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ABSTRACT

The known methods of processing low-quality bauxite have a number of disadvantages that make it
difficult or impossible to use them in the conditions of production of JSC "Aluminum of Kazakhstan",
therefore, it is necessary to effectively develop a technology for preliminary enrichment. Enrichment
of low-quality bauxites is possible by separating the clayey - high-siliceous and coarse-crystalline
fractions. Electron-microscopic analysis of the original bauxite showed that the coarse-crystalline
fraction is tightly pressed by the fine one. The total silicon modulus of the sample is 2.49. The silicon
modulus of the fine fraction is 2.19, and that of the coarse fraction is 3.89. When enriching bauxite, as
a result of the separation of fines, it is possible to increase the silicon modulus. After the chemical
activation of bauxite in a sodium bicarbonate solution, the finely dispersed fraction is effectively
separated from the coarse one and the phase composition changes - the calcium silicate phase
disappears and the calcite phase is formed. With an increase in the activation temperature, the
content of kaolinite and siderite decreases, and the content of quartz and hematite increases. Studies
have shown that at temperatures of chemical activation of 120 ° C, duration of more than 120 minutes
and 200 ° C, duration of more than 40 minutes, a dawsonite phase is formed in bauxite, which
densifies the mineral structure. When determining the optimal regime for carrying out chemical
activation, it is necessary to take into account the negative possibility of dawsonite formation.
Keywords: Gibbsite-kaolinite bauxite, chemical activation, sodium bicarbonate, phase composition,
conditioning, technology.
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Introduction decline, which leads to a sharp deterioration in the

composition of solutions, industrial products and a

At present, at the Pavlodar aluminum plant of  decrease in technical and economic indicators [1].
Aluminum of Kazakhstan JSC, the bauxites of the  This is the basis for carrying out a set of theoretical
Krasnogorsk deposit are processed according to the  and technological research for the development of

sequential-combined  method

Bayer-sintering.  an effective technology.

Bauxites are characterized by a low silicon modulus The known method of conditioning low-quality
and a high content of harmful components: bauxite, combining washing of clay components
siderite, chamosite, hematite, pyrite, organic and and hydroalkaline decarbonization. The method
other impurities, and their quality continues to  makes it possible to simultaneously increase the
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silicon modulus and reduce the carbonate content
in bauxite. The main disadvantages of this
technology are: low degree of washing due to the
use of alkaline wash water; increase in material
flow [2].

Processing of low-quality bauxite is possible by
the method of separate leaching of clay and stony
bauxite fractions, however, the separation of
bauxite fractions in an alkaline does not provide the
required degree of separation of the clay part [3,
4].

Thus, the known methods of processing low-
quality bauxite have a few disadvantages that make
it difficult or impossible to use them. It is required
to create new solutions to ensure efficient
processing of low-quality gibbsite - kaolinite bauxite
from the Krasnogorsk deposit to obtain high-quality
alumina.

To involve in the processing of most bauxite
deposits in Kazakhstan, we propose a technology
for processing low-quality gibbsite - kaolinite
bauxite with two-stage concentration and
hydrochemical processing, including preliminary
chemical activation [5, 6].

Experimental part and discussion of results

The purpose of the research was to develop a
technology for conditioning gibbsite-kaolinite
bauxites of the Krasnogorsk deposit before
concentration and hydrochemical processing. To
achieve the goal, the method of preliminary
chemical activation in a solution of sodium
bicarbonate was used.

The work was carried out on a representative
sample of Krasnogorsk bauxite of composition, wt.
%: Al,03 42.0; SiO; 11.5; Fe,05 19.5; Ca0 1.08; Na,0O
0.22; Mg0O 0.18; K,0 0.03; TiO; 2.05; SO; 0.24; CI
0.04; pp 23.16; uSi 3.65.

The work used: chemical, X-ray fluorescence,
thermal, electron microscopic and IR analyzes.

Chemical analysis of the samples was carried
out on an Optima 2000 DV inductively coupled
plasma optical emission spectrometer
(PerkinElmer, USA).

X-ray fluorescence analysis was performed on a
Venus 200 PANalyical B.V. (PANalyical B.V.,
Holland).

