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Abstract. The article studies the physicochemical properties of coal wastes in Ekibastuz field and the mixture
prepared based on them. The authors recommended charges of composition and devel oped technical requirements de-
signed for smelting ferrosilicoaluminum.
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The development of technical requirements for smelting complex aloy of ferrocilicate aluminum in order to
intensify the process and their subsequent use as a deoxidizer in steel is made in view of physicochemical properties of
theinitial charge materials and batch formulation prepared on their basis [1-3].

Batch of different composition were prepared on the basis of studying of the chemical composition of the in-
vestigated charge materials and technical characteristics of carbon reductants. Technological characteristics of the stud-
ied batches were determined by laboratory tests. Based on the physical-chemical properties of the test charge and
charge materials the calculated composition of the resulting of ferrocilicate aluminum requirements was determined for
conducting of adjustment process of ore-smelting reduction charge in ore-smelting electric furnaces and development of
appropriate specifications for ferrosilicoaluminum for its use as a deoxidizer.

1. The study of chemical composition of charge materials.

The results of chemical analyzes of theinitial charge materials are givenin Table 1.

According to the large discrepancies parameter V" of devolatilization on combustible mass, al the studied
samples of coal wastes are characterized by varying degrees of coa wastes metamorphism, and with an increase of ash
content in the rock, the degree of metamorphism of coal, waste is reduced. The increase of ash content in the rock is
happening simultaneously with decrease of aluminum oxide and the content of silicon dioxide and iron impuritiesin the
sol increase.

Due to the large heterogeneity of the chemical composition of coal wastes the generalization of chemical anal-
ysis was made and given in Table. 1 as well as a number of other breeds is Ekibastuz field according to their content
change in these non-volatile (solid) carbon depending on the ash content of coal wastes. In view of this generalization
the calculation formulas (1) and (2) recommended for use in practice were obtained:

CC~75-0,83 x A, % (1)
(Cr) e~ 75— 1,20 x A°, % 2
where:
CC,, — the content of solid carbon in the wastes, %
(CTB)CCB — the content of free carbon in the solid waste,

(Cra)en=C— 0,37 x A, %

A® — ash content of coal-waste, %;
0,37 — the amount of carbon C,, necessary for the reduction of oxides of ash, kg/kg
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Table 1
The chemical composition of the charge materials
Ne Name of Technical analysis, Mass fraction of ash and oxides
sampl es samples Mass % quartzite%

W2 A? V2 A° v© c®, | VI | SO, ] ALO; | Fe,s | TiO,
1 Rock A =59 % 0,61 58,9 13,13 59,3 13,2 27,5 325 | 57,1 35,8 2,7 1,6
2 Rock A =54 % 0,69 54,2 14,6 54,6 14,7 30,7 | 324 | 67,1 25,7 2,7 1,2
3 Rock A =80 % 0,74 79,0 134 79,6 135 7,0 65,9 | 55,3 20,0 6,4 1,2
4 Rock A =90 % 1,42 91,1 6,8 92,5 6,9 0,6 919 | 71,7 24,2 15 1,1
5 Coak A=13,5 0,68 13,85 14 13,9 14 84,7 1,7 54 27,8 5,6 1,5
6 Quartzite 96,1 1,2 0,13 | 0,07

Technical characteristics of coal-waste

Technical characteristics of carbonaceous materials are givenin Table. 2.

The data of Table 2 indicate that an increase in ash content of coal wastes leads to their reactivity as deter-
mined by the interaction rate of carbon coal wastes with carbon dioxide (GOST 10089-73) increases. Metallurgical coke
containing 13.9 % ash and fixed carbon 84.8 is characterized with lower reactivity.

According to the content of free carbon in coal wastes and temperatures melted the beginning of the ash-most
preferred rock samples of coal wastes submitted by samples Ne 1 and 2. The sample Ne 5, metallurgical coke, should not
apparently be recommended as a corrective additives to the batch during the melting and may be replaced by a more
energetic reaction coa power plant, containing approximately 47 % ash and about 36 % of the solid carbon.

