M3BECTUS BBICIINX YUYEBHBIX 3ABEJIEHUI.
T 68 (8) Cepusa «XUMHUA U XUMHNYECKAS TEXHOJIOI'US» 2025

V 68 (8) ChemChemTech 2025

DOI: 10.6060/ivkkt.20256808.1t
V]K: 665.642.2

®U3UKO-XUMHUYECKHUE Y KATAJIUTUUECKHE CBOMCTBA
NiMo-COAEPKAIINX AJITIOMOOKCUAHBIX KATAJIMTUYECKUX CUCTEM

Aun.C. Aknmos, T.B. Ilerpenko, E.1O. I'epacumos, A.C. AkumMoB

Anpbept CodponoBru Axumos (ORCID 0000-0003-3567-8148)*, Tarpana BacunseBna Ilerpenko (ORCID
0000-0003-3457-3299), Axum Cemenosny Akumos (ORCID 0000-0001-7953-1477)

JlaGopaTopus KaTaTUTHIECKUX MPEeBPAIIeHH JIerkux yrieBogopoaos, Uacturyt xumuu Hedptn CO PAH,
mp. Akagemudeckuit, 4, Tomck, Poccuiickas @eneparst, 634055
E-mail: albertus98@mail.ru*, uvikon@ipc.tsc.ru, zerobox70@mail.ru

Esrennii FOpbesuu I'epacumor (ORCID 0000-0002-3230-3335)

WuctutyT Karammsza um. I'.K. BopeckoBa CO PAH, mp. Akanemuka JlaBperTseBa, 5, HoBocubupck, Poccuiickas
Oenepanus, 630090
E-mail: gerasimov@catalysis.ru

ITonyuenwvt u uzyuenwt ceoticmea NiMO-anioMooOKCUOHBIX KAMATUMUYECKUX CUCEM O3
npoueccos 2udpoouUCmKU y21e6000pOOH020 Cbipba. OpuzuHaIbHOCHb OAHHOU padomul 00yclo61eHa
08yMsa (hakmopamu: 60-nepevix, 6 Kauecmee HOCUmMesn 0Jis CUCHEMbL 0bl1a 8bIOPAHA Oe/IbMa MOOU-
durxayun oxcuoa anwOMuUHUA; A 60-6MOPLIX, NPU NOIAYYEHUU AKMUBHO20 MOIUOOEHO8020 KOMNO-
HEeHmAa NPUMEHANUCh HOJTUOKCOMEMAIAMHbBIE COCOUHEHUA MONUDOEHA, NOJIYUeHHble U3 OUC)Tb-
uoa monuboena. B kauecmee npomomupyrouiezo memanna evicmynaem Hukenv. Hccneoosanul gu-
3UKO-XUMUYECKUE CEOLICINEA NOJIYYEHHBIX 00pA3U06 C HOMOWbIO MEM 0008 PEHM2EHOPa308020 ana-
au3a, npoceevusarouiell 31eKMpOHHON MUKPOCKORUU 8bICOKO20 PA3PEULERUS C MUKDOITEMEHMHBIM
AHAIU30OM NOBEPXHOCMU U MEKCMYPHBIX CE0ICIE N0 Memooy HU3KOMEMHEPAMYPHOU adcopoyuu
azoma. Ilposedeno cpagnenue noyueHHO HAHECEHHONU KAMATIUMUYUECKOU CUCHEMbL C ATIOMOOK-
cuonbvim Hocumenem. Pesynomamul penmezeenoghazoeozo ananuza u MUKpOCKORUUECKUX UCC1E008a-
HUil nOOmMeEepIHCcOarom HaneceHue AKMUH020 KOMNOHEHMA HA noéepxXHocmu oKcuoa antomunus. Ilo
HOTIYUEHHBIM PE3YTIbIAmam cOelan 6bl600 0 He0OX00UMOCHmU OanbHelulell ORMUMU3AYUN YC108UTL
npoxanxu. Ilonyyennsle pe3ynbmamot N0 MEKCMYPHBLIM CEOIICMEAM HOKA3bIEAIOM, YO NO YOETbHOIL
nI0WA0U NOBEPXHOCIU 0ebMaA MOOUPUKAYUA OKCUOA ATNIOMUHUA HPU UCHOTb306AHUN 0ONOIHU-
MeNbHBIX KOMNOHEHM 08 He COOmeemcmayem mexnoaozuieckum mpeoosanusm. Uccneoosanue xa-
MATUMUYECKUX C6OUCHE NOTYUEHHBIX CUCHIEM HA MOOETbHOM Ccbipbe (Oudenzomuoghen 6 H-oekane
¢ cooeprcanuem ¢ 1000 ppm ¢ nepepacueme Ha amomapHyio cepy), NOKa3vléaen CyujecmeeHHyIo Oe-
Ccynbupyouyio aKkmueHocmy dumemaniuueckoi cucmemst. B umoze yoanoce chuzumso cooepiica-
Hue cepot ¢ 1000 ppm 0o 94 ppm, mo ecmv na 90,4% no cpagnenuro ¢ UCXOOHBIM MOOETILHBIM CHIPbEM.
Bov1no maxsice 6via61€H0 no pe3yromamam mMemooa XpomMamo-macc-CneKmpomMempuu, Ymo npoyecc
2UOPO0ecyIbhuposaHUs MOOENbHOZ0 CHIPbA NPOMEKAEH RO MAPUIPYHLY RPAMO20 0ecyTbpuposanusi.
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The properties of NiMo-alumina catalytic systems for hydrocarbon feedstock hydrotreating
processes have been obtained and studied. The originality of this work is due to two factors: first, a
delta modification of aluminum oxide was chosen as a carrier for the system and second, polyoxo-
metallate molybdenum compounds derived from molybdenum disulfide were used in the prepara-
tion of the active molybdenum component. Nickel acts as the promoting metal. The physical and
chemical properties of the obtained samples were investigated by X-ray phase analysis, high-reso-
lution transmission electron microscopy with trace element analysis of the surface and textural
properties by the low-temperature nitrogen adsorption method. The obtained applied catalytic sys-
tem was compared with alumina carrier. The results of X-ray phase analysis with electron micros-
copy confirm the deposition of the active component on the surface of aluminum oxide. Based on
the results obtained, it is concluded that further optimization of the calcination conditions is nec-
essary. The obtained results on textural properties show that the specific surface area of delta mod-
ification of aluminum oxide using additional components does not meet the technological require-
ments. The study of catalytic properties of the obtained systems on model raw materials (diben-
zothiophene in decane with the content of 1000 ppm in recalculation of atomic sulfur), shows a
significant desulfurizing activity of the bimetallic system. As a result, it was possible to reduce the
sulfur content from 1000 ppm to 94 ppm, i.e. by 90.4% compared to the original model feedstock.
It was also revealed by the results of chromatography-mass spectrometry that the process of hy-
drodesulfurization of model feedstock proceeds by the route of direct desulfurization.
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training of personnel, etc.). In order to avoid such prob-

