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EFFECTIVE USE OF OIL SHALE
FROM THE KENDYRLYK FIELD

Abstract. The chemical composition of the oil shales of the Kendyrlyk field (for
comparison, the coals of both the Oi-Karagai and Kendyrlyk fields), and the physical and
chemical properties (moisture, ash content, volatile-matter yield) are studied in this article,
and the results of the study on hydrogenation of shale and coal for the production of motor
fuels components, assessment of the state and prospects for application of the method of
joint hydrogenation of oil shale and coal under low pressure. Samples of oil shale from the
Kendyrlyk field and coals of both the Kendyrlyk and Oi-Karagai fields were used as raw
materials for hydrogenation. It is shown that oil shales differ from coal by high ash
content (60.5%), and high hydrogen content (9%). The results of the conducted experi-
mental studies definitely show undoubted advantages of thermal coal liquefaction in a
mixture with shale.

Key words: oil shale, Kenderlyk, hydrogenation, coal, Oi-Karagay.

Introduction. Possibility of efficient use of low-grade hydrocarbons not
only increases the general resources of energy carriers, but also drastically chan-
ges the geopolitical situation in the world [1-3]. It increases the interest in such a
source of hydrocarbons as oil shale.

Having considered the variety of historically formed definitions of oil shales,
it is possible to suggest the following on the basis of developing modern repre-
sentations: “Oil shale is a complex fuel organomineral mineral deposit, for its
nature being a dispersed mixture of a high-polymeric heteroatomic organic for-
mation based on a sapropelic composition, an admixture of humic substance and
mineral mass of different chemical content” [4].

The organic matter of shale is called kerogen, its chemical composition in-
cludes: carbon, hydrogen, oxygen, nitrogen and sulfur. Carbon is the main ele-
ment determining heat of combustion of fossil fuels. Its content in the organic
matter of combustible shales can vary from 55 to 85%. Hydrogen is the second
most important heat-producing element, which plays an important role in the
energy potential of kerogen, since its heat of combustion (129.8 MJ/kg) is almost
4 times higher than that of carbon (34 MJ/kg). The hydrogen content varies bet-
ween 7-12%. Compared to other solid fossil fuels, the organic matter of oil shales
is distinguished by an increased (2-3 times more than for coal) hydrogen content
and the best ability to transfer to liquid and gaseous products during thermo-
catalytic destruction. Strengthening of requirements for the quality of the resulting
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products lead to significant changes in flow sheets and methods of using these
types of raw materials [5, 11-13].

To date about 25 fields and manifestations of oil shales dated to the Upper
Devonian, Lower Carboniferous, Upper Paleozoic, Middle and Upper Jurassic
and Paleogene deposits have been identified on the territory of Kazakhstan. They
differ in the composition of the initial substance and the conditions of formation,
which to a large extent determined their qualitative and processing
characteristics. All these fields, except for both Kendyrlyk and Chernozatonsky,
have been studied extremely poorly [6].

Oil shale deposits are concentrated in three regions — Eastern Kazakhstan
(Kendyrlyk, etc.), Kyzylorda Region (Baykhozha), and Western Kazakhstan
(Priuralskaya and Aktobe groups). The explored reserves of oil shale are about
800 million tons. Within the limits of Western Kazakhstan, where the Upper
Jurassic schistose deposits are widely developed, five promising areas have been
identified (Barbartinskaya, Zapadno-Chaganskaya, Irtyepskaya, Novoemenov-
skaya and Ozinskaya) with estimated reserves of oil shales exceeding 13 billion
tons or about 2 billion tons of shale oil (with an average yield of primary resin of
about 15%). Oil shales of Kazakhstan are characterized by a high yield of primary
resins (up to 13-23%, sometimes more than given numbers). The most valuable in
quality are the oil shales of the Kendyrlyk field [6-10].

