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INFLUENCE OF VARIOUS FACTORS ON HYDROGENOLYSIS
OF THE SHALE OF THE KENDYRLYK DEPOSIT

Abstract. The present work represents the results of studies on the hydrogenation of
Kendyrlyk oil shale for the production of motor fuel components, assessment of the state
and prospects of hydrogenation under low hydrogen pressure. According to the experi-
mental data, the dependence of the yield of liquid products (YLP) on the temperature,
pressure and duration of the experiment was determined by the method of nonlinear
regression. It is shown that an increase in the temperature and duration of the experiment
does not exert a noticeable effect on the shale hydrogenolysis indicators. And with increa-
sing of hydrogen pressure in the range from 4.0 to 8.0 MPa, the degree of transformation
of the organic mass of shale (OMS) increases by 20% and the amount of shale in the
reaction of hydrogen is doubled, the yield of liquid products, gas and water is increasing.

Key words: hydrogenolysis of shale, the yield of liquid products, Kendyrlyk, bau-
Xxite, the organic mass of shale, the degree of conversion.

Introduction. Oil shale is one of the promising types of organic raw mate-
rials, which can largely compensate, and in the future replace oil products and
gas. Unlike other types of solid fossil fuels (SFF), oil shales contain significant
amounts of hydrogen in organic matter. The possibility of obtaining liquid and
gaseous hydrocarbons from oil shales, similar in composition and properties to
petroleum products and natural gas, makes it possible to consider them as impor-
tant strategic resources [1].

World reserves of oil shale in the equivalent of shale resin are approximately
2.9 trillion barrels, but the industrial processing of oil shale is carried out only in a
few countries. At the same time, research begun in the first half of the twentieth
century in the field of the processing of oil shale in synthetic motor fuels and
chemical products did not cease, and have again become relevant by now.

About 25 deposits and shows of oil shales dated to the Upper Devonian,
Lower Carboniferous, Upper Paleozoic, Middle and Upper Jurassic and Paleo-
gene deposits have been identified on the territory of Kazakhstan to date. They
differ in the composition of the initial substance and the conditions of formation,
which, largely, determined their qualitative and technological characteristics.

The shales of the Kendyrlyk Formation (the Kalynkar and Best layers) have
been most thoroughly studied, the shales of the Saikansk Formation are the least
studied. High-quality schists of the “Best” layer. The average content of resin
exceeds 10%, reaching in some samples up to 27%. The distillation of the resin
showed the possibility of using shale to produce artificial fuel. Earlier, we studied
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the thermodynamic analysis of gasification and the thermocatalytic processing of
the Kenderlyk oil shale [2-5]. In the present work, the influence of various factors
on the hydrogenolysis of the shale of the Kenderlyk field was studied.

Experiment. The work was carried out by researchers from the Research
Institute of New Chemical Technologies and Materials and the Moscow State
Mining University

As a raw material for hydrogenation, samples of oil shale of Kvarts JSC were
applied, additionally enriched by flotation and centrifugal separation in heavy
liquids. Shale concentrates had a particle size of less than 0,1-0,2 mm, contained
(wt. %): W? - 1,2-1,3; A" - 18-22 (including carbon dioxide 2,4-2,5); S - 1,7-1,8.
The elemental composition of the samples was the following (% on daf):
C-742-747, H - 8,9-9,0; S - 1,2-1,4; N - 0,4-0,5; O — 14,5-15,0. Heat of
combustion of oil shale Q%" was 31,5-33,4 k/kg.

Shale paste consisting of 40 wt.% shale and 60 wt.% liquid shale product
with a boiling point above 300-320 °C, obtained in the process itself and during
the pyrolysis of liquefaction residues was subject to hydrogenation. 0.5-3.0%
catalysts were added to the paste, the corresponding polymetallic ores containing
Fe, Ni, and Ti were used.

Hydrogenation was carried out at the Research Institute of New Chemical
Technologies and Materials in an intensively shaken reactor with a volume of
0.2 liters and at Moscow State Mining University in a bench-type flow-through
unit with a reactor volume of 0.8 liters, and the processing of slurry (the
remainder of shale liquefaction) by pyrolysis in a flow unit with a moving
downward layer of a solid coolant. The capacity of the unit was 3-10 kg of raw
materials/h [9-14].

The results of the thermocatalytic hydrogenation of Kenderlyk shale in the
intensively shaken reactor are shown in table 1.

