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Abstract

It is demonstrated that combined mechanochemical treatment (CMCT) of a mixture of kaolinite and
sulphuric acid may be used for extracting aluminum from layered aluminosilicates. X-ray phase analysis showed
that aluminum sulphate crystalline hydrate is formed in the products of CMCT of kaolinite. The effect of
CMCT of kaolinites on the degree of aluminum extraction into the liquid phase has been studied in apparatuses
with different levels of power supply. The highest degree of aluminum extraction was achieved in an AGO-2

centrifugal planetary mill.

INTRODUCTION

Substantial growth of aluminum consump-
tion and the emergence of the problem of
raw materials for aluminum production caused
increased interest in acidic methods for pro-
cessing low-grade bauxites and kaolinites with
low contents of iron. The main products of
the acidic processing techniques are aluminum
salts widely used in chemical industry and in
industrial water and sewage cleansing process-

s [1, 2]. A number of sulphuric-acid methods
for processing kaolinites have been developed
in Russia and abroad [3—5].

Kaolinite falls under the category of lay-
ered silicates. A peculiarity of its structure is
the existence of two-layer packages, each con-
taining silicon-oxygen tetrahedra and an octa-
hedral layer composed of aluminum atoms,
oxygen atoms, and hydroxyl groups. Networks
of silicon-oxygen tetrahedra [SiO,] combined
into six-membered rings are connected with
the [Al(O,0H)4] octahedral layer on the free-
top side of tetrahedra. The chemical composi-
tion of kaolinite corresponds to the formula
AlL[(OH)gSi,0,(] [6—8]. The shielding of alumi-

num cations by the silicon-oxygen network and
the presence of Al-O—Si bonds results in low
solubility of kaolinite in acids. Therefore, all
methods for acidic processing of kaolinites in-
volve a stage of activation. Activation of ka-
olinites may be performed in a variety of ways
[3—5]: thermoactivation, thermoactivation com-
bined with chemical activation, etc. The limi-
tations of the thermal methods of activation
are high temperature of the process, and the
necessity to use special (heat- and acid-resis-
tant) equipment.

Mechanical methods of kaolinite activation
followed by kaolinite treatment with an acid
hold much promise. However, in traditional
grinding machines, complete extraction of alu-
minum may be achieved by prolonged (for at
least 12—15 h) activation of kaolinite [9]. Ap-
plication of higher stress planetary, centrifu-
gal mills allows the activation time to be re-
duced to 10—15 min, but again treatment of
activation products with concentrated H,SO,
with heating is needed for complete aluminum
extraction [10]. Thus, it is of interest to im-
prove the mechanochemical methods of disin-
tegration of kaolinite.
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TABLE 1
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Chemical composition of kaolinite raw material from Puzlinskoye deposit (based on higher oxide forms)

Oxide Content, mass % Oxide Content, mass %
Al,O4 37.2 MgO 0.17

SiO, 434 CaO 0.28

TiO, 2.50 Na,0 0.16

Fe, 04 0.56 K,O 0.03

FeO 0.04

To solve this problem, combined mechanical
treatment (CMCT) of kaolinite mixed with
concentrated H,SO, is suggested in this work.
It is assumed that this type of mechanochemical
treatment will increase the degree of extraction
of aluminum due to the high activity of the
“fresh” surface, resulting from destruction of
kaolinite, and mechanically stimulated chemical
interaction of an acid with kaolinite.

EXPERIMENTAL

The white variety of kaolinite from Puz-
linskoye deposit (Komi Republic) was used as a
feed stock. The kaolinite stocks of Puzlinskoye
deposit originated by redeposition (secondary
stock). The results of chemical analysis for the
white species of kaolinite is presented in Ta-
ble 1. The mass fraction of kaolinite in the raw
material amounts to 37 %; the content of the
iron and titanium oxide impurities is low. The
results of particle size analysis of the raw
material listed in Table 2 suggest that the clay
fraction of kaolinite is represented by parti-
cles £1-5 mm in size.

Prior to CMCT, a kaolinite sample was
mixed with a required quantity of H,SO,.
Combined mechanochemical treatment of

TABLE 2

a mixture of kaolinite with acid was performed
at first in a porcelain mortar and then in an
SMBM triturating machine, in a LE-102/2 type
vibration mill (ball diameter 10 mm, ball
charges/sample = 20:1), and in an AGO-2
centrifugal-planetary mill [11] (ball diameter
8 mm, ball charge/sample = 20 : 1). When CMCT
was performed with a deficiency of H,SO,, the
products were extracted with a calculated
volume of a 20 % acid solution with up to
stoichiometric quantity of the acid. The extraction
time was 30 min in all cases; the temperature
of water and sulphuric acid solution was 25 °C,
and the solid phase/fluid phase ratio=1:2 (by
mass). The solid and fluid phases were separated
by filtering with a “blue tape” filter. The amount
of aluminum extracted in the form of salt was
calculated from the results of photometric
measurement for the solution. Analysis was
performed using aluminon on a KFK-3
photocolorimeter. X-ray phase analysis of the
solid products of CMCT was accomplished on a
DRON-3M diffractometer (CuK, radiation).

