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Memooom nponumku é uzobimKe HPORUMOUHO20 PACIMEOPA U NOCTEOYIOuleil memnepa-
mypHoii oopabomku ¢ unmepeane memnepamyp 100-400 °C 6vin nposeden cunme3 HaHeCEHHbIX
Ha AKMUGHBLI OKCUO ATIOMUHUA P-MOOUPUKAYUU KAMATUMUYECKUX CUCIEM HA 0CHOBE Nepexo0-
Hbix memannoe (Co, Mo) u uccnedosansvt ux uzuko-xumuieckue ceoiicmea. OmauuumenbHoil
0COOEHHOCHIBbIO IMUX CUCHEM ObLIO UCNOTIb308AHIE 8 KAYECMEE UCIOYHUKA MONUOOEHA NOJIUOK-
comMemanamHuovix KOMNHIEKCO8 (MOIULOOEHOBble CUHUL), ROTIYUEHHBIX MEMO0OM MEXAHOAKMUBGAUUU
Kommepueckozo oucynvpuoa monudoena. Hocumens o6v11 nosiyuen evicokomemnepamypHoi 00-
pabomxkoit npomviuLieno2o nopouwka nceedovemuma AIOOH (000 «Huwumobatickuit cneyuanu-
3UPOBAHHBLIL XUMUUECKUI 3A600 Kamanuzamoposy). Taxoii nodxoo nozeonsem 3HAUUMETbHO
ynpocmums cunme3 Kamanumuyeckux cucmem. Ilpu smom ucnonv3yemole peakmueol A61110Mcs
oo0uedocmynnviMu U npou3eooamcea Ha meppumopuu Poccuiickon @edepayuu ¢ npomviuinen-
Hbix macuwimadax. Tlonyuennole cucmemsl npeononazaemcsa UCHONb308AMb 6 NPOUECCAX ZUOPO-
ouucmku (cuopooecynvupoeanue u 2udpooeazomupoeanue) ouzeavHvlx @paxyuil. Cunmes
GKJIIOYAI CAOUI0 NOJIYYEHUA NPONUMOYHO20 PACMEOopa 000ag1eHueM HABECKU HUMPAma Ko-
banvma K crupmogomy pacmeopy Moaud0eHo60l CUHU, U CIAOUI0 HenoCPeOCHEeHHO NPONUMKU
Hocumens 6 uzdvimke nponumounozo pacmeopa. Ilocne nponumku cucmemst noosepzanuce npo-
KaJIKe npu paznuyHblX MemMnepamypax ¢ Ueibio U3yueHus 2eHe3uca aKmueHblX KOMNOHEHMO08 U
GNIUAHUSA MEeMNEPAMYPHOIl 00padomKu Ha paziuyHble uzuKo-xumuueckue ceoticmea. Cunmesu-
POBaHHbBLE cCUCHEMbL ObLIU U3YUEHbL PAZTUYHBIMU U3UKO-XUMUUecKUMU Memooamu (PDA, UK-
cnekmpockonus). bolio eviasneno, umo 014 nOAHO20 INUMUHUPOGAHUA HUMPOZPYRARBL U3 CO-
cmaesa cucmemvl HeoOxXo0uma memnepamypHan oopadomra ne nudice 400 °C, maxice nokazauo,
Ymo MoaubOEH08AsA CUHL CROCOOHA 8bICHYNAMb 8 poau ucmounuxa Mo.