On the basis of oil shale, it is necessary to create a new branch of industry in
the republic — shale oil refining. With the integrated industrial use of oil shale, it
is possible to obtain numerous chemical, fuel-energy products, extraction of
associated valuable metals, etc. In Sweden, the production of uranium and
alloying metals, heat energy and sulfuric acid, aluminum and iron oxides, potas-
sium and magnesium sulfates [10] are provided in the processing of 1 million tons
of shale per year on the basis of clay shales in Ranstad. Among the complex of
fuel and energy products, raw materials for which is resin and shale gas, various
oils (fuel, carburetor, and diesel ones), bitumen, fuel oil, gasoline, kerosene, etc.
should be noted. The heat of gas combustion at a reactor temperature of 900°C is
6415 kcal/m®, 1000 °C - 4500, and 1100 °C — 6045 kcal/m°. While low-tempe-
rature carbonization, the resin yield was 16-18% on dry shale with a high content
of hydrocarbons in shale. Distillation of resin showed the possibility of using
shale to produce artificial fuel [11-14].

The chemical composition of the oil shales of the Kendyrlyk field (for
comparison, the coals of both the Oi-Karagai and Kendyrlyk fields) and the
physical and chemical properties (moisture, ash content, volatile-matter yield) are
studied in this article, and the results of the study on hydrogenation of shale, and
coal for the production of motor fuels components.

EXPERIMENTAL PART

The classification of shale fines was carried out using the AS Control
200 particle size analyzer with a set of screens from 4 mm to less than 125 um.
Sample weight is 1 kg, amplitude is 2 mm/g, and classification time is 15 minutes.
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In order to determine the chemical composition, material samples were used,
which were fine granular powders. The physical and chemical properties of the oil
shales of the Kendyrlyk field and coals of both the Kedyrlyk and Oi-Karagai
fields were studied using the following methods:

Determination of total moisture was carried out according to GOST 11014-2001
Brown coals, bituminous coals, anthracite and oil shales. Shortened methods of
moisture determination. A subsample of 2 g mass, taken from shales of 2 mm -
125 pm in size, was dried in the BINDER drying cabinet at a temperature of
(105+5) °C, the mass fraction of moisture was calculated from the mass loss.

Ash content of oil shale was determined in accordance with GOST 11022-95
Solid mineral fuels. Methods for determination of ash. A shale sample of 2 g
mass was burned in the SNOL-8.2/1100 muffle furnace at a temperature of
(815£10) °C, and held at a given temperature until a constant mass. Ash content
was calculated by mass of residue after calcination.

Volatile-matter yield was determined by heating a sample of 1 g mass in a
porcelain crucible with a ground lid in the SNOL-8.2/1100 muffle furnace at
850 °C for 7 minutes.

RESULTS AND THEIR DISCUSSION

The results of the determination of the chemical composition of solid fossil
fuels are presented in tables 1 and 2.

Table 1 — Physical and chemical properties and elemental composition of fossil fuels

Bituminous coal Brown coal Oil shale
Characteristics from the of the Oi-Karagai of the
Kendyrlyk field field Kendyrlyk field
Moisture of the analytical sample
W, %) 8,0 78 9,6
Ash in a dry state (A%, %) 15,2 12,0 60,5
Volatile matters (V*, %) 38,2 35,8 40,2
Total carbon in a dry state (C™, %) 65,2 74,1 65,2
Hydrogen in a dry state (H®, %) 39 4,7 9,0
Total sulfur in a dry state (S™, %) 1,3 0,1 1,2
Total oxygen in a dry state (O%',%) 27,9 20,1 23,6
Total nitrogen in a dry state (N %) 1,7 1,0 1,7
Table 2 — Chemical composition of the mineral part of solid fossil fuels
Content of components in ash, wt. %
Component -
SiO, A|203 Fe,O; | CaO MgO SO; |Na,O+K,0

Oil shale of the Kendyrlyk field 58.2 | 17.2 7.6 2.3 10 | 34 10.3
Brown coal of the Oi-Karagai field | 35.2 | 25.8 135 | 196 | 2.9 2 1
Bituminous coal from the
Kendyrlyk field 64.7 | 21.6 3.6 7.5 1.0 0.6 1
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According to the studies of the chemical composition of oil shales, it is
established that oxygen (23.6%) contained in the organic part prevails in the
organic part of the oil shales, while oxides such as SiO, (58.2% by weight), Al,O3
(17.2 % wt.), and Na,O + K;0 (10.3 % wt.) prevail in the mineral part of the oil
shale.

