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I, INTRODUCTIONX

The present work was carried out to the ULIDC contract
No. 77/65 dated June 8, 1978, concluded between the United Nationms
Indistrial Development Qrganization,’hereinafter referred to as
"Customer", and the All:U?}g?)?xport—Import Orgaﬂizatiou Tsvet—
metpromexport, hereinafti?‘“t;‘(és "Supplier”, ’

The contract provided for the carrying out by the VAgl Insti-
tute of semicommercial tests of the Indian raw material — IO ¢
of sillimenite concentrate, 6 t of coal and 3 t of petroleum coke,
- Supplied by the Indian Rare Metals! Ltd., for testing with the a?m
of setting up the production of Al-3i alloys by the electrother—
mal method.

It is known that in the Soviet Union the électrotpcrmal me thod
was developed and commercialized for production of Al-Si alloys by
reducing aluminium an§ silicon from the natural algmosilicates anq
other types of silica-elumina raw material in high—power electrig—
arc redgction furnaces, An operational comﬁercial unit for produ—'
cing Al-Si alloys by the electrothermal.method consists of raw ma-
terial and charge preparation, electric—arc reduction furnaces up
to 22,500 kVA, and of & metallurgical section where silicoa}umin?um
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 si-
licon is the use of low-module type of raw material such as kao~

1in (A1,05-2 310, 2H,0), kysnite and silimanite (A1,05°510,), low-




—iron bauxite, etc. which cannot be efficiently processed into
alumina and electrolytic, aluminium,

Material flows in the electrothermel method are many times
less than they are in the alupiné production and aluminium elec—
trolysis. The modern electric—arc reduction furnace for produc—
tion of silicoaluminium is tens of times superior of the alumi-
nium reduction cell in power and output.

When producing the casting aluminium alloys with the use of
the electrothermal silicoaluminium it is possible not to use at
all the gommercial 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 was to determine the technical feasibility
and process paragcters of the method developed in the USSR for '
production of Al=Si 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 meef the process requirements, and to determine )
the data concerning the melting parameters, refining and metallur—
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 VAMI pilot plant facilities, the
laboratory tests were conducted on determ;ning composition of phe

8illimanite concentrate and other physico~chemical characteris—




tics, including its pelletizing ability together with other feed
components, reducibility and electrical conductivity of the feed
using as a reductant the Indian cosl together with petroleum coke.

The Customer's raw material (IO t or sillimanite concentrate
and 6 t of coal) were delivered for tes:ing at the VAMI Institute
in January 1¢80. As it was agreed between the sides, the Indian
petroleunm cokg was not supplied for testing work and was replacgd
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 feesibiiity of the commercial productign of Al-Si a;—
loys from the Customer's raw materials by the VAXI-devel oped me~
thod., The report also contains recommendations concerning the se—
lection of the main production units, the expected consumption

rates and other performance figures of the electrothermal process
required for tecnnical angd econgmic evaluation of establishing .
the cbmmerciel production of Al-Si alloys under the Indian condi-

tions,
2. RESULTS OF LABORATORY T:STS

2.1, Composition of sillimanite concentrate

A trial quantity of the sillimanite concentrate is represen—
ted by a light—gray fine—grained sand stone. The concentrate gra-

ins have a glass luctre and are mainly rerresented by sillimanite




with a minor admixture of other minerals, the most noticeable
being the grains of disthen (373), as well as of zirconium, ruti-
le and brown hydromica. Excluding disthen and zirconium (0.5%),
all other minerals are present in quantities of 0.I to 0.27 apd
less, A content of sillimanite (and disthen) in the sample un—
der investigation was about 98%. The sillimanite grains are
transparent, not clouded with admictures of clay minerals and are
mainly laminar in shape. A typical refractive index of sillimani-
te is 1,650,

A chemical composition of the semple, % wt., is as follows:

- 62.3 Cal - 0.10

A1203

510, - 36,2 g0 - 0.12
Pe 0, ¥ - 0.3I Uno - 0,11
PeO -~ 0.0I8 K20 - 0.0I2

A simiquantitae!ive spectral analysis, besides the components
mentioned above, gave the following data, % wt:
Cr = about 0,I Cu - 0,001

Vv - about 0,I Py - 0,0I
Be - 0,00I Ga - about 0,0I,

These small and trace elements, due to & very high sillimani-
te content, are connected, probadly, with the main mineral of the
sample,

The data obtained by the complex thermal analysis (CTA)! of
the sill;manite concentrate samples reveal< & small loss of the
wei at (=0,237%) gt 195°C and some gain (+0.165%) at I100°C due to
17,

zer: under the following conditions: sample — 1 g, DTA - I/I0;
¢ -~ 500, Ve = I0/min,

The CTA was conducted by "Paul ik, Paulik and Erdey" thermoanaly—
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the sample oxidation. A total reduction in weight of the sample

is, according to the CTA, — 0.065%.

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

. purity of the material under investigation.
By its mineralogical and chemical composition the sillimanitg
concentrate mgets all the requirements of the eleatrothermal pro—

duction of Al-Si alloys.

2.2. Granulomeiry and other characteristics of

feed materials

. Prior to process testing of the sillimanite copcentrate the
Indian coal and the petroleum coke were ground to — 0,5 mm.

The sillimanite concenirate as well as other power materials
introduced into the feed — commercial grade alumina, dry benefe—
_cigtion kaolin and dust from the gas cleaning plant were tested
as-received, without grinding.

The granulometry, an average size of ype particles, & true ]
density and a melting temperature were determined for all the materi-
als under investigation, '

A weight content of the major components and of specified im—
purities in all the feed materials used in the process tesats of
the raw material, is given in Table 2,1, ‘

’ The data on granulometry of the materials under investiga?i-
on and on their other physical characteristics is given in Tab—
le 2,2,




Average chemical composition of feed materials used

in process testing of raw material

Technical analysis of
reducing agents, % wt

Chemical analysis of raw materials and reducing

Description - T
ash vola~ non— ° A1203
AS tiles = volati+
yield | le car—
bon :
Cnv i
I 2 3 1 4 5 6 7
Indian sill ima- ; i
nite concentrate - - - 62.3 3662 ' 0431
Soviet dry bene— -
fication kaolin - - - 3642 47 .4 0.69
Commercial grade -
alumina, USSR - - - . Main - 0.I0 0.09
; comp O~
; nent
Dust of gai- | | | 7
cleaning plant, ' | . T
USSR - ; - - ' 43,7 | 29.6 0.06
) | | i
: |
Lignosulphona-— : : f
te (dry resi- - ' f :
due I4.3 . - - | In ash
; " 0,74 0.5 0.51
Petroleum coke, S B
USSR I.24 II.04 87.72 I15.9 22.4 16.7

agents' ash, % wt.

8102 Fe203 ETiOZ ZrO2

0.1I 0.34
0.56 . -
OOOOI huad
0002 f OOOI
102 -
0030 -

CalO+ 0
Mg0 R2
10 I1
0.2 0.07
006 jond
0.03 0.50 !
0.6 0.2
8.47 39.24
2075 hand

L.C.I.

. f'




Table 202
Granulometry and other characteristics of
feed materials
Size distribution, 7% wt Average | Melting’
—r e grain tempera— -
s P
Description +0.5 mm | 0.5-0.25 0,25-0.I0 =0,I0 mm ‘%8 mm | ture © true
mm i) , 002/ ;
-
Sillimanite concen— : E : - |
trate, India 0003 4I.2 5805 | 0.27 00257 1.800 ' 3.30
! |
Dry benefication kao— | I/ . ;
lin, USSR .- - -~ ! - 0.0027/| I.780 | 2.63
Commercial grade alu— h ' B '
mina, USSR - 0,05 0.1 3847 6I.1I5 0.I0 I.500 3.56
: |
Dust of gaz—cleaning ; ;
Coal, India 2.7 7.6 | 64.6 25.1 0.174 | = I.48
Petroleum coke, India 5.9 II.6 | 47.5 | 35.0 0.19 - 2.06

Notes: I) According to sedimentation analysis.

2) Determined on start of melting of Seger cones.

O i ——————

|
|
|

o
Density, g/cm”

. apparent

C.36

I,I5

0.2
0.78

C.7



The data obtained on the chemical and granulometric composi-

tion on the Ind;an sillimanite concentrate meet the Soviet requ;—
rements to high—alumina raw-materials which are used in the elec—
trothermal production of Al-S5i alloys.

Attention is drawn to an excessively high ash content of the
Indian coel, 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 637%) 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 Feed and Its Strength

Characteristics

All the feeds where the Indian raw materials were used were
intended for production of the primary silicoa2luminium 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 all the feeds as & reducing agent, For strengthening '
green aad 4dry briguettes a water solution 9f sodium lignosulphona—
te or of sulphate—cellulose lye meeting the 3oviet standards, at Fhe
rate of 5% on 8 dry residue basis from the feed weight, was intro—
duced, Besides, 4 to 5% of dust collected in the gas cleaning
plent during the operation of the el:ctric—arc reduction furnaces
was added into the feed. For the chemical cor_osition and other
characteristics of these materials see Tables 2,I and 2.2.