RESULTS AND DISCUSSION

X-ray phase analysis (XRPA) of the start-
ing kaolinite showed several groups of dif-

Results of particle size analysis of a suspension of the raw material from Puzlinskoye deposit

Sand Silt

Clay

Diameter, mm Content, mass %

Diameter, mm Content, mass %

Diameter, mm Content, mass %

2.0-1.0 5.2 0.10—0.05
1.0-0.5 4.1 0.05-0.03
0.5-0.25 3.5 0.03-0.01

0.25-0.10 1.2

14.9 0.01-0.005 5.2
2.9 0.005-0.001 13.5
9.7 <0.001 38.9
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Fig. 1. Diffractograms of the kaolinite raw material (a), the product of mechanical treatment of kaolinite (b),
and the product of CMCT of kaolinite (c). Activation conditions: b — activation time 6.5 min, acceleration 40 g;

¢ — the same, content of acid is 100 mass %; -

fraction lines on the X-ray diffractogram cor-
responding to a kaolinite structure (Fig. 1, a).
The strong lines in the ranges of 20 angles 12°
and 25° are typical for the majority of kaolin-
ite species; localization of lines in the ranges
0 =34-36° 38—42° 45-50° and 54—60° may
vary for kaolinites from different deposits. Cal-
culation of the Hinckley crystallinity index [8]
from the main diffraction lines for a nonacti-
vated kaolinite sample gave 1.16, which corre-
sponds to a regular structured typomorphic spe-
cies. According to the classification suggested
by B. B. Zvyagin [8], which is based on the de-
gree of perfection of a kaolinite structure,
kaolinite from Puzlinskoye deposit used in this
work belongs to type IV, i.e. kaolinite with a
triclinic and pseudomonoclinic unit cell and with
a strict ¢ parameter. The degree of approxi-
mation of the unit cell to the triclinic or mon-
oclinic cell was estimated from a conventional
quantitative parameter, namely, the triclinic-
ity factor K,, which can vary from 1 (extreme
triclinic case) to 0 (extreme monoclinic case).
The calculated triclinic factor for kaolinite of
Puzlinskoye deposit was, on the average, 0.85.

The diffractograms of the product of
mechanical treatment and CMCT of kaolinite
are presented in Fig. 1, b and c. The product
obtained by mechanical treatment of kaolinite
has a distinct amorphized structure. In all ranges
of 20 angles on the diffractogram, the kaolinite

alunogen.

lines are very weak and diffuse. The product
of CMCT is characterized by the absence of
kaolinite lines from the (20) angle ranges 12°
45-50°, 54—60° and by a significant decrease in
intensity of kaolinite lines in the (20) ranges of
angles 25° 34—36° 38—42° At the same time,
strong lines have appeared on the diffractogram
of the product, indicating that an alunogen
phase (aluminum sulphate crystalline hydrate)
formed as a result of treatment.

The results of aluminum extraction from
the product obtained by treatment of kaolin-
ite by CMCT in devices differing strongly in
the amount of mechanical energy applied to
the substance (triturating machine, vibrating
mill, centrifugal planetary mill) (treatment
time 10 min, mass fraction of acid 25 % of
the stoichiometric quantity) showed that the
maximum yield is achieved in centrifugal plan-
etary mills (Fig. 2). Aluminum sulfate is formed
in reasonably short periods of time. Thus the
relatively short treatment time in AGO-2
(2.5 min, 40 g) results in a high (65 %) degree
of aluminum extraction in solution.

With a low degree of conversion of the
starting kaolinite after treatment with H,SO,
in experimental conditions (1-2 %), it can be
inferred that mechanochemical activation of
kaolinite (KA) occurs at the first stage to form
an active phase of the product (KA*), which
then reacts with H,SO,. It was shown [12] that
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Fig. 2. Degree of aluminum extraction (based on
aluminum oxide) into the fluid phase from crude kaolinite
(1) and the products of CMCT of kaolinite obtained in
various devices: porcelain mortar (2), vibrating mill (3),
triturating machine (4), and AGO-2 centrifugal planetary
mill (40 g) (5). Activation conditions: time — 10 min,
content of acid — 25 mass %.

Al-O bond cleavage in the Al-O—Si fragment
is the limiting stage, determining the solution
rate of kaolinite in acids. Mechanical treatment
leads to structural distortions in kaolinite,
including cleavage of Al-O-Si bonds [10].
Therefore, one can assume that partial cleavage
or weakening of these bonds during activation
accelerates aluminum sulphate formation by
reaction with sulphuric acid.

CONCLUSION

Thus, combined mechanochemical treatment
of kaolinite with sulphuric acid followed by
hydrochemical treatment increases the degree
of aluminum extraction in the form of its
sulphate, which is certainly of interest from
the viewpoint of practical applications [13]. It

seems that practical realization of this method
is quite possible because the drums and balls
are made of corrosion-resistant steel and are
therefore stable in concentrated sulphuric acid.
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