X-ray experimental data were obtained on a
BRUKERD8 ADVANCE apparatus using copper
radiation at an accelerating voltage of 36 kW and a
current of 25 mA.

IR analysis was obtained on an Avatar 370 FT-IR
spectrometer in the spectral range of 4000-400 cm™

from preparations prepared from 200 mg of KBr
and 2 mg of a sample. Experiment attachment:
Avatar Diffuse Reflectance.

Thermal analysis was performed using an STA
449 F3 Jupiter synchronous thermal analysis
instrument.

The micrographs were taken on a JEOL JSM-
6610LV thermal emission cathode (LaB6) scanning
low-vacuum electron microscope.

The chemical activation of bauxite was carried
out in a solution containing 120 g / dm3 NaHCOs at
a ratio L: T = 10.0 and temperatures of 90 - 200 °C
using a thermostatted installation with 6 autoclaves
rotating through the head, with a working volume
of 250 cm3. The required content of sodium
bicarbonate in the solution of 120 g / dm?® was
selected taking into account its solubility limit.

The silicon modulus of the samples was
determined from the ratio Al,03/SiO,.

The study of the material composition of the
bauxite sample was carried out.

The X-ray phase composition of gibbsite -
kaolinite bauxite is presented in Table 1.

Table 1 - Phase composition of gibbsite - kaolinite
bauxite from Krasnogorsk deposit

Name Formula %
Gibbsit Al(OH)s 54.95
Kaolinite-1A Al2Si20s(OH)a 10.02
Siderite FeCO3 6.09
Hydroaluminosilicate AlSi205(0OH)4 5.17
Quartz Si02 5.10
Calcium silicate CasSis 5.07
Hematite Fe20s3 4.89
Titanium oxide TiO2 4.88
Ferrotitanium oxide FexTiOs 3.83

The infrared spectrum of a bauxite sample is
shown in Figure 2.
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Figure 2 - Infrared spectrum of bauxite from
Krasnogorsk deposit
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Infrared spectroscopy determined the presence
of the following phases: gibbsite y-Al (OH)s;
kaolinite Al4[(OH)s | SisO10]; goethite a-FeOOH;
siderite FeCOs; [7]. Present: hematite Fe,O; [8];
anatase TiO; [9]; diaspores a-AIOOH™ [7].

The study of a bauxite sample by the thermal
analysis method (Figure 3) showed: on the DTA
curve there are intense endothermic effects with a
maximum development at 334.5 ° C, 557 °C; on the
dDTA curve there are additional exothermic effects
with peaks at 897.8 °C and 989.9 °C; the DTG curve
recorded minimums at 287.9 °C, 319.4 °C, 532.8 °C.
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Figure 3 - Thermogram of the initial sample of
gibbsite - kaolinite bauxite from Krasnogorsk deposit

A deep endothermic effect with a maximum
development at 334.5 ° C, in the development area
of which two minima appeared on the DTG curve
(287.9 ° C, 319.4 ° (), reflects the dehydration of
gibbsite and iron hydroxide. The combination of the
endothermic effect with an extremum at 557 ° C on
the DTA curve and a weak exothermic effect with a
peak at 989.9 ° C on the dDTA curve mb.
manifestation of kaolinite. In addition, the
combination of the same endothermic effect with
an exothermic effect with a peak at 897.8 ° C on the
dDTA curve may reflect the presence of coarse-
crystalline siderite.

Micrographs and electron microscopic analysis
of bauxite are shown in Figure 1 (a, b, c).
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a - general composition; b - large fraction; c - fine
fraction
Figure 1 - Micrographs and electron microscopic
analyzes of gibbsite - kaolinite bauxite from Krasnogorsk
deposit

The micrographs show that the coarse-
crystalline fraction of bauxite is tightly pressed with
a fine fraction. The total silicon modulus of the
sample area (Figure 1 - a) is 3.45. The silicon
modulus of the coarse fraction (Figure 1-b) is 4.41,
of the fine fraction (Figure 1-c) - 2.19.

In order to increase the silicon modulus of
bauxite by separating the fine fraction, the initial
sample was subjected to chemical activation in a
sodium bicarbonate solution.

To determine the optimal conditions for the
chemical activation of bauxite, studies of the effect
of temperature and process duration were carried
out.