The weighed out and thoroughly mixed components of the feed
were pressed by a laboratory press (200 kg/cm2) into cylindrical




briquettes having height and diameter of 30 mm, The briquettes
were Jdried to constant wight at IOSOC. Part of the briquettes were
calcined during 2 hours without an access of air at 10c0°¢,

The strength characteristics for the dried and calcined brigu-—
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 tl.e commercial production of
Silicoaluminium in the USSR, the strength characteristics of the

brique*ts produced under laboratory conditions, were as follows:

€105 - 109,6 kg/em2 and € 15519.3 ka/em2.

The laboratory tests for briquetting ability of the feeds were
for convenience divided into several groups.

The first group of tests was designed to clarify the effect of
adding alumina and dqust 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.. dig 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—

terials),

The second group of tests was designed to study the effect of
the sillimanite concentrate and kaolin content on the briquetting
abilit; of the feed, their ratio for various feeds being 80/20;
60/40 and 35/65,

The third group of tests was §esigned to study the effect of

the total relative content of non—volatile carbon, as well as the




ratio of reducing ag ents in the briquettes on the strength charac-—
teristics of the hriquetted feed.

The total relative content of carbon in the briquattes of this ’
group were assumed to be 100, 80 and 50% 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 briquetied
feed of the third group'tests was assumed to be 70/30, 40/60 and
0/100 (by content of non—volatile carbon, C,y in coal and peroleum
coke). ’

The results of the pests for determining the brigquetting abi-—

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

Table 2.3

= ad
[

Briquetting ability of sillimanite—containing depending on

quantities of alumina, dust and laolin in them

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

e —— e ———

Tests group and
feed No. I. 2 ; 3 1 4 5

(04

|
f
4
!
]
i
|

I. Briquetted - | ! |
feed,composi- : i
tion'by %: | !

- sillimanite, | ' |
concentrate 45.33 3733 : 34453 37099 27.04 v 14086

~ kaolin . II33 9.33 | 8.63  9.47  I8.04 - 27.66
- alumina -  I0.I0 | I0.7T ° 6.42 = 9.25 | 12.43
- dust of gas * '
cleaning ’ ’ ’ ‘ '
plant - -~  3.78 3.84 3.80 3.74

- ¢oal 36041 36032 35058 35059 35017 34'70




I-3t group of tests 2-nqd gsroup of tests

Tests group and
feed No.

—~ petroleum coke 5.93 6.92 6.77 6.78 5470 D

o

2otal 100.00 100.0 TI100.0 I0C.0 I00.0 1€0.00

2. Composition of
briquettes:

- relative carbon
content ‘Cnv)

in briquettes,
7 rel. 100 I00 I00 I00 Ico I00

= coal/petroleum
coke ratio '
(Cnv basis) in

' briquettes 70/30 70/30 70/30 790/30 70/30 70/30

= sillimanite/
kaolin ratio 80/20 30/20 80/20 80/20 60/40 35/65

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

= aluminium 57 .88 64.81 64.61 351.34 60.8; 60.06
'- iron 1039 IOZI IOIS 1023 1027 1033
- T1 and Zr 0.75 0.5¢ 0.55 C.53 0.62 0.50

3. Strength of bdri-
quetted feed,
kg/cm2

- drigdobriquettes,
@ I05 ' S56.6 34.9 44.6 6545 5541 51.3

= calcined bri-
quettes,

& 1000° 648 2.7 4.4 7.5 8.9 .4




Briquetting ability of sill imanite—containing feeds
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depending on relative content and ratios of reducing
agents in briquettes

T
2.

3-rd group of tests

tes:

Tests goup and feed No. Y
7 8 9 I0 II 12
———— — SO
. ] !’
I, Briquetted feed composi— i |
tion: | ‘ _
sillimanite concentrate; 37,90 42.74 50.76; 41,13 | 45.59 52473
kaolin 9.47 | 10,68, I2.69¢: 16,30 | 1II.40 | I3.Is
. alumina 6042 5.21 3.26 7.37 6040 4.88
dust of gaScleaning ;
~ plent 3.84 4,33  5.I5F  4.I7 4,62 5¢35
coal 35.59 22.223 - % 31,11 19,20 -~
i ! ’
petroleum coke 6.78 I4.82: 28.14 | 5.92 12,79 23.86
o e i .
otal, % 100,00 { 100,00 100,00 100,00 | I00,00 | ICC.00 3
Composition of briguet— g
relative carbon con<
tent (C_ ) in briqu-
ettes, 7% rel, 100 100 I00 80 80 80
coal/petroleum coke
ratio in briquettes )
- (Chy basis) 70/30 | 40/60} 0/I00 70/30 40/60| 0/100
sillimanite/kaolin
_ ratio 80/20 ; 80/201 80,20 80/20 80/20| 80/20
i
calculateq composition |
of feed by metal in :
alloy, % wt: i _
aluminium 61.34 61,92 i 62,67 l 61,35 6I.72 ) 62,28
i i
iron 1,23 | 0,95} 0,54 I.28 1,06 0,75
] ; T
11 and Zr 0.63 | 0.6I 0.57'  0.64 0,62 0.5¢
. 1 ' '

SECTI




Zriquetting ability of sillimanite—containing feeds
depending on relative content and ratios of reducing

agents in briquettes

3-rd group of tests
ad No. i* a “
7 8 9 I0 1L 12 I3
Zzuposi- ; , i
o L f
i !
9.47 | 10.68; I2.69! 16,30 | II.40 | I3.Is @ II.83
) }
6.42 5.21 3,26 7.37 6.40 4.88 | 9.I7 |
-ning : ’ } %
3084 4033 ! 5'15 : 4017 4.62 5035 4080 i
6 B ' '
35,59 22,22 ! - : 31.I1 19,20 - I 2257
| j '
6.78 14.825 28.14 ; 5.92 I2,.79 23.86 4,30
- ! —
100,00 100,00 :100,00 100,00 I00,.00 100,00 100,00
T quet—
20N+
‘igu—
100 100 100 80 80 80 | 50
ke
tes ) -
70/70 | 40760 0/100 70/30 40/60| 07100 | 70/30
|
in i
80/20 | 80/20] 80/20 80/20 80/20| 80720 | 80/20
:]ition : ‘
s . . :
| 61,34 61,92, 62,671 61,35 61.72 ) 62,28 | 6I.2I
1.23 | 0.95i 0.54} I.28 1,06 | 0.75 : 1.36
! { ‘ Ty
i ! e

TION

I4

50.82
I12.79
8.60

5.15
13.64
%.09

B T N

100.00

50

40/60

80/20

61.44
I.23
0.63

I5

56.15
I4,C4
7.73

5.70

16.38

IC0.C0O

50

0/100

80/20

61,76
1,04
0.62




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

S
- : . i
7 « 8 9 - 10 ' II 12 13 14
_ 1
|
3., Strength of bricﬁetted l
feesd, kg/cm2 :
)
— dried briqueites, ¢ 105° | 75.5 | III.5 | .57.1 | 70.8 |104.2 | 142.9 6647 102,0
— calcingd briquettes, ) ! |
& I000 L I7.6 . 24.3 | 3443 | 14,2 | IS.3 | 35.3 12,3 20.9
! ' i ;

*

1/ For the basic feed prepared from Soviet raw materiels, G 105 = 109.,6 m
& I0CO = I9.3 kg/cm2.

I5




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, as compared with fesd N0.I, strength of
the briquetts. An introduction in feed No.3 of dust from the ges
cleaning plint imprcved its briquetting ability and somewhat decre—
ased the negetive effect of alumirna on strengtn of the briquettes.

Taking into account the results, obtained for the first group
of tests, the following (Table 2.3) tests were carried out with
feeds containing a moderate amount of alumina (calculated for an
alloy, containing 60% Al) and with introduction into the feeds of
dust from the gas cleaning plant (about 3.87% from weight of the
feed).

