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This article presents the results of a research on the agglomeration of manganese ores and manganese-containing 
waste in Kazakhstan. In Kazakhstan, there are huge reserves of manganese ores, most of these ores are not suitable 
for smelting standard grades of manganese alloys. Manganese ores have undergone agglomeration. Laboratory 
experiments have established that the use of dolomite in the agglomeration of small manganese ores provides for 
the formation of more refractory final slags for the production of ferro-silicomanganese, considering the fusibility of 
manganese in Kazakhstan. Industrial tests were carried out at the Aksu Ferroalloy Plant in the sintering plant for 
sintering manganese ores and smelting ferrosilicon manganese. 
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INTRODUCTION

In Kazakhstan, there are huge reserves of manga-
nese ores, most of these ores are not suitable for smelt-
ing standard grades of manganese alloys.

Kazakhstan’s ferroalloy industry has recently expe-
rienced an acute shortage of high-quality manganese 
ore for the production of manganese alloys. 

The needs for ferroalloy plants of manganese ore is 
provided by the manganese ore industry of Kazakhstan. 
The fraction of small classes (less than 10 mm) in the 
ore is 30 % [1-3].

Their use in the metallurgical redistribution is diffi-
cult and increases energy costs. A large number of small 
ores are practically unsuitable for direct use in produc-
tion processes that require special preparation - agglom-
eration [2-4].

ANALYSIS OF ACHIEVEMENTS 

AND PUBLICATIONS

In the world, all three methods of sintering are wide-
ly used for sintering ore fines: pellet production, sinter-
ing, and briquetting [2-6].

At the «Kobe Steel» plant in the mixture of sinter 
used for smelting silicomanganese, blast furnace gas 
cleaning dust containing 50-55 % solid carbon is used, 
which allows 1,5 times reduction in coke breeze con-
sumption during agglomeration. A feature of the tech-
nology at this plant is the crushing of hot sinter. The 
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proportion of hot sinter is 45-70 %, and the temperature 
of the charge loaded into the furnace is 400-450 °C, 
which provides energy savings during smelting of 150 
kWh/t of alloy [5-8].

In Kazakhstan, numerous researches was focused on 
agglomeration and fines of manganese ores [2]. Thus, 
researches in [9] to determine the main technological 
parameters of agglomeration were directed to Zhezdin-
sky (fractions 0-2 mm) and Ushkatinsky (fractions 0-2 
mm and 0-10 mm) manganese concentrates and ores. 
The resulting agglomerates had the following chemical 
composition: manganese – 28,99 %: iron – 9,28-9,86 
%; silica – 25,0-27,0 %.

The performed laboratory and industrial tests in [2, 
9-10] showed the possibility of producing high-quality 
manganese agglomerate from ores of Central Kazakh-
stan. The results of these studies served as the basis for 
the construction of the sintering shop at the Aksu fer-
roalloy plant with a capacity of 350 thousand tons of 
sinter (chromium and manganese) per year [1].

STATEMENT OF MATERIAL AND RESULTS

In the smelting of ferrosilicon manganese, manga-
nese ores and concentrates, quartzite, reducing agents 
and slag-forming additives – materials containing CaO, 
MgO, and other components that form the most durable 
chemical compounds with oxides — products of the re-
duction reaction, are used as charge materials [1].

The regulation of the slag regime of silicomanga-
nese smelting is one of the urgent directions for increas-
ing the extraction of the leading elements, primarily 
manganese, and comes down to two aspects: thermody-
namic - increasing the activity of manganese oxide, and 
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kinetic - reducing the structurally sensitive properties - 
viscosity and electrical conductivity of slag. The most 
commonly used fluxing materials are limestone and 
dolomite. (CaCO3∙MgCO3). Especially the use of dolo-
mite provides a lower viscosity of the slag, with a 
slightly lower amount of flux [1].

Concentrates Tur (Figures 1-2) according to tem-
perature characteristics (softening and melting tempera-
tures) are classified as fusible.

This is caused by the fact that according to the nor-
mative phase composition they are located in the area of 
pentatope No. 16 of the phase diagram of the system 
FeO-MnO-CaO-Al2O3-SiO2, especially closer to te-
phroitic (2MnO.SiO2).

According to the works of [1] on diagrams of the 
phase structure of the system FeO-MnO-CaO-Al2O3-
SiO2 it is seen that the ores contained in the pentatopes 
No. 15 and 16 (the ores of the Tur deposit are located in 
the pentatope No. 16), as iron and manganese are re-
duced from them, they move in space to the regions of 
adjacent pentatopes No. 29, 23, 34 and 1.

If these movements are carried out in the vicinity of 
the plane Mn2SiO4 (tephroite) – CaO·Al2O3·2SiO2 (an-
orthitis) – SiO2 (silica), then the resulting slag will be 
refractory, less electrically conductive.

For this, dolomite must be added during the agglom-
eration of small manganese ores. This will ensure the 
formation of more refractory end slags.

The produced experimental agglomerates were sub-
jected to chemical analysis and on their basis the nor-

mative phase compositions in the system were calcu-
lated MgO-MnO-CaO-Al2O3-SiO2 (Table 1).

The results showed that the obtained agglomerate 
with the addition of 10 % dolomite is located in pen-
tatope No. 3 and is characterized by the presence of di-
opside in its composition CMS2 (Table 2). This confirms 
the previously identified thermodynamic-diagram anal-
ysis of the phase structure diagram of the system MgO-
MnO-CaO-Al2O3-SiO2 [1].