KiiroueBblie €J10Ba: OKCH/T ATFOMUHMS, TIOJIMOKCOMETAIIIATHI, MOIMOIEHOBAs CHHB, THAPOOYHCTKA, THII-
ponecyabhupoBaHue
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Using the method of impregnation in an excess of impregnating solution and subsequent
temperature treatment in the temperature range of 100-400 °C, the synthesis of y-modified catalytic
systems based on transition metals (Co, Mo) supported on active aluminum oxide was carried out
and their physicochemical properties were studied. A distinctive feature of these systems was the
use of polyoxometalate complexes (molybdenum blues) obtained by mechanical activation of com-
mercial molybdenum disulfide as a source of molybdenum. The carrier was obtained by high-tem-
perature treatment of industrial pseudoboehmite powder AIOOH (Ishimbay Specialized Chemical
Plant of Catalysts LLC). This approach makes it possible to significantly simplify the synthesis of
catalytic systems. At the same time, the reagents and technologies used are publicly available and
are produced on the territory of the Russian Federation on an industrial scale. The resulting sys-
tems are expected to be used in hydrotreating processes (hydrodesulfurization and hydrodenitro-
genation) of diesel fractions. The synthesis included the stage of obtaining an impregnating solu-
tion by adding a weighed portion of cobalt nitrate to an alcohol solution of molybdenum blue, and
the stage of directly impregnating the carrier in an excess of the impregnating solution. After im-
pregnation, the systems were calcined at various temperatures in order to study the genesis of the
active components and the effect of temperature treatment on various physicochemical properties.
The synthesized systems were studied using various physicochemical methods (XRD, IR spectros-
copy). It was found that to completely eliminate the nitro group from the system, a temperature
treatment of at least 400 °C is necessary. 1t was also shown that molybdenum blue can act as a

source of Mo.
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INTRODUCTION

Currently, oil refining to obtain high-quality
motor fuels and other petroleum products is impossible
without the use of catalytic processes [1-3]. This is dic-
tated by both high operational requirements and signif-
icantly tightened environmental standards. Also, the
widespread use of processing processes using catalysts
is due to a decrease in quality and significant weighting
of the extracted raw materials [4, 5]. Most of the cata-
lysts are imported, and therefore the development of
domestic highly efficient catalysts for various hydro-
processes (including hydrotreating) is an extremely ur-
gent task. The most commonly used are supported cat-
alysts, in which transition metals (Co, Ni, Fe) act as
active components, with a promoting agent (Mo, W)
[6]. Such systems have proven themselves to be quite
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active, while maintaining this activity over a long ser-
vice life, which quite fully meets industrial require-
ments. Aluminum oxide of the y-modification is
widely used as a support [7], since it also has a devel-
oped specific surface area and porosity, as well as ac-
ceptable physical and mechanical properties [8]. It is
produced on an industrial scale [9] and is an easily ac-
cessible reagent. Thus, the goal of the work was the
synthesis of supported bimetallic catalytic systems, in
which the active components are Co promoted by Mo,
and the carrier is y-Al,Os.

EXPERIMENTAL PROCEDURE

Aluminum oxide (y-Al,O3) was chosen as the
support for our catalytic systems due to its optimal bal-
ance between its availability and physicochemical prop-
erties. Industrial pseudoboehmite powder - AIOOH, pro-
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duced by Ishimbay Specialized Chemical Plant of Cat-
alysts LLC, was used as the starting material for ob-
taining the carrier. To obtain 7y-Al,O3, pseu-
doboehmite underwent heat treatment in a muffle
furnace at T = 550 °C for 4 h [10]. To prepare the im-
pregnating solution, Co(NOs)2-6H20 (c.p) was used as
a Co-containing component in an amount of 3% wt. (in
terms of metal), which was dissolved in an alcohol so-
lution of molybdenum blue [11]. Molybdenum blue
was synthesized according to an original method using
a pre-mechanically activated MoS; precursor [12]. The
synthesis of Co-Mo-containing systems was carried
out by impregnating the carrier according to moisture
capacity [13], after which it was kept for 24 h, dried at
room temperature, and then heat treated in the range
from 100 to 400 °C. A sample obtained at room tem-
perature without heat treatment acts as a point of com-
parison for studying the genesis of precursors of active
components.

Below is the matrix of synthesized samples
(Table).

Table
Matrix of experiments
Tabauya. MaTpuua 3KClIepUMEHTOB
Name (K-1) | (K-2) [ (K-3) [ (K-4) | (K-5)
reatment | o5 | 100 | 200 | 300 | 400
temperature, °C

Subsequently, the catalytic systems processed
at different temperatures were studied using IR spec-
troscopy and X-ray phase analysis (XRD). Infrared
spectra were recorded on a Nicolet 5700 IR-Fourier spec-
trometer (USA) in the frequency range 4000-400 cm*
with a resolution of 4 cm™. Solid samples for surveying
were prepared according to standard methods by press-
ing tablets of 3 mg of the powder under study with
300 mg of KBr. X-ray phase analysis was carried out
on a D8 Discover powder diffractometer (USA) in the
20 angle range from 15 to 86°.