Table 1 — Characterization of the process of thermocatalytic hydrogenation of Kendyrlyk shale.
Ratio shale : pasteurizer — 1 : 1,5; Pressure, MPa — 8,0; Duration, min. — 15;
Catalyst - Bauxite -094, wt.% — 2,0; A? - 15,0

o Temperature, °C
Process indicators

410 420 440
Degree of transformation of OMS, wt. % 83,2 84,5 82,2
Hydrogen in the reaction, wt. % 0,8 1,2 15
The yield of liquid products, wt. % 50,3 49,7 46,2
With boiling point higher 320 °C 27,2 28,4 29,5
The remainder with boiling point higher 320 °C 23,1 21,3 16,7
Gas, wt. % 10,3 11,4 12,1
Water, wt. % 7,6 7,8 8,0
Coke on the mineral part, wt. % 2,5 2,9 3,6
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According to table 1, the nonlinear regression method was used to determine
the dependence of the yield of liquid products during the hydrogenation of shale
on the temperature T and the degree of transformation of the OMS W:

YLP (T,W)=0,18T + 0,49W -0,0019 - T - W (1)

It was shown (figure 1) that the temperature dependence of YLP to the tem-
perature is extreme, and the data in table 2 indicate that the function of YLP
(T, W) satisfactorily reproduces the experimental data.

Figure 1 — Influence of temperature and the degree of transformation of OMS
on the yield of liquid hydrogenation products

Table 2 — Comparison of experimental and calculated data on the yield of liquid products
as a function of temperature and degree of transformation
(shale: pasteurizer = 1: 1.5, T = 15 min, P = 8.0 MPa, catalyst - bauxite No. 094)

- The yield of total liquid
-l;ZtmuE: W, wt. yproducts,% | A = (exp.—calc.) 100-Alexp.,
oc % : - %
C experiment calculation
410 83,2 50,3 55,0 -5 -10
420 84,5 49,7 54,0 -4 -8,0
440 82,2 46,2 52,0 -6 -13,0

The obtained results indicate that the temperature has a significant effect on
the indices of the hydrogenolysis of oil shale. In the temperature range 410-440
°C, the degree of transformation of the organic mass of shale reaches 82.2-84.5%,
with increasing temperature, an increase in gas production and hydrogen con-
sumption is observed from 0.8 to 1.5 wt. % as a result of the destruction of the
fraction with a boiling point above 320 °C, the content of which in hydrogenate
decreases from 23.1 to 16.7 and the content of gasoline and diesel fuel increases.
The content of coke on the mineral part is insignificant, but increases in the
studied temperature range from 2.5 to 3.6 wt.%.
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A similar effect on the process of hydrogenolysis of shale has an increase in
the reaction time to 30-45 minutes. The data characterizing this fact are summa-
rized in table 3.

Table 3 — Hydrogenolysis of Kendyrlyk shale. Ratio shale : pasteurizer 1 : 1,5; Pressure,
MPa — 8,0; Temperature — 410 °C; Catalyst - Bauxite -094, wt. %. — 2,0; A% - 15,0

o Duration of experience, min
Process indicators
15 30 45
Degree of transformation of OMS, wt. % 83,2 84,7 87,2
Hydrogen in the reaction, wt. % 0,8 1,35 1,7
The yield of liquid products, wt. % 50,3 498 49,4
With boiling point higher 320 °C 27,2 29,6 30,1
The remainder with boiling point higher 320 °C 231 20,2 19,3
Gas, wt. % 10,3 11,5 12,6
Water, wt. % 7,6 79 8,2
Coke on the mineral part, wt. % 25 2,8 39

The function describing the total YLP G (t,W) as a function of the duration of
the experiment t and the degree of OMS conversion W, is as follows:

G(t, W) = -0,27t +0,59W + 0,0030 - t - W @)

The reproducibility of the function is given in table 4, and its graph in the
three-dimensional coordinate system is shown in figure 2.

We have studied the effect of pressure on the indices of hydrogenolysis in
the interval 4-8 MPa. The results are shown in table 5.

With increasing hydrogen pressure in the range from 4.0 to 8.0 MPa, the
degree of transformation of the organic mass of shale increases by almost 20%,
and the amount of hydrogen involved in the reaction doubles, the yield of liquid
products, gas, water increases, i.e. the process of hydrogenolysis of Kendyrlyk
shale intensifies, the content of gasoline and diesel fuel increases. The hydrogen
pressure above 8 MPa does not have a significant effect on the process indicators.

