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beneficiation to produce chromium concentrate

Ye.A. Tastanov?, N.Kh. Serzhanoval, N.M.-K. Sadykov!, Zh.A. Yerzhanoval, A.Ye. Tastanoval?*

!nstitute of Metallurgy and Ore Beneficiation, Almaty, Kazakhstan
2Sathayev University, Almaty, Kazakhstan

*Corresponding author: tastanova.aisha.27.02@gmail.com

Abstract. During the processing of chromium ores, chromite concentrate is obtained for the production of ferrochrome,
and waste is also collected - tailings beneficiation. Fragment and sludge tailings depending on the beneficiation technology.

Finely dispersed sludge tailings of the Donskoy MPP of Kazchrome JSC are stored at the Dubersay and Akzhar tailings,
which are man-made deposits (MMD) or man-made mineral formations (MMF). To develop a technology for processing
sludge tailings, which contain up to 30% chromium oxide, their physical and chemical studies were carried out. According to
the chemical analysis of sludge tailings, it follows that research should be directed to the removal of magnesium and silicon
oxides, thereby increasing the content of chromium oxide to a standard chromium concentrate. A very thin dissemination of
chromite with minerals of host rocks necessitates additional grinding of intermediate products, which are intergrowths of
chromite with waste rock. According to the results of fractional analysis and IR spectroscopy, the content of a large number of
flocculants in the studied sludge tailings and a large number of particles with a particle size of less than 20 pm, which, in heavy
liquid solutions, due to its small size, is in suspension and does not stratify, was revealed. According to the granulometric
composition, it was determined that the sludge minus 0.071 mm must also be classified into 0.04 and 0.02 mm and enriched
each class separately.

It has been established that in order to obtain high technological performance, the traditional gravitational beneficiation
scheme used at the DMPP is technologically cumbersome, because includes operations of flocculant disintegration, classifica-
tion, grinding, beneficiation on concentration tables of each size class, regrinding of intermediate products. The results of the
physicochemical study of chromium sludge tailings showed the need for a combined beneficiation scheme, including chemical
enrichment with finishing of chromium concentrate by gravity beneficiation.
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1. Introduction These reserves of technogenic mineral formations are
comparable with natural deposits under the content of valuable

At present, the technologies for gravity concentration of fi- components and represent an additional source of useful com-

ne chromium raw materials used in the chrome industry are
not sufficiently effective; therefore, it is required to improve
process flows with the use of new advanced technological
methods.

The long-term development of ore deposits associated with
mining, concentration and smelting results in the accumulation
of large amounts of waste in the form of stockpiled tailings
and metallurgical slags, waste dumps of substandard ores and
host rocks, industrial effluents, forming large-scale waste
dumps and water settling ponds, i.e. technogenic mineral for-
mations (TMF) [1-4].

Donskoy MPP (Kazchrome JSC, Aktobe region) has tail-
ings mineral resources accumulated during its operation and
subject to re-processing in the amount of about 0.4 million
tonnes per year at the slurry tailings processing sites of
Kazchrome JSC. Calculation of tailing mineral resources of
the Donskoy MPP as of January 1, 2018, 2.2 million tons were
considered with a content of 27.65% Cr,Os, which in terms of
Cr,03 is 0.6 million tons [5].

ponents, giving an increase in technical and economic parame-
ters.

The main methods used to process chromite ores are gravi-
ty concentration processes. The Donskoy MPP uses settling
and heavy medium ore minerals concentration processes to
produce lumpy concentrate and beneficiation of fine grades in
screw separators with the concentrate transferred to pelletizers
to produce pellets [6-10].

Currently, poor chromite ores from different parts of the
deposit and technogenic waste dumps are involved in pro-
cessing; these ores can serve as additional sources of raw ma-
terials. The processing of slurry tailings from the Dubersay
and Akzhar tailings storage facility is not sufficiently efficient,
since the processing scheme includes a sequential classifica-
tion scheme and beneficiation on screw separators, slurry
concentration tables are used in the end of the scheme, and the
flotation method of beneficiation is also experienced. The
existing tailings concentration scheme is complex and does not
consider the main principles of gravity concentration [11-19].
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The main area of chromium and ferrochromium applica-
tion is the smelting of alloyed steels, chromium bronzes and
cast irons of special alloys. Corrosion-resistant steels and al-
loys can contain up to 30-40% Cr. The addition of up to 3% Cr
to conventional carbon steels significantly improves their
mechanical properties [20-22]. Steels containing 5-6% Cr are
characterized by increased corrosion resistance. Steels under-
take high corrosion resistance at 10% chromium content. Ac-
cording to a report from the U.S. Geological Survey, the
world's chromium resources are concentrated in Kazakhstan,
South Africa and India, which produce the bulk of the world's
ferrochromium. The analysis of prices for ferrochrome sug-
gests that all grades of ferrochromium are in demand and their
prices are growing at a fairly high rate.

