
139METALURGIJA 62 (2023) 1, 139-141

A. ABDIRASHIT, YE. MAKHAMBETOV, A. YERZHANOV,  
ZH. SARKULOVA, N. AITKENOV, N. AITBAYEV

LARGE-SCALE LABORATORY TESTS FOR SMELTING  
MEDIUM-CARBON FERROMANGANESE USING JEZDA 
MANGANESE ORE AND SiMn17 SILICOMANGANESE FINES

Received – Primljeno: 2022-06-10
Accepted – Prihvaćeno: 2022-08-15

Preliminary Note – Prethodno priopćenje

At present, Kazakhstan has established production of ferrosilicomanganese, while refined ferromanganese is not 
produced. This is primarily due to a lack of high quality feedstock, as well as a lack of theoretical and applied re-
search into new production conditions. To address these issues we conducted large-scale laboratory tests on smelt-
ing medium-carbon ferromanganese by one-stage silicothermic method. As a result of these tests, medium-carbon 
ferromanganese meeting the standard grade with more than 80 % manganese content was produced.
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INTRODUCTION
Refined ferromanganese is produced mainly by sili-

cothermic reduction of manganese contained in manga-
nese ore or slag in steel arc furnaces or in ladles [1-3]. 
The first method is used at the plant of Prometal (Cum-
bic, Brazil), the second - at the plant of Transalloys 
(South Africa), two plants of Sofrem in Saint-Beron and 
Marigner-LeGiffre (France), as well as at the plants of 
Taihayokinzoku and Mizushimaferroeloyz (Japan), etc. 
Production capacity of medium-carbon ferromanganese 
plant in Saint-Beron is 30 000 tonnes per year.

The reserves of manganese ores in the country by 
their absolute value are sufficient to supply the metal-
lurgical enterprises of the Republic of Kazakhstan, but 
the obstacle to the use of ores has been their unsatisfac-
tory quality [4-7]. Along with the requirements for ore 
quality in terms of phosphorus and silica content, there 
is also a limitation in terms of iron content. This point is 
missing in the universal complex technology for pro-
cessing of manganese ore, which could provide the op-
erating enterprises of the country with high quality raw 
materials. Currently Kazakhstan produces only ferro-
silicomanganese, while there is no production of refined 
ferromanganese at all. This is primarily due to a lack of 
quality feedstock materials, as well as a lack of theo-
retical and applied research adapted to new production 
conditions.
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In Kazakhstan, ferrosilicon manganese and refined 
ferromanganese are mainly imported from JSC Chely-
abinsk Electrometallurgical Plant (Russia), Zaporozhye 
Ferroalloy Plant (Ukraine), as well as from China. In 
2022, due to currency fluctuations and geopolitical situ-
ations in the region, supplies will become much more 
difficult. Therefore, research and development of a re-
source-saving technology for smelting manganese fer-
roalloys, marketable medium-carbon ferromanganese, 
is an urgent task. Moreover, the organization of such 
production on an industrial scale will create new jobs, 
both at metallurgical plants and at mining enterprises 
for processing of manganese ore and concentration 
wastes. The commercial medium- carbon ferromanga-
nese obtained as a result of the study is import-substitut-
able [11,12].

RESEARCH METHODOLOGY

Studies on the smelting of medium-carbon ferro-
manganese using Jezda manganese ores and silicoman-
ganese fines were carried out on a 100 kV∙A transform-
er refining furnace in a single-stage silicothermic pro-
cess. The operating voltage of the transformer was 49 V. 
The furnace was lined with magnesite refractory bricks, 
grade MP-95, with seams filled with magnesite powder. 
The furnace was equipped with two graphite electrodes 
with a diameter of 100 mm. Experiments were carried 
out in the conditions of the Chemical and Metallurgical 
Institute named after J.Abishev Chemical composition 
of initial charge materials are given in Table 1.

Smelting was carried out continuously, with peri-
odic loading of charge (mass of one ear of charge mix-
ture loaded into the furnace was 100 kg), every two 
hours steel rod carried out the release of metal in the 
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cast iron pots, the metal came out of the furnace ac-
tively, for one release weight of metal was from 30 to 45 
kg. The duration of melting is 100 - 120 minutes. The 
current load is 100 - 120 A. Metal and slag came out 
hot, the slag was active. The overall performance of the 
furnace was characterized by the stability of the 
melting process, as evidenced by the stable current 
load and the timely active release of metal. After each 
release, the metal and slag were weighed and samples 
were taken for chemical analysis (Table 2).