The assumption that the most fusible compound in 
the spessartine system M3AS3, present in the screening 
of manganese ores and non-fluxed agglomerate, when 
more than 8 % dolomite is introduced into the sinter 
charge, a refractory compound diopside will be formed 
CMS2. In the presented Table 2, sample No. 1, No. 2 - 
agglomerate without dolomite, sample No. 3 agglomer-
ate with the addition of 5 % dolomite and sample No. 4 
with the addition of dolomite 10 %, respectively.

Industrial tests were carried out at the Aksu Ferroal-
loy Plant (AFP). At the time of testing in the sinter plant 
of the AFP, the technical regulations for the production 
of manganese sinter were developed and approved. 
During the pilot tests, about 14 thousand tons of manga-
nese sinter were produced.

For the accumulation of 1 000 tons of agglomerate, its 
test began during the smelting of ferrosilicon manganese 
in workshop No. 1. Table 3 shows the averaged data for 
the analysis of agglomerate fractions of 6-100 mm 
(chemical, drum strength and particle size distribution).

Pilot tests of ferrosilicon manganese production 
were carried out using fluxed agglomerate in the charge 
(experimental smelting).

During the tests used lumpy concentrate of manga-
nese ores of the Tur field, the chemical composition of 
which is shown in Table 4.

The chemical composition of the concentrate is 
characterized by inconsistency, especially with respect 
to the Mn / Fe ratio, which varied between 5,86 and 
9,35. Dolomite and quartzite were used as fluxing com-
ponents. The reducing agent was Chinese coke 5-40 
mm fraction (14,8 % ash, 2,7 % volatile, 10,6 % mois-
ture) and Ekibastuz coal (42,8 % ash, 15,7 % volatile, 
10,6 % moisture).

In the base melts, manganese ore of fractions of 0-10 
and 10-80 mm in a ratio of 30:70 was used, which is 
characteristic of the level of fines in the main stream of 
raw materials entering the plant. The condition of the fur-
nace was characterized by large fluctuations in the cur-
rent load on the electrodes and unstable operation of the 
furnace top (“holes”, collapses and bursts of the charge).

In experimental melts, the charge consisted of manga-
nese ore fraction 20-80 mm, fluxed manganese sinter 
fraction 10-80 mm, coke, coal and an additional amount 
of dolomite. The use of manganese sinter allowed with-
drawing from the hitch quartzite and reducing the weight 
of coal to 90 kg, since the required amount of SiO2 was 
supplied with the sinter, reducing the amount of solid re-
ducing agent in the sample from 110 kg to 80 kg.

Figure 1  The sequence of transformation of the secondary 
phases in the melts of the system FeO-MnO-CaO-
Al2O3-SiO2 silicomanganese [1]

Figure 2  Silica-manganese magnesia slags (phase 
composition diagrams of the system MgO-CaO-
Al2O3-SiO2) acc. to [1]
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CONCLUSION

The work proved that the replacement of fine man-
ganese ore with a fluxed agglomerate improved the 
electrical and technological modes of smelting (the 
state of the grate of the furnace, uniform release of gas-
es, smooth discharge of the charge, effective assimila-
tion of coke carbon, intensification of the reduction of 
manganese and silicon from the slag). Based on the re-
search of the chemical composition of furnace slags for 
smelting silicomanganese, the phase composition of 
these slags was determined, which lie in the pentatope 
M-M2S-Mg2S-CAS2-C2AS, which confirms the results 
and conclusions of theoretical studies.
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Table 1  The chemical composition of manganese 
agglomerates

Material MgO FeО MnO CaO Al2O3 SiO2

Agglo merate without 
dolomite 1,03 7,57 25,04 3,56 8,13 43,70

Agglo merate without 
dolomite 1,16 7,57 29,82 4,17 8,64 40,40

Agglo merate with 
dolomite 5 % 1,92 9,94 20,65 3,06 6,92 44,60

Agglo merate with 
dolomite 10 % 2,58 10,97 20,78 4,06 6,80 43,00

Table 2  Material and regulatory phase states of 
manganese agglomerates based on the system 
MgO-MnO-CaO-Al2O3-SiO2

№ of 
probe

№ 
pent

Material composition / %
MgO MnO CaO Al2O3 SiO2

1 4 1,26 30,74 4,37 9,98 53,64
2 4 1,38 35,42 4,95 10,26 47,99
3 4 2,49 26,77 3,97 8,97 57,81
4 3 3,34 26,91 5,26 8,81 55,68

№ of 
probe

№ 
pent

Regulatory Phase Composition / %
CMS2 CAS2 M2S M3AS3 S M2S

1 4 - 21,63 37,62 10,01 28,54 2,2
2 4 - 24,50 46,55 6,27 20,27 2,41
3 4 - 19,65 32,79 8,63 34,59 4,35
4 3 1,54 24,07 38,28 - 30,78 5,33

Table 3 Averaged agglomerate analysis data
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Table 4  The chemical composition of the manganese 
concentrate «Tur»

№ of probe Mn Fe SiО2 Mn/Fe Mn/SiО2

101 43,3 4,91 15,8 8,82 2,74
102 41,8 5,6 16,2 7,46 2,58
108 40,2 6,89 16,5 5,86 2,43
109 42,1 4,5 18,5 9,35 2,28