Table 4 — Comparison of the experimental and calculated data on the yield of liquid products
as a function of the duration of the experiment and the degree of transformation
(T =410° C, P = 8.0 MPa, shale: pasteurizer = 1: 1.5, bauxite catalyst No. 094)

of E;p:::;gr?ce, W%wt. The ygerlgd%t::g’tallqwd A = (exp.—calc.) 100-?/(/)exp.,
min experiment | calculation
15 83,2 50,3 49,0 1 2,0
30 84,7 49,8 50,0 0 0
45 87,2 49,4 51,0 -2 -4,1
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Figure 2 — The graph of the dependence of YLP on the duration of the experiment
and the degree of transformation of OMS

Table 5 — Characteristics of hydrogenolysis of Kendyrlyk shale depending
on the pressure of the process. Ratio shale : pasteurizer 1 : 1,5; Temperature — 420 °C;
Experiment duration — 15 min; Catalyst - Bauxite -094, wt. %. — 2,0; AY-150

The hydrogen pressure
Process indicators in the reactor volume, MPa

4,0 6,0 8,0 9,0 10,0
Degree of transformation of OMS, wt. % 64,1 76,3 83,2 84,1 83,1
Hydrogen in the reaction, wt. % 0,4 0,6 0,8 1,1 1,0
The yield of liquid products, wt. % 40,2 47,1 50,3 | 50,3 | 49,9
With boiling point higher 320 °C 18,4 19,3 27,2 27,4 26,9
The remainder with boiling point higher 320 °C 21,8 27,8 23,1 22,9 23,0
Gas, wt. % 6,8 89 10,3 11,0 10,5
Water, wt. % 5,7 6,8 7,6 7,8 7,8
Coke on the mineral part, wt. % 1,8 2,1 2,5 2,5 2,5

According to the data in table 5, hydrogen in the series of experiments varies
insignificantly (from 0.4 to 1.1), so the total YLP can be represented as a function
of G (P, W) from two variables: pressure (P) and degree of OMS transformation
(W). Mathematical processing of the data of table 5 by the method of nonlinear
regression showed the following relationship:

G (P, W) = 4,876 - P + 0,5408W — 0,05184 - P - W 3)

Table 6 shows the data showing the reproducibility of the experimental data
G (P, W), and figure 3 shows its graph, which clearly shows the dependence of
the YLP in the hydrogenolysis of the Kenderlyk meteorite shale on the pressure
and the degree of OMS transformation.
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Table 6 — Comparison of the experimental and calculated data on the yield of liquid products
as a function of the pressure of the process and the degree of conversion
(T =420°C; t = 15 min; shale : pasteurizer = 1:1,5; Catalyst - Bauxite Ne 094)

Process Wowt The yield of total liquid 100-Alex
pressure, MPa % experimperr?tduas’c():lculation 4= (epale) % :

4,0 64,1 40,2 40,88 -0,68 -1,692

6,0 76,3 47,1 46,79 0,31 0,6582

8,0 83,2 50,3 49,50 0,80 1,5900

9,0 84,1 50,3 50,12 0,18 0,3579

10,0 83,1 49,9 50,62 -0,72 -1,443

Figure 3 — Graph of the YLP function (P, W)

Conclusion. Thus, the analysis shows that during the hydrogenolysis of
shale of Kenderlyk deposit, the temperature and duration of the experiment do not
have a significant effect on the yield of liquid products, and increasing the
hydrogen pressure in the interval from 4.0 to 8.0 MPa leads to an increase in YLP
from 40.2 to 50.3 by weight %. The hydrogen pressure above 8 MPa does not
have a significant effect on the process indicators.
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Pe3rome
K. K. Kaupbexos, U. M. [lxcenovibaesa, 3. T. Epmonouna

PI'TI Ka3axckuii HallMOHAJIBHBINA YHUBEPCUTET UM. anb-Dapadu,
JAI'TI HUM HoBpIX XUMHUYECKUX TEXHOJIOTHM U MaTepuanoB, Anmartsl, Kazaxcran

BJIMAHUE PA3JIMYHBIX ®AKTOPOB HA THAIPOT'EHOJIN3 CJIIAHLIA
MECTOPOXIEHUA «KEHEPJIBIK»

