
PROCESSING AND COMPLEX USAGE OF MINERAL RAW MATERIALS

43EURASIAN MINING. 2026. No. 1. pp. 43–47

Introduction

To date, manmade minerals are commonly the promising, competi-

tive and sustainable resource [1–7]. Manmade minerals incite interest 

because the actual ore reserves and quality in operating mines worsen. 

In the meantime, mine waste accumulate large volumes of raw materials 

comparable with natural deposits. An additional advantage is that this

material is already extracted, lies on ground surface and is preliminary 

milled, and useful minerals are partly separated from barren rocks. 

The above arguments are equally applicable to tailings of manganese 

ore processing [8–11]. It is more often than not that manganese is only

partially recovered during processing and goes in a great measure to

tailings [12–16].

In Kazakhstan a large manmade source of manganese is the tai-

lings dams of the Zhezdy Concentration Plant. The old tailings reserves 

here are estimated as follows: Category C1 is 1 804.7 thousand tons,

category C2 is 512.2 thousand tons, with the average Mn content of

9.08% [17] 

According to the State Cadastre, the chemical composition of the

tailings being discussed is, %: Mn 10.5; Fe 1.98; SiO2 32.0; Al2O3 7.2;

CaO 3.1; MgO 1.2; Sr 0.04; Zn 0.02; Rb 0.018; Ag 1.6 g/t; Au 0.1

g/t [18].

Subject and methods 

For the laboratory-scale dressability tests, the subsoil user provided 

some representative samples of the Zhezdy tailings with the following 

Mn content: No. 1—9.82%; No. 2—10.23% and No. 3—11.60%.

The bulk sample composed of the three samples above features 

the following contents, %: Mn—10.59; Fe—2.74; SiO2—59.82. 

The moisture content is 5.0%. The bulk density is 1.52 g/cm3.

The grain-size composition is, %: size –5.0+2.0 mm—1.36; 

–2.0+1.0 mm—8.20; –1.0+0.5 mm—28.06; –0.5+0.315 

mm—19.29; –0.315+0.16 mm—22.00; –0.16+0.0 mm—21.09.

Microscopically, the material represents a typical manganiferous

ore material related to silica–calcareous rocks by their structural, tex-

tural and lithological characteristics. 

The base ore minerals are braunite and psilomelane; the secondary

ore minerals are pyrolusite, rhodochrosite, grey manganese, hematite and

rhodonite. The nonmetallic minerals are dominated by quartz and silicon–

carbonate clayey sandstone. The iron minerals represent magnetite, limo-

nite and hematite; the latter is pseudomorph after magnetite (martite).

The X-ray phase analysis of the test sample proves mangane-

sian minerals, mostly, braunite (3Mn2O3·MnSiO3) and psilomelane

(MnO·MnO2·nH2О); there are smaller amounts of hematite, magnetite, 

limonite, etc. The nonmetals are potassic feldspar, quartz, microcline, 

sericite, kaolinite, calcite, chlorite and gypsum. 

Judging by the material constitution and magnetic properties, the

test sample are suitable for dry and strong-field magnetic separation

as manganese occurs mainly in weak-magnetic minerals [19–21]. High-

in tensity separators create a high-gradient magnetic field capable of

pulling even fine grains of braunite, psilomelane and other manganese

oxides [22], while nonmagnetic components (quartz, feldspar, clayey

minerals) go to tailings. The dry method eliminates water supply and

dewatering of a product, which reduces operating costs and simplifies

processing. 

The test dry magnetic separation was carried out on separator 

138T at the magnetic field intensity of 0.48 T. The results are compiled 

in Table 1.

It follows from Table 1 that the content and recovery of Mn in the

magnetic product is, respectively, 29.73% and 69.40%, at the concen-

trate yield of 24.71%. The magnetic product acquires only 39.00% of

iron because of the dominance of the nonmagnetic iron forms (hematite, 

limonite); Fe remains to a greater extent in tailings. At the same time,

68.58% SiO2 goes to the nonmagnetic product, which proves efficiency

of dry magnetic separation in the magnetic field of the selected intensity. 

Figure 1 shows the distribution map of Mn in the initial material 

and in the separation products, and Fig. 2 offers the resultant spectra

of maps of the test materials obtained on scanning electron microscope 
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Fig. 1. Multilayered image maps: initial material (a); magnetic fraction (c); nonmagnetic fraction (c e) and Mn distribution in: initial materiale

(b); magnetic fraction (bb d); nonmagnetic fraction (dd f)ff
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ZEM 20, Zeptools, China in the mode of detection of back-scattering 

electrons using energy dispersive spectrometer Oxford, Oxford, UK. 

Table 2 describes the content of the basic elements in the test 

materials by the resultant map spectra. 

The data in Tables 1 and 2 are reflective of an approximately similar 

multiple increase in the Mn content of the magnetic fraction as com-

pared with the initial material. In Table 2 the content of Mn grows from 

6.67% to 17.72% (2.6 times growth), and in Table 1 the total mass 

fraction of Mn increases from 10.59% to 29.73% (2.8 times growth). 

So, the trend—concentration of manganese in the magnetic product—

is proved by both analytical techniques, though the absolute values dif-

fer because of the difference between the methods and the ways of 

presentation of the results. 