RESULTS AND DISCUSSION

The phase composition depending on the pro-
cessing temperature of the synthesized systems is pre-
sented in Fig. 1 and 2. The initial system (Fig. 1) is
represented by the carrier phase (y-Al2O3), as well as a
Co-containing component (Co(NOz)2-6H20) [14-16].
Unmarked reflections correspond to impurity phases of
various oxide Fe-containing structures that are part of
the initial reagent (namely, cobalt nitrate). With in-
creasing calcination temperature, gradual elimination
of water of crystallization and decomposition of nitrate
to oxide occurs [17]. Complete decomposition occurs
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after treatment at 400 °C. Also, with increasing tem-
perature, the reflections of impurity phases become
less intense.

15 25 35 45 55 65 75
2 0, degree
Fig. 1. Phase composition of the original system K-1 (= PDF 00-
120-0015 y-Al203; o PDF 12-0572 Co(NO3)2:6H20)
Puc. 1. ®a3oBbIii coctaB ucxoauoi cucremsr K-1 (= PDF 00-120-
0015 y-Al203; o PDF 12-0572 Co(NOz)2-6H20)

85

15 25 35 45 55 65 75 85

2 O, degree
Fig. 2. Phase composition of heat-treated systems (= PDF 00-120-
0015 y-Al203; o PDF 12-0572 Co(NOz3)2:6H20, 1, 2, 3, 4 — sam-
ples K-2, K-5, K-3 u K-4 respectively)
Puc. 2. ®a3oBblit cocTaB TepMoobOpadboTanHbix cuctem (= PDF 00-
120-0015 y-Al203; o PDF 12-0572 Co(NOs)2-6H20,
1, 2, 3, 4 — o6pazusr K-2, K-5, K-3 u K-4 cooTBecTBEHHO)

The obtained IR spectra (Fig. 3) are in good
agreement with the XRD results, there are absorption
bands (a.b.) of Al-O and O-H bonds of surface hy-
droxyl groups, the band common to all systems in the
region of 3400 cm™* belongs to the stretching vibrations
of the OH group adsorbed water molecules [18]. We
can also assume the presence of Mo-O and O-Mo-O
bands, which characterize the deposition of molyb-
denum oxide structures [19], however, their extremely
low intensity (due to low concentration) does not allow
them to be confidently identified and requires addi-
tional research. The absorption bands of the K-5 sam-
ple in the region of 950-1200 cm™ belong to the oxide
structures of cobalt [20].
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2400 1400 400
wavenumber, cm-’
Fig. 3. IR-spectra of synthesized systems (1- y-Al20s,
2,3,4,5 - K-3, K-4, K-5, K-2 respectively)
Puc. 3. UK-criekTpbl cuHTE3UpOBaHHBIX chcTeM (1- v-Al20s3,

2,3,4,5 - K-3, K-4, K-5, K-2 cooTBeTCTBEHHO)

3400

Previous studies have shown that the use of
blue as an impregnating solution leads to a decrease in
the diameter of the pore space and the specific surface
area, based on which the successful application of ac-
tive components to the surface can be indirectly con-
firmed. According to the results of the same studies,
the pore space is represented precisely by mesopores,
which facilitates the access of middle distillate fraction
molecules to the active centers, while the absence of
micropores leads to rational dispersion of the active
components on the carrier.

Applied systems of similar composition were
tested during the hydrodesulfurization of a model com-
pound in an autoclave with stirring. The system was
converted into the active form by gas-phase sulfidation
in a mixture of H,S+H>; a solution of dibenzothiophene
(DBT) in hexadecane served as a model compound.
Based on the test results, the rate constant = 0.53 h*
and the DBT conversion were calculated, which
amounted to 86%. Thus, we can assume that the syn-
thesized Co-Mo/Al,O3 systems will exhibit catalytic
properties in the proposed processes.