B nacrosineit pabote mpuBEAEHBI PE3YJIbTATHI MCCIICIOBAHUIA 10 THAPOTCHU3AINU
KeHbIPIBIKCKOTO TOPIOYEro ClaHIA il MOJYYEHHS KOMIIOHEHTOB MOTOPHBIX TOILIHB,
OIIEHKA COCTOSIHUSI ¥ MEPCIEKTUBBI MPUMEHEHHST METO/Ia THAPOT€HH3AIUH 0] HEBBICO-
KAM JIaBJICHHEM Bogopoaa. [1o sKCIiepuMeHTaIBHBIM JaHHBIM, METOJIOM HETMHEHHOHN pe-
TPECCHH OTIPEIEIICHBI 3aBUCHMOCTH BBIXO/a XUAKKUX TpoaykToB (BXKII) ot Temmeparypsi,
JaBJICHUSA ¥ TPOJOJLKATENIFHOCTH ONMBITAa. [10Ka3aHo, YTO yBEIHUCHHE TEMIIEPATYPHI H
MPOJIOJKHATEIFHOCTH BPEMEHH DJKCIIEPHMEHTa HE OKAa3bIBAIOT 3aMETHOTO BIIHSHHE Ha
MOKA3aTell THAPOTCHOJM3a CIIaHIla, a C MOBBIIICHUEM JaBICHUS BOJOPOIa B WHTEpBAIC
ot 4,0 1o 8,0 MIla na 20% yBenu4yuBaeTCsi CTENEHb MPEBPAICHUS] OPraHUYECKOW MacChl
crnanra (OMC) 1 KOTHYECTBO BOBJICUCHHOTO B PEAKIHIO BOJOPOIa YBEIUYHBACTCS B [BA
pasa, HapacTacT BbIXO KHUJAKHUX IMPOJYKTOB, rada U BOAbI.

Kaio4eBble ¢JI0BA: THAPOrEHON3 CIIaHIA, BBIXO/ XKUAKUX MPOAYKTOB, KeHaepbIk,
OOKCHT, OpraHHYeCKas Macca CIIaHIa, CTENEHb PEBPAICHHUS.

Pe3iome
K. K. Kaupbexos, U. M. [locenovibaesa, 3. T. Epmonouna

PMK on-®apabu areinaarsl Kazak YITTBIK YHUBEPCUTETI
EMK Kana xuMuUsIBIK TeEXHOJOTUsUIap *KoHe Matepuanaapasl F3U, Anvatel, Kasakcran

«KEHJEPJIIK» KEH OPHbI TAKTACBIH 'HJIPOTEHJIEYTE
OPTYPJII ®DAKTOPJIAP/IbIH ©CEPI

Bepinren >xympicta KeHzepiik KeH OPHBIHBIH JKaHFBIII TAKTaTAaChIH THIPOTEHICY
apKbUIBI MOTOP OTBIHIAPBIHBIH KOMIIOHEHTTEPIH ajly HOTWXKeNepi, Kyinai Oaraimay MeH
CYTETIHIH TOMEH KBICHIMBIHA THIPOTEHICY 9JIICTEPiH KOJIaHy OoJiallarbl KOPCETLIreH.
3epTTey HOTHXKeIepi OOMBIHIIA CHI3BIKTHIK €MEC PErpeccusi dAici apKbUIBI CYHBIK ©HIM-
nepnid weiFbIMbIHBIH (COILl) Temmeparypara, KbICBIMFa JKOHE TOXKIPHOCHIH Y3aKThI-
JBIFBIHA TOYEJIAUIIKTEpl aHbIKTaIFaH. HoTwxkeciHme TtemmepaTypa MeH ToXipuOeHiH
Y3aKTBUIBIFBIH JKOFAPBUIATY TAKTACThI TUIPOICHACY KOPCETKIIITEepiHe aiTapibIKTail acep
eTmelini, an cyTtektiH KbIchIMBI 4,0-Ten 8,0 Mlla apanbIFeiHIa JKOFapanaraH CailblH Tak-
TacTBIH opraHukajbik canMmarbiHbiH (TOC) aifHany mopexeci 20 % >KorapbUTalibl XKoHe
CYZABIH, Ta3[blH, CYIbIK ©HIMAEpPAIH MIBIFBIMBI, PEaKmusFa KipicKeH CYTEeKTiH MeJepi
2 ece KOorapbUIaIbI.

TyiliH ce3aep: TaKTaTacThl TUAPOTCHIIEY, CYWBIK OHIMIACPIIH IIBIFEIMBI, KeHaepiK,
OOKCHT, TAKTaTAaCTHIH OPTraHUKAJIBIK CAJIMAFbl, aifHAITY JOpeKeci.
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