INTRODUCTION 2.
lems it is necessary to use such a method that would

In recent years, there has been a trend towards
a reduction in light and medium oil reserves, leading to
an increase in the involvement of heavy and extra-
heavy oil in the petrochemical industry. However, it is
known that as oil becomes heavier, the content of het-
eroatomic compounds, particularly sulfur compounds, in-
creases. In turn, the presence of sulfur-containing com-
pounds in hydrocarbons adversely affects the service
life of catalysts for hydrogenation transformations,
negatively affects the operation of apparatus and units
of oil refineries, etc.

There are many ways to reduce the content of
heteroatomic compounds, but most of them involve in-
terference in the operating technological schemes,
which leads to negative consequences (increased capi-
tal expenditures, changes in technical documentation, re-
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minimally affect the operation of existing technologi-
cal lines. Improvement of properties of existing cata-
lysts and/or optimization of their synthesis can be
safely attributed to such methods. In this connection
the development of catalytic systems for hydrotreating
of hydrocarbon feedstock is an urgent task.

In the middle of the last century, the discovery
of high hydrodesulfurizing activity of noble metals was
the impetus for the appearance of the first hydrotreating
catalysts based on them. Later they were widely used in
industry until the discovery of Co(Ni)Mo(W)S/Al>O3
catalysts.

Thus, at present in the process of hydrodesul-
furization of crude oil and petroleum products, alumina
catalysts based on MoS; and WS, promoted by Ni or
Co (Co(Ni)Mo(W)S/Al;03) have a wider spread in
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comparison with catalysts based on noble metals (Pt,
Pd). This is mainly due to their higher resistance to cat-
alytic poisons and also because of their relatively low
cost [1-8].

