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ABSTRACT

Background: The significance of this study stems from the necessity to broaden the hydrocarbon
resource base as conventional oil reserves are steadily declining. Consequently, alternative sources
like oil shale, which boast global reserves far exceeding those of traditional oil, have become a focal
point of interest. Furthermore, incorporating fuel oil into composite feedstock’s addresses the challenge
of efficiently processing heavy oil residues, converting them into high-value motor fuel components.
Aim: Determining the effect of composite feedstock composition (shale/fuel oil) on thermal degradation
parameters and investigating the physicochemical properties of the resulting products for their further
application as motor fuel components.

Materials and Methods: The study objects included oil shale from the Kenderlyk deposit (East
Kazakhstan Region, JSC “Quartz”) and petroleum fuel oil from the Pavlodar refinery (Northeastern
Kazakhstan). The hydrogenation process was studied using two types of equipment: in a rotating 2-liter
autoclave and on a bench-scale flow-through unit (reactor volume 0.8 L). For the disposal of sludge (solid
liquefaction residue), the pyrolysis method was used in a flow-through apparatus with a descending layer
of solid heat carrier.

Results: Analysis of experimental data showed that increasing the hydrogenation temperature of oil
shale from 410 to 440°C (at P = 8 MPa) intensifies gas formation from 10.2 to 12.2 wt.% and almost
doubles hydrogen consumption to 1.6 wt.%, contributing to an increase in the yield of gasoline
and diesel fractions. It was found that increasing the hydrogen pressure within the range of 4.0-8.0 MPa
has a positive effect on the performance: the organic mass of shale (OMS) increases by 20%, while
the yields of liquid products, gas, and water rise to 50.4, 10.5, and 7.7 wt.%, respectively. A further
increase in pressure beyond 8.0 MPa is impractical, as it does not significantly affect the process.
Optimization of the parameters of thermocatalytic processing of a mixture of fuel oil and shale made
it possible to identify the best conditions: temperature 420°C, time 60 min, and concentration of shale
as an activating additive 12 wt.%. In this mode, the total distillate yield reaches 59.2% by mass.
Conclusion: The fundamental feasibility and high efficiency of the co-processing of oil shale and heavy
petroleum residues have been proven. The resulting liquid degradation products possess optimal
physicochemical properties for the subsequent compounded processing of solid fossil fuels. They serve
as a direct alternative to the scarce components of highly marketable motor fuels.
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OpVI rmHanbHoe uccriegoBaHue

TepMuyeckasa AeCTPYKLUA KOMMNO3ULUOHHOIO Cbipbsl HA OCHOBE
roproYMX CriaHUeB U TAXENbIX HedhTenpoayKToB

X.K. Kaup6ekonr’, P.I. Capmyp3uHa?, M.3. EceHanueBa’,

A.A. Kanp6ekos’', C.M. CynmbaeBa', U.M. )xenabi6aeBa’

'Kasaxckuli HayuoHarnbHbIlU yHugepcumem um. anb-®Papabu, 2. Anmamsi, Kasaxcma
2KasaxcmaHckas accoyuayusi opeaHu3ayuli Heghmeaa3oe020 U IHEP2emMUYEeCK020 KOMIIeKca
«KAZENERGYp», 2. AcmaHa, KasaxcmaH

AHHOTALUMUA

O6ocHoBaHue. AKTyarnbHOCTb UCCreaoBaHUst 0bycrnoBneHa HeOOXOAMMOCTLIO PaCLLUMPEHUSI PECYPCHOW
6a3bl yrneBOAOPOAHOrO Chipbsi HA (POHE MOCTEMEHHOro WCTOLLEeHWUS 3anacoB Nnerko fobbiBaemont
HepTn. B cBA3M € 3TUM 0co60e BHUMaHWE MPUBMEKAIOT anbTepPHAaTUBHbIE WCTOYHWKW, Takue
Kak roptoyve cnaHubl, MMPOBbIE 3anacbl KOTOPbIX MHOTOKPaTHO MpeBbILLAT 3anackl TPagULMOHHON
HedTW. Vcnonb3oBaHWe MasyTa B KavyecTBe KOMMOHEHTa KOMMO3WLUMOHHOIMO Chipbsi peluaeT 3agjady
KBannuUUMpPOBaHHON YTUMN3aLUMMN TEHKENbIX HETSAHBIX OCTATKOB, MPeBpaLlasi MX B BbICOKONUKBUOHBIE
KOMMOHEHTbI MOTOPHbIX TONNVB.