CONCLUSIONS

Thus, Co-Mo/y-Al,O3 catalytic systems were
synthesized and studied, it was shown that molyb-

JUTEPATYPA

1. Kazakova M.A,, Vatutina Yu.V., Selyutin A.G. Design of
Improved CoMo Hydrotreating Catalyst via Engineering of
Carbon Nanotubes@Alumina Composite Support. Appl.
Catal. B. 2023. V. 328. P. 122475. DOI: 10.1016/j.ap-
cath.2023.122475.

2. Haruna A., Merican Aljunid Merican Z., Gani Musa S.,
Abubakar S. Sulfur removal technologies from fuel oil for
safe and sustainable environment. Fuel. 2022. P. 329. DOI:
10.1016/j.fuel.2022.125370.

3. Kaluza L., Karban J., Gulkova D. Activity and selectivity
of Co(Ni)Mo sulfides supported on MgO, Al203, ZrO2, TiOz,

ChemChemTech. 2024. V. 67. N 8

N.A. Zhirov et al.

denum blues can be used as a Mo-containing reagent,
and the genesis of changes in the composition of sys-
tems depending on temperature treatment was also
studied. It was found that in order to completely elim-
inate the nitro group from the nitrate composition, the
calcination temperature should be at least 400 °C. The
absence of obvious reflections of oxide compounds of
molybdenum and cobalt in the diffraction patterns is
apparently due to their low concentration and high dis-
persity. Based on the results of IR spectroscopy, char-
acteristic absorption bands of aluminum oxide were
discovered; the presence of absorption bands of the ox-
ide structures of the active components is possible,
however, as in the case of diffraction patterns, the low
concentration does not allow them to be identified with
confidence. For this reasons additional research must
be carried out.
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Paboma evinonuena 6 pamxax eocyoapcmeen-
noeo 3adanusi UXH CO PAH, ¢unancupyemozo Mu-
HUcmepcneom HAyKu U 6vblcuieco o6pa306anz Poc-
cutickou @edepayuu.

Aemopul svipaxcarom Oaazodaprocms Tom-
CKOMY pe2UOHANbHOMY YeHmpYy KOJINEeKMUBHO20 NoJlb-
s06anuss THL] CO PAH.

Aemopul  3aaenarom 00 OMCYMCMEUU KOH-
@auxma unmepecos, mpedyoue2o pacKkpuimus 8 OaH-
Hol cmambe.

REFERENCES

1. Kazakova M.A, Vatutina Yu.V., Selyutin A.G. Design of
Improved CoMo Hydrotreating Catalyst via Engineering of
Carbon Nanotubes@Alumina Composite Support. Appl.
Catal. B. 2023. V. 328. P. 122475. DOI: 10.1016/j.ap-
cath.2023.122475.

2. Haruna A., Merican Aljunid Merican Z., Gani Musa S.,
Abubakar S. Sulfur removal technologies from fuel oil for
safe and sustainable environment. Fuel. 2022. P. 329. DOI:
10.1016/j.fuel.2022.125370.

3. Kaluza L., Karban J., Gulkova D. Activity and selectivity
of Co(Ni)Mo sulfides supported on MgO, Al203, ZrOz, TiOz,

47



H.A. XXupos u np.

10.

11.

12.

13.

14.

15.

16.

48

MCM-41 and activated carbon in parallel hydrodeoxygena-
tion of octanoic acid and hydrodesulfurization of 1-benzothi-
ophene. React. Kinet. Mech. Catal. 2019. V. 127. P. 887-902.
DOI: 10.1007/s11144-019-01620-x.

AntoHoB C.A., MarBeeBa A.U., Ilponyenkos H.A.,
Baptko P.B., Huxyasmmus I[1.A., Kuaskosa A.1O., I'epa-
cuMoB A.B. OcoOEHHOCTH XMMHUYECKOTO COCTaBa H CBOWCTB
TsDKENONH HaTeHO-apOMaTHIeCKOH He(TH M BapHaHTHI ee
KBATU(HUIIUPOBAHHON NepepaboTKu. Xumusi u mexHonocus
monaue u macen. 2022. V. 4. P. 3-8. DOI: 10.32935/0023-
1169-2022-632-4-3-8.