Table 2
Technical characteristics of carbon materials (the numbering of samplesin accordance with Table. 1)

Density, g/ cm® ) Carbon content,% Reactivity, cm’h Temperature °C
Sample Ne I LT Apparent | FOrOS% <., () | (GOST10089-73) | softening | melting
1 2,0211 1,72 14,9 444 5,56 0,303 1385 1780
2 1,8985 1,64 13,62 47,72 10,50 0,536 1310 1740
3 2,4935 2,31 7,36 9,48 (-22,45) 0,713 1280 1560
4 2,5408 2,38 6,33 0,71 (-33,63) 2,49 1310 1725
5 - - - 93,99 79,56 0,178 1270 1550

Table 2 demonstrates that the samples of coal wastes Ne 3 and Ne 4, in spite of their high reactivity, do not have
enough carbon for reducing oxides contained in the ash. Takeing into account the ensuring necessary refractoriness of
charge and need to adjust the composition of the charge during melting additives quartzite and thermal coa from the
maximum-content ash of coal wastes should not exceed 65-66 %, with a lack of actually contain of carbon not exceed-
ing 15-20 % of stoichiometric amount of carbon necessary for reducing oxides of ash.

Technological characteristic of the studied charges

Technological characteristics of chargesis shownin Table 3.

Table3
Technological characteristics of studied charges
Composition The carbon con- | Specific Electronic Degree of re- Calculated aloy of
Ne of charges tent C, in resistance of covery Al Si at composition
Ne of sample Sample charge, % of | chargesat 1200 °C, 2000 °C, 20
accordingto | Content, % stoichiometry Om.sm. min, % rel. Al S Fe
Tablel by weight
1 S1 91,3 100,2 5,37 75,3 33,6 59,7 4.8
S.6 8,7
2 S.2 79,0 96,8 2,14 78,6 19,6 75,0 39
S.6 21,0
3 S.2 98,0 154,6 1,70 - - - -
S5 2,0
4 S3 78,0 101,2 10,71 59,1 34,6 51,1 12,6
S5 22,0
5 S3 86,5 68,2 28,8 - - - -
S5 135

The charges Ne 1 and 2, which are characterized by quartzite additives and at relative dosage carbon the
charge equal to 97-100 % of the stoichiometric value of the degree of recovery of the metalic phase of the feedstock
comprise 75,3-78,6 % rel. The electrical resistivity of charges of the composition at 1200°C is from 2,14 up to 5, 37

Om/sm.

It should be noted that similar technological characteristics of kaolin-briquetted aluminous charges used in the
Dnieper aluminum plant are:
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The degree of metals recovery is of 72-73% relatively.

The electrical resistivity of the charges at 1200 °C is 20-30 Om/cm.

The Table 3 demonstrates the charge Ne 4 characterized by a higher-ash coa wastes with metallurgical coke
additives and it has a higher electrical resistivity (10,71 Om/cm), but at the same time it has a much lower degree of
metals recovery (59.1 % rel.), as compared with the charges Ne 1 and Ne 2.

The cited research results draw attention to certain tendency to increase the electrical resistivity of charges
from reduction of the amount of carbon used in coal wastes and increase their ash content. The mentioned above means
that in order to increase the maximum electrical resistance of charges and to improve electro modes when smelting fur-
naces it is necessary to strive for maximimum, to 65-66 % ash content in coal wastes, with appropriate adjustments to
lack of carbon in the charge composition of steam coal additives.

The charges compositions and melted ferrosilicoaluminum

The Table 4 shows the calculated compositions of charges and the expected composition of ferrosilicoalumi-
num when using coal wastes as araw material with carbon containing 55, 60 and 65 % of ash.

