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It has been shown the unity of composition, molecular and supermolecular structure of shungite con-
centrate and silicon-carbon from rice hulls which provides their effective practical use in the same engi-

neering processes as rubber fillers and sorbents.

INTRODUCTION

It is known that solid carbon is widely used in
industry and all its varieties have become in defi-
cit. The growing requirements of different
branches in carbon materials can be satisfied by
using of secondary resources.

There are carboneous wastes with mineral and
vegetable nature in Kazakhstan. For example,
shungite rock containing carbon mineral named
shungite and rice hulls. Shungite rock form rock
masses but mostly they are in dumps after complex
ore mining and concentration. The rice hulls is a
waste of rice processing. It makes up for 20—-30%

of the mass of rice, i.e. 50,000 tons are generated

annually in the Kazakhstan and 150-200 million
tons are generated annually in the world.

EXPERIMENTAL

The test objects were the shungite rock and
rice hulls of the Republic of Kazakhstan and pre-
pared from them shungite concentrate and sili-
con-carbon.

The shungite concentrate (ShC) was prepared
by shungite rock floatation.

The silicon-carbon (Si©C) was prepared by
carbonization of rice hulls in the off-gas atmos-
phere in the temperature range 85@t the heat-
ing rate 18C/min within 30 min.

The X-ray phase analysis (XRPA) and high-
resolution transmission electron microscopy
(TEM) were applied to study the structure of car-
bonic materials.

The XRPA was performed on a DRON-2
computerized diffractometer with the updated
collimation on the filtered CukKradiation by the
procedure.
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The TEM was carried out with a Philips EM
301 transmission electron microscope (the Neth-
erlands) at the accelerating voltage 80 kV within
the range of the electron microscopic magnifica-
tion 13-80 thousand times. For exposure the
samples powdered in the agate mortar were laid
on the object copper mesh pre-coated with the
substrate film of the amorphous carbon and fixed
in the microscope object holder.

The EPR spectroscopy was carried with an
EPR IRES-1001 modernized spectrometer.

The properties of shungite concentrate and
silicon-carbon as rubber fillers and the strength
properties of rubbers were studied with use of
traditional methods.

To prepare carbon sorbents shungite concen-
trate and silicon-carbon from rice hulls were
milled to the grain size of 0.25 to 0.04 mm, then
mixed with 35% aqueous solution of sugar at the
ratio S:L (g/cml) = 1:0.35 and granulated on the
plate granulator within 60 min. The grains with
size of 2.5 to 0.63 mm were dried at 105 to €10°
within 2 hours and then they were undergone to
pyrolysis within 30 min at the temperature of
650C with concurrent activation by water vapor
within 30 min at the temperature of 8&D900T.

The study of kinetics of heavy metals, petro-
leum, precious and rare metals adsorption with
the sorbents obtained under static conditions was
carried out at the room temperature from the
technological solution with their different concen-
trationsat the ratio of the phases sorbent : solution
(g/cnt) = 0.2:100 and also under dynamic condi-
tions, which was performed in the column with
diameter of 1 cm filled with sorbents of 2 g in
mass. The solutions were carried from the top
downward with the velocity of 100 cfhour.
Control over the process was exercised both to
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sorbate content in the parent solutions and in so- of the size of 1.5 to 2.5 nm. And in shungite the

lutions after interaction with the sorbent. porous formations were found in which one the
pore size reaches 5 nm and the size of particles
DETAILS OF STUDY reaches 4 nm. But the resemblance between a

pine-tree supermolecular structure of shungite
and supermolecular structure of coke was not
found. So, by its structure Kazakhstan shungite is
similar to disordered forms of industrial soot [2].

The objective of this study is as follows: the
comparative investigation of the structure of natu-
ral and synthetic carbonic materials and the de-
termination of the potentialities of their using in
the same engineering processes.

Shungite. Shungite rock consists of carbonic
material (shungite) and mineral component. The
carbon content in natural samples varies from a
few percent up to 60%. Mineral part mainly con-
sists of quartzite and different aluminosilicates.
Obtained shungite concentrate contained 50%
mass of carbon (Table).