Sviridenko N.N., Akimov A.S. Characteristics of products
of thermal and catalytic cracking of heavy oil asphaltenes un-
der supercritical water conditions. J. Supercrit. Fluids. 2023.
V. 192. P. 105784. DOI: 10.1016/j.supflu.2022.105784.

Bin Liu, Kedi Zhao, Yongming Chai, Yanpeng Li, Di
Liu, Yungi Liu, Chenguang Liu. Slurry phase hy-
drocracking of vacuum residue in the presence of pre-
sulfided oil-soluble MoS: catalyst. Fuel. 2019. V. 246.
P.133. DOI: 10.1016/j.fuel.2019.02.114.

Coxogosa F0.B., UenukoB A.H. OkuciurenabHbIH 00-
JKUT TMPOMBIIIICHHBIX OTPa0OTaHHBIX KaTaitu3aTopoB Co-
Mo/Al203 THIPOOYHCTKH € U3BECTBIO. M136. 8y308. Xumus u
xum. mexuonoeus. 2020. T. 63. Bem. 11. C. 57-64. DOI:
10.6060/ivkkt.20206311.6256.

Pymsanues P.H., BbaranoB A.A., pimoamucr H.H.,
HUnbun A.A., T'opauna H.E., I'punmnn U.C. HccnenoBanue
cBoiictB CuO-ZnO-Al203 kaTann3aTopoB IJIs CHHTE3a MeTa-
HoOMNa. M38. 8y308. Xumusa u xum. mexnonoeus. 2021. T. 64.
Beim. 10. C. 56-64. DOI: 10.6060/ivkkt.20216410.6441.
Sung-Ho Kim, Ki-Duk Kim, Donghun Lee, Yong-Kul
Lee. Structure and activity of dispersed Co, Ni, or Mo sul-
fides for slurry phase hydrocracking of vacuum residue. J.
Catal. 2018. V. 364. P.131. DOI: 10.1016/j.jcat.2018.05.002.
Pashigreva A.V. Bimetallic Co-Mo complexes: A starting
material for high active hydrodesulfurization catalysts.
Catal. Today. 2010. V. 150. P. 196-206. DOI: 10.1016/j.cat-
t0d.2009.07.095.

Klimov O.V., Leonova K.A., Koryakina G.l., Gerasimov
E.Yu., Prosvirin I.P., Cherepanova S.V., Budukva S.V.,
Pereyma V.Yu., Dik P.P., Parakhin O.A., Noskov A.S.
Supported on alumina Co-Mo hydrotreating catalysts: Depend-
ence of catalytic and strength characteristics on the initial
AIOOH particle morphology. Catal. Today. 2014. V. 220-222.
P. 66-77. DOI: 10.1016/j.cattod.2013.09.001.

Akimov A.S., Sviridenko N.N., Morozov M.A., Petrenko
T.V., Zhuravkov S.P., Kazantsev S. O., Panin S.V. Pro-
cessing of heavy residual feedstock on Mo/AlI203-catalytic
systems obtained using polyoxomolybdate compounds. IOP
Conf. Ser.: Mater. Sci. Eng. 2019. V. 597. P. 012015. DOI:
10.1088/1757-899X/597/1/012015.

Bulavchenko O.A., Afonasenko T.N., Vinokurov Z.S. The
Thermal Activation of MnOx-Al203 Catalysts: Effect of Gal-
lium Doping. Mater. Chem. Phys. 2022. V. 291. P. 126715.
DOI: 10.1016/j.matchemphys.2022.126715.

Hedgenos B.K., Paguenxo E./I., Anues P.P. Katanuzatopsl
HpolLeccoB iIyOokoit mepepaboTku HehTtH. M.: Xumws.
1992. 265 c.

Koxxesuukos M.B. Katanusz rerepononucoeanHeHUsIMH.
M.: 3nanue. 1985. 32 c.

Vatutina Y.V., Klimov O.V., Stolyarova E.A., Nadeina
K.A., Danilova 1.G., Chesalov Y.A., Gerasimov E.Y.,
Prosvirin I.P., Noskov A.S. Influence of the phosphorus ad-

10.

11.

12.