Studies of the effect of the temperature of
chemical activation on the change in the material
composition of bauxite were carried out at
temperatures of 90-200 ° C and duration of 60
minutes.

The chemical composition of bauxite depending
on the activation temperature is presented in Table
2.

Table 2 - Chemical composition of bauxite depending on
the activation temperature

K20 0.03 | 0.03 | 0.02 0.03 0.05 0.05
TiO 2.05 | 2.25 23 2.2 21 2.2

CI- 0.04 | 0.02 | 0.02 | 0.016 | 0.017 | 0.03
LOI 23.16 | 22.05 | 21.93 | 21.824 | 20.953 | 15.58

As a result of chemical activation obtained, that
the content of the elements in the samples, except
sodium oxide, remained at the same level. At an
activation temperature of 200 ° C, a thick slurry was
obtained.

The phase composition of bauxite depending
on the temperature of chemical activation is
presented in Table 3.

Table 3 - Phase composition of bauxite depending on the
temperature of chemical activation

Activation temperature, °C
Name Initial | 90 [ 120 [ 150 [ 180 | 200
Content, %

Gibbsite 5495 | 55.59 | 56.45 | 55.7 | 52.38 | 55.34
Al(OH)3
Kaolinite-1A 15.19 | 12.11 | 12.43 | 12.44 | 10.79 | 10.86
AL;Si;05(0H)4
Siderite FeCO3 6.09 | 11.52 | 9.77 7.69 6.82 7.29
Quartz SiO; 5.11 4.8 491 6.37 7.63 8.04
Calcium silicate| 5.07 - - - - -
Ca55i3
Hematite Fe,03 | 4.89 | 5.09 | 5.89 | 6.23 | 6.99 | 7.22
Titanium oxide| 4.88 4.69 4.59 4.57 4,51 4.64
TigO11
Ferrotitanium 382 | 3.67 | 3.70 | 3.80 | 3.76 | 3.41
oxide FezTi05
Calcite CaCOs3 - 2.53 2.26 3.20 3.21 3.20

It follows from Table 3 that with an increase in
the temperature of chemical activation in the phase
composition of bauxite, the content of kaolinite and
siderite decreases, the content of quartz and
hematite increases, the calcium silicate phase
disappears and the calcite phase is formed.

The influence of the duration of chemical
activation on the change in the material
composition of bauxite at temperatures of 120 and
200 ° C has been investigated.

The chemical composition of bauxite,
depending on the duration of activation at a
temperature of 120 ° C, is presented in Table 4.

Table 4 - Chemical composition of bauxite depending on
the duration of activation at a temperature of 120 ° C

Activation temperature, ° C
Name Initial | 90 | 120 | 150 | 180 [ 200
Content, %

Al;03 42.0 | 424 | 420 42.2 42.6 42.8
SiO; 115 | 114 | 113 11.3 11.4 11.5
Fe,03 19.5 | 19.7 19.9 19.7 19.9 19.9
Cao 1.08 1.1 1.1 1.2 1.1 1.2
Na;0 022 | 0.7 1.06 1.18 1.5 6.4
MgO 0.18 | 0.18 | 0.19 0.17 0.19 | 0.18
SO3 0.24 | 0.17 | 0.18 0.18 0.19 0.16

Name Duration, min.

20 [ 40 | 60 | 90 | 120 180 | 240

Content, %
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Al;03 422 | 4225|4224 | 424 | 424 | 388 | 363

SiO; 11.2 11.1 | 11.3 | 113 | 11.1 | 10.9 | 10.6

Fe;03 20.3 203 | 19.8 | 19.6 | 20.0 | 186 | 17.1

Ca0 1.3 1.14 1.1 1.1 | 117 | 1.06 0.9

Table 6 - Chemical composition of bauxite depending on
the duration of activation at a temperature of 200 ° C

Na,O | 0.413 | 045 | 1.16 13 | 143 ] 435 6.8

MgO 0.13 0.18 | 0.19 | 0.16 | 0.18 | 0.2 0.16

SO3 0.19 0.16 | 0.18 | 0.17 | 0.17 | 0.04 | 0.19

K0 0.07 0.06 | 0.02 | 0.04 | 0.03| 0.04 | 0.06

TiO, 2.5 2.4 2.6 2.2 2.5 2.2 2.06

Cl- 0.02 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.04

LOI 21.677 | 21.94 | 21.39 | 21.71 | 21.0 | 23.79 | 25.79

With an increase in the duration of activation
to 180 minutes at a temperature of 120 ° C, the
content of Na;O in bauxite increases, and the
content of the remaining elements remains the
same. With an activation duration of 180 minutes
or more, a thick pulp was obtained. the mass of
which is greater than the initial mass of bauxite,
therefore, the percentage of elements decreases.