According to the results presented in Table 1, it is seen that oil shales differ
from coal by high ash content (up to 60.5%), and high hydrogen content (9%).
Analyzing the data presented above, it is possible to draw conclusions on the
possibility of using the mineral part of oil shales as a fluxing addition in the
processes of recovery and use of oil shale and shale-ash waste as a sorption mate-
rial for water purification from organic pollutants (oil and petroleum products).

Further, the results of studies on hydrogenation of Kendyrlyk oil shale and
coals for obtaining components of motor fuels, an estimation of a state and
prospects of application of a method of hydrogenation under low pressure of
hydrogen are presented in the work.

Samples of oil shale and coal from the Kendyrlyk field were used as raw
materials for hydrogenation. Heavy residue of Karazhambas oil boiling at a
temperature above 500 °C was used as a pasting agent. Hydrogenation was car-
ried out in an intensively shaken reactor with a volume of 0.2 liters. Physical and
chemical characteristics and elemental composition of oil shale and coal are
presented in tables 1, 2.

The results of the thermocatalytic hydrogenation of the Kendyrlyk oil shale
and coal of the Kendyrlyk field are presented in table 3.

Table 3 — Characteristics of the process of thermocatalytic hydrogenation of shale and coal
from the Kendyrlyk field (Ratio of coal, shale : pasting agent — 1.0 : 1.0, pressure, MPa — 5.0,
temperature, °C — 420, duration, minutes — 15, catalyst - Bauxite-094, wt.% — 2.0)

Bituminous coal Oil shale of Coal 35% + shale

Indicator from the the Kendyrlyk 15% + 50%

Kendyrlyk field field pasting agent
Liquid yield, wt. %: 51.3 435 70.1
with a boiling point up to 320 °C 234 23.3 29.9
with a boiling point above 320 °C 27.9 20.2 41.0
Gas yield, wt. %: 6.0 20.1 41
Sludge yield + losses, wt. % 42.7 36.4 25.9

As can be seen from the Table, during thermocatalytic hydrogenation of solid
fossil fuels under the accepted conditions, liquid yield of products is: from coal of
the Kendyrlyk field — 51.3%, and from shale — 43.5%. Thermocatalytic cracking
of shale proceeds with significant gas formation (20.1 wt. %).

During hydrogenation of coal with the addition of 15% shale, the process
proceeds with a slight gas formation (4.1%), which ensures a high liquid yield
(70.1%). The resulting gas consists mainly of C;-C, hydrocarbons.
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The results of the conducted experimental studies definitely show undoubted
advantages of a new process of thermal coal liquefaction in a mixture with shale.

The results of the studies showed that the catalytic properties of oil shales
make it possible under optimal conditions to carry out the process of hydro-
genolysis of the organic mass of coal with a high degree of conversion into liquid
distillates without coke formation. The degree of conversion of a mixture of the
organic mass of shale and coal and shale is much higher than that of coal.

Thus, creation of a shale-refining industry in the Republic can be considered
an immutable business, which can ease tensions in providing consumers with
gasoline, kerosene and other motor fuel, etc. It should be noted that some of epy
oil shales in Kazakhstan are enriched with such a rare element as rhenium.
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Pe3rome
K. K. Kaiieipoexos, 3. T. Epmonouna, U. M. [[cenovibaesa, T. Axmemos
KEHJIEPJIIK KEH OPHBI TAKTACBIH TUIM/II TTAMJIAJIAHY