In this regard, it became necessary to perform study on the
physical and chemical properties of fine sludge tailings for
more efficient concentration and recovery of chromium oxide
Cr,0s.

2. Materials and methods

2.1 Materials

Three process samples of slurry tailings from the Donskoy
MPP were tested to study the chemical composition:

+ Dubersai slurry tailings (big bag 1);

« Dubersai slurry tailings (big bag 2)

* Akzhar slurry tailings (big bag 3)

Samples No. 1 and No. 2 were represented by fine material
in the form of slurry sands with a maximum particle size of
2 mm; Sample No. 3 included several pieces of 10 mm in the
slurry material scooped up with the soil during sampling from
the tailing’s storage facility. Therefore, large grades of +1 mm
were discarded prior to study as their presence reduced the
Cr,03 content in the original sample. The weight of each sam-
ple was 500 kg.

2.2 Methods of analysis

Methods of analysis: X-ray experimental data were ob-
tained on a BRUKER D8 ADVANCE of BRUKER AXS
GmbH (Germany) with the use of Cu-K radiation PDF2 Inter-
national Center for Diffraction Data ICDD (USA) at an accel-
erating voltage of 36 kV, current of 25 mA.X-ray fluorescence
analysis was performed on an AxiosPANalytycal wave disper-
sion spectrometer (Holland).

Chemical analysis of the samples was performed on an Op-
tima 8300 DV inductively coupled plasma optical emission
spectrometer (USA, Perkin Elmer Inc.). Mineralogical analysis
was performed with a Leica DM-2500M polarization micro-
scope in reflected light and a binocular magnifying glass with
photography.Infrared spectroscopy was performed on an Ava-
tar 370 Csl FTIR spectrometer.

3. Results and discussion

3.1 Chemical composition of sludge tailings from the
Donskoy MPP

Three process samples of slurry tailings from the Donskoy
MPP were studied. The samples were represented by fine
material in the form of sludge with a maximum particle size of
several pieces of 10 mm. The chemical composition of the
sludge tailings was studied in the course of research.

The results of passport data of chemical analysis of sam-
ples of sludge tailings of the tailings of Dubersay and Akzhar
of the Donskoy MPP are presented in Table 1.

Table 1. Chemical composition of original tailings according
to Data Sheet for Samples

Mass fraction of elements, %
Sample

Cr,03 SiO, AL,O; CaO MgO FeO Sy
Data Sheet for
Sample No. 413  32.34 1820 5.07 0.52 27.17 | 9.11 0.042
Dubersai
Data Sheet for
Sample No. 414  29.26 1898 5.69 0.47 28.17 9.69 0.031
Akzhar

The results of X-ray fluorescence analysis (elemental
composition, semi-quantitative) are given for three samples
in Table 2.

Table 2. Results of X-ray fluorescence analysis

Content, %

Element
Sample No. 1 Sample No. 2 Sample No. 3

(0] 41.576 45.872 46.996
Na 0.105 0.078 0.094
Mg 17.898 17.182 18.222
Al 1.450 1.379 1.112
Si 11.576 10.879 12.317
P 0.008 0.012 0.005

S 0.054 0.045 0.060
Cl 0.113 0.059 0.071
Ca 0.448 0.380 0.227
Ti 0.096 0.066 0.070
\% 0.020 0.018 0.010
Cr 18.544 17.145 12.613
Fe 6.101 5.425 4,789
Co 0.020 0.014 0.012
Ni 0.241 0.218 0.194
Zn 0.014 0.016 0.009
Cr,0; 27.859 27.108 20.189

The chemical analysis showed chromium oxide content
in original tailings from Dubersai tailings storage facility
(samples No.1 and No.2) at the rate of 29-35%, and chromi-
um oxide content in original tailings from Akzhar tailings
storage facility - 20-23% that is connected with Kempirsai
deposit development year and beneficiation technology of
the Donskoy GOK and as consequence the stockpiling loca-
tion in Dubersai or Akzhar tailings storage facilities.

The average chromium oxide content based on chemical
analysis of accumulated sludge tailings at tailings storage
facilities ranges from 20% to 35%.

According to the chemical composition in the sludge tail-
ings of the Donskoy GOK, waste rock is represented mainly
by silicon oxide 18.20-18.98% and magnesium oxides 27.17-
28.17%. In a smaller amount, iron oxides 9.11-9.69% and
aluminum oxides 5.09-5.69%. The total sulfur content is
negligible.

