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Abstract. The sintering-strengthening effect of the additions of the highly ferrous bauxite
(with Fe;O3 content of 20-25 % in the calcined state) in the compositions with refractory clays
was established. It was found that in the temperature range 1350-1500°C the additions of
bauxite in amounts of 10-40% have a fluxing effect due to the iron oxide introduced with
bauxite in compositions with clay. An increasing the bauxite additive in the amount of 50-70%
ensures its strengthening effect by increasing the total content of the mullite of the prismatic
habit in the firing products of composites with clay. Preliminary clay and bauxite calcination at
900 °C and an increase in the content of bauxite additive up to 50-70% in compositions with
clay allow to produce aluminosilicate proppants with a bulk density of 1.62-1.65 g/cm® and
compressive strength up to 52 MPa.

1. Introduction

Alumosilicate ceramics based on natural raw materials, combining high refractoriness, chemical
resistance and increased strength, have not lost their relevance in the total volume of modern ceramic
and refractory materials. The perspective of such ceramics is also the fact that the main raw materials
for its production are available natural and technogenic raw materials, such as refractory clays and
kaolins, bauxites, rocks containing hydrates and silicates of alumina, refractory and metallurgical
waste.

The availability of a raw material base for the production of aluminosilica ceramic materials
determines the further traditional use of such materials in ferrous and non-ferrous metallurgy, glass
and cement industries, the construction industry and others [1-5]. Recently, alumina-silicate ceramics
has been used in non-traditional applications in the oil and gas extraction industry as propping-up
materials for extracting difficult-to-recover oil and gas by hydraulic fracturing [6-11]. This is a
mechanical method of influencing the productive oil and gas bearing layer, in which the rock breaks
along the lines of the line of strength due to the impact on the formation of the pressure created by
injecting into the formation of fracturing fluid. After rupture under pressure, the created cracks
increase, and their connection with the system of natural cracks arises. Granular material (proppant) in
size from 2 to 0.2 mm is transported to the cracks formed by the fracturing fluids and fix the cracks in
the opened state after removal of the excess pressure. The conditions of service of proppants determine
their basic functional properties, according to which they must withstand high reservoir pressures and
withstand the corrosive action of the corrosive medium (acid gases, saline solutions). The complex of
required physico-mechanical and chemical properties of proppants largely determines the efficiency of
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hydraulic fracturing. Therefore, improving the quality of proppants is one of the most important
reserves to improve the technical and economic indicators of oil and gas production, which entails the
need to improve the technology for manufacturing these proppants.

After years of research, preference in the production of proppants is given to ceramic technology,
because ceramic proppants combine high strength, relatively low bulk density, chemical resistance and
high conductivity. Medium and high strength materials, preferably aluminous (in the case of heavy
proppants) or aluminosilicate (in the case of lightweight proppants) composition can be used as
ceramic proppants.

Further developments are under way to expand the raw material base of ceramic proppants based
on wollastonite, forsterite, clinoenstatite and other minerals. However, strict requirements to the raw
materials for high-quality ceramic proppants, combining high strength with reduced bulk density have
not been established either in domestic or in foreign practice of obtaining ceramic proppants. Possible
ways of solving the problem are to increase the proportion of crystalline phases in the ceramic matrix
(preferably with a fibrous-needle structure [12-14]), to ensure the most dense packing of grains during
granulation and the minimum porosity of the granular material after firing.

Of the total variety of natural aluminosilicate raw materials, the most common are basic kaolins,
bauxites and refractory clays, as well as various additives of natural and technogenic genesis,
enhancing the sintering process of the material and increasing raw material strength for the production
of aluminosilicate proppants.

Previously, the authors established physicochemical parameters for assessing the suitability of
refractory clay raw materials for the production of aluminosilicate proppants, which include
mineralogical (the content of kaolinite is not less than 65% by weight, the content of free quartz is not
more than 15% by weight), the chemical (Al.Os; content in the calcined state, not less than 35% by
weight, preferably 40 - 45% by weight, and the content of alkaline oxides is not more than 1.2% by
weight).

The purpose of this work was the development of compositions and technological parameters for
the production of aluminosilicate ceramic proppants based on the refractory clay-containing raw
materials - argillite refractory clay and high-iron bauxite.

2. Materials and methods

As raw materials, refractory clay and bauxite were used in the work. The study of the physicochemical
features of clay was carried out with the aim of elucidating the prospects of its use as the main
component of the ceramic masses, and bauxite as a natural reinforcing additive in compositions with
clay. According to the chemical-mineralogical composition, clay is a highly basic raw material (the
content of Al,O3 in the calcined state is 48.3 mass %), with an average content of coloring oxides
(Fe203 + TiO; - 5.5 mass%), kaolinite composition with hydrargillite (gibbsite) admixture in clay part,
hematite and quartz — in the non-plastic part.

Bauxite is a kind of hematite-gibbsite-kaolinite bauxite with a content of up to 62% Al,Oz with an a
low silica content (up to 10 wt%) and a low content of alkali and alkaline-earth oxides (less than 2%
by weight) in the chemical composition.

Both types of investigated raw materials are clay-containing starting materials of predominantly
kaolinite composition (in the case of clay) or an admixture of kaolinite (clay bauxite). Therefore, one
of the ways to increase the strength characteristics of ceramic materials based on them is the addition
of clay-containing additives [15-19]. These additives neutralize the negative softening effect of
cristobalite, which is formed during the polymorphic transformation of impurity quartz and the
crystallization of amorphous silica released from the structure of kaolinite. This will increase the total
content of the crystalline phase and reduce the amount of unstable vitreous phase in the structure of
the calcined material, which, in the future, will favorably enhance the hardening of the calcined
material.