Llenb. YcTaHOBRNEHWE BRUSIHAS COCTaBa KOMMO3WLMOHHOIO Cbipbs (CraHel / masyT) Ha nokasaTenu
npowecca TepMUYECKON OECTPYKLUN U N3yHeHUe (DU3NKO-XMMUYECKUX CBOMCTB NOMyYEHHbIX NPOAYKTOB
AN UX ganbHeunLero Ncrnosb30BaHNS B Ka4eCTBE KOMMOHEHTOB MOTOPHbIX TOMMMB.

Matepmanbl U Metoabl. O6bekTamMy MUCCNEnoBaHUA MOCNYXXUMN TOPOYUA CMaHeL, MeCTOPOXAEHUS
KeHgepnblk (BocTtouHo-KasaxctaHckast obnactb, KasaxctaH, AO «KBapu») u HedTsHOM MasyT
Maenogapckoro HedTenepepabatbiBaowero 3asoga (Ceepo-BoctouHbii KasaxctaH). [Mpouecc
rMaporeHn3aLmnm usydancst Ha AByx Tmnax obopynoBaHus: BO BpalLaloLeMcsl ABYXITMTPOBOM aBTOKIaBe
W Ha CTeHOOBOM MPOTOYHOM ycTaHoBKe (0O0bEM peaktopa 0,8 n). Ans ytunusauum wnama (TBEPAOro
ocTaTka OXWKEHWs) MPUMEHANCS MeTo4 NuMponmusa B NPOTOMHOM annaparte C HUCXOASLWMM CroeMm
TBEPAOro TENIOHOCUTENS.

PesynbraTbl. AHanM3 9SKCNepuMMeEHTanbHbIX AaHHbIX MNOKasarn, 4TO MOBbIEHWEe TemnepaTypbl
rmaporeHnsaumm roptodero cnadua ¢ 410°C go 440°C (npw pasnedun 8 MMa) wnHTeHcudmumnpyet
razoobpasosaHve c¢ 10,2 go 12,2%Macc. u yBenuyMBaeT pacxod Bogopoda MNOYTU BOBOE —
no 1,6%macc., cnocobcTByst pocTy Bbixoda OEH3MHOBLIX M AM3enbHbIX pakuuii. YCTaHOBMEHO,
4YTO POCT AaBneHns Bogopoaa B nHTepsane 4-8 MlNa nonoxutensHO BAWUSIET Ha NokasaTenu: cTeneHb
npeBpaLLeHUsi OpraHM4eckon Macchl criaHua Bo3pacTtaet Ha 20%, a BbIXoa XUOKUX NPOAYKTOB, rasa u
Boabl yBenuuneaetcst oo 50,4, 10,5 n 7,7%macc. cooTBETCTBEHHO. [lanbHelilee NoBbILLEHVE AaBeHNUs!
cebilwe 8 MlMa oka3biBaeTcs HelenecoobpasHbiM, T.K. He OKasbiBaeT CyLLECTBEHHOIO BANSHWSA Ha XOA
npouecca. OnTMMM3auMs napameTpoB TEPMOKaTanMTU4YEeCcKon nepepaboTkM cMecu MasyTa M crnaHua
no3sonuna BbIIBUTb Haunydwme ycriosusi: TemnepaTtypa 420°C, npogormkutenbHocTb — 60 MuH,
KOHLUEeHTpaLuus craHua Kak akTusupytowlen aobaeku — 12%macc. B gaHHOM pexvme cymmapHbIv BbIXOA,
auctunnaToB gocturaet 59,2%macc.

3akntoyeHune. B pabote pfokasaHa npuHUMNManbHas BO3MOXHOCTb M Bblcokas 3ddEeKTUBHOCTb
COBMECTHOMN NepepaboTku roprounx CrMaHUEB M TSXKENbIX HEMTAHLIX OCcTaTKoB. [MonyyeHHble Xuakue
NPOAYKTbI AECTPYKLUMM 06nagaroT onTumManbHbIMU (U3NKO-XMMUYECKUMM CBOWCTBaAMM ANS AarnbHenLwen
KOMMayHOMPOBaHHON nepepaboTkM  TBepAblX roproumx uckonaemblix. OHW  cnyxaT  npsmon
ansTepHaTUBOM AedUUUTHBIM KOMMNOHEHTaM BbICOKONMKBUAHLIX MOTOPHbIX.