According to the chemical analysis, it follows that it is
necessary to direct research on the removal of magnesium
and silicon oxides, thereby increasing the content of chromi-
um oxide to a standard chromium concentrate.
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3.2 X-ray phase analysis of slurry tailings

The results of the X-ray phase analysis are shown in Ta-
ble 3, the diffractogram is shown in Figure 1.

Table 3. Results of semi-quantitative X-ray diffraction analysis

Concentration,

Name of the mineral The formula %
Lisardite Mgg(S|205(OH)4 57.4
Magnesiochromite (Mg,Fe)(Cr,Al),0, 33.2
Apophyllite KFCa,Sig0,0(H20)s 7.1
Chlorite (Mg,Fe)gAl(SlgAl)Om(oH)a 2.3
1000 [ Lizardite Mgy(ShO«(OH): 574 %
- 3 Magnesiochromite (Mg,Fe)(Cr,Al)0s 332 %
uApophyIIite KFCa.Siy0,0(H:0) 7,1 %
o |2 Chiorite (Mg,Fe);Al(Si; Al)Os(OH)s 2,3 %
g
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Figure 1. Diffractogram of slurry tailings

3.3 Mineralogical studies

The material composition of the tailings was studied with a
Leica DM-2500M polarisation microscope in indirect light and
with a binocular magnifier and photography. Polished sections
were made by sealing the slurries in epoxy resin and then by
their polishing in order to study the mineral composition of the
ore under the microscope.

The mineralogical composition was studied at two size clas-
ses +0.071 mm and - 0.071+0.0 mm.

Mineralogical description of slurry tailings from Dubersai
tailings storage facilities. Sample 1 (polished section 1/17,
press.) of -0.071+0.0 mm fraction. When it was studied with a
binocular magnifier, it can be seen that the ore is represented
with a fine-grained aggregate consisting of a dusty grayish-
brown mass and resin- black grains (probably chro-
mospinelides) with the size of 0.025-0.071 mm (Figure 2).

Chromospinelide shots of about 10-20% were observed in
the reflected light under a microscope (in the profile of the pol-
ished section, Sample 1). The shape of the grains was irregular,
sharp, sometimes elongated, needle-shaped, with 0.035 to
0.07 mm grain size, in rare cases up to 0.21 mm. The colour in
reflected light was greyish-white, isotropic (Figure 3).

Figure 2. Micrograph of -0.071 mm chromite ore: -0.071+0.0
fraction; bin. magnifier, 1 div. = 0.025 mm; polished section 1/17
(press.)

Figure 3. Micrograph of -0.071 mm chromite ore (Sample No.
1). Chromespinelide grain shots (white) in amorphous non-
metallic mass (polished section 1/17 (press.), magn. 72)

A few grains up to 0.007 mm in size, light yellow, highly
reflective, oval in shape with jagged edges (possibly sul-
phides) were found.

When Sample 2 with +0.071 mm fraction (polished sec-
tion 2/17, press.) was studied under a binocular magnifier, a
non-uniform composition of the sample, along with the main
grain mass of relatively the same size, lumpy formations of
larger size could be observed after sifting from dust particles.
The main ore mass consists of lisardite grains, a layered
silicate of serpentine group, greenish-gray in color, in the
form of hidden crystalline mass or fine-grained aggregates.

The main ore mineral was chrompicotite, a magnesian
variety of chromospinelides, observed as irregular, sharp-
angled grains in the form of spherical segregations - modules
(Figure 4b).

Octahedral crystals were rare. The colour was black to
brownish black. The luster was metallic to greasy. Grains of
apophyllite, a mineral from the group of hydromicas, pale
green to yellowish-brown, were not uncommon. There were
single flake-shrouded grains of yellowish-green chlorite,
calcite, and fluorite (Figure 4a).

Figure 4. Micrograph of +0.072mm chromite ore (Sample No.
2): a - chromite ore of +0.071 fraction; b - hedgehog-like lumps
with inclusions of chrompicotite grains (b) (bin. magnifier, 1 div.
= 0.025mm) c¢ - grains of chrompicotite (white) and chlorite
(brownish-grey); d - hedgehog-like formations of lisardite with
chrompicotite inclusions (white), polished section 2/17 (press.),
magn.72
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Besides the grains of relatively equal size, the ore con-
tains hedgehog-like, semi-oval, greenish-grey formations,
probably composed of a dense, fine-grained lisardite aggre-
gate with brownish-grey chrompicotite inclusions. The size
of these formations ranges from 0.25 to 1.0 mm, sometimes
up to 2.0 mm. Chrompicotite inclusions range from 0.025 to
0.12 mm.