The results of the second group of tests show that strength of
the briquetts do not change appreciably when & kaolin content in
the feed is increased two— or threefold., But this, in its turn,
dacre3es a relative content of the sillimanite concentrate in the
feed, which is the main source of production of Al-51i 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 tests given in Table 2.4 spow
that strength of the briquettes increases mainly when & coal con—
tent in the briquetts is decreased and is replaced by petroleum
coke. The maximum strength of the briquetts is obtained with the'
feeds Nos,9,I2, and IS5, containing only petreleum coke as a redu—~
cing agent (without coal), Taking intc account that reactivity of

petroleum coke should be consideradbly less than for coal, these

feed compositions can not be recommended for mettalurgical testing,

The data of Table 2.4 shcw that for broquetting ability of the

feeds under test the nearest to the basic compositions of the
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feeds used in ccx-ercial production (for which 6.-..3

870000 = I%.3 kg/cn2) are the feeds %os. 8 and II. A weizhu retio
of coal arnd pe:rolsunm coke (by.Cnv) in these feeds is 40/3C, ard
a totdl relative ccrntent of non—volatile carbon iz <zZe briguettes
varies within 80 to I00% as compared with a stoichiometriz quanti-—
ty of carbon which 1s required for reducing all cxijes of the feed.
To check experimentally the effect of the feed zaterizls' size
on the obriquetting atility of the feeds, the 4—tx -Toup cf testis
studied the effect of reducing the size of coal only and <f coal
together with sillimenite concentrate on the brizuettes!' sirength,
To carry out the test, the materials were serarzzely grcurd in a
ball mill down to zinus O.,I mm. Then tke feeds were orepared in a
way it was done for the feeds studied in the 3—d@ group ¢f *estis,
the only difference teing the fact that in some Ze23i3 the a2d4ditio—
nally ground ccal wes introduced, arnd into others — the aiditiorally
ground coal and sillimanite concentrate. Accordin:z to tZe results
obtained in the ‘testa (Table 2.5) due to additiczal grirding of the
materials the strensth cf briquettes increased for doth iry and cal—
cined ones.

Tsble= 2,5

Average data on relative increase of the bricuettes strength
w-th additionally ground feed z=2:erials

e e e e e e i i e e . +

Coal T xm och i t : A
/oetroleum ccke ratio in briquettes e 4C/50 © 0/1CO

(o7 Cnv) ?

Relative increase of strength, % rel : ;

= additiornally grcund coal 1561050 47.2 Tl -
4 61000° - Z4.4 -

= additionally sround coal

and sillimarnite soncentrate a4 G’ICSO 3Ce 2 3.9 2749
a6 10000 cC.2 74,0 48,1




'

rourd ccal is 4d minant

The data presented show tha< tre Zirze
in increasing the Ltrength of briguet:es,
Taking into account the results ct:aired arnd the data from
Tatle 2.4 it 1is possible to recomzexzd for further metallurgical

testing No., 7 feed, along with PeezZs los. 8 ard IC.

2.4. Netallurgical evaluation of feeds

2.4.1. Reducibilisy of feeds

The feed reducibility tests wer-e carried out gccording to the .
VANT methodIé;veloped to fi. the t-ciuction of Al-3i alloys, A labo—
ratory electrical furnace with a tutzlar heater (Fig. 2.1) was used
2or testing, It ensures maintaininz :te temperature of 2,000 to
Z.OSOOC in 3 reaction zone of the “u=rrace, Por testing the samples
of 120 to I50 g in the form of pelle<s 5 to0 8 =m in dia, were used.
Zach reducibility test consisted ¢Z <wo stages. During the first ‘
stage in & reaction crucible 4 anZ a condenser 2 (Pig. 2.I1) the fe—
ed was loaded. During the second szzze in the reaction crucible a
content of the condenser left after tLhe first siage of the test
(calcined feed pellets covered wish sublized zatzer) and in the con—
jenser — the initial feed in the :zzze amcunts as in the first stage
of the . test .

The content of the reaction c—ucible after the second stage of
the tests was analyzed for metal Al ard 3i. Reducibility of the feed '
was evaluated by degree of reduct:-or of Al and 3i from the feed accor-

iing to the formula:

Mecalc

.I/TSVetnie Eet&lli, N 6, 1977’ Te 3}_32
(Non=Ferrous Metals).
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where: u'II — actual content of Al and 3i in the crucible after

the second stage, g;

—calculated content of Al and Si in the feed charged

Mo a1c

into the condenser, g.
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Pig. 2.1. Apparatus for studying the reducibility of feeds
and feed materials

I - tubular heater, 2 - condepser H

3= perforated pa;tition, 4 — reaction crucible,

5 — support; 6 = feed being studied (pellets);

7 - water—cooled cover; 8 ~ wa?or-cooled case;

9 - inspection connection; IO = graphite cuttings,
11 - electrical insulation, I2 = current supply.

This investigation. method permitted in the most exact manrer
to simulate, at the laboratory scale, the conditions of the pro—

cess in electric—arc reduction furnaced., Feed charged int©® the




conienser during the first stage of the tests, is under conditions

Simulating a top of the electric—arc reduction furnaces. A content

of the condenser charged into the reaction crucible at tne second

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

0f the electric—arc reduction furnaces where preliminary heated and

partially reduc=d feed of the furnace top zone comes,

The feed reducibility tests were carried out with the feed comr

positions given in Table 2.4. For a relative content ¢f ncn—volati-—

le carbon in the briquettes or pellets equal to 8C ard 50%“e1 a feed

ccempesitional ad justment was carried out by adding to the pellets of

crushed coal c¢f 3 to 5 mm and thorough mixing of the ccal with the

pellets to average the composition,

The data oh reducibility of the feeds are given in Table 2.3,

— e e s

Teed No,

leducibility of the studied feeds

-4

’ |
Coal#petroleum coke Relative con—

tent of carbon
(Cp,) in feed

(numerator)and

in briquettes

(denominator)
% rel,

o e e

I00/1CO
, 100/1CO
| I00/100

RO et e+ o e e ——

(from tab— ratio, non-volatile
le 2.4) carbon basis

7 70/30

8 40/5D

9 0/100

10 70/30

11 40/50

I2 0/1C0

13 70/30

14 40/50

15 0/100

' Basic feed of Soviet raw materials

[ 100/80
‘ 10C/80

100/80
100/50

100/50
100/5C

Degre=e Of re—
duction of Al

and S from feed

at 2000°C, 7.

60.1
53463
43.2

5I.88

45/51
33,1

40,06
38,74
34/78
45,20

|




The data of Table 2.5 show that with an increase of a relative

content of petroleum coke in the feed, as well as with a decrease
of a carbon content in the pellets the feed reducibility becomes
worse.

The highest degree of reduction of Al and 3i from the feeds un—
der investigation which is higher than the sanpe fiéure for the tasic
feed, was obtained with the feeds Nos. 7,8, I0 and II.

The reducing agents'.content in these feeds is limited as fcl-—
lows: from 76 to 40”5rel ~ for coal, and from 24 to Sczrel -~ for
petroleum coke. A relative content of cardbon in the briguettes or
pellets should not be below ao%rel, because an adjustment of the

feed composition by crushed coal do not fully compensate for the lcss

of metal due to the worsening of conditions for redquction of tze fe—

ed oxides,

2.4,2. Eleactrical resistance of feeds

It is known that a specific electrical resistance (32R) of various
feeds is of the major importance 1in selecting design and electrical ’
features of the electric—arc reduction furnaces crucibles, In accor—
dance with the laboratory method adopted in VAXI an JER value was
changed for feeds of various compositions,

Zefore testing the briquetted feeds to be investigated were ca;-
cined at I1000°C in a sealed container for 2 hours and then were co—

0led down to the room temperature ground to minus 0.5 mm and charged

into a container of the measuring apparatus.,
¥hen using the feeds lacking carbon in the briguettes, after

calcining and cooling them a carbon adjustment was carried out by




adding 3 to 5 mwm calcined coal. The calcined briguettes were ground

tcgether with coal down to minus 0.5 mm and then charged into the
containsr of the measuring apparatus.

A measuring method of the 32R is based on determination of a vol—
tage drop when passing direct current through the feed being teated.
The feed is in the container under pressure of 40 kg/cmz.

The measured values of the 3ER of the feeds are given in Table

2¢76
Table 2.7
Feed electrical resistance
11 T T T s T T Tt w .
Feed No Coal/petroleum coke Relative content | Specific—elec—
(from ratio, non=-volatile of carbon in feed| trical resistance
Table carbon basis (numerator) and of feed, ohm.cm?
2.4) in briquettes
! (denominator), 7
| : ; . e _T-_
| 7 70/30 | 100/100 14,30
8 ! 40/50 e 13,41
! 9 | 0/100 —n— -
10 | 70/30 ! 100/80 15,40 :
16 I 40/60 | —he 14,10
I2 - 0/1C0 —r— -
13 70/30 100/50 23,79
4 40/60 : -t 17.70
15 0/100 % —n— : 15,41

g U T R

Basic feed from ’ ;
Soviet raw materials - ! 15.4

One can see from the table that with an increase of a petrolsum
coke content in the feed its electrical resistance decreases, Fcr

the feesds lNos. 7, 8, IO and II characterizea by a higher degree of

reducibility of Al and Si (Table 2.6) the SER value is somewhat b




-ower tzan fcr the ~asic feed prevared from the 3iviet raw materi-

als,

2.5. Conclusions for the secti:cn

[£]

Laberztory testing of the Indian sillimanite corzenirate and
coal was carried out to preliminary determine the process parame—
ters 2nd cbtain the basic data for conducting the sexiccrmercial

tests,

Durinz trnese tests a chemical and material ccmre3ition of the
sillimanite c:ncentrate and of coal was determired, Treir main pro—
te33 characteristics were studied including the triguetting abili-
vy, reducibility and electrical resistance, The res:l<s c¢f the labo—
ratory te3<3s c°n the whcle can be considered a3 pcsitive,

The tests revealed that among the fecds tested e best process
characteris:i:s belong to the feeds Nos, 7, 8, IC arnd II (Table 2.4).
’hey can te recomrmended for further semicommercial <es+ing,

In tzese Zeeds the reducing agents' content s=z:culd be as follaows:
from 76 o 4C3% (rel) — for coal and from 24 to 6% (rel) — for petro-
leum coke,

A relz:ive content of carbon in the briquettes and pellets to
be used f:r a semicommercial testing should e about 90 to ¢5%
0f the ssoizziometric acount of carbon and should =:ct e lower than
80% (rel), te:ause an adjustment of the feeds dur:i~z melting by
Srushed c2l will not compensate for the loss of =zezal due to the

worsenirs 2 2>nditions under which reducing reacs:2ns <ake place,
3. Re3ults of sexzicomcercial 4e:z+s

The tez%3 were carried out on the semicommer:z:.al eguipment of




the _eningre: Pilot Plant (LPP) of VALI.