Theinitial data used for calculationsin the Table 4 are:

1. The content of oxides in the composition of the ash for all coa wastes and thermal coal are the same and is, %:

30,0 Al,05; 61,2 SI0,; 4,0 Fe,05; 2,0Ca0; 1,5TiO,; 1,2MgO; 0,1 P.

2. Extraction of raw material components in ferrosilicoal uminum, %:
75,0 —for Al u Si; 100 — fro Feu Ti; 40— for Ca and 10 for Mg.

Additional income of iron impurity in ferrosilicoaluminum due to the electrode casing and scrap for taphole
furnacesis 12 kg/t.

Asitisshown in the Table 4, when the ash content in coal wastesis 60-65 % and the content of aluminum ox-
ide in the composition of the ash is equal to 30 %, the estimated content of aluminum in melted ferrosilicoaluminum is
about 28 %. To ensure the required ferrosilicoaluminum containing from 25 to 35 % Al, the content of coal wastesin
the ash must be at least 28 % Al,O3 (lower limit) and up to 36-38 % Al,O5 (upper limit).

Reduction of-ash content in coal wastes up to 55% and below results in a substantial increase rate quartzite in

melting of ferrocilicate aluminum up to 790 kg/t or more. The calculated content of aluminum in the aloy, thus, isto be
reduced up to 20-25 %.

Table 4
The calculated charges composition and ferrosilicoaluminum (FSA)

obtained through the use of Ekibastuz field coal wastes
Indicators The ash content of the coal wastes:
A“=55% A“=60% A“=65%

1. The calculated charges
compositions and the ex-

pected costs of raw materials % kgt % kgt % kglt
-coal wastes 81,3 3430 92,9 3890 66,8 2825
- quartz 18,7 790 7,1 300 5,9 250
-energy coa - - - - 27,3 1155
> 100 4220 100 4180 100 4230
2. Calculated composition of
FSA, % % %
- duminum 22,8 27,9 28,4
- slica 67,0 60,1 59,4
-iron 7,0 7,2 8,3
- titanium 1,7 2,1 2,2
- calcium 11 1,3 14
- magnesium 0,1 0,2 0,2
Conclusion

1. Physico-chemical properties of coal wastes in Ekibastuz field and the charges prepared based on them are
studied. The research has shown:

- reactivity of coa wasted determined by the interaction rate of carbon wastes with carbon dioxide CO, (according to
GOST 10089-73), increases from 0,303 up to 2,49 cm®/g.c. with increasing ash content in the wastes from 60 to 90 %:

Likewise, with increasing ash content coal-wastes increases yield of volatile on combustible mass, indicating
the changes in the degree of metamorphism of coal ash wastes with different ash content;

- due to the very low reactivity of metallurgical coke, which is amounted to 0,178 cm®/ g.c., to compensate the
lack of carbon in charge of high ash content in coal wastes it is recommended to use thermal coa in power stationsin-
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stead of coke, with ash content of 47 % and containing up to 36 % of fixed carbon;

- The degree of metals recovery from charges using coal wastes with ash content of 60—65 % is about 73-78
%, which is 3-5 % abs. higher than for industrial charges used for the smelting-actuated silicoaluminum;

- electrical resigtivity of charges using coal wastes is much lower than for charges of industrial composition, so
electric modes of operation in smelting furnaces of coal wastes should be adjusted based on the results of the research;

- due to the large heterogeneity of coal wastes a rapid assessment of the average content of fixed carbon is rec-
ommended, depending on their average ash content, according to the formula:

C,, ~75-0,83 x AS, %

where A° is the average ash content of coal wastes,%;

- To ensure the conditions for obtaining of ferrosilicoaluminum containing 25-35 % of aluminum, aluminum
oxide content in the composition of ash content in coal wastes must be at least 28 % (lower limit) and 37 % (upper lim-
it) with an average ash content in coal wastes from 60 to 65 %.

2. On the basis of the results of the exploration the recommended charges composition for experienced heats
and developed technical reguirements for smelted ferrosilicoaluminum for its use as a deoxidizer are suggested.
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