Knroyeeble crioea: cnaHeuy, Malym, mepmuyeckas repepabomka, Xudkoe moriugo, MOMOPHbIe
monnuea.
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TynHycka 3epTTey

XaHfbilWw TaKkTaTactap MeH ayblp MyHau eHiMmaepiHe HerizgenreH
KOMMNO3ULMUASbIK LWUUKI3aTTbIH TePMUATbIK XKOUbINYbI

K.X. Kanbip6ekoB’, P.I. Capmyp3uHa?, M.3. EceHanueBa’,

9.A. Kanbipb6ekos', C.M. CynmbaeBa’, U.M. I xenagbibaeBa’

'On-®apabu ameiHOarbl Kasak ynmmbiK yHusepcumemi, Anmamesl Kanacsl, KazakcmaH
2KAZENERGY KasakcmaHObiK MyHali-ea3 XoHe 3HepeemuKa KeweHi ylibIMOapbiHbIH KaybiMOacmbifbl,
Acmana Kanacel, KasakcmaH

AHOATNA

Herispey. 3epTTeyaiH e3ekTiniri oHaw eHAipineTiH MyHaln KopnapbiHbIH OipTiHAEn capkbinybl asicbiHAa
KOMIpCYTeK LUMKi3aTbIHbIH PecypcTblk 6a3acblH KEHEWTy KaxeTTiniriHe ©6amnaHbICTbl TyblHAAN OTbIP.
OcebifaH GaiinaHbICTbl anemaik Koprapbl A8CTypni MyHan kopnapbliHaH GipHelle ece acbkin TYCeETiH
XKaHFbILW TakKTaTacTap cuskTbl banama kesgepre epekile Hasap aygapbinagbl. MadyTTbl KOMNO3ULNSANbIK
LUMKI3aTTbIH Kypamaac Geniri peTinge nanganady ayblp MyHan kanablKTapblH MOTOP OTbIHbIHbIH XXOfapbl
eTimai KOMMNOHEHTTEPIHE aHaNAbIPy apKbinbl GiNiKTi Typae Keaere xapaTty MaCeneciH welLlesi.
Makcatbl. KoMno3numsanelk LWWKi3aT KypamblHbIH (Taktatac / MasyT) TEpMUSASbIK biablpay NpoLeciHiH
KepceTKiluTepiHe acepiH Genriney xaHe onapAbl MOTOP OTbIHAAPbIHLIH KOMNOHEHTTEPI peTiHAe oAaH api
nanganady yLiH anblHFaH eHiMaepaiH prsnKanblk-XMMUSNbIK KACUETTEPIH 3epTTey.

Martepuanpap MmeH agictep. 3epTTey HbicaHaapbl KeHaipnik KeH OpHbIHbIH, XXaHfbIL TakTaTachl (LbiFbic
KasakctaH obnbickl, KasakctaH, «Kapu» AK) xaHe [aBnogap MyHanabl kavta eHAey 3aybITbIHbIH
myHan masyTbl (ConTycTik-LUbiFbic KasakcTaH) 6onabl. MaporeHmnsaums npoueci xabablKTbiH eki TypiHae
3epTTengi: avHanmanbl eki NUTPMiK aBTOKNaBTa XoHe CTEeHATIK afFblHAbl KOHAbIpFblAa (peakTopabiH,
kenemi 0,8 n). LUnamabl (CyMbINTyAbIH KaTTbl KaNAbIFbl) K84ere xapaTy YLWiH KaTTbl CankblHAATKbILTbIH,
TeMeHri kabaTbl 6ap afblHAbl annapaTtTa NMPoNu3 aici KonaaHbinabl.