2,I. Sczezatic flowshz2et and brief descri-:t.cn of

Xl
1
o

equipment

Pelletiziznz the feed and its melting was cz-ried ocut =zccording
to <ze stariz=d procedure adcpted at the LPP, 2:wjered :>-=runenis
of t—e feed — tha Indian sillimanite concentrase, xaoli- zn¢ aluzina
were “ed directrly to & weizning section.

_uzpy =z2<erials (the Indian coal and the .:ov: ez-:_eum coke)

[
o
(%}

Ke)

were Zed ir:t: a jaw crusher for crushing dow: t: zinus
then into a :2ll mill for grinding down to mirzus .5 m=. After that
the —2<erizls were jirected to the weighing tzy. Zatcres of I5C kg
eacZ ®ere tr-erared.
“re we::z-ed components of the feed were l:zled ini: a recei-
.

vinz Zopper znd by a flight conveyer fed intc & jrum =i Ier for tho-

rcuss bleri:=z., The blended feed then was tra-:zferred =10 & three—

[¢)
Iy

rzzter drmx pelletizer where it was wetted witz a water 3olution

0f s:l2ite—:zellulose lye (density I.I5 to I.I~ g/cm3) 2-4 granula-—

<t

ed Irto re_lets 0f 3 to 30 cm dia., The pelle:-zed fee: then wzs :zent
inzc 2 roll omill where at pressure of ISO ¥z/2mZ2 the e_lipsoidal
rizuettes were formed measuring 65 x 40 x 30 ==,
Zhe bri:zettes were kept for 3 to 5 days Iz iLe sn:: and then
wi:hcut's;e tal 4rying were e sent for melting., Zesid=s, :o-me pellets

02 =z = % —m size bypa:zsing the mill were 2_:5 Zorwz-:ed for mel-

esepiz: 2 reccrd of the quantity of feed ::zrzed Iz::> the fur—

rite wa3 i:ze by a8 quantity of the feed ccntz.-ers ckz-: =4 and




ccinsrolled by a total nuzter of trhe melted tatczes.

The melting was perforzed in z two—electr:ie zezicomnmercial fur—

red

of the LPP VALI rated at ISC =N, A btasiz :i:zza:rzz= for conrie—
tir: the furnace to a trarnsformer is given in -i:. Z.l. The furnace
trensformer has a range of secondzry voltages r-oz IX to GOV

(23 3%teps). The maximum current a: the low size =: I,20C A, a wer—

¥irng current averages 2,7CC A, Fcr the averaze vz_ile2 of working

—2s0ors of the

[}

current the active power losses in the current c-:iz

frrnace is 19.2 kW,

-

The main dimensions o¢f the crucible and sze.l :I the furrace
are given in Pig. 3.2. 35ides of the crucible zre _ined with szan—
Jard fireclay bricks and the bcizcm is of za-:t:irn z=zterial., The
IO om electrodnb are graphitizei and current -s 3uirlied via WO
ccprer water—cooled Semirings eztrzacing an els:z:riie from two si-
de3,

A primary alloy prcduced in :ze furzace ¥zs -eZ_ned by flux
according to the standard procedure, Then it wz: Z3lzted with alu-
mizium to obtain a siliccn contezs close to :tze euze:tic one., After
t7a: manganese was added into tre melt follcwe: :7y ZiIltration in a

vecuum filter—apparatus to produce casting a__:>ys.

3.2. Compositions of the feeis being stz:iiei z:-i their

3-rength

According to the results of :ze latorator; <e:%2 for semicom—
zercial testing five feeijs (Nos. 7, 8, 10, II z=:i It (Table 3.I))
wers selected having different 2:ntent of a -e:ii:.zz agent (ICO%,

£2% and 507) and differert coal /retroleum ccze ~23.3 in the briguesz—

tes (70/30 and 40/60), Zesides, zhe 7 feei ves zez2sed in a pelle—
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Fig. 3.1. Basic connecting diagram of the
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Pig. 3.2. Two—-electrode semicommercial electrical furnace ‘
I - 1ining; 2 — carbon bottom; 3 — graphite

electrode; 4 ~ current conductor,




tized £:-= and the feeld I4 where the de’i:xisncy I cartcn was
Slmpensztel for by adiinz charcoal.

The -e3ic feed Al from the Soviet raw -z:-erials 323 used as a
raference,

The “eeds for semizcmzercial tesiing s:c-ewhat ::°ered in their
cemposisi:n from the laboratory feeds. A )2l cart:z content Iin
tszem wa: I to 93% of the stoichiometric a=i tkey :i:: notl ccntain a
recyclei 3ust of the sa3 cleaning plant,

Cozrczitions of the feeds for sSemicozzercial te:7s are ziven in
Tatle 3,71,

The =-iquett3a (pellets) preparsd in t:e plent ::ziiticns were

tested “:-r mechanical sirength. Strengtn ¢

47

<he brz::eittes (pellets)
#as dese=-—ined by a zuzber of drops frim z - heigzt Iz a concrete
ftoor =:: their failure, sStirength of driei (up to :-:zstant weight
at 105°:) briquettes 2rd psllets by a crusiaing ;:;ssure on a
brique::ze (pellet).

A -:--malizsd strenzth was taken as a sirsngth z:2sure for the dry
briquez:as (pellets) equ2l to a ratio of :trz crusz:=: s:irsngth to a
sguar:3 —ormalized d:iame:g which is cal:ulzated a:::rding o0 the

formulz

p— -

2 , 2 4 i
df + d5 + 45

- i —
3

wrare i:. d2 angd d3 -~ the linear digernsi:zs of thz :=rigueste along
the tz>e2 coordinatzs.

P:> spherical pallets a normalized d.az2ter ::_=-2ides with the
Seomes>.23l orne.

P:> the sirengtia characteristics o0f tz2 feeds :2:e Table 3.2,




SCHPCSITION CP P53 OF INDIAN RAF LADZZRZIALC
FCR SZMISOMIESRCIAL T35S

: ' f 1 .. '
Item Feads/components j (bggic) 77%§d ' 8 - 11 : 14 i I3 2
| ! .
| 1 |
1 ' Composition of briquettes,™ !
E DI'y cleaned kaclin 33.68 10-85 I1.76 f ::.34 12054 13096 ‘ I}o(_"s
B ‘ . }
Jomrercial grade alumina I3.75 5438 4,50 ; 1,53 5.62  7.72 7.72
Disthem—sillimanite concen— ’ ’ 5 f
trate 18.13 - | ! - -
Indian silliparite concen— : ' i
trate - 43042 47.C2 ’ 13,33 50.I4  >3.82 + 55.82
Soviet coal 25.54 - f ‘ - 1 -
Inaian coal - TTI.I3 | 22.04 | 1I.83 | 19,02 I3.48 ; I3.48
3oviet petroleum coke 7.50 G.22 ’ 4.58 | .87 I12.58 8.99 | 8.%9
! NS
TOTAL, % 10C.CO | 10,00 } 120.CC ]! I12.€0 | 100,00 100,00 , IC0.00 |
2 Reductant in feed, kz/I00 xgz i
of briguettes: - ‘ ’
Coal (India) - - -~ IZ.CI| II.eS! 33,720 - !
Charcoal (USSR) - - - - - - i Isi22
3 Percentage of reductant in ‘ 3
briquettes, % ICC.0 I2C.0 1:¢.0C ! 2I.0 80,0 30,0 ! 50.0
4 Percentage of reductant in ! | ,
charge,® of Stoichiometry S5.3 ¢I.0 | :I.0 | zZ.C 9I.0 | tI.0 ‘ 9I1.0
5 Zxpected Al content in 3 ; : :
‘ alloy, % 5C.0 3C.0 : 5C.C Il472 60,0 ' 350.0 ' 60.0
1 : ; !
6 i JCoal/pet, coke ratio in : : : - - : .
briquettes e300, TI/300 0 4d/30 ; DAY , 4C/5¢C 42/50 " 40/50
! : |