Bepinren xympicta KeHzaepiik KeH OpHBIHBIH JKAHFBIII TaKTATACBIHBIH XHMUSUIBIK
Kypambr (camsicTeipmainsl Typae Oii-Kaparaii sxone Kenmeprik keH OpHBI KeMipiepi
ATBIHIIBI) MEH (PHU3MKO-XUMHSITBIK KacueTTepi (bUTFAIBUIBIFGI, KYJIIAUTIT, YINKBIII 3aTTap
IBIFBIMBI), COHBIMEH KaTap MOTOpP OTHIHIAPBIHBIH KOMIIOHCHTEPIiH ajy VIIiH TakKTaTac
MIeH KOMIpJi TUIPOTEHJIEY YPAICIH 3epTTey HOTHXKEJEepi, TOMEH KhIChIM/IAa TaKTaTac IeH
KeMipai Oipereil rumporeHney oAiciH KojjaHy Ooyamiarsl MeH KYHiH Oaranay KelTipiji-
red. ['maporenaey ypaiciHiH MMKi3aThl perinae «KeHmepiik» KeH OpPHBIHBIH JKaHFBIII
takTacel MeH Kennepiik sxoHe Oii-Kaparaii keH opHbl keMipiiepi naiaanansuiasl. Kemip-
JICH KaHFBIII TaKTac KOFapbl Kynainirimen (60,5%) sxoHe cyTeriHiH KoFapbl KYpaMbIMEH
(9%) epexmenenerini kopcerinreH. XKyprizinreH ToxipuOemik 3epTTEYIEpIiH HOTHKEIEPi
KOMIp/ii CIaHeNTiH KOCIIAChIMEH TEPMHSIIBIK CYHBUITYIBIH KYMOHCI3 apTHIKIIBIIBIKTAPHIH
b1 £=3; (191 (<) 01 B

Tyiiin ce3nep: xanrbii TakTatac, Kenaepiik, rugporenaey, kemip, Oii-Kaparai.

Pe3rome
K. K. Kaupbexos, 2. T. Epmonduna, U. M. /icenovibaesa, T. Axmemos

OOOEKTUBHOE UCIIOJIbB3OBAHUE I'OPIOUEI'O CJIAHIJA
MECTOPOXIEHU A KEH/IBIPJIBIK

B cTarpe n3ydeHbl XMMUYECKHH COCTAaB TOPIOYHX cIaHIEeB KeHIBIPIBIKCKOTO MeCTO-
poxnenns (s cpaBuenus yriau Oii-Kaparatickoro n KeHIBIPIBIKCKOTO MeCTOPOXKIe-
HUH) U (QU3UKO-XMMHUYECKHE CBOMCTBA (BIAXXHOCTH, 30JBHOCTB, BBIXO[ JIETYy4YHX BEILe-
CTB), @ TaK)Ke IPHUBEICHBI PE3yJIbTAThl HCCIEIOBAHMS TI0 THAPOTCHU3ALNH CIIaHIA H YIS
JUISl TIOJTyY€HHsT KOMIIOHEHTOB MOTOPHBIX TOIUIMB, OLIEHKA COCTOSIHUSI M IEPCIICKTHBBI
MPUMEHEHUS METO/Ja COBMECTHOM THAPOTEHH3AIM{ CIAHIAa M YIS IOJ HEBBICOKUM
JaBlieHWEeM. B kadecTBe CHIpbS IJISl THIAPOTCHU3ALMU MPUMEHSUIM 00paslibl TOPIOYEro
claHIa MecTopoxaeHus «KeHABIPIbIK» U yriiel MecTopoxaeHuit «KeHnpipapik» u «Oii-
Kaparaii». [loka3aHo, 4To roproyne claHIbl OTIMYAIOTCA OT yTIiei BHICOKOM 30JbHOCTBIO
(60,5%) u BBICOKUM coneprkanueM Bopopona (9%). PesynbraTel NPOBEICHHBIX dKCICPH-
MEHTAJIBHBIX HUCCIEAOBAaHUHA OJHO3HAYHO CBHUAETEILCTBYIOT O HECOMHEHHBIX MpEUMY-
IIECTBAaX TEPMHUYECKOTO OXKIDKEHUS YT B CMECH CO CIIaHIIEM.

KuroueBbie ciioBa: roprounii cianen, Kennepisik, ruaporeHusanys, yrois, Oi-Ka-
parait.
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