RESULTS RESEARCH

The pilot batch of medium-carbon ferromanganese 
obtained under coarse - laboratory test conditions corre-
sponds to FeMn80C15, with an average manganese 
content of 80 %, manganese recovery 40 - 60 %.

Table 1 Chemical composition of charge materials / wt. %

Name material
Content / %

Mntot Fe2O3 SiO2 Al2O3 SaO MgO P2 O5 S PPP
Manganese ore 48,23 3,45 12,48 2,76 1,28 1,47 0,03 0,01 7,7
Lime lumps - 0,62 1 0,18 80,96 1,14 0,005 0,006 20,54
Metal part Mn Fe Si Al Ca C
Silicomanganese 60 - 65 7 - 10 16 - 18 0,44 0,71 1,13

Table 2 Chemical composition of slag and metal / wt. %

№
of the issue

Chemical analysis of metal / % Chemical analysis
of slag / % CaO / SiO2

Mn Al Si C P Fe MnO Al2 O3 SiO2 CaO
1 81,43 0,078 1,68 1,56 0,33 other 27,15 2,28 29,28 34,19 1,16
2 80,99 0,079 2,59 1,84 0,27 other 23,41 2,23 28,09 35,88 1,27
3 81,99 0,11 2,62 1,11 0,3 other 23,15 2,28 29,28 35,14 1,20
4 81,45 0,019 2,54 1,63 0,33 other 25,98 2,18 25,62 34,81 1,36
5 82,57 0,13 2,28 1,45 0,26 other 25,41 3,41 25,17 33,54 1,33
6 82,26 0,14 1,26 1,44 0,24 other 28,62 2,76 27,41 30,79 1,12
7 80,34 0,084 4,72 1,61 0,28 other 19,69 3,66 28,16 29,74 1,06

Table 3  The degree of extraction of the main elements in 
the smelting of refined ferromanganese / wt. %

Products Mntotal Mnore Fe Si Al Ca
metal 61,0 35,2 91,0 20,7 5,5 -
slag 34,5 57,3 8,6 71,7 91,9 79,8

y away 4,5 7,5 0,4 7,6 2,6 20,2

Figure 1 X-ray of manganese slag

It should be noted that due to the lack of express 
analysis of the metal and slag, there was a delay in the 
regulation of the charge, the process and the course of 
melting, as a result, the calculated value of the optimal 
basicity of 1,3 - 1,4 was not achieved. Perhaps this is 
due to a slightly overestimated real silicon content in 
the reducing agent and in the charge as a whole and, 
consequently, an underestimated content of calcium ox-
ide in the final slag. This mainly explains the underesti-
mated extraction of manganese from the ore in com-
parison with the calculated and planned one (Table 3). 
Nevertheless, the resulting metal meets the require-
ments of GOST and ISO, and the technological process 
is characterized by stability and predictability.

The obtained data give grounds to draw a conclusion 
about the economic and technological feasibility of or-
ganizing the production of medium-carbon ferromanga-
nese using the developed technology on a mini-produc-
tion scale to provide the domestic market with a subse-
quent prospect of entering the world market.

The X-ray phase studies of the mineralogical com-
position of the obtained experimental manganese slags 
at the DRON-2 installation revealed that the phase com-
position of the experimental slags includes dicalcium 



141

A. ABDIRASHIT et al.: LARGE-SCALE LABORATORY TESTS FOR SMELTING MEDIUM-CARBON FERROMANGANESE…

METALURGIJA 62 (2023) 1, 139-141

silicate (dicalcium silicate is a solid solution of the gen-
eral formula (Ca1-xMnx)2SiO4) and manganosite (MnO). 
Manganosite in the form of individual grains is located 
both along the boundaries of continuous regions of di-
calcium silicate and within these regions. This suggests 
that MnO precipitates into a separate phase simultane-
ously with Ca2SiO4 crystals from the liquid phase. An 
X-ray of the phase composition of the slag is shown in 
Figure 1.

CONCLUSION

As a result of the medium-carbon ferromanganese 
smelting tests carried out, the following conclusions 
can be drawn:

• The pilot batch of medium-carbon ferromanga-
nese obtained under coarse- laboratory test condi-
tions corresponds to FeMn80C15, manganese 
content 80 %.

• the basic electrical parameters of the technology 
110-130 Ampere current;

• manganese slag is in the form of bicalcium sili-
cate (Ca2SiO4 ); helenite (Ca2Al2 SiO7 ) and man-
ganosite (MnO);

Thus, under large-scale laboratory conditions, tests 
were carried out for the metallurgical evaluation of dz-
hezdy manganese ores and silicomanganese fines on a 
100 kVA transformer-type electric refining furnace and 
a pilot batch of more than 3 tonnes was produced.
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