Table 3.2

3DRENGTH OF BRIQU.TIZS AND PELII23 FOR SZMICCLUE. CIaL

Jz0To
Feed compo3iti- sermeli= Avsrzge Strength
Feed ko on sed dia— n%z:er
D ie:er gi‘-s z2asured, normili-
rercen— coal/pet. nz,Com cos P,xz/bri- sed, 7,
tage of coke ra-— - quette kg/cz2
Cfixed‘ tio i
in bri- \
quette I r
% of :
total .
Zriguettes:
"A" basic  100,0 . 70/30 5.32 l.e 0 I3L.5 4.55
7 I1CC.C 70/30 -"— z.l 53.3 2.24
8 16C.0 40/50  -"=  I.T  I27.3 3,80
I0 80,0 ©70/30 -n— | It 1C2.5 . 3.53
: |
11 80.0 I 40/50 e .l Jl&.3 | 4.32
! ' : ;
14 . 50,0 ! 40/60 | - Zel I42.5 ‘ 5.04
Pellets: ; : . :
7T 10,0 ~ 70/30 2.70 .00 23,2 L 3,18
L ) ol |
—n— —n— —n— 2.30 1 Z.: 18.2 3,44
—t— —t— - I.co0 = :Zz.7 I4.5 4.C2
- —fle —t - :.50 : 2-,: IC-4 4062

Table reveals that streng<n of trique:s:3 improves with lighl-r
percentage of petroleum coke =2rni lower per:2ntage of reductans in
briquettes, which is consistarns wizn the 2:ults of laboratory

tests, Charge Nic I4 (carbon irn bdriguette = 2%, C/PZ = 40/60) has



a sorce what nhigher normalised strength than & the basi: Zeed. Te=2i

No.II (carton in brriquette = 8C7%, I/PC = 40/50) i3 similzr to the

.’

. basic feed with reapect to strength. Feed i0.” zas the L:iwest
strength (abt. 50% of that of the basic feed), but the 23t reaczti-
vity. One of the ways to increage strength c¢f briguettzs Is to de-
crease their 3ize.the tests were al3o carrisd cut with J:24 lc.7 in
a pelletised forme.

lables 3.2 and 5.3 show that normilised s:rength ¢ -2llets ir-—
creases wi+h smaller diareter and at a dizze<tar of IS5 == approack=s
tk2 strengta of the basic feed which offers potential Z:r successful

trarsportation and conversion of this feed con a cczrercizl scale,

3.3, Jemicommerciel Smeltinzs Corditions

Smeltingz process conditions correspconied tc tune ccmiitions usad
iz similar tests. First, the furnace was krea2%ed withcu: zharge using
coxe tilling, As soon as the turnace casirnz <ezverhture ¥=3 ISOOC co—
k2 was rexzoved and briquetted feed was graiually addei Zor IO-I2 nrs,
witn no <tapping of alloy performed., Follcwing ©duild—z: of the ledge

alloy was regularly tooped every 2 hrs. A3 2 rule, tzz Zurnace <op

wa3 stoked and charge added to the furnac: ater each zlloy tapring.
The furmace was started using the basi: 7204 and =:2surements |
w2re taker, after therral equilibrium hai Zexnestablisza23i in 40-48
zrs of operation.
Allcy was tapped into molds lined witz graphite., llzz boxes
#.ia sand ilining were installed tetween tzz2 tacholes zz:i zolds. The

tcxes tra-red unreduced oxides arnd carbides zontaininz _arge porti-

¢r. of metallised phase (slags) which were <ken crushe: :own to 30—




-

=50 o In 8ize, wighed ani e iurncd

ct
by
[{1]

(@]

the charge.

Jontrol assessment of tze gualisy of alleoy prciuced and ths

furnace operation was carried cut on the basis of Jecanted 2110y
recovery into the mold anid the weigh: of setilad slagz in the slag

©0X,.

sanples of decanted alloy were tz:en luring tanping for cheni—

[#)
)

cal analy3is arnj also fcr sontent of ror—metallics.

X8

Part of decantant we3 ~esined w12 a mix 02 scdium cnloride
and cryolite to ensure =:re thorougz removal of non—metallics froz
the alloy.

The following majcr 2perating rarcmetlers of the pirnece were .
registered durirg scel<ing trial3: power rating, oOperating voltage,
ccnsucption of power, brizuesses (z:=llets) and corrective additions
of coal and quartzite., a=:znit of deczntant and slag psroducz2d were
accounted, and recovery =2 refined Zacantant dJetermin.d.

Vis::al control of c:ziition of triquettes on the furnace top,
their azglomeration on :tzs top, dexXxt of the charge to tze lower
levels of the furnace azd tkermal s:ability of briquettes was main—
tained.

Quantitative assesszezt of the Zurnace operation was carried
out on the basis of spz22.fic consu:ption of electric power and
minerals of the feed per - t of resized alloy.

The major criteria 2:r selecticr of power and process parame-—
ters of the smelting <233 using v2rious charges were:

= regular tapping <2 2lloy frcaz the furnace while ensuring
minizal conmtamination w.:: slag;

=~ zaintenance of cczi:itions to 32cure continuous operasion of th

Subzerged—arc furnace, ¥ith the 33p being constantly ccvered with




2
6, kg/cm P kg/briquette(pellet)

Pig. 3.3, Strength of feed No. 7 v, normalised
diame ter




charge.
3.4. crude allcy smelting and refinins tests resulss

Table 3.3 gives the test results of cruie alloy szeliing and
refining, .

As seen from Table the smelting of feeds (Los. 7,58,7r ) with
cercentage o reductants in briguettes egusl to ICC% of the to—
-al allows ths best results to be achieved (23 cozpared with tkre
vasic feed).

For exaz»le, specific power demand for szelting feeds o, ~7
and 7r decreased by I1.6 and 11.9%, respectively, ccnsuzption
0f feed minerals — by IC.5 and I2.5%. Rec:very of relirzad alloy
amounted to ©€I.,S2 and ©93.5% as contrasted 35 8C,77% for the basic
Teed.

Visually smelting of feeds 7 and 7%  went well. Th2 top was
stable and sasily stoked, briquettes on tke top satisfectiorily re-—
tained their shape, though some cruambling wes observed, but pellet§
did not breake at all. Tapholes could be readi}y opered, alloy tzp~
»ing was urrinded Metal was hot, slag corniznt—moderzie.

Consump:ion of feed minerals was 2,57 3/t for feed lLo. 7 ard
2¢5I t/t fcr feed No, 7r , which is signifizantly lower than for
the basic feed (2.87 t/t).

Changecver to feed No.'8 with higher c:ztent of pesroleum <coke
fesulted iz 3omewhat higher agzlcmeraticz of the charge, Lcwever,
2ven in this case performance data were bester than tie basic:
3pecific power demand was IC,5% lower, rec:very of refizmad all:y =
= 7+C37% higrer, consumption of charge mire-zls - 2,53 %/t as

2gainst 2.87 t/t.




CRUDE ALLCTY SXILTING AND REFILI

TEST AE5ULTS

Power Volta— Power oo

Peed O?era— I npu t Output
No | fiom, T e - : ra=—  ge, degind,vt
hrs briqu— coal, guart— mine— dJecan— slag, reti=- t;gg, v k i-
ettes, kg zite, rals, tant, kg | ned o
kg kg kg kg alloy, i
) ks, !
—_ e i S
uAn . ‘ : . i
(basic)j 70 1970 = - i 113.4 1414.2 610.0 244 |4%2,7 1I31.0 70-72: 9170
) ! ;
7 1o | 2555 = | 143.3 1573.9 708.6 212.6 |651.3 I134.0 68‘73%
: t
. l ? |
T 26 813.2 - 44.5° 531.6 225.3 55.56 21I.8 I33.5 oea-r73«r 3471
i i
8 68 1 2042 - | 132.2 T35T  602.4 210.8 ,526.S I126.5 55470 ; 8805
10 70 | 1858  199.8° I14.9 1438.5 6I15.5 245.2  46S.5. I35.0 70572 9450
i ; | : . j
; v i t o
. t !
I1 76 2075  221.9| 147.9 I537.4 655.2 27S.8 ;528.3 132.5 68%71 10070
3 o o
I4 70 1598 489.3| IST.I I391.6 620.¢ 322.9  448.S 133,0 70¥74 = 9310
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IE3T RESULTS

X4

A1)

(Ve

AN

Power Volta— Power Reco—

.,J( SKZILTING AND REFININA

ra— ge, demand,very - ned alloy
ting, V ' kWh  of re— b
kW ! fined bri— coal, quart— mine- power, ,-

: i alloy,quet— t zite, rals, kWh +

i : tes, t t

‘ ! t .