J4 32}

MCM-41 and activated carbon in parallel hydrodeoxygena-
tion of octanoic acid and hydrodesulfurization of 1-benzothi-
ophene. React. Kinet. Mech. Catal. 2019. V. 127. P. 887-902.
DOI: 10.1007/s11144-019-01620-x.

Antonov S.A., Matveeva A.l., Pronchenkov I.A., Bartko
R.V., Nikulshin P.A., Kilyakova A.Yu., Gerasimov A.V.
Features of the chemical composition and properties of heavy
naphthenic aromatic oil and options for its qualified pro-
cessing. Khim. Tekhol. Topliv Masel. 2022. V. 4. P. 3-8 (in
Russian). DOI: 10.32935/0023-1169-2022-632-4-3-8.
Sviridenko N.N., Akimov A.S. Characteristics of products
of thermal and catalytic cracking of heavy oil asphaltenes un-
der supercritical water conditions. J. Supercrit. Fluids. 2023.
V. 192. P. 105784. DOI: 10.1016/j.supflu.2022.105784.

Bin Liu, Kedi Zhao, Yongming Chai, Yanpeng Li, Di
Liu, Yungi Liu, Chenguang Liu. Slurry phase hy-
drocracking of vacuum residue in the presence of pre-
sulfided oil-soluble MoS: catalyst. Fuel. 2019. V. 246.
P.133. DOI: 10.1016/j.fuel.2019.02.114.

Sokolova Yu.V., Chepikov A.N. Oxidative roasting of in-
dustrial spent catalysts Co-Mo/Al20s hydroprocessing with
lime. ChemChemTech [lzv. Vyssh. Uchebn. Zaved. Khim.
Khim. Tekhnol.]. 2020. V. 63. N 11. P. 57-64 (in Russian).
DOI: 10.6060/ivkkt.20206311.6256.

Rumyantsev R.N., Batanov A.A., Tsymbalist L.N., II’yin
AA., Gordina N.E., Grishin I.S. Study of properties of
CuO-ZnO-Alz0s3 catalysts for methanol synthesis. Chem-
ChemTech [lzv. Vyssh. Uchebn. Zaved. Khim. Khim.
Tekhnol.]. 2021. V. 64. N 10. P. 56-64 (in Russian). DOI:
10.6060/ivkkt.20216410.6441.

Sung-Ho Kim, Ki-Duk Kim, Donghun Lee, Yong-Kul
Lee. Structure and activity of dispersed Co, Ni, or Mo sul-
fides for slurry phase hydrocracking of vacuum residue. J.
Catal. 2018. V. 364. P.131. DOI: 10.1016/j.jcat.2018.05.002.
Pashigreva A.V. Bimetallic Co-Mo complexes: A starting
material for high active hydrodesulfurization catalysts.
Catal. Today. 2010. V. 150. P. 196-206. DOI: 10.1016/j.cat-
tod.2009.07.095.

Klimov O.V., Leonova K.A., Koryakina G.l., Gerasi-
mov E.Yu., Prosvirin I.P., Cherepanova S.V., Budukva
S.V., Pereyma V.Yu., Dik P.P., Parakhin O.A., Noskov
A.S. Supported on alumina Co-Mo hydrotreating catalysts:
Dependence of catalytic and strength characteristics on the initial
AIOCOH particle morphology. Catal. Today. 2014. V. 220-222.
P. 66-77. DOI: 10.1016/j.cattod.2013.09.001.

Akimov A.S., Sviridenko N.N., Morozov M.A., Petrenko
T.V., Zhuravkov S.P., Kazantsev S. O., Panin S.V. Pro-
cessing of heavy residual feedstock on Mo/Al203-catalytic
systems obtained using polyoxomolybdate compounds. IOP
Conf. Ser.: Mater. Sci. Eng. 2019. V. 597. P. 012015. DOI:
10.1088/1757-899X/597/1/012015.

Bulavchenko O.A., Afonasenko T.N., Vinokurov Z.S. The
Thermal Activation of MnOx-Al203 Catalysts: Effect of Gal-
lium Doping. Mater. Chem. Phys. 2022. V. 291. P. 126715.
DOI: 10.1016/j.matchemphys.2022.126715.