HaTuxenepi. OKcnepuMeHTTIK AepekTepdi Tanfgay JKaHfbll  TakTaTacTblH  rMaporeHmsauuns
TemneparypacbiHblH,  410°C-TaH  440°C-ka pewiiH  keTepinyi (8 MIla kbicbiMga) ra3 TysinyiH
10,2-geH 12,2%macc.-Fa gewiH KyLLeUTETiHIH KOPCETTi, XKoHe CyTeri WbIFbIHbIH €Ki ece Aeprik apTTblipaabl —
1,6%macc. feniH, 6eH3VH MeH ausenb pakumanapbiHbiH WbIFbLIMABLIILIFBIHBIH, ©CYiHe biKNan eTepi.
4-8 MTlMa apanblfblHAafbl CyTeri KbICbIMbIHBIH, XXOFapblnaybl KOPCETKILLUTEPre OH 8cep eTeTiHi aHbIKTanapl:
TaKTaTacTblH OpraHukanblk MaccacblHblH e3repy gapexeci 20%-fa aptafbl, an CyWblK ©HIMAEpAiH,
rasgplH XoHe CcyablH LWbIfbiMbl carikeciHwe 50,4, 10,5 xoHe 7,7%Macc.-fa geviH aptagbl. 8 MIMa-gaH
)KOFapbl KbICbIMHBIH, OjaH api KeTepinyi MyMKiH eMec, eTKeHi Oyn npouecTiH 6apbicbiHa avTapnbikTan
acep ertnenai. MasyT neH wwudep KocrnacblH TepMmokaTanuTuKanblK kaWTa eHdey napameTprepiH
OHTalNaHAbIPY €H XaKCbl Xargavnapabl aHblkTayFa MyMKiHAIK 6epai: Temnepatypa 420°C, y3akTbifbl —
60 MUWH, WKdep KOHUEHTpaUMSCbl aKTUBTEHAIPETiH kocna peTiHae — 12%macc. byn pexumage
OUCTUNNATTapAbIH Xannsl WeiFbiMbl 59,2%Macc.-fFa xetegi.

KopbITbIHABI. XKyMbICTa aHfbIL TaKkTaTacTap MeH ayblp MyHal kangblkTapblH Giprnecin kanta eHaeyaid
NPVHUMNTI MYMKIHAIMN MeH XoFapbl TMIMAINIT AanenaeHai. AnblHFaH CynblK 4ECTPYKUMSA eHIMOepi KaTTbl
XaHfbllW Kkasbanapabl ogaH api kKoMnayHATanfFaH kahTa enAey YLWiH OHTannbl hU3nKanbiK-XMMUSbIK
kacuetTepre ne. Onap ofapbl 6TiMAi MOTOp OTbIHAAPbIHbIH TanLbl KOMNOHEHTTEPIHe Tikenen 6anama
6onbin Tabbinagbl.

Hezizzi ceadep: makmamac, mazym, mepMusifibiK kalima eHOey, cyliblK OMbiHbI, MOMOP OMbIHOaPbI.

[anekce3 KenTipy yLiH:

Katbipbekos K.JK., Capmyp3uHa PrI., EceHanuesa M.3., xoHe 6. XXaHfbill Takratactap MeH ayblp MyHai
oHiMaepiHe HerizgenreH KOMMO3MUUAMbIK LUMKI3aTTbiH TepMUSANbIK Xovbinybl // KasakcTaHHbIH, MyHan-ras
canacbiHbIH xabapLubicbl. 2026. 8 Tom, Ne2, 133-141 6. DOI: 10.54859/kjoqi108955.

© Kaiisipbekos K.)K., Capmyp3una PI', Ecenannesa M.3., JInnensusacel CC BY-NC-ND 4.0
KaiisipoexoB ©.A., Cyiimbaesa C.M., [hxennsidaesa .M., 2026

135


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.54859/kjogi108955
https://doi.org/10.54859/kjogi108955

ORIGINAL ARTICLES

Vol. 8, Ne 2 (2026)

Kazakhstan journal for oil & gas industry

Introduction

The current state of the global energy sector is char-
acterized by a decline in traditional oil reserves
(not exceeding 90 billion tons) against the backdrop
of the enormous resource potential of combustible
shale concentrated in Russia, Kazakhstan, and Es-
tonia. In these conditions, the search for effective
methods of chemical processing of solid caustic
biolites is of strategic importance for replenishing
the deficit of hydrocarbon raw materials [1-3].
Previous studies (in particular, on the processing
of Gdov and Volga shales) were based on the use
of ultra-high pressures (up to 30 MPa). This tech-
nology is associated with critical wear and intensive
erosion of equipment, and high cost of end pro-
ducts [3-4].

There is an urgent need to develop processes
that operate under milder conditions. The transition
to the use of moderate pressure while maintaining
a high degree of conversion of organic mass of shale
(OMS) is a priority task.