’l 1

- a : .

o i -
131.0'70—72i 9I70 80.77 4.0 - 1 0.23 2.87 I86I0 55.3
134.0/68573 | 10720  CI.G2 3.52 = | 0.22 2,57 1I645¢ 55.6
133.5{58-:73; 3471 93.5 3.84 - | C.2I  2.5I 16390 55.8

g !

P . .7
12¢.5 58370 | 8806 87.8 3.85 =  C.25 2.53 I5650 54.1

o | |
i
I35.070s72 | 9450 | 81.I5 3.72 0.40 | 0.23 2.88 18520 55.0

; ? ' '

I ;

132.5 6871, 10070 = 79.3 3.63 0.42 . 0.28 2.91 19060 52.7
133.0 70¥74 ' 9310 = 72.3C 3.56 I1.09 0.35 3.IC 20740 50.I
127.5 68=70 SIO00  74.07 3.49 0.57 0,34 3.04 IS975 50,3

Corsumption per I t of refi-

Table

33

Composition of refirned

all oy
31 Fe
|
40.5 3.05
3¢.4 3.03
41,1 3,10
|
40.1 3.I5 |
42.5 3.12 |
44.8 3.35
44,7 3.30

e ——

Ti+lr
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Visually the furnace operated well. The top was

Ie)
()]

) meration — moderate. Briguettes oz tre top retainel their sha

did not break, lio problems were enccuntered 1in tacpi

'y
(6}

Prizls of fe:ds with 80% content of reductant in briquettses

o

ic

)4
Yy

[4°]

(feeds No., IC and II) revealed sczewhat lower fuguras. JSpec
power dezand was 18020 kWh/t of reinsd alloy for fced Lo.IC and
16050 kWn/t of refined alloy for feed No. II, or 1.7 and 2.+75 nig-
her than the tasic case. Zecovery of refined alloy and consuz=niicn
of feed nminerals insignificantly Jjiffer from the bzsic feed.

Visualily the furnace operated well on both feedis, thougL hig—‘

' her tendency for top agglcmeration was noficeable , as well as lo—
wer perforcance data with increass of petroleum ceozz in the feed.
Tapping f2ed No. 10 alloy caused no difficulties, tzcugh 1t wes
more complicated to open the taprole when smelting feed No. I,

Consumption of quartzite was zizher with this f2¢4 resulting
in a little lower aluminum con:tert in the alloy.

Performarce data of feed No. I4 containing 50% of carbcn in the
feed were significantly lower., Pcwer demand rose IZ.4% as ccmpared
with tke tasic feed, reccvery of refined alloy drc:oed 8.4773, con—
sunption of feed minerals increass3 3%,

Visually the furnace operaticn was unstable., A: operating vol-
tage 7C V side ledges formed in :tze upper levels of the cavity,

' which were hard to reduce and their melting required build—up of
voltage <0 74~75 V which, in turn, led to collapse of the top ard
more pr:tlazs in opening the tazz:cla, Quartzite hzl to be 2ided not
only tc zecurs elimination of t¢::ca ledges, but 2130 to k=2p the

top fr:oz= falling, which resulted irn 35% consumpticz aigher than

that o2 the basic feed an drop ¢2 aluminw. content in alloy down




l to 50,173

To check whether it 15 posSible to izmprove nerformance data of
feed No. I4 lumpy coal added tc triquettes was repnlaced by charccal
(feed I4 f, ). Table 3.3 shows tia: such zharge pcsitively improved
operation of the furnace: Specific power demend dropped 3.7% as
compared with feed lo. I4, recovery of rz=fined alloy rose I.777,
consumption of feed mirerals were somewhat lowsar-the figures were
still much worse than those of the basic case,

Visually operation of the Zurnace with feed lo. I4 [} was bvet—
ter than with feed No., I4. The *%0op drops were less frequent and led—
ging les3 severe,

Suzning up the semicommercizl trial resul<ts one may come to 2
general conclusion that it is zechnically feasible to process
all feeds under test using the proposed tecznnzlcIy.

Lower percentege of reducsants in briguettes worsens operatio=n
of the furnace, which is still rather gocd at 8C7 of the total.

Substitution of charcoal for Indian lumny coesl added to brigquet—

tes a little improves the furrace perforzance.

3.5. Conversion of electrothermgl Srude Alloy into A1-2 and
ArI2uzyrY Al3i-Alloys
The AJ-2 alloy is used in zarnufacture of zachinery, electrcnic
and electrical industries, zarufacture of consumer goods.
The AKI2M2MrH alloy is used for d.c. casting pistons for tractor
engines,
Thesde alloys were prepared “rom crude allsy (feed No. 7).

Chemical analysis of crude 2lloy, ™
31 Fe i Ir Al

40,5 3,05 2445 0,40 55.6




Theoretically removel of iron, titaniuz and zirconium from the
Alsi-alloys consists in use of difference iIn solidification points
of various melt components by the filterirg, certrifuging and other
methods to separate solid phase from liguil phase arnd to¢ obtiain 3i-

lumin at the temperature of entecties. izi zarganese is added to

flowsheet which.includes melting of chergel materiels prOportioncd_as
to produce Alsi-alloy containing I12-13% 32, refining with 2 univer—
sal four—component flux of the followinz composition, % Nall -
- 56.5, NaF - 25, KC1 = I1.5 and NBBAl?s - 7, removal of slag, co—
oling alloy to abt 62003, pouring onto the filter (quartzite grit)‘
heated to abt 600°C, cooling of elloy ard Z:lter to abt 500°2, f£il—
tering of alloy in vacuum (residual pressc—s abt I zm Hg).
In case of the AKI2M2MrH alloy the filtra:e was alloyed with copper,
nickel and magnesium.

Chemicel composition and mechanical priperties of the alloys
produced correspond to the Scviet standards.

Consumption factors for production of zlloys, kg/t:

Alloy grade

!
Item !
i Charge componer.ts ——
L Al 2 AV IcM2XrH
v !
I ! Electrolytic aluminum 765.8 723.0 !
2 | Crude alloy ; 323.1 : 324.0
3 ; Mangenese metal II.5 I1.7 '
4 ' Copper - 22,0 |
5 ' Nickel - 11,0
5 Magnesium - I1.0
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3,5. Conclusions for thz Jectior

The results of trials of test lots of sillimanite corcentraie
and coal supplied by Indian Rare Metals ’o., prove a principal sui-
tability of phe materials under study for the electrothermal vroduc—
tion of Al3i-alloys.

The tests involvsd the study and establishing the conditions
of charge lumping by briquetting and polletising methods using tiae
drum pelletiser and roll press at the ValiI pilot plant, process an
electrical parameters of the direct reduction orocess for smglting
various charges to obtain the crude Alsi—alloy containing 5%—51%

Al and the balahce of silicon and impurities: dete;mining regice
parameters of flux refining of crude alloy from non-metallics, as
well as metallurgical comversion of refined a2lloy into A 2 alloy
and heat—resistapt AKI2MZMrHd alloy corressoniing to the USSR stan—
dards (GOST 2685~75 and G03T I583—73).

The results of semicommercial trials are consistent with the .
preliminary laboratory results. In particular, they reveal depen—
dence of basic process parzmetsrs of various charges preparation
and direct reduction smelting on content of coal and petroleum coke,
which are added in different weight raz-ios Gty fixed carbon.

¥ith reapect to unit power demand a2xnd recovery of refined alloy
the best results were ob:ained using feed No. 7 (Table 3,3) with
overall percentage of fix:d carbon in brique+ttes 9I-S3% of steichi~-
ometry and ratio of carbon in coal to tzat in petroleum coke in
briquettes equal to 7C/30,

> -

However, during direct reduction szelting of briquetted charsze

with this compositior briqueties would partially break on the fur—

nace top, which resulted in scmewhat hizher consumption per I t o?




alloy produced. Comparison of operaticn of the two—electrode furnacs
on feeds Nos 7 and 7 using briguettss and rollets snowad that
srecific power dezand ard recovery of refired alloy practically did
not depend of the charge lumping method. Szelziirg pelletised charge
70 resulted in lower consumption of charge wnich is accounted for
nighar thermal stability of pellets as contrasiedj tc briguettes ard,
correSpondingly , lower breaking and cruzbling at thes furnace top.
Data in Table 3.2 reveals that strength (3, »3/cm2) of szall pellais
in nigher tharn that of large pellets or brigusties,

3nelting of briquetted feed No 8 with cartcr of coal to carbton
of petroleum coke ratio of 40/50 showed tkat s<tirength cof triquettes
was gquite satisfactory and performance no wcosSe that for standard

ricuettes used in the Soviet industry. Thi13 Jjata szow that fesds
0f this of similar composition can be szelted using tze industrial
tecknology of briquetted charge preparation &zj Jjirect reduction
roven in the USSR on the large ccmmercial sczle in the electrother—
mel industry.