Irregularly shaped chrompicotite grains ranging in size
from 0.07 to 0.24 mm, and chlorite grains, leaf-shaped,
brownish-gray in colour with whitish-green internal reflexes
were observed under the microscope in reflected light.
Hedgehog-like, elongated lysardite formations with 0.2 mm
chromospinelide inclusions were in the lower part of the
polished section. Figure 5b shows a dense lysardite aggre-
gate, 1.6 mm in size, with inclusions of chromopicotite
grains, elongated, rectangular in shape, 0.05 mm in size.

The following conclusions were made based on the anal-
ysis of the original chromite tailings. The mineral composi-
tion of the slurry tailings, according to X-ray diffraction
analysis and mineralogical studies, was represented by the
following minerals: lisardite - 57.4%, magnesiochromite or
chrompicotite - 33.2%, apophyllite - 7.1%, chlorite - 2.3%,
olivine, fluorite.

A very thin dissemination of chrompicotite with minerals
of host rocks necessitates additional grinding of intermediate
products, which are intergrowths of chromite with waste
rock. The regrinding process in the enrichment scheme is the
most energy-consuming and leads to an increase in the cost
of chromium concentrate.

3.4 Fractional analysis of slurry tailings

Fractional analysis by specific gravity was performed ac-
cording to the method specified in paper [23]. Theoretically
possible parameters of gravitational concentration of differ-
ent size classes were determined by their stratification in «M-
45y heavy liquid solutions into fractions with the density of
more than 3.000 kg/m?, less than 3.000 kg/m? and more than
2.850 kg/m?, less than 2.850 kg/m®. The resulting density
fractions were washed from heavy liquid solutions, dried,
weighed, and abraded for chemical analysis sampling. Frac-
tional analysis was performed for particle size classes above
0.071 mm and below 0.071 mm. The coarseness class greater
than 0.071 mm was stratified by a density of 3.000 kg/m?®.
The results of the fractional analysis are shown in Table 4.

Table 4. Fractional composition and distribution of chromium
oxide content

i 0,
D]?nsny Output, % of CrOs  Extract Extract
rac- from .
tions classes ores content, |~ from class Size class
) 0 0 )
kg/m? % ore, % %
+3.000 14.38 349 @ 46.26 5.84 34.72 +0.071
-3.000 85.62 20.76 14.61 11.00 65.28 mm
Total 100.0 2425 19.16 16.84 100.0 class
+2.850 1055 7.99 47.18 13.66 16.43 -0.071
-2.850 89.45 67.76  28.31 69.50 83.57 mm
Total 100.0 75.75 30.30 83.16 100.0 class
Slurry +0.071-
o 100.0  27.60 100.0 0.0 mm
tailings
class

It follows from results of fractional analysis (Table 4) that
it is possible to obtain heavy concentrate fraction in 3.49% of
original raw material with chrome oxide content of 46.26% at

5.84% of original raw material recovery from +0.071 mm size
class.

The heavy concentrate fraction with a chrome oxide con-
tent of 47.18% and recovery of 13.66% of the original raw
material can be obtained from the -0.071 mm coarseness
grade.

The poor technological results of the fractional analysis
can be explained as follows:

- The large amount of flocculation agents in the sludge
studied, i.e. the presence of cohesive chromium minerals and
waste rock particles;

- The large number of particles below 20 um suspended in
heavy liquid solutions due to their small size and not stratified.

In practice, slurry parts of tailings in gravity concentration
create a turbid environment and prevent the separation of
coarse particles, so such feedstock must be divided into narrow
size classes and further concentrated separately in each class.

3.5 Granulometric composition of slurry tailings

The granulometric analysis of DMPP slurry tailings
based on sample data is shown in Table 5. The granulometric
composition of slurry tailings was studied according to the
methods [24-26] before the studies intended to determine
their beneficiation. Due to the fact that the tailings were
represented by fine slurry particles, the particle size distribu-
tion of tailings must be determined by sedimentation analysis
(weeding method based on particles falling velocity in aque-
ous medium into the following size classes 0.071-0.041 mm,
0.041-0.020 mm, 0.020-0.010 mm and less than 0.010 mm).

The chrome slurries received for testing were subject to
wet sieving (washing) on a 0.071 mm (71 micron) sieve.
Table 6 shows the results of washing on a 0.071 mm sieve.