The phase composition of bauxite depending
on the duration of chemical activation at a
temperature of 120 ° Cis presented in Table 5.

Table 5 - Phase composition of bauxite depending on the
duration of chemical activation at a temperature of

Name Duration, min.
20 40 60 90
Content, %
Al,O3 44.1 44.38 44.83 44.8
SiO, 11.0 11.1 10.9 10.7
Fe;03 20.1 19.4 19.9 11.08
Ca0o 1.14 1.1 1.2 0.6
Na,O 0.2 0.9 6.4 231
MgOo 0.18 0.18 0.18 0.12
SO3 0.17 0.17 0.16 0.2
K20 0.04 0.05 0.05 0.01
TiOy 2.6 2.53 2.5 1.64
CI- 0.02 0.02 0.02 0.01
n.n. 20.45 20.17 13.86 7.74

120°C
Activation temperature, °C
Name 20 [ 40 | 60 | 90 | 120 [ 180 [ 240
Content, %
Gibbsite 51.43| 51.42 | 51.45 | 51.91 | 50.69 | 45.62 | 43.76
AI(OH)3
Kaolinite-1A 11.67| 11.98 | 10.94 | 10.22 | 10.37 | 9.06 9.3

AL2Si205(OH)4

Siderite FeCOs | 4.89 | 4.58 4.77 5.00 6.56 6.02 -

Quartz SiO2 5.28 | 5.18 5.61 5.94 6.02 6.55 6.05

Hematite Fe,0s3| 10.02 | 10.25 | 10.23 | 10.1 9.81 9.35 8.09

Titanium oxide | 6.99 7.0 7.09 6.94 6.99 7.11 7.1
TisO11

Ferrotitanium | 6.32 6.2 6.25 6.6 6.54 6.23 6.71
oxide Fe,TiOs

Calcite CaCOs 34 | 3.39 3.66 3.29 3.02 4.4 4.5

Dawsonite - - - - - 5.66 | 14.49

INaAICO3(OH).

As a result of chemical activation, the content
of the gibbsite phase remains at the same level for
a duration of 120 minutes, further, its amount
decreases and a new aluminum-containing phase
appears - dawsonite.

The chemical composition of bauxite,
depending on the duration of activation at a
temperature of 200 ° C, is presented in Table 6.

With an activation duration of 60 minutes, a
thick pulp was obtained. A solid phase was
obtained at a duration of 90 minutes, which filled
the entire volume of the autoclave, there was no
solution (Figure 4).

Figure 4 - Solid phase of bauxite activation. obtained at
200 ° C and duration 90 minutes

An increase in the final weight of bauxite after
activation at a temperature of 200 ° C and a
duration of 60 minutes or more led to a decrease in
the percentage of elements, at the same time, the
sodium oxide content increased sharply, which is
associated with the formation of a new phase -
dawsonite (table 7).

Table 7 - Phase composition of bauxite depending on the
duration of chemical activation at a temperature of
200°C

Temperature, °C

Name 20 40 60 90

Content, %
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Gibbsite Al(OH)3 54.59 54.38 50.34 15.3
Kaol{nlte-lA 9.58 8.85 9.8 6.34
ALzSIzOs(OH)4

Siderite FeCO3 8.8 8.86 - -
Quartz SiO; 4.05 4.36 4.8 3.2
Hematite Fe;03 5.45 6.28 6.22 5.45
Titanium oxide 2.69 2.83 2.4 1.2
TigO11

Ferrotitanium oxide 8.49 8.19 8.41 2.8
FezTiO_r,

Calcite CaCOs3 6.35 6.25 3.26 2.82
Dawsonite - - 14.77 62.89
NaAICO3(OH),

Micrographs and electron microscopic analysis
of bauxite after chemical activation are shown in
Figure 5.
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Figure 5 - Micrograph and electron microscopic analysis

of gibbsite - kaolinite bauxite of the Krasnogorsk deposit

after chemical activation at a temperature of 200 ° C and
a duration of 40 minutes

The photomicrograph shows, that after
chemical activation of bauxite there was a
separation of the fine fraction from the coarse one,
which will improve the efficiency of gravity and
chemical processing, low-quality gibbsite - kaolinite

bauxite from Krasnogorsk deposit for further
processing to produce alumina.