Joint processing of high-ash shale with oil residues
not only expands the raw material base, but also sig-
nificantly improves economic performance by reduc-
ing capital costs for high-pressure equipment.
Interest in combustible shale as a component of raw
material mixtures for the production of motor fuels
is due to its unique physical and chemical properties,
which distinguish it favorably from traditional solid
fuels (coal). The relevance of research in this area
is based on the following key aspects:

Features of molecular structure: Organic mass
of shale (OMS) is considered a self-associated mul-
timer stabilized by weak electron donor-acceptor
(EDA) interactions. Unlike highly metamorphosed
coals, this structure allows up to 80% of OMS
to be converted into low-molecular-weight
liquid products under moderate thermal exposure
(350-380°C), which opens up opportunities for
the creation of energy-efficient technologies [5-6].
High reactivity: The predominance of naphthenic cy-
cles and aliphatic chains, as well as the presence
of labile oxygen-containing bonds, ensure high rates
of OMS destruction. This enables the hydrogenation
process to proceed under more moderate conditions
than those required by traditional heavy oil process-
ing techniques.

Resource efficiency and economics: The high hydro-
gen content in OMS (over 9%) significantly reduces
its external consumption during the hydrogenation
process. This key advantage makes shale process-
ing more economically attractive compared to coal
chemical processes [7-9].

Innovative potential of mixed raw materials: Using
OMS as an activating additive (10-20%) to heavy
oil residues (HOR) or coal allows the destruction
of the latter to be initiated due to the high reactivity
of shale. This approach is in line with global trends in
petrochemistry, which are being actively developed
in leading scientific and technological centers (Rus-
sia, Germany, USA, Japan) [10-12].

Thus, the scientific rationale for the joint processing
of shale and fuel oil not only expands the resource
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base, but also significantly reduces the technologi-
cal barriers (pressure, temperature, hydrogen con-
sumption) that exist in modern oil refining.

Materials and methods

This paper presents the results of research
on the hydrogenation of Kenderlyk oil shale, as well
as its blends with fuel oil, aimed at producing motor
fuel components; it also evaluates the current state
and prospects of using low-pressure hydrogenation
to address this challenge.

The raw material employed in the hydrogenation
process consisted of combustible shale specimens
sourced from the Kenderlyk deposit.

The shale concentrates had a particle size of less
than 0.1-0.2 mm and contained (wt.%): Wa — 1.2—
1.3; Ad — 18-22 (including carbon dioxide 2.4-2.5);
Sd —1.7-1.8. The elemental analysis of the samples
yielded the following results (%daf): C — 74.2-74.7;
H - 8990, S - 12-14;, N - 04-0.5;
and O — 14.5-15.0. The gross calorific value (Qdaf)
of the oil shale ranged from 31.5 to 33.4 MJ/kg.
The composition of the mineral part, %: SiO, — 58.2;
Al,03+TiO, — 17.2; Fe, O3 — 7.3; CaO — 2.3; MgO —
1.0; SO; — 3.4; Na,O+K,0 — 10.3 [13-14].

The composition of the hydrogenation off-gases
was determined using a CHROM-5 chromatograph
(a 3.5 m stainless steel column with a 3 mm internal
diameter packed with CHN). The carrier gas (helium)
flow rate was 5 L/h. The catharometer cells operat-
ed at 430 K with a current of 125 mA. The analysis
of the gasoline fraction of synthetic oil was per-
formed on a CHROM-5 chromatograph equipped
with a capillary column and a flame ionization de-
tector. Squalane, an individual triterpene hydrocar-
bon, was used as the stationary phase. The column
length was 100 m. Argon was used as the carrier
gas, while hydrogen served as an auxiliary carrier
gas.

An oil shale paste was prepared by mixing
40 wt.% oil shale with 60 wt.% liquid oil shale
products with a boiling point above 400-440°C
obtained from the process itself and from py-
rolysis of the liquefaction residue, was sub-
jected to hydrogenation. The paste was added
with 0.5-3.0 wt.% of catalysts, represented
by appropriate polymetallic ores containing Fe.

The hydrogenation process was studied using two
types of equipment: in a rotating 2-liter autoclave
and on a bench-scale flow-through unit (reactor
volume 0.8 L). For the disposal of sludge (solid lig-
uefaction residue), the pyrolysis method was used
in a flow-through apparatus with a descending layer
of solid heat carrier.

Results and Discussion

1. Shale Hydrogenation

Autoclave testing demonstrated that an 82-84%
conversion of the organic matter of shale (OMS)
into liquid and gaseous products is achievable
at 420°C and 8 MPa over a 60-minute period using
iron-based catalysts. Temperature serves as a crit-
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ical factor influencing both the liquefaction degree
of the OMS and the overall product yields (Tab. 1).
Elevating the temperature from 410°C to 440°C leads
to a rise in gas formation (from 10.2 to 12.2 wt.%)
and hydrogen consumption (from 0.9 to 1.6 wt.%),
stemming from the cracking of fractions boiling
above 320°C. Consequently, the concentration
of these heavy fractions in the hydrogenate drops
from 22.6 to 16.9 wt.%, whereas the yield of gasoline
and diesel fractions significantly improves. Extend-
ing the reaction time to 30—45 min exerts a compa-
rable influence on the process dynamics.