Table. Composition and structure characteristics of the
carbonic materials

Product C, SiO,  dow, L, La,
% % A A A

ShC 50 30 3.55 23 70 1.15
Si0;:C 52 32 3.75-3.20-26 - 0.45-0.75

Cy

100nm

We researched structure of shungite carbon of
Kazakhstan in matching with different carbonic
materials by XRPA. Shungite similarly to coal
VI-VII of stages of metamorphism, coke and in-
dustrial soot has carbonic turbostratale structure
(dooz [B.48 to 3.56 AL.[23 to 26 A, L,[70 to
82 A). The orderliness of graphitic layers of
shungite carbon increases with decrease in its
content in the rock. Besides graphite-like (carbon)
phase in shungite structure, three hydrocarbon

. b
phases (p_ol_ynaphthenldtqdf.? A) and two oxy- Fig. 1. Supermolecular structures of the shungite concen-
gen-containingd[B A andd[118 to 20 A) phases) trate ¢) and silicon-carbon from the rice hulls) (

were discovered. These hydrocarbon phases
turned graphitoid phase as a result of the thermal Shungite particles being formed by graphitoid
treatment (Ar, 60TC) of shungite samples [1]. layers with ‘holes’, the former is a cluster-
Besides, we researched morphostructures of containing material with energy heterogeneous
shungite and industrial soot, coal and coke by surface. The sites of the greatest accumulation of
method of transmission electron microscopy. graphitoid layers structure defects are the most
Morphostructure of shungite is submitted by con- energy saturated. The great quality of excess en-
gestions of dendrite and isometric shapes €rgy accumulates on unbound electrons localized
(Fig. 1a). It is known that soot has a chain struc- on defects. It is confirmed by the data of EPR
ture. We found that dendrite structure of shungite Spectroscopy [3]: there is an intense signal show-
is similar to the chain structure of soot. Both ing the presence of the great quality ‘{iping)
shungite and soot morphostructures are formed of unbound electrons in the shungite particles in
by spherical particles. But shungite particles (20 the EPR spectrum of material.
to 30 nm) are 2-3 times lesser than particles of Silicon-carbon from rice hulls. The rice hulls
soot (40 to 100 nm) and formed by fine particles contains a great amount of silica (14%) unlike
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other vegetable wastes. Therefore the product of

thermal processing of rice hulls called as silicon-
carbon (Si@-C) is a composite containing 52% of
carbon and 32% of silica as it is shown in Table.

By X-ray phase analysis method, the pres-
ence of the graphite-like (carbon) phase was de-
tected in the compositionld, = 3.75 to 3.80 A)
and two hydrocarbon phases: polynaphthenic
phase § 04.7 A) and phase with an unidentified
(failing this hydrocarbon phase in clear form)
structure ¢ 08.0 A).

The nanostructure of the carbon phase of the
silicon-carbon is presented by crystallites wité th
cross sectional dimensidny, (20 to 26 A which
are composed as analogous graphite grids with
spacing C-C of 1.42 A. As compared to the
graphite structure, it is less perfect althoughhwit
the temperature rise during pyrolysis in the tem-
perature range of 500 to 10@0N some insignifi-
cant increase in graphitization level)(evas ob-
served (from 0.45 to 0.75). In this case, the vol-
ume of the graphite-like phase increases (from 45
to 100%). After treatment of the initial sample at
1000°C, the X-ray phase analysis records trans-
formation of the amorphous silicon dioxide to
crystobalite [4, 5].

Both silicon-carbon and shungite mor-
phostructures of are formed by spherical semi-
translucent nanoparticles and isomorphous forma-
tions (Fig. D).