Table 5. Granulometric composition of slurry tailings accord-
ing to Data Sheet for Sample

Sample No. 413 Dubersai Sample No. 414 Akzhar

Size class
' . Cr,0 . Cr,0
mm Yield, % conteznt,s% Yield, % conteznt,s%
+20 0.1 12 - -
-20+16 0.1 1.2 - -
-16+13 0.3 2.1 - -
-13+10 0.3 4.9 - -
-10+5 2.0 2.0 1.0 3.8
-5+3 1.1 6.3 0.6 3.8
-3+2 0.9 10.1 14.2 10.4
-2+1 0.9 10.1 5.4 16.7
-1+0.5 0.6 53
-0.5+0.2 18 17.4 10.5 137
-0.2+0.071 9.0 35.7 24.3 29.6
-0.071+0.040 14.3 43.4 22.2 41.0
-0.40+0.026 10,8 455 9,8 43,0
-0.26 57.5 30.1 21.9 27.0
Total 100.0 32.34 100.0 29.26
Table 6. Results of wet sieving of slurry tailings
Yield, Cr,03 Cr,03 distri-
Name % content, % bution, %
Class + 0.071 mm 24.25 19.10 16.77
Class - 0.071 mm 75.75 30.55 83.23
Total 100.0 27.77 100.0

The results of the slurry tailings classification showed
that the main amount of chromium oxide was concentrated in
the particle size class less than 0.071 mm. The yield of this
particle size class -0.071 mm was 75.75%, with a chromium
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oxide content of 30.55% with a distribution of Cr,03
83.23%.

According to the granulometric composition, it is clear
that the sludge minus 0.071 mm must also be classified into
0.04 and 0.02 mm and enriched each class separately. In
production, it is very difficult to carry out such a fine classi-
fication of sludge. This means that the enrichment of sludge
by standard gravity processes is difficult.

3.6 Flocculation agent disintegration study

When sedimentation analysis was performed for the tail-
ing’s samples, it was determined that the Donskoy MPP
tailings received for research are treated with large amounts
of organic flocculation agents which are very strongly ad-
sorbed on the surface of mineral particles.

Flopam FW 926 flocculation agent which has high set-
tling properties for thickening, is used at the DMPP. This
agent is characterized in Table 7.

A flocculation agent is used for rapid thickening of the
fine chromium slurry fractions in the tailings feeding process
to tailing storage facility [27]. The approved flocculation
agent consumption rate at Donskoy MPP is 0.07 kg per ton
of slurry tailings. But a turbid discharge is formed due to
poor operation of thickeners at slurry tailings and discrepan-
cy between the volume of tailings and the thickening area.
Such discharge is clarified by increased flocculation agent
consumption at the plant. It was adversely affected by the
tests, as the flocculus formed from the chromite grains and
the waste rock prevented their separation.

Three samples were analyzed with IRS for polymers and
organics.

Table 7. Flopam FW 926 flocculation agent characteristic

Parameters
Acrylamide and sodi-
um acrylate copolymer

Name

Chemical compound

Appearance White powder
lonicity Anionic
Molecular weight Medium
Brookfield viscosity, cP

5.0 g/dm? 1,600

2.5 g/dm? 600

1.0 g/dm? 200

Granulometry

% of particles > 10mesh (2mm)

% of particles > 100mesh (0.15mm)
Recommended working concentration,

No more than 2
No more than 6

o/dm?, % 0.05
Maximum concentration, g/dm?, % 0.5
Dissolution time in distilled water at a 90

concentration of 5g/dm? and t=25°C, min

Solution stability in distilled water, days 1

The results of the IRS analysis of the samples:

IR method: Spectra were obtained on an Avatar 370 Csl
FT-IR spectrometer in the spectral range 4.000-400 cm™
from tablet preparations obtained by pressing 2 mg of sample
with 200 mg of KBr. Experiment attachment: Transmission
E.S.P

Sample 1, (Figure 5).

The sample contained a Brugnatellite type compound -
MgeFe(CO3)(OH)13- 4H,0 — 3.687, 3.650, 1.429, 1.077,
1.015, 956, 551, 439 cm™™.

Transmission

4000 3000 2000 1000 500

Wave numbers, (cm )

Figure 5. Infrared spectrum of sample 1

Group [CO3).- -1.484, 1.429, 877, 855 cm'L,

The band with a maximum at wave number 625 cm fell
into the region of Fe®* - O bonding in silicates and car-
bonates.

Valence vibrations v(OH) — 3.445 cm™ and strain vibra-
tions SHOH-1.624 cm* of water molecules.

The absorption bands of the valence vibrations of the
methylene groups v CH2 — 2.927, 2.856 cm'™.,

Sample 2, (Figure 6).

The sample contained Brugnatellite type compound -
MgsFe(COs)(OH)15- 4H,O — 3.684, 3.646, 1.431, 1.078,
1.015, 957, 551, 440 cm™.

2

Transmission
-2 ]

8

4000 3000 2000 1000 500

Wave numbers, (cm )

Figure 6. Infrared spectrum of sample 2

Group [COs].- - 1.473, 1.431, 876, 855 cm™.,

The band with a maximum at wave number 627 cm™ fell
into the region of Fe3+ - O bonding in silicates and car-
bonates.