Table 1. The effect of temperature on
the hydrogenation outcomes of Kenderlyk oil
shale

taining compounds, 35-38% unsaturated, 15-17%
aromatic, and 43-46% paraffin-naphthenic hydro-
carbons. —Additionally, the mixture contains organic
acid and pyridine base impurities, with a total sulfur
content ranging from 0.5% to 0.7% (Tab. 3).

Diesel fuel fractions boiling between 180 and 320°C
contain up to 8% C¢—Cg phenols, with approximately
3% consisting of phenol, cresols, and xylenols.
Additionally, they comprise 9% neutral oxygenates,
20-26% aromatic, and 30-33% unsaturated hy-
drocarbons, along with minor impurities (<1.3%)
of organic acids and pyridine bases. These dis-
tillates serve as viable feedstocks for chemical
production or, following hydrotreatment, as mo-
tor fuel components. The process water, enriched
with water-soluble phenols (including dihydric

Ne Indicator 41076""”9;:;“'9 °°440 and trihydric types), is also suitable for subsequent

1 |Degree of OMS transformation, wt.%| 83.3 84.6 82.3 phenol extraction (Tab. 3).

2 |Hydrogen for reaction, wt.% 0.9 1.3 1.6 L. L.

3 |Vield of liquid products, wi.%: Table 3. Characteristics of distillate products
TOTAL 49.6 50.4 46.3 ) [ Fractions with boiling point, °C
\with boiling point up to 320°C 270 | 286 | 294 e [ upto180°c | 180-320°C
with boiling point above 320°C 22.6 21.8 16.9 Content, vol.%:

4 [Gas, wt.% 10.2 10.5 122 phenols 1.0-1.6 up to 8

5 |Water, wt.% 7.7 7.7 8.1 neutral oxygen compounds 34-38 9

6 |Coke on mineral part of oil shale,| 2.6 238 35 pyridine compounds 0.5-0.7 less than 1.3
wt.% — - Hydrocarbon group composition, wt.%:

Process conq/tlons: ratio of §hale to pastg formgr — 1:1.5; pressure — unsaturated 3538 30-33

8 MPa; duration of the experiment — 60 min; a mixture of water-soluble -

salts of divalent and trivalent iron was used as a catalyst aromatic 1517 20-26

paraffinonaphthenic 43-46 -

Table 2. Characteristics of Kenderlyk oil shale
hydrogenolysis as a function of process pressure

Hydrogen pressure in

Process parameters the reactor volume, MPa

4.0 [ 6.0 | 8.0 | 9.0 [ 10.0
Degree of OMOS transformation, wt.%| 64.2 | 76.2 | 84.6 | 84.2 | 83.2
Hydrogen for reaction, wt.% 05|07 (13|12 11
Yield of liquid products, wt.% 40.1]46.9 [ 50.4 | 50.0 | 49.6
\With boiling point up to 320°¢ 18.2119.0[28.6 [27.0 [ 26.5
Residue with boiling point above 320°¢| 21.9 | 27.9 | 21.8 | 23.0 | 23.1
Gas, wt.% 6.7 | 88 [10.5]| 11.1[10.6
\Water, wt.% 55|69 |77 |77 |77
Coke on mineral part, wt.% 19122 |28 | 24| 26

Conditions: 1:1.5 shale-to-slurry oil ratio; temperature: 420°C; reaction
time: 60 min; catalyst: a mixture of water-soluble Fe(ll) and Fe(lll) salts

The influence of pressure on the process of hydrog-
enolysis of oil shale was studied at temperature
of 420°C and pressure within the interval from 4.0
to 10.0 MPa (Tab. 2).

Elevating the hydrogen pressure from 4.0 to 8.0 MPa
results in an approximately 20% increase
in the organic matter conversion of the shale,
while the amount of hydrogen consumed in the reac-
tion doubles. Concurrently, the yield of liquid pro-
ducts rises from 40.1 to 50.4 wt.%, while gas
and water yields increase from 6.7 to 10.5 wt.%
and 5.5 to 7.7 wt.%, respectively.