Conclusions

The phase composition of gibbsite - kaolinite
bauxite of the Krasnogorsk deposit is represented
by gibbsite, kaolinite, siderite,
hydroaluminosilicate, quartz, calcium silicate,
hematite, titanium oxide and ferrotitanium oxide.

Electron-microscopic analysis of the original
bauxite showed that the coarse-crystalline fraction
is tightly pressed by the fine one. The total silicon
modulus of the sample is 3.45. The fines silicon
module is 2.19, large fraction - 4.41.

After the chemical activation of bauxite in a
sodium bicarbonate solution, the finely dispersed
fraction is effectively separated from the coarse
one and the phase composition changes - the
calcium silicate phase disappears and the calcite
phase is formed.

With an increase in the activation temperature,
the content of kaolinite and siderite decreases, and
the content of quartz and hematite increases.

At temperatures of chemical activation of
120 ° C, duration of more than 120 minutes and
200 ° C, duration of more than 40 minutes, the
dawsonite phase is formed in bauxite, which
densifies the mineral structure and makes it
impossible to carry out further enrichment by
gravity methods. therefore, when choosing the
activation conditions, it is necessary to exclude the
formation of this phase.

After chemical activation of bauxite, the
separation of the finely dispersed fraction from the
coarse one took place, which will increase the
efficiency of gravity and chemical enrichment of
low-quality gibbsite - kaolinite bauxite from the
Krasnogorsk deposit for further processing to
produce alumina.
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TemeH copTTbl rTM66CUT-KAONNHUT BOKCUTTEPIHIH, Pa3anblK KYPaMbiHbIH,
moaudUKayUAcbl
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TYAIHAEME
TemeH cananbl 6OKCUTTI eHAeyAiH Benrini agictepiHin, 6ipkaTap Kemwiniktepi 6ap. Onapabl «KasakcrtaH
aNtoOMUHUIIY AK eHaipic XafgalbiHAA KONLAHY KMbIH HEMece MYMKIH eMec, COHAbIKTaH anaplH ana

Makana kengi: 25 Haypei3 2021

CapantamagaH eTri: 14 mameip 2021

Ka6oinganasi: 15 mayceim 2021 6alibITy TEXHONOMMACLIH 33ipaey KakeT. ToemeH cananbl 6OKCUTTI 6albITy - ca3gbl KOFapbl KPEeMHUMAI
JKaHe ipi Kpuctanapl dpakumanapFa 6eny apKblibl MyMKiH 60n1aabl. bacTtankbl GOKCUTTIH, 3N1eKTPOHAbI-
MWKPOCKOMUANBIK Tangaybl ipi Kpuctanabl $pakuusaHbiH Maiga 6GenweKktepmeH Tbifbi3 Hacbiibin
KanaTbIHAbIFbIH KepceTTi. YAriHiH, Xannbl KpeMHuii moayni 3,45 Kypanabl. ¥cak GpakumsaHbIH KpeMHUI
moayni 2,19, an ipi dpakumaHbiH, 3,89-abl Kypaiapl. BokcutTeri ycak 6enwektepai 6eny apKpibl
KPeMHUI1 moayniH KebeiTyre 6onaapl. HaTpuii rMAPOKapOOHaTLIHbIH, epPiTiHAICIHAE BOKCUTTI XUMUANBIK
aKTUBTEHAiPreHHeH KeliH ycak avcnepcti dpakuma ipi benikteH TMimai 6eniHesi xaHe pasanbik Kypambl
e3repefii - Ka/ibUMI CUAMKATbIHbIH, dasacbl KOWblAbIN, KanbuuT dasacbl Ty3inegi. benceHgipy
TemnepaTypachl }ofapbliaFaH4a KaOAMHUT NEH CUAEPUTTIH Meswepi a3andpl, an KBapL, NeH reMaTUTTiH,
Menwepi aptagbl. 3epTTeynep KOPCETKEHAEN, XMMMUANbIK aKTUBTEHAIPYAiH TemnepaTypacbl 120° C,
y3aKTbifbl 120 MUHYT XaHe 200° C, y3aKTbifbl 40 MUHYTTaH apTbiK 6oaFaHaa 6oOKCMTTe AaycOHUT dasachl
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aHbIKTaFaHAa, AAYCOHUTTIH, KaFbIMCbI3 Ty3i/ly MYMKIHAIMH eckepy KarKeT.
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AHHOTALUMUA