The resul+s of trial smelting of feeds Ncs 10, II and I4 given
ir. Table 3.3 show thai decrease in percentasze 02 carbcrn in briquetted
ctarze to 80 and 50% (rel.) with the aporopriaze make—up of carbon
defficiency by additions of crushed coal tc :ze feed brings about

disruption of normal ore reduction process 22nditions. Strength

62 briquettles increases but other smelting fisures as rez@very o2

refin-d alloy, unit power demard, etc. sismi?:icantly Zecreagse,
Zeplacezent of crushed ccal in feed No. I¢ Dy Scoviet crushed
ccarcoal (feed I4[,, Table 3.3) secured 3czawzat betier performar:e

date of direct reduction process, however, <tz carlier results ob:ai-

ned using feed3a Nos 7 and 8 when all carbcz #=3 introiuzed into bri-

cuiettesd wera not achieved,
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Part of refin=d Alsi—-allcy produced from feed; Lc3, 7 ard

was converted to comzercial grade casiing alloys — A 2 allcy ani
. h:atresistant AKIzXZMNr:& aczcording to the prcecess flcwsheet us2! in
the Dnieper Alumirum Scelter. Trial lots of comzercial
alucinum alloys weighins ISO kg are beinz prepared . for delivaery to

Indian Rare lketals Company.

4. Expected nperformance data ~f electrothermal process

using raw materials urder study

Or. the basis c¢f results of semicomrercial tests the calzulz<ed
composition of refined alloy and consumption factors of elec:irotherzal
process were es:etlishesd under the followirng conditions:

= sillimanite concexntrate to kaolin retio in feed - 8;/2;:

— coal to petréleuz coke ratio in feed (by C_ ) — 7030 zni
4C/505

- content of iron and silicon in crude alumirum used for :Iiluticn
of crude AlSi-alloy — O30 and 0.I5, respsctively;

— amount of recycled waste: 807 of slag and ¢5% of du3t (:7 to—
tal);

— refined allcy corn*ains 5%.57% Al and 335.677 Ji.

Zxpected compcsiticn of refined alloys is shewn in Table £.I,

Tab l e ‘.IO

Expected Compecsition of Jcclined Alloys, %

2/PC ratio . . ( L L
in feed Al Si Fe Ti | Zr | ca Ctrer
——— - - - . I ’ i
76/30 5.5 35,57 2.152 0.364 ,0.232 | 0.858 C.II4
| i
40/50 5G5 35.57 1.817 0,313 0,278 0.827 0s4¢5




consumptiorn factors per I ¢t of refinz4 alloy are given in

Table 4.2.
_able 4.2
cor3umption Pactors ner I t of lefired Allcy, kg
Item 2/PC ratio in feed
70/30 4C/5C
I 3illimanite concentraze ¢5C.2 I11=.C
2 Dry *aolin 24C.C 28C.7C
3 Cozmmercial grade aluxiza 432.3 35C.7
4 Crushed quartzite I8C.C Is8C.C
5 Xetallised slag 28C.C 28¢.¢
3 Pust from dust filters 256,.C 255.0
7 Cecal I5C2.C cgC.C
8 Petroleum coke 353.C 63C.C
° Electrode paste 80.0 8C.<
I0 Solution of sulfite—cellulose

Unit process power demand per I t of refined alloy (5C% Al)
yill be abt I3000 kWh/t: thrcughput of a 225C0 kVA furnace — 28 —
=29 tpd‘with an average yearly coefficient of furnace utilisation
of 0.93-0.%5,

Table 4.3 shows consumpti:n factors for production of I t o2

some comzcrn casting alloys,




Tabd2le 4.3

Consumption Factors per I t of lasting Allcy3, kg

Grade
AKI 2Nz NrH Axicehe wla=Cy AT2

Coal to petroleum coxe ratio In feed

70/30 40/50  7C/30  40/3C  T0/30  40/50

I Alucinum  7C5.23 555437 7CI.G5 7TCI.:5 T31.74 720.C4

2 Refined '
alloy 330.95 325.35 324.58 324.38  356.20C 34C.C7

3 Manganese €.30 8.C2 - - 93925 8,545

4 Copper 22.0 22.C 2?.0 2%.0 = =

5 Nickel II.0 I1.0 - - - -

) Xagnesium II.O0 11.0 - - - -

The above expected figur=s can serve as a& tasis for preparation
of preliminary economic calculaticns to prove eccuaomic viability of

the electrothermal industry esiabiliskzent in Izdia,

5. coaclusions

I. In azcordance with the contract No, 77/55 dated June 8§,
IS78 signed between the UN Indussrial Jeveloprezt Cr:zarisation
UNIDC) and Export—Import Objedinerile "Isvetme:prcmexport” a se-—
ries of laboratory and semicomzercial zetallurgical tests were car—

ried out during January—dJune I¢8C of a trial lo: of sillimanite con—




. centrate I0 t in weiz-s =2z3 trial lot of co2l 5 %t in wei-nis Turnis—
red by the Indian zare i2:2ls Co. at the latoratory instal’_a:tiorns
of the VAXI Imsti:zute a-: rilot installations of the VAYI -.l:% '
vlant with the view t¢ =3:2blish their SultaOIIIt tasziz zzte—
rials for electrotksr=2_. troduction of alumlnum—silicon all:-rs.
2. The Study 2rd :-::=233 tests conducted in accordance w¥1:2
all steps of the -rozz3z ZZowsheet used in the USSR provad 2 trin—

cipal feasibility %0 z:: <ze raw materials under stu for 2lactr>

M

thermal producticn o2 zl =:inum-silicon alicys. Aluminium—3.l :zCx
. alloy produced in the :-::rze of tesis was converted into cz3ting

:=3 ARI2i2ikrH grades used in the auzt = %i7:

I

aluzirium alloys: A
annlications, lezzani:zl z-operties of the 2alloys zmeet the 3722l i-
cations of the currezt -:viet standards, Tw: trial lots o =212
wei:shing 150 kg zave :2:z prepared for delivery to the Ixziizn ‘a=s
Xetals Co,

3. Laboratory irw:zz:.:sations and semiccrmercial trials 2szatlis—
hed that trial loss =? —w materials supplied by the Indiaz =-mra=;
jiffered from raw zaz:=-.3.3 used in a comzercial unit of :z: Dni=—
ver Aluminium Sz=z2l%er,

Ba31c differences z-= as follows:

= higher quality :Z 3.llimanite concentrate with rescz:z%t =0

. content of major com:mxme=:ts and Specified impurities;

— higher asz zcntezs ‘up to 20%) of hard coal with reizsivelsr

low content of 3pecifiz: izpurities in coal ash;

— lower br:izzes:i=: acility of feed made of sillimarizs ::r—

A

-
o d
.

W
l

szntrate and ccel rezil:.=Z in lower sStrengtn and thermal = -
of briquettes.

4. Cwing to procel-mt -f briquetting feeds cor:aining s.ll.zzz:i-
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te corcensrate ard coal, kaclin was added to all the feeds during
the trials, as well as petrcleun coke and com-ercial alumina,. Thg
latter was added to maintain aluzinum content in the crude aluri-
numr-silicon alloy at 59517, Agueous solution of sodium lignosul-}
fonate in quentity cf 5% on dry basis was used as a binder prepara-—
tion of feeds.

5. Optirum compcaition of briguetted feed basing on desired
strength of briquettes ard reduction process paragmeters 1s as

follows, wt, %:

illimaunite c”ncentrate - 47.C2
kaolin - 11.75 {
alumina - 4.50 |
coal - 22.04
petrolegm coke - I14.78

sulfite—cellulose lye (binder
above IC0% on dry oasis - 5.0.

Qoal to petroleum coke r@tio in brigquettes in terms of fixed
(non—volatile) carbon was 4C:50,

Smelting charze of the 2bove composition in the furnace produ-
ced the crude alucinum—silizon alloys as follows, wi, 7%: aluminum —
- 54,1, silicon - 41,1, ircn - 3,10, titanium + zirconium - 0.73.

The furnace performarnce (thrcughput, power dermand and recovery
of refined alloy)were similar to the figures obtained when using the
charge 3smelted in trne comrercial plant.

5. High performence f£izures of the direct reduction process
wers al30 attained using tke sinilar feed with coal to petroleum
coke ratio in bricguettes eguzal to 70:30 (by carbon), However, thnis
charge would require additicnal s<teps to be taken in order to se-

cure hicner strengin and tzermal 3tability of lumped charge.