Nefedov B.K., Radchenko E.D., Aliev R.R. Catalysts for
deep oil refining processes. M.: Khimiya. 1992. 265 p. (in
Russian).

Kozhevnikov 1.V. Catalysis by heteropolycompounds. M.:
Znanie. 1985. 32 p. (in Russian).

. Vatutina Y.V., Klimov O.V., Stolyarova E.A., Nadeina

K.A., Danilova 1.G., Chesalov Y.A., Gerasimov E.Y.,
Prosvirin I.P., Noskov A.S. Influence of the phosphorus ad-

. By30B. XuMuA 1 XuM. TexHojorus. 2024. T. 67. Be. 8



17.

18.

19.

20.

dition ways on properties of CoMo-catalysts of hydrotreat-
ing. Catal. Today. 2019. V. 329. P. 13. DOI: 10.1016/j.cat-
t0d.2019.01.005.

Dubey P., Kaurav N., Devan R. S., Okram G.S., Kuo
Y.K. The effect of stoichiometry on the structural, ther-
mal and electronic properties of thermally decomposed
nickel oxide. RSC Adv. 2018. V. 8. P. 5882-5890. DOI:
10.1039/C8RA00157J.

Arunarajeswari P., Mathavan T., Divya A., Milton
Franklin Benial A. Influence of N-Methylaniline on
physicochemical and optical properties of y-Al203 nano-
particles. Mater. Res. Express. 2019. V. 6. P. 1250. DOI:
10.1088/2053-1591/ab6406.

Sviridenko N.N., Urazov Kh.Kh. Catalytic upgrading of
heavy oil from the Ashalchinskoye oilfield. J. Pet. Sci.
Technol. 2023. V. 41. N 20. P. 1918-1933. DOI
10.1080/10916466.2022.2104872.

AxumoB Aun.C., Kupos H.A., bapoammufLE., I'epacu-
MmoB E.1O., AkumoB A.C. CuHTE3 1 CBOICTBA CHCTEM Ha OC-
HoBe Ni-u H30MOIMMONHOIAT-COAEPIKALINX COSAUHEHUH 1
MeETacTaOMIBHBIX OKCHIOB aJIIOMUHMUS. Hss. 8)3086. Xumust u
xum. mexnonoeus. 2023. T. 66. Bem. 11. C. 85-91. DOI:
10.6060/ivkkt.20236611.16t.

ChemChemTech. 2024. V. 67. N 8

17.

18.

19.

20.

N.A. Zhirov et al.

dition ways on properties of CoMo-catalysts of hydrotreat-
ing. Catal. Today. 2019. V. 329. P. 13. DOI: 10.1016/j.cat-
t0d.2019.01.005.

Dubey P., Kaurav N., Devan R. S., Okram G.S., Kuo
Y.K. The effect of stoichiometry on the structural, ther-
mal and electronic properties of thermally decomposed
nickel oxide. RSC Adv. 2018. V. 8. P. 5882-5890. DOI:
10.1039/C8RA00157J.

Arunarajeswari P., Mathavan T., Divya A., Milton
Franklin Benial A. Influence of N-Methylaniline on
physicochemical and optical properties of y-Al203 nano-
particles. Mater. Res. Express. 2019. V. 6. P. 1250. DOI:
10.1088/2053-1591/ab6406.

Sviridenko N.N., Urazov Kh.Kh. Catalytic upgrading of
heavy oil from the Ashalchinskoye oilfield. J. Pet. Sci.
Technol. 2023. V. 41. N 20. P. 1918-1933. DOI
10.1080/10916466.2022.2104872.

Akimov AlL.S., Zhirov N.A., Barbashin Ya.E., Gerasimov
E.Yu., Akimov A.S. Synthesis and properties of systems
based on Ni - and isopolymolybdate - containing compounds
and metastable aluminum oxides. ChemChemTech [lzv.
Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol.]. 2023. V. 66.
N 11. P. 85-91. DOI: 10.6060/ ivkkt .20236611.16t.

Iocmynuna 6 pedakyuio 29.02.2024
Tpunsima x onyéauxosanuio 22.04.2024

Received 29.02.2024
Accepted 22.04.2024

49