The tests of the effect of magnetic induction on the qualitative and 

quantitative indicators of products of manganese-bearing tailings pro-

cessing were carried out at the magnetic field intensity of 0.33, 0.48, 

0.68 and 0.90 T. The results are presented in a graphical form in Figs. 3

Table 1. Dry magnetic separation on separator 138T

Product
Yield, 

%

Content, % Recovery, %

Mn Fe SiO2 Mn Fe SiO2

Initial sample 100.00 10.59 2.74 59.82 100.00 100.00 100.00

Magnetic product 24.71 29.73 4.32 33.12 69.40 39.00 13.68

Nonmagnetic 

product
75.29 4.31 2.22 68.58 30.60 61.00 86.32

Total 100.00 10.59 2.74 59.82 100.00 100.00 100.00

Fig. 2. Resultant map spectra of initial material (a); magnetic 

fraction (b) and nonmagnetic fraction (bb c) c

Table 2. Contents of basic elements 

Elements
Type

of line 

Initial material,

wt%

Magnetic

fraction, wt%

Nonmagnetic 

fraction, wt%

O K-series 50.60 49.94 54.19

Si K-series 24.02 16.69 24.16

Mn K-series 6.67 17.72 3.84

Fe K-series 2.08 2.23 1.90

Fig. 3. Mn, Fe and SiO2 contents of magnetic concentrate and bulk 

product yield versus magnetic field intensity
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and 4 as the curves of the magnetic concentrate yield (γ), target mate-

rial recovery (ε), target material content (β) and the initial conditions

of magnetic separation. These relationships make it possible to assess

processing efficiency at different intensity of the magnetic field, and to

optimize the process parameters. 

It is seen in Fig. 3 that with the increasing magnetic induction from

0.33 to 0.90 T, the composition of the magnetic concentrate and the 

product yield change. At 0.33 T the concentrate features the maximum

content of manganese (32.1%), a small amount of iron (4.28%) and 

the least content of silica (31.6%), but the yield of the magnetic pro-

duct is only 20.3% of the mass of the initial material. The increase in the 

magnetic field induction to 0.48 T leads to a moderate decrease in the

content of Mn to 29.7% and to a slight increase in the content of SiO2

to 33.1%, but also increases the yield of the concentrate to 24.7%. 

At 0.68 T the Mn content decreases more (24.5%) at an increase in

the content of SiO2 to 34.3% and a substantial increase in the product

yield to 31.3%. When the induction is 0.90 T, the content of manganese 

drops to 24.0%, the content of silica grows to 37.5%, and the yield

reaches 36.3%. This is reflective of a noticeable dilution of the concen-

trate with barren rock at the maximum recovery. 

Figure 4 illustrates dynamics of recovery of different components

in the magnetic concentrate. The manganese recovery grows linearly

from 61.5% at 0.33 T to 82.2% at 0.90 T, which demonstrates a

heightened completeness of recovery of the target element in a strong 

field. The iron recovery grows even faster, from 31.6% to 65.1%, 

pointing at an increased capture of iron-bearing minerals and at an 

additional dilution of the concentrates. The silica recovery remains rela-

tively low, but it doubles with an increase in the magnetic field inten-

sity (10.7 → 22.7%), which proves the tendency toward an increased 

impurity of the concentrate with nonmagnetic rocks at high induction. 

Thus, the increase in the magnetic field intensity in a range of

0.33–0.90 T leads to a consistent redistribution of minerals between

the magnetic concentrate and tailings, which shows up as mutually anti-

thetic dynamics of the qualitative and quantitative indicators of the pro-

cess. At the induction of 0.33 T, the concentrate features high quality

but low quantity, at 0.48 T the content of Mn is reasonable (30%) at 

the recovery of 70% and moderate impurity with SiO2, which is an opti-

mal quality–quantity ratio. At the induction increased to 0.68 T, the yield

and recovery grow with the noticeable decrease in the content of Mn 

and increase in the content of SiO2. At the maximum induction of 0.90 T, 

the recovery and yield of manganese is the highest, but the concentrate 

quality is the worst because of its impurity. Consequently, the optimized 

working range of induction is 0.48–0.55 T. The range of 0.60–0.68 T

is admissible at the slackened quality requirements, and the induction of 

0.90 T is advisable for the rough processing stage to be followed with

obligatory recleaning. 

Conclusions

1. The chemical composition and material constitution of a repre-

sentative sample of old manganese ore tailings from the Zhezdy Concen-

tration Plant are studied. 

2. The analysis of the material constitution and magnetic properties 

of the old tailing sample from the Zhezdy CP shows that the material 

is a promising subject for dry magnetic separation in a high-intensive

magnetic field as manganese is mostly concentrated in weakly magnetic 

minerals such as braunite, psilomelane and other. 

3. The dry magnetic separation efficiency of the Zhezdy tailings is

proved on separator 138Т at the induction of 0.48 T: the produced 

magnetic concentrate contains Mn 29.73%, which is 2.6–2.8 times

higher than the manganese content of the initial material. The tendency 

of manganese concentration in the magnetic product is proved by the 

chemical and energy-dispersive X-ray analysis. 

4. The influence of the magnetic field induction (0.33–0.90 Т) on 

the qualitative and quantitative indicators of dry magnetic separation of 

old tailings is investigated: the increase in the field intensity within this 

range leads to the consistent redistribution of minerals between the 

concentrate and tailings. The optimized working mode of separation is 

admitted as the induction of 0.48 T: the produced concentrate features 

the Mn content of 29.7% at the recovery of 69.4% and yield of 24.7%. 

The range of 0.60–0.68 T is admissible at lower quality standards and

the induction of 0.90 T is only advisable for the rough processing stage 

with the obligatory recleaning afterwards.
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