M3BecTHble MeToabl nepepaboTKM HU3KOKAYeCTBeHHbIX GOKCUTOB MMelT pAj,  HefoCTaTKOB,
Aenalolmx 3aTpyAHWUTEbHBIM UAN HEBO3MOMHbIM WX MPUMEHEeHWe B yCi0BUAX npoussoactsa AO
«AntomuHMI - KasaxctaHa», noatomy Heobxoguma addekTmBHas paspaboTka  TexHonoruu
npeasaputenbHoro  oborawieHus.  OboralleHne  HU3KOKAYeCTBEHHbIX OOKCMTOB  BO3MOMKHO
OCYLLECTBUTL MyTEM Pa3geNeHus TAUHUCTOM — BbICOKOKPEMHWUCTOM M KPYMHOKPUCTaNAUYECcKon

MNoctynuna: 25 mapma 2021 dpaKkuMit. DNEKTPOHHO — MMUKPOCKOMMUYECKMI aHanM3 MCXO4HOro BOKCMTa NoKasan, YTo KpymHO —
PeueH3nposaHue: 14 masa 2021 KpucTanamyeckana ¢pakuua MNAOTHO 3anpeccoBaHa Menkon. OB6LWMIn KpemHueBbli moaynb npobbl
MpuHATa B Nneyatb: 15 uroHA 2021 cocTasnset 3,45. KpemHueBbIN Moaynb menKoi dpakuun paseH 2,19, kpynHoli— 4,41. B pe3ynbTate

oTAeNeHUA MesKon ¢pakumMn 6OOKCUTa BO3MOMKHO MOBbLICUTb €ro KpemHueBbli Moaynb. [pu
XMMMWYECKOW aKkTuBaummu BoKcuTa B pacTBope rmapokapboHaTa HaTpuAa nmpoucxoaut sodeKTusHoe
oTAEeNeHME MeNKoAWCNEePCHOW dpaKLMM OT KpynHOM U M3meHeHMe $a3oBOro coctaBa — ucyesaeT
dasa cunmkata Kanbuma n obpasyetca dasa Kanbuuta. C yBennyeHvem TemnepaTypbl akTUBaLMK
YMEHbLLAEeTCA CoAepiKaHMe Kao/IMHUTa U cuaepuTa, yBeIMuMBaeTca CoaepiKaHne KBapua u remaTtuTa.
WccnepoBaHnsa  Mnokasanu, 4YTo Npu  TemnepaTypax  XMMMYecKoil  aktueaumm  120° C,
npogomkutensHoctn 6onee 120 muHyT 1 200° C, npogonxuTtensHoct 6onee 40 MUHYT B 6oKcuTe
obpasyetca dasa [aycOHWTA, KOTOpas YNIOTHAET MUHEpPaNbHYl CTPYKTypy. Mpu onpeseneHuu
ONTUMaNbLHOTO PeXMMa NPOBEAEHUA XMMUYECKOM aKTMBaLMM HeoBXOAMMO YUWUTbIBaTb HeraTUBHYIO
BO3MOXKHOCTb 06pa3oBaHWA AayCOHUTA.

Kntoyesole cnosa: MOE6CUT-KAaONMHUTOBBIN BOKCUT, XMMMUYECKaA aKTUBaLMA, TMAPOKapboHaT HaTpua,
$a3oBbIll COCTaB, KOHAULMOHMPOBAHWE, TEXHONOTUA.
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