Valence vibrations v(OH) — 3.438 cm* and strain vibra-
tions SHOH-1.625 cm* of water molecules.

Sample 3, (Figure 7).

The sample contains BRUGNATELLITE type compound
- Mg6Fe(CO3)(OH)13 - 4H20 - 3.687, 3.650, 1.430, 1076,
1016, 955, 557, 440 cm™™.

Group [COs].- - 1.489, 1.430, 876, 855 cm™,

The band with a maximum at wave number 614 cm™ fell
into the region of Fe** - O bonding in silicates and car-
bonates.

Valence vibrations v(OH) — 3.437 cm* and strain vibra-
tions SHOH-1.624 cm* of water molecules [27, 28].

Figure 8 compares the spectra which show the varying
content of carbonate, oxide and possibly silicate phases in
Samples 2, 3 and 4.
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Transmission

3000 2000 1000

Wave numbers, (cm )
Figure 7. Infrared spectrum of Sample 3
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Figure 8. Infrared spectra in Samples 1,2 and 3

According to IR spectroscopy, the organic part of the
flocculants is identified by absorption bands of stretching
vibrations of methylene groups v CH, - 2927, 2856 cm?,
which indicates the adsorption of flocculants on the surface
of fine particles of tailings. In this regard, tests were per-
formed on various options to repulp slurry tailings in order to
remove flocculation agents from the surface of the test mate-
rial or to destroy existing floccules. The following tests,
shown in Figure 9, were performed.

Sludge sample

Sludge sample

Sludge sample

Pulping in a mechanical
stirrer 750 rpm, - 30 min,
solid mass - 35%

Drying 180 C, - 2 hours

Drying 180 C, 1- 2 hours

)

'

|

Sedimentation analysis

Pulping in a mechanical
stirrer 750 rpm, T- 15 min,
solid mass - 35%

Pulping in a mechanical

stirrer750 rpm, T- 30 min,

solid mass -35%

)

'

Sedimentation analysis

Sedimentation analysis

Figure 9. Preparation of slurry tailings for sedimentation
analysis

Sedimentation analysis was performed after the above-
mentioned repulping types. The results of all tests showed
rapid and simultaneous settling of all solids. Sedimentation
took place within 5-6 seconds with the formation of a clear
drain.

All tests effectively remove the flocculation agent from
the surface of the slurry particles. It is economical to use the
mechanical method in agitator vats or scrubber drums in
production.

10

4, Conclusions

Physical and chemical studies of the finely-dispersed
slurry tailings of the Dubersai and Akzhar tailings storage
facility of the Donskoy MPP showed:

1. The mineral composition of the slurry tailings, ac-
cording to X-ray diffraction analysis and mineralogical stud-
ies, is represented by the following minerals: lizardite-
57.4%, magnesiochromite or chrompicotite - 33.2%,
apophyllite - 7.1%, chlorite - 2.3%, olivine, fluorite. Waste
rock minerals have many minerals containing magnesium
which can be isolated by chemical concentration methods.

2. A very thin dissemination of chrompicotite with
minerals of host rocks necessitates additional grinding of
intermediate products, which are intergrowths of chromite
with waste rock. The regrinding process in the enrichment
scheme is the most energy-consuming and leads to an in-
crease in the cost of chromium concentrate.

3. According to the fractional analysis the gravity ex-
traction of chromium oxide from the fine particle size classes
is difficult.

4. Based on the particle size distribution it was found
that chromium oxides are concentrated mainly in the fine
particle size classes. Of the very fine particle classes of slurry
tailings, gravity concentration is not effective on screw sepa-
rators and concentration tables without prior classification of
the tailings.

5. Waste rock minerals (magnesium, aluminium, sili-
con, etc.) are effectively leached from the finely-dispersed
slurry tailings to produce a rich chrome product.

6. Chemical concentration eliminates the operations of
flocculation agent disintegration, the classification of original
tailings into size classes and the grinding of intermediate
products. These operations increase the complexity of the
apparatus chain and lead to an increase in operating and
capital costs.

7. Based on the above studies of chrome slurry tailings
from the Donskoy MPP, the conclusion is that it is necessary
to conduct concentration studies with the use of combined
concentration methods: chemical concentration that leaches
out the waste rock minerals and gravity concentration to
bring the chrome product to conditioned chrome concentrate.
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JeH KBK-HbIH ycak JucnepcTi IuiaM KaJAbIKTAPbIHBIH 0albITY
HIAPTTAPbIH AHBIKTAY YIIIH (U3UKAJIBIK-XUMHUAJIBIK 3epTTEyaepi
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Anaarna. XpoMm KeHJepi HOHAEY Ke3iHae (HeppoXpoMIIbl eHIIPY YINIH XPOMHUT KOHIIEHTPATHI aJIbIHA/bI, COHBIMEH KaTap
0albITy KaJJBIKTAPHI Makiaa 00y1aapl. balbITy TEXHOJOTHACKIHA OaJIAHBICTHI KECEK KOHE MUTaMIBI KAJIIBIKTAp Taina 60Iamb.