7. The performoed trials of raw ma:erials were used as a tasis
for tentative evaluation of expected rerformance data of eleztro—
thermal proces3 in the 225C0 kVA fg:naca:

— daily thrcughput of furnace = 28 to 29 t of refined alloy
with average furnace utilisation factor of 0.¢3-0,55., Exnected pro—
cess power dermaxnd per 1 t of refined alloy — I3CCC kWn;

— composition of refired elloy, wt. 7 aluminium — 60.0, silicon -
= 357, iron = 1.85, titanium - 0.32, zirconium = 0.28, calcium -
= 0-835

— expected specific consumption of raw materials and carbon re~—

ductants per { t of refinegd alioy, kzg/t:

sil%imanite concentrate - III5,0
dry—cleaned kaolin - 2zC.0
commercial alumina - 350.0
crushed quartzite - 180.0
coal - 680.0
petroleum ccxe - 53060
electrode pas<e - 80.0

solution of sodium lignosulfona<e '
I.16 in weight - 5¢0.0,

Besides, recycle products — dust from gas filters (250 zg/%)
and metallised waste, slags (280 kz/t) — are used in smeltirz:

= consumption factors of refined alloy conversion into cczmer—
cial casting alloys CUA -2, AVIZN2 and AKI2NM2NrH in accordance with

the current 3oviet standards are expa2ted 0 be, kg/t:

materials cr2 AKX I2Y AXToKcLr
refined alloy 350,0 325.0 32565
aluminum 720.C 7C2.0 595.4




zeriganese metal 8.5 - z.C
gooper - Z2.¢C Leas0
nickel - - 11.0
zaznesium - - 17,0

8. The results of th: performed t-ials a2-3] =2xpacted parformer-—
ce figures can be used as a basis for przliz:zary econoaic evalu—
ation with respect to f=a3ibility of =s<ablishing the olectrother—

Z

z2l industry for production of alumin—sil:i:or alloys ir Irdia.




3P=C CATIONS FCR TH:Z XA FAW LATalfLS AND LaTaiIall
U332D IN THS USSR POR P.LZUSIICL (2 ALUUINIC—oILIZCN !

ALLCUS =2V VALT ZIHQGD

£

I. 5a3 cczl concentrate, zriiu

O

ed ty mechanical terefiziasicrn
of young gas coals characterizeZ by a v latives cont:nt of ZZ..

to 37.C7%, lcw ash content and zr a low iron oxide content in <he

ash.

~ ~oy

2. Petroleum coke, producz3 oy ciking at 6380 to "ol of ra—
3idual producz3 obtainsd wher trccessing oil,

In the prcduction of electrcitnermal 3ilumin and alucirium caos-
ting alloys Zor engineering a:z-licaticz3, the rine p:troleum coxe
i5 used (5.C zm and less) whizxk is proiuced in delayed zoking units
at 580 > and zas a high reactivity.

3. Electrode paste.

Zomposition, %

Therzmoanthracite - 5C,3
Blezi of cokes — 27.3 to 3C.0
Sirier = coal tar pi::cz - 23.0 to 3C.C.

Fo; p;oduztion of Al=-s5i all:ys a s:eclal"3ﬁ13r " paste to
"TY-48=-I2-8-72" is used producsi by the Dnieper electrcde -lant.
The paste hz3 in 1its compositi:r a tar zoke and arfificial sraphite.
ror the :chysical and ckem.zzl properties of the gus cocal concen—

trate, petr-l2um coke and ele:z:rode pas’? see Table I,




Physico~chemical properties of gas

petroleum coke and electrode

¢ocal concentrate,

paste

Gas coal concentrate

Petroleum coke

Unit of
. . measure T -
Description requirements  actual require— actual
to "TY I2YCCPR properti—- ments to properii—
I—~-13—-2-76" i es ¢0CT - : es
f 15833~70"
Ash content, not i : ‘
more % 5.0 ' 205_405 0.8 O.}O_C-f:
fater content, not ‘ | ’
more 15 5-0 2.2"'5.0 300 [I.O"'B.:
. | .
Volatiles yield 3 | 33.0-38.0  32.0-37.C  10.0 7 0-1z.7
Iron oxides con— ' f
tent, not more:
- monthly average 3 0.55 0e35=0,30: - C.07-.25
Total carbon con— ' " | :
tent 3 - 7805_7905 ; - 8¢.0=CZ,C
! '
Specific electrical ‘ | :
resistance, not mo—- ohm-oms - | - ! - -
re a !
Tensile strength, ! :
not less ¥g/cm2 ‘ - i - ' - b -
H : ! |
Compressive strength, f i |
not less ! - - - - .-
Julphur contents, :
noet mere % - - 1.5 O,a=2._

o = s

requirecents

to TY " h—-
—48=-12—6-"2
7eC
I2.0-C.0C
i _

!
87
I5.C

actual
prope:rti-
es

[
[N Y
/
1
H
m
l®
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4. Binder — concentrates of sulrpizte—c2ilylcse lye and sulzho-

te—yeast 1liquor.
| These two productis are proce3sing wastes ¢ limter into sulphaze
cellylose and are calciuzm, sodium, 2mmoni e3c. salt§ of lignosul-
: vhenic acid3 or their mixtures freed as a ra2coultc of bicchouical
srccedsing from orzanics (sucer, orsenic 22143,

A concentrate to 03T 8I-7¢=74 o "& X Znm vrand is used delive—

red in tailway tark—cars,

(¢

Physico—chemical properties of the ccncentrate are civan 1in

' Table 2,
Taobdle 2
®
Phgsico—chemical properties cf ccncantrat=s
sgquirszents for Actual pro—
Description nr Wi arcduct perties
to 032 3I=T7¢7
Aprearance ard colour Thick, dark—
brown licuid
Dry matter content, % not less 5Ce0 48.0-51,0

Content of matter ncn-soluable
in water to weight of dry mat—

ter, %, not more .8 -
‘ Density, g/cm3 - I..5~1.25
Wa*ter content, 7% - 45.4 —48.5

Somposition of dry matter,’:
carbon - 15,0 =50,C

ash - 11,7 =14.5




)

5. Xetallic marnganese, brands Ilp I, Xp2 to c0sT 5381-7C.

~

supplied in a crushed form. Weizht of individual lumps should

not be over 15 kg.

o~ +

Jathode copver, brand ¥C to GCST 85955 is suonlied in sheet
form.

nickel, brand i~I to GCJT 84¢—70 is supolied in ccmplete or
cut into pieces cathode sheets arnd plates.

For chemical composition of manganese, coprer ard nickel see

Tatles 3 and 4.

rascle 3

Chemizal composition of metallic mansenese

Requirements to GIST 538I-7C Actual
Brand -~ -~ —~ . : :
Mn ! ' Total
not | 31i P Fe , lu S admix— Fe 31
S S . H ’
!
I

| ;
Kpl  ©6.5 0.8  0.05 2.3 ; 0.03 ' 0.I10 3.3

¥p2  95.0 1.8  0.07 2.8 0.03 0,20 5,0 I.2= 6.7-
_Ic7 -I.C

E
=

S5e
Te

5~
0




Chemical composition of copver and nickel, 3

Main components In.urities, not more
Cu,  NitCa not i
not less ‘ ; |
Less inclu— , | f §
ding i ! ' E i !
Co, :31 5b | As | Fe | Ni ; ¥ ; sn 3 0
less ! z | f :
| i
| | } e o oas:
Copper G8.05 7y - - 0.CCI 0.CC2 0.CC2 0,0C4,0,002 0,0C4 0.002:0.CC4 C.C2
! ; ; i
' + . [ . : ik ol ---~-T-—-—-~—-—T——< R
. ) ‘ ‘ ; H { . ! : .
' Nickel i 96,63 0.10 0,001 ~ 0,00I 0,0 ' = 0,00I, = '0.CCI =
' ' ) ! !
| : |
! S U T S — — e

SECTION 1




Table 4

~cal composition of copver and nickel, 3

Im:urities, not more

j

o |
. i
b ! As . Fe i Ni l b { sn | 3 0 Zn P Ag S Xz i
! | ! | :
| * f ;
..¢2 0,02 0,004,0,002 0,0C4 0,002:0,CC4 0,02 0,004 0,002 0,CC3 - - -
: . ; |
: ! :
' : : -~—~——f -»-~~———«}»-~--—-——T——---—----*-—~--—-~- S e em e e
' ‘ oL .o . , .
- 0,00I 0.0I - ,0.00I: - '0.CCI = 0.,00I 0,C0I - 0.CI - 0,001 C.0C2

SECTION 2




5« Commercial puvity primary aluminiuz, to the wcorks

\Ji

[

an iron content — not more then O.

— 3

27

< e

7. Secondary alu-inium and aluciniuz alloys »nrcduced when

remel ting an aluminiuxz scrap.

An iron content — not more then I.07%, arnd zix:d W

mary aluminium to b2 used — not more than C.57.

8. Primary magrneszium, "ErSC" brand te 30T 804-72

in ingots of 8.0 i bge

-~ ~

A chemical compcsition of th

Izpurities, not

g, not less tr

- O.C-‘O
- 0.C:

= 0.035

—ore

magsnesium in ingots,

ran ¢C,¢C
Al -
wn -

Total impurities—