These trends demonstrate an intensification of Ken-
derlyk shale hydrogenolysis and an enhanced pro-
portion of gasoline and diesel fractions. Notably,
no significant improvements in process performance
are observed at pressures exceeding 8 MPa.

The gasoline fractions (IBP — 180°C) are composed
of 1.0-1.6% phenols, 34-38% neutral oxygen-con-

DOI: 10.54859/kjogil1 08955

Conditions: ratio of oil shale: paste-former 1:1.5; pressure — 8 MPa;
temperature — 420°C; experiment duration — 60 min; catalyst-mixture
of water-soluble salts of two and trivalent Fe

Since the shale liquefaction products contain mine-
ral ash and catalyst components, the residue remai-
ning after partial liquid separation via centrifugation
was subjected to pyrolysis at 440°C using a moving
solid heat carrier. The generated coke was subse-
quently utilized to heat the heat carrier.

2. Thermocatalytic destruction of Kenderlyk oil
shale and fuel oil

In recent years, the world market of raw materials
has seen relatively high prices for major energy car-
riers and, above all, for oil. In this regard, the task
of improving existing and creating new promising
technologies for deep oil processing remains rele-
vant for the domestic oil industry.

Improving deep oil refining processes is import-
ant for the environment and resources. Despite
the availability of foreign solutions from companies
such as Shell and Axens, their high capital intensity
limits their implementation at domestic enterprises.
This creates an urgent need to develop affordable
domestic technologies that can compete with global
engineering solutions [15-16].

A thermochemical process has been developed
for the treatment of heavy oil residues of both native
and destructive origin (such as fuel oil, tar, and heavy
pyrolysis resins) in the presence of Kenderlyk shale
as an activating additive. This unique technology,
which has no foreign counterparts, is implement-
ed without external hydrogen at temperatures
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of 400-430°C and pressures ranging from 0.5
to 8 MPa [13—-14, 17-20].

It was demonstrated that both the organic and min-
eral constituents of oil shales exert an activating ef-
fect on the thermal conversion of heavy petroleum
fractions. Within the 370—-420°C temperature range,
the decomposition of the shale organic matter (ker-
ogen) yields compounds that exhibit strong hydro-
gen-donor properties. They intensify the hydrogena-
tion reactions of unsaturated compounds that occur
during the cracking of petroleum residues (fuel oil)
and at the same time reduce the system’s tendency
to form coke intensively.

The shale’s mineral fraction, rich in aluminosilicates
and transition metal oxides (Fe, Mo, Co), also pro-
motes cracking and hydrogenation. Incorporating
5-25% oil shale as an activator allows for precise
control over the thermal cracking of heavy residues
at 390-450°C, yielding up to 70% light products
with minimal carbonaceous deposits (under 5%).
This process operates via a carbon-ion mechanism,
with the mineral phase facilitating coke removal
and providing auxiliary catalytic activity. In this re-
gard, it was decided to enhance the process with
zeolites, which act as Bronsted strong acids.

Table 4. Physical and chemical properties of fuel oils

Density Fractional composition, vol.% Conditional Content, wt.%
Fuel oil type K Im’y Initial boiling | Initial boiling | boils out before | viscosity at " - Iphur | Mechanical
9 point, °C point, 360°C | reaching 450°C | 80°C,°E | Waters |asp! SulphUr i purities
Straight fuel oil
from Pavlodar| 938 251 12.5 459 10.4 0 1.8 23 0
refinery

Table 5. Dependence of product yields from thermocatalytic processing of fuel oil and shale mixtures
on process parameters: temperature, time, and additive concentration