AK "Kazxpom" Jlen KBK-HiH *yKa qucCTepCTi IMIIamMabl KAIIBIKTaphl TEXHOTeHIIK keH opbiHaapsl (TKO) Hemece TexHo-
reaaik MuHepanas! Ty3inimaep (TMT) Oonbin TadbbutaTein [yOepcail sxoHe AKKapKasIbIK KoiiManapblHa sxuHaizansl. Kypa-
mbiHAa 30%-Fa gedin XpoMm okcuil Oap HuIaMIpl KIABIKTapIbl OHAEY TEXHOJOTMSCHIH d3ipiiey YIIH oslapaplH (usnka-
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XUMUSUTBIK 3epTTeyepi xyprizingi. CycneH3us KalIbIKTapblH XUMUSUTBIK TaJlayFa colkec, 3epTTeyJIep/Ii MarHuid MEH KpeM-
HUH OKCHATEPiH KOWFa OarbITTay KepeK, OChUIaiIa XpoM OKCHIIHIH KYpaMblH KOHIUIHSIBIK XpOM KOHIICHTPATHIHA JCHiH
apTTHIPY KepeK. XPOMITUKOTHTTIH Tay JKbIHBICTAPBIHBIH MUHEpaJapbl 6Te ycak 00C Tay >KbIHBICTAphbl ©CiHAlIepiMeH Oaiina-
HBICKaHJBIKTaH, apajJblK OHIMIEP/Al KOChIMIIIA YHTAKTayAbl KaxeT ereai. Opakuusuiblkranaay xoHe X-CIEeKTPOCKONHUS HOTH-
KeJepl OOMBIHINIA 3epPTTENeTiH IUIaMIbl KYHPBIKTapaarsl (UIOKYISTHTTApIbIH KOIIMeJIIepi jxoHe kejeMi 20 MKM-1eH a3 Oed-
HIEKTEP/IiH KOIMOJIIIEp] aHBIKTaJIbl, OJ1 aybIPCYHBIKTHIKTHIH epITIHIUIEpiH/Ie 031HIH IaMallbl MeliepiHe OaiaHbICThl Cyc-
neHsusiia Oosansl koHe KaObIpriakranOaiapl. ['panyigomeTpusuiblk Kypambl OolibiHma mMuHyc 0.071 mMm nutampapasr 0.04
xkoHe (.02 MM-Te KIKTeII, 9p CHIHBIITHI 00JIeK OAUBITY KEPEK CKCHIIIT] aHBIKTAJIIBL.

Korapsr TexHOMOTHSIIBIK KopceTkimrepai anyymin DOH KBK -ta KonmaHpUTaTBIH JoCTYPIIi TPABHTAIMSIIBIK OaWBITY CXe-
Machl TEXHOJOTHSUIBIK TYPFbI/Ia HAYBIPEKCHIr aHBIKTAIIBI, OUTKEHI O (PpIIOKYISTHTTHI BIABIPATY, KIKTEY, YHTAKTay, 9p KiIacc
KOHICHTPAIMSJIBIK YCTeAepinae OaifbITy, apanblk eHIMIEp/ i YHTaKTay onepanusiapbiH KaMTuAbl. Lnmamaer XxpoM KangpIKTa-
PBIH (U3HMKA-XUMUSUIBIK, 3€PTTEY HOTIKEIEPl XPOM KOHIIEHTPATHIH I'PaBUTAIMSUIBIK OalbITY MEH KaKcapTa OTBIPBIN, XUMH-
SITBIK OaWBITYIbI KAMTUTHIH apajiac 0afbITy CXeMachlH KOJaHy KaKeTTUTITiH KOPCETTi.

Hezizzi co3dep: membpana, nuobuil, cymeei emxizeiwmici, Cugepmc 3ayvl, Ounamayus, mepmusibly Kenero Kodgguyu-
enmi, ghazanvix ayvicynap.

DuU3UKO-XUMHYECKHE UCCIETOBAHNUA TOHKOAMCIEPCHBIX HIJIAMOBBIX
xBocTOB Jlonckoro I'OKa nuist onpeaesienust ycji0BMid MX 000raTuMOCTH
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AnHotanus. IIpn nepepaboTke XpOMOBBIX Py ITOJy4ar0oT XPOMHUTOBBIH KOHLIEHTPAT AJS NMPOM3BOACTBAa (eppoxpoma, a
TaKke 00pPa3ylOTCsl OTXOIBI — XBOCTHI OOOTaIieHus. B 3aBHCHMOCTH OT TEXHOJOTHH OOOTaIIEeHHs 00pa3yroTCsi KyCKOBBIC U
IIJIAMOBBIE XBOCTHI.