By data of EPR spectroscopy, the concentra-
tion of free-radical states (N) in the silicon-
carbon varies depending on carbonization tem-
perature (Fig. 2) [6].
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Fig. 2. Changes in concentration of free radicals in sili-
con-carbon with temperature rice
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The data presented show that the test materi-
als have no significant difference in their molecu-
lar structures and they have similar supermolecu-
lar structures. They are composites formed by
carbon and silica nanoparticles. The unity of
composition and molecular and supermolecular
structures of investigated shungite concentrate
and silicon-carbon from the rice hulls causes
likeness of their physical and chemical properties
and makes for their effective practical use in the
same engineering processes.

Practical use. The shungite concentrate and
silicon-carbon from the rice hulls were tested in a
view of use as rubber fillers and sorbents in vari-
ous engineering processes.

It has been shown that test fillers improve
the rubber strength properties and can be used
as substitutes of carbon black. The efficiency of
their use as rubber fillers has been confirmed
by results of their tests in the "Rubber" (Issik)
company Ltd [7].

The sorbents was prepared from shungite
concentrate and silicon-carbon of rice hulls and
their sorptive properties were determined. They
are used in various sorptive processes.

A principal opportunity of using of sorbents
from shungite concentrate as sorbents for water
(from heavy metal ions Ph zr?*, Cd*, and pe-
troleum) purification has been found. It was
shown that modification of shungite sorbent sur-
face by immobilization of microorganisms cells
active in processes of heavy metals ions accumu-
lation and petroleum oxidation increases its sorp-
tion capacity to these pollutants [8].

The prospect of using of the sorbent from
silicon-carbon for gold and rhenium recovery
from productive solutions was found [9, 10].

CONCLUSION

The data presented show that the shungite con-
centrate and silicon-carbon of rice hulls as natura
and synthetic carbonic materials respectively have
similar molecular and supermolecular structures and
physical-chemical properties. It opens up new po-
tentialities for producing a number of materials of
different purpose on the basis of them.
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CTpPYyKTYpHA €IHiCTh Ta NPAKTHYHE BUKOPUCTAHHS MPUPOAHUX i CHHTETHYHHX
BYyIJIeLleBUX MaTepiaJjiiB

C.B. €Eppemona

Hayionanvnuii yenmp i3 komniexcnoi nepepodxu minepanvhoi cuposunu PK
eyn. XKanoocosa, 67, Anmamu 050036, Kazaxcman, Secretar_rgp@mail.ru

THokaszano e€onicms ckaady, MONEKYIAPHOL MA HAOMONEKYAAPHOI CMPYKMYPU WYHSINOB020 KOHYeHmpamy ma
CUHMEMUYHO20 KpeMHeYeneyto 3 PUCO8020 JTYWNUHHS, WO 3a0e3neyye MONCIUBICIb IXHbO2O BUKOPUCIAHHS 8 OOHUX
i MUX camux mexHoa02IUHUX Npoyecax AK HANOBHI08AUI8 yMU Ma cOPOEHMI8 Pi3HO20 NPUSHAYEHHS.

CTpyKTypHOE €IMHCTBO M NPAKTHYECKOEe UCI0JIb30BAHNE MPUPOAHBIX M CHHTETHYECKHX
yIJ1epOAHBIX MAaTEPHAJIOB

C.B. E¢ppemona

Hayuonanvnoiii yenmp no komniekcroul nepepabomke MuHepaivHo2o coipbsi PK
yn. XKanoocosa, 67, Anmamer 050036, Kazaxcmarn, Secretar_rgp@mail.ru

THokaszano eouncmeo cocmasa, MONEKYAAPHOU U HAOMOIEKYIAPHOU CIMPYKIMYPblL WYHSUNOB020 KOHYEHMPama u

CUHmemu4ecKozo erMHeyzﬂepoaa usz pucoeoﬁ wenyxu, 0666’716’{1/{661}01/{466 B803MOJCHOCHIb UX UCHONb308AHUSL 8 OOHUX
Uu mex sce nmexnojiocudecKux npoyeccax 6 kaiecmee HanoHumernetl pe3urn u c0p6enmoe pa3iuvuHoco Ha3Ha4eHusl.
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