Amount of oil shale, wt.% Temperature, °C Thermolysis time, min

Thermolysis product 420°C, 60 min 12% oil shale, 60 min) 420°C, 12% oil shale
0 3 5 8 10 12 300 | 400 | 420 | 430 | 440 10 20 30 45 Q60
Gas 8.2 4.7 5.3 5.5 5.9 8.7 3.3 4.6 8.7 7.5 9.1 2.1 2.7 3.6 5.3 8.7
Fraction <180°C 15.3 | 6.8 76 | 115|141 | 17.3 | 8.1 122 | 173 |1 16.7 | 16.0 | 7.6 8.8 | 10.6 | 134 | 17.3
Fraction 180-360°C 144 | 281 | 29.8 | 364 | 42.2 | 419 | 37.0 | 388 [ 41.9 | 384 | 38.9 [ 22.7 | 284 | 33.2 [ 36.8 | 41.9
Fraction > 360°C 62.1 | 604 | 57.3 | 46.6 | 37.8 | 321 [ 51.6 [ 444 | 321 | 374 | 36.0 | 67.6 | 60.1 | 52.6 | 44.5 | 32.1
ICoke on solid phase 8.2 4.8 5.3 5.5 5.9 6.7 3.2 4.4 6.7 7.1 9.1 2.3 2.9 3.8 5.3 6.7
fotal yield of ight 207 | 349 | 374 | 479 | 563 | 592 | 451 | 510 | 502 | 551 | 54.9 | 303 | 37.3 | 43.8 | 50.2 | 59.2

No formation of pellets was observed

Straight-run fuel oil from the Pavlodar refinery was
used as the starting raw material.

Natural zeolite of clinoptilolite structure of Shanka-
nai deposit of Kazakhstan (W2 — 4.3%, Ad — 81.2%,
SiO,/Al,05 = 7,5, density — 2500 kg/m?, clinoptilolite
content 65%, SiO; — 67.5%, Al,O0; — 15.8%, Fe,0; —
4.6%) was studied as a catalyst [17—-18].

To find the optimal conditions for fuel oil thermol-
ysis, the use of ordinary shale from the Kender-
lyk field as an activating additive was considered.
The dependence of the yield of processing products
on temperature, process duration, and shale content
in the mixture was analyzed (Tab. 5).

To find the optimal conditions for fuel oil thermol-
ysis, the use of ordinary shale from the Kender-
lyk field as an activating additive was considered.
The dependence of the yield of processing products
on temperature, process duration, and shale content
in the mixture was analyzed (Tab. 5).

An evaluation of the shale additive’s impact on fuel
oil thermal cracking demonstrated a clear correla-
tion: higher shale concentrations lead to increased
yields of gasoline (from 6.8% to 17.3%) and diesel
(from 28.1% to 41.9%) fractions, while concurrent-
ly decreasing the proportion of middle distillates
from 60.4% to 32.1%. The total yield of light pe-
troleum products increases from 34.9% to 59.2%.
It is important to emphasize that the use of shale
in optimal proportions reduces coking compared
to pure fuel oil.
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From the data of Tab. 5 it follows that depen-
dence of fuel oil the yield of light distillate frac-
tions on the temperature of thermal cracking
is 45.1-59.2 wt.%. In this case, the yield of the gas-
oline fraction (IBP — 180°C) rises from 8.1 wt.%
at 300°C to 17.3 wt.% at 420°C, while the diesel
fraction(180-320°C)  yield ranges  between
37.0 and 41.9 wt.%. At the temperature above
320°C, the coke formation is 3.1-6.7 wt.%.

Data from Tab. 5 indicate that increasing the resi-
dence time from 10 to 60 min enhances the output
of gasoline and diesel distillates, reaching 17.3%
and 41.9%, respectively. At the same time, there
is a regular decrease in the share of middle distil-
lates — from 67.6% to 32.1%.

The optimal process parameters ensuring maximum
yield of distillate fractions (59.2 wt.%) are as follows:
temperature 420°C, reaction time 60 min, and shale
additive content in the range of 12 wt.%.

Conclusion

Thus, the paper shows the possibility of obtaining
synthetic oil from oil shale by means of hydrogena-
tion processing. In this case it is possible to extract
more than 90% of the organic matter of oil shale.
According to the obtained results, increas-
ing the temperature of oil shale hydrogenation
from 410°C to 440°C at a pressure of 8.0 MPa leads
to increase in gas formation from 10.2 to 12.2 wt.%
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and hydrogen consumption from 0.9 to 1.6 wt.%,
and connection of gasoline and diesel fuel fractions.
As the hydrogen pressure increaseswithin
the 4.0-8.0 MPa range, the conversion degree
of the shale’s organic mass grows by 20%. Con-
currently, the yields of liquid fractions, gas, and wa-
ter reach 50.4, 10.5, and 7.7 wt.%, respectively,
up from their initial values. Hydrogen pressure above
8.0 MPa has no effect on the process parameters.

Experimental data confirm that single-stage pro-
cessing under moderate conditions (8 MPa,
425 °C, 1.0 h™) ensures deep feedstock conver-
sion, yielding 17.2% of the gasoline fraction, 41.8%
of diesel distillates, and 51.7% of the fraction heavier
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