  5 n o t  l e s s

C o n te n t  o f  m a t t e r  n c n - s o l u a b l e  
i n  w a t e r  t o  w e i g h t  o f  d ry  mat­
t e r ,  % t n o t  more

D e n s i t y ,  g/cm3 

W a t e r  c o n t e n t ,  %

C o m p o s i t i o n  o f  d ry  m a t t e r , "5: 

c a r b o n

T h ic k ,  d a rk— 
brow n  l i q u i d

pC .O  4 8 . 0 —5 1 . 0

C.3

I . 15-1.25

— 45*4 —48.5

— 45.C —5 0 .G

a3h I I . 7 -14.5



5 , M e t a l l i c  m anganese ,  b r a n d s  lip I ,  Mp2 to  GGJT 5 3 8 l ~ 7 C.

J u p p l i e d  in  a c ru s h e d  f o rm ,  f r e igh t  o f  i n d i v i d u a l  lumps s h o u l d  

not  be o v e r  1 5  k g .

Cathode  c o p o e r ,  b r a n d  ¿1C to  GCJT 859—56 i s  s u p p l i e d  ir. s h e e t  

fo rm .

l i i c k e l , b r a n d  h - I  t o  GCJT 8 4 9 -7 0  i s  s u p p l i e d  in  c o m p le t e  o r  

cut  i n t o  p i e c e s  c a th o d e  s h e e t s  and p l a t e s .

F o r  c h e m ic a l  c o m p o s i t i o n  o f  m anganese ,  c o p p e r  and r a c i a l  s e e  

T a b l e s  3 and  4 .

T a c 1 e 3

C hem ica l  c o m p o s i t i o n  o f  m e t a l l i c  manganese  

R e q u i re m e n ts  t o  GCJT 53 81 -70  A c t u a l

O'-1 “

B ran d  —

Mn
not
less

di P Fe ; cu
1
1

t
1

"1
T o t a l
admix— Fe 
tures

3 i  lin

Mpl 96.5 0.8 0.05 2.3
i

! 0*03 ' 0.10 3.3 1

lip 2 95.0 1.8 0.C7 2.8 0.03 0.20 5.0 : 1.2- 
-1.7

0.7— '95*5” 
-1.0 -97.0

t

h
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C hem ic a l  c o m p o s i t i o n  o f  c o p o e r  and n i c k e l ,  %

M ain  comoonent3 I m p u r i t i e s ,  n o t  more

Cu, Ni+Ca not
not 1езз :
less indu— 1

¡dinr; ' 1
о  :;<2of Bi 3b As Fe Ni I’b j On Ò

not j t

less ! Í!
T --------------------

Copper 59.05 - — O.CCI 0.C02 0.CÜ2 о * о о 4» 0.002

j

0.0C4 0.002
j
1
;

0. CC4 C.C2 C.

Nickel SS. 93

♦

0.10 0.001

♦

0.001

*
f
1

O.OI

—

i
O . O O I j  - 0. CCI -  0.

S E C T I O N  1
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T a b l e  4

: a l  c o m p o s i t i o n  o f  c o p o e r  and n i c k e l ,  %

I m p a r i t i e s ,  n o t  more

)b I A s  , Pe Ni I’b ! on Zn Ae
i «

02 0.002 0.004,0.002 0.004,0.00210.004 0.02 0.004 0.002 0 .CC3

t- --- T ..~T
I I

0 . 0 0 1  0 . 0 1  -  0 . 0 0 1 ; -  O .C C I  -  0 .0 0 1  0 . C 0 I  - 0 . C I  0 .00 1  <

S E C T I O N  2

.002
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'S . Commerc ia l  p u r i t y  p r im a ry  aluminium, t o  the works 3ta  

an i r o n  c o n t e n t  — n o t  more than  0 . 2 " .

7 .  s e c o n d a r y  a lu m in iu m  and a lum in iu m  a l l o y s  p ro d u c e d  whe 

r e m e l t i n g  an  a lu m in iu m  s c r a p .

An i r o n  c o n t e n t  ~  n o t  more than  l . C S ,  ar.d xi;c,-d w i t h  the  

n a r y  a lum in ium  to  he u s e d  — n e t  more th a n  0 . 6 ^ .

8 .  P r im a ry  m agnes ium ,  " i l rSC "  b r a n d  t o  GCJT 8 C i ~ ' ?2 i s  sup  

in  i n g o t s  o f  8 . 0  +  IC k g .

A c h e m ic a l c o m p o s i t i o n  o f  the rta gne s ium in  i n g c t 3 ,

l g ,  n o t  l e s s th an  9: c•

I m p u r i t i e s , n o t  m ore :

Fe -  0.C4 A1 -  c. :c2

3 i -  o.c: lln -  0 .C4

N i -  O.CCI 31 -  0.CG5

Cu -  O.Co T o t a l i m p u r i t i e s — 0 . 1 .

km