To improve the mechanical strength of aluminosilicate proppants while reducing the temperature of
their firing, the possibility of improving the functional properties of the ceramic materials of the



MTMNG IOP Publishing
IOP Conf. Series: Materials Science and Engineering 286 (2017) 012012 doi:10.1088/1757-899X/286/1/012012

system (RO, RO;, R.03) - AlOs-SiO; was examined by activating the processes of mullite synthesis
and sintering of aluminosilicate ceramics on the basis of raw materials with mineral oxide additives.

As additives-mineralizers, the following oxides were chosen: 2% MnO: - in the form of manganese
concentrate; 5% Fe;Os - in the form of pyritic cinders; 2% MgO - in the form of caustic magnesite.
Mineralizing additives in an amount of 2-5 % over 100% were introduced into the aluminosilicate raw
materials (clay and bauxite) calcined at 900 ° C and 980 ° C.

Chemical analysis of the materials sample was carried out as per GOST 2642. The mineralogical
composition of raw materials was determined by a set of physicochemical analysis techniques (X-ray
and thermal methods). X-ray study was carried out on a diffractometer «Shimadzu XRD-7000S» with
Cu Koa-radiation at the tube voltage of 40 kV and the current of 25 mA, the goniometer rotation speed
was 4°/min.

The thermal analysis of the samples was performed on combined SDT Q600 TGA/DSC/DTA
analyzer under the following imaging conditions: the heating rate was 10 °C/min, the surrounding
medium was air, crucibles were from corundum, and weighed amount was 20-40 mg.

The samples were molded from calcined clay rock by semi-dry pressing under the pressure of
10 MPa; the solution of 0.3% carboxymethylcellulose was involved as the binder. The sintering of the
compacted samples was carried out in the temperature range of 1350-1450 °C with the step of 50
degrees with holding at the maximum temperature for 2 hours.

Structural and phase changes were evaluated by X-ray analysis. The microstructure of the starting
and processed materials were investigated using JEOL 6000 scanning electron microscope.

3. Results and discussion

A comparative analysis of the effect of the oxide additives on the sintering process of refractory clay
showed that the optimum reinforcing additive is the addition of 5% Fe,QO3, which provides an increase
in strength from 230 to 300 MPa (1.3 times) of molded clay samples heat-treated at 900°C and
calcined at 1350 °C (Figure 1). In the case of high-iron bauxite, the obtained data (Figure 2) indicate
that the optimal pre-calcination temperature of bauxite is 980 °C, the optimum sintering temperature
of the samples is 1300 °C, since there is a danger of vitrification of the surface of the samples and the
formation of cakes and fusions in the furnace at the burning temperature of 1350 °C.
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An evaluation of the effect of the oxide additives on the process of sintering of bauxite rock
showed that the optimum reinforcing additive is the 2% MnO, which increases the strength from 130
to 187 MPa (by a factor of 1.5) from bauxite samples thermally treated at 980 °C and calcined at
1300 °C.

The strengthening effect of these additives is due to the formation of defective solid solutions for
the introduction and / or replacement of iron in corundum in connection with the proximity of the
ionic radius of AI** (0.057 nm) and the ionic radius of Mn** (0.052nm) and Fe®**(0.067 nm), which
causes a significant activation of the Al,Oz lattice and, as a result, improvement of its sintering.
Moreover, the possibility of the influence of Mn?* and Fe?* cations on the appearance of melts and on
their properties, which promote sintering and recrystallization of corundum and mullite, is not
excluded.

Thus, according to the degree of activation of the sintering process of the clay and the bauxite,
ferruginous additives are of interest for using them in aluminosilicate proppants from this raw
material.

The production of aluminosilicate proppants based on clay with additions of bauxite was carried
out according to the traditional technological scheme, which includes heat treatment of raw materials
at a temperature of 900 °C for the purpose of dehydration of clay and bauxite minerals, wet grinding of
the heat-treated products to a particle size of less than 63 um, drying the slurry, mixing and
homogenizing the components, granulating to a bulk density of 0.9 to 1.0 g/cm® (dry), drying and
firing granules, sieving into commaodity fractions of proppants. On the granules with a fraction of
20/40 (0.4-0.8 mm), compressive strength and bulk density were determined (Table 1).

Table 1. Properties of proppants fraction 20/40 from clay-based compositions with the addition of
bauxite, fired at 1450 -1500°C (crush pressure — 52 MPa)

Chemical
Temperature Properties of proppants composition
Clay / proppants
number  bauxite Oxide content,
heat treatment
wt % Firing Bulk Qrush 5 wt.%
density, resistance,
) granules Iom? 0
Clay bauxite g/cm % Al,O3 FexOs
Clay without additives
1450 1.50 25.6
A 100/0 900 - 48.1 2.3
1500 1.54 235
Bauxite additive
ABSO 50550 900 900 0 e o 546 122
ABT70 30/70 900 900 i;’gg 122 g; 57.5 16.2

4. Conclusion

It has been established that the addition of high-iron bauxite in an amount of 10 to 40% does not
ensure the production of proppants based on argillic clay with a strength at a fracture pressure of 52
MPa. The increase in the content of bauxite additives from 50 to 70% by weight in compositions with
refractory clay ensures the production of aluminosilica proppants at a firing temperature of 1450-
1500 °C with a bulk density of 1.62-1.65 g/cm?® and strength, withstanding the destructive pressure of
52 MPa.

2 According to the requirements of the API (American Petroleum Institute) - the fraction of broken granules at a
pressure of 52 MPa fraction 20/40 - no more than 10%.
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