ToukoaucnepcHsie nuiamoBbie xBocThl JloHckoro I'OKa AO «Ka3xpoMay CKkIaaupyroTcst Ha XBOoCToXpaHmuiaxlyoepcait
1 AxoKap, KOTOpBIE SIBJISIOTCS TEXHOT€HHBIMU MecTOopokaeHussMHI (TM) min TeXHOTeHHBIMH MUHEPaIbHBIMH 00pa30BaHMAM
(TMO). Hns pa3pabOTKH TEXHOJIOTHH NepepabOTKM IIJIAMOBBIX XBOCTOB, B KOTOPBIX coxaepxkutca o 30% oxcuma xpoma,
MPOBEEHBl X (QHU3NKO-XMMHUYECKHe HccienoBaHus. 1o JaHHBIM XMMHYECKOTO aHalW3a ILIAMOBBIX XBOCTOB CIIEAYET, YTO
HCCIIeIOBaHUSA HEOOXOAMMO HAIPaBUTh 110 YAAJICHUIO OKCHJIOB MarHUs M KPEMHUS, TEM CaMbIM IOBBIIIAs COJECpPKaHUE OKCHA
XpoMa JI0 KOHAWIIMOHHOTO XpPOMOBOT'O KOHIIEHTpaTa. BecbMa TOHKasi BKpamjIeHHOCTh XPOMIIMKOTUTA C MHUHEpaJlaMH BMeIla-
IOIMX TIOPOJl 00YCIaBIMBAET HEOOXOJUMOCTh TOM3MENbUCHUS TIPOMEKYTOUHBIX MPOIYKTOB, KOTOPBIE SBISIOTCS CPOCTKAMHU
Xpomura ¢ mycrtoit nopoxnoi. Ilo pesynbraram ¢paknuonsoro anammsa 1 MKC-ciekTpockonuy ObUTO BBISBICHO COJEp)KaHHUE
60JIBIIOr0 KOJMYeCTBa (DIOKYIISTHTOB B HCCJICYEMBIX [IJIAMOBBIX XBOCTaX M OOJIBIIOE KOJIMYECTBO YACTHI] KPYITHOCTBIO MEHEe
20 MKM, KOTOpBIH B pacTBOPaxX TSDKENIOH XMIKOCTH B BHAY CBOETO HE3HAUYMTEIBHOTO pa3Mepa HaXOIUTCS BO B3BEIICHHOM
COCTOSIHMH M He pacciauBaercs. [1o rpaHyioMeTpr4eckoMy cocTaBy OIpesesieHo, uyTo muiambl Muayc 0.071 MM HeoOxonumo
emte kiaccudpunuposath Ha 0.04 1 0.02 MM 1 oborammaTh KaXkablil Kjace OTACIbHO.

YcTaHOBNIEHO, YTO JUIA MOJYYeHHs BBICOKMX TEXHOJOTHYECKHX Mokaszarened ucnosszyemas Ha JII'OKe tpagumnmonHas
TpaBUTALMOHHAS CXeMa O0OTalIeHUs SIBJISETCS TEXHOJOTMYECKH IPOMO3KON, T.K. BKJIFOYAET ONEpaIiy Ae3UHTErpannuu (io-
KYJISIHTa, KJIacCH(UKAIH, U3MENbYCHNs, 000TalleHNnsI Ha KOHIIEHTPAIMOHHBIX CTOJIAX KaXKAOTO Kilacca KPYIHOCTH, TOM3-
MEJTbYECHHUS TPOMEKYTOUHBIX MPOAYKTOB. IlomydeHHbIe pe3yabTaThl (HPU3NKO-XUMHUYECKOTO HCCIIEOBAHMUS IJIAMOBBIX XpPOMO-
BBIX XBOCTOB ITOKa3aJlM O HEOOXOJAWMOCTH NMPUMEHEHUs] KOMOMHUPOBAHHOM CXEMbI 00OTAaIIeH!s, BKIIIOYAIOIMIEH XUMHIECKOe
oboralieHue ¢ JOBOJAKOH XpOMOBOTO KOHILIEHTPATa I'PaBUTAIMOHHBIM 00OTaIlIEHHEM.

Knrwouesvle cnosa: wnamosvle X0Cmbl, MUHEPALOSULECKUT AHANU3, SPAHYIOMEMPUYECKUTI AHANU3, PPAKYUOHHBIL AHATU3,
OKCUO Xpoma.
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