As a rule, catalysts in which the active compo-
nent is deposited on an inert carrier are used in the hy-
drotreating process. Most often it is gamma modifica-
tion of aluminum oxide (y-Al,O3). In addition to de-
posited catalysts, array catalysts are also used. How-
ever, in industrial realization the number of names of
applied massive catalysts is much inferior to the ap-
plied analogs. Among the most effective and industri-
ally implemented samples are such catalysts as NEB-
ULA and Celestia. The activity in the hydrodesulfuri-
zation process of these catalysts significantly exceeds
traditional applied catalysts. Their high activity is
mainly due to the large number of active centers per
unit area of the catalyst. And the large number of active
centers in massive catalysts is achieved due to the fact
that, in fact, their entire surface is a MoS; phase. How-
ever, not the entire surface can be used to participate in
hydrotreating processes. Moreover, most of the MoS;
is deep in the phase and does not participate in the tar-
get processes. It follows that the consumption of active
metal is much higher in massive catalysts than in ap-
plied catalysts — 55-65 wt% on average in massive cat-
alysts, while 10-15 wt% is used for applied catalysts.
These problems of massive catalysts are known, and
researchers from different countries are working on in-
creasing the surface area and pore volume values. Ba-
sically the increase of these parameters is provided by
finding the optimal ratio between the length of molyb-
denum disulfide crystallite and the number of plates in
the crystallite, as well as by large dispersion of these
crystallites. In contrast to massive catalysts, there is
more room for synthesis in the applied catalysts, since
more process parameters can be varied. Improvement
of properties of existing active components, optimiza-
tion of technology of their obtaining or search of new
ways of synthesis, selection of carriers, promoters,
plasticizers, possibility of modification of carriers by
different elements, mixing of different carriers and
their joint use, use of different ways of application of
active component on the carrier — all this together is
only a part of those ways of improvement of applied
catalysts, which is used for obtaining laboratory cata-
Iytic systems and industrial catalysts. Despite the fact
that the present research team has chosen to synthesize
specifically applied catalytic systems, it is important to
note that the study and improvement of both applied
and arrayed catalysts is currently an urgent and im-
portant task. Both concepts have the right to exist, and
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the choice of one of them often depends on the prefer-
ences and logistics of research teams.

As applied to the present work, the methods of
optimization of active component synthesis and carrier
selection are considered. Thus, commercial molyb-
denum disulfide powder was chosen as the precursor
of the active component instead of traditionally used
heptamolybdates. Mainly, the choice of commercial
MoS:; is due to the ease of obtaining the target active
phase from this precursor relative to the traditionally
used precursor. It is known that the synthesis of active
phase from heptamolybdates is characterized by a rel-
ative multistep process, the use of a certain amount and
volume of solvents, and the complexity of the process.
Complexity in this case means the need for strict exe-
cution of all stages of the process without exception,
the appearance of error or sloppiness even in the ex-
treme stage of synthesis leads to the loss of the results
of all previous stages.

This work is more of a fundamental nature. In
this connection it was decided to take as a carrier delta
modification of aluminum oxide. To study the physi-
cochemical properties of this carrier and the prospects
of its use. As it is known, traditionally gamma alumi-
num oxide is used as a carrier for hydrotreating pro-
cesses. This modification was widely used in industrial
realization of catalysts due to the fact that it has rela-
tively high values of surface area, and the values of
pore volume and pore diameter correspond to the ex-
isting technical regulations. In addition, this modifica-
tion of aluminum oxide has good forming ability and
high thermal stability. In contrast to gamma delta ox-
ide, the modification has almost half the value of spe-
cific surface area with equal values of pore diameter
and pore volume. Moreover, these values are outside
the limits of the technological norms established in
production.

But at the same time delta modification of alu-
minum oxide has moderately pronounced acidity. Lit-
erature sources note that this property plays a positive
role in deepening of hydrotreating processes. For ex-
ample, [9] compared the catalytic properties of CoMoS
catalysts with three different modifications of alumi-
num oxide as carriers. According to the results of this
work, it was found that the catalyst deposited on 6-
Al,O3 shows the best hydrodesulphurizing activity of
hard-to-remove sulfur compounds. Similar results
were published in [10], where a series of similar cata-
lysts were synthesized, but where Ni was used as the
promoting metal. It was found that when NiMo/o-
Al>;O3 was used, the conversion of dibenzothiophene
was almost twice as high as with NiMo/y-Al>Os; the
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higher efficiency of NiMo/5-Al;Os is also manifested
in the process of hydrodesulfurization of dimethyl sub-
stituted homologues of dibenzothiophene — in their
case, catalysts with delta-modification of aluminum
oxide demonstrate almost fourfold advantage. Such an
advantage of NiMo/3-Al;O3 in the hydrodesulfuriza-
tion of aromatic organosulfur compounds is most
likely due to the presence of acid centers initiating side
processes. For example, isomerization processes of
dibenzothiophene homologues may contribute to the
partial neutralization of steric hindrances caused by al-
kyl groups. This may facilitate access to the sulfur
atom for the active surface, which will contribute to an
increased degree of dehydrodesulphurization.

The use of delta modification of aluminum ox-
ide together with gamma modification is considered as
a promising way to obtain such systems. In this regard,
the present work, in which the use case is considered
will be the basis for future studies related to the use of
3-Al03 in the composition of the carrier.

Based on the above, the aim of this work is to
synthesize and study the physical and chemical prop-
erties of applied catalytic systems by using polyoxo-
metalate compounds as an active component and &-
Al>Os as a carrier.

EXPERIMENTAL TECHNIQUE

The methodology of the work can be divided
into the following parts:
- obtaining nickel and molybdenum-containing ac-
tive component;
- obtaining a carrier — aluminum oxide from a com-
mercial product — pseudobohmite (AIOOH);
- obtaining the catalytic system by applying the ob-
tained active component on the aluminum oxide carrier.
Synthesis of the active component was carried
out as follows: as a molybdenum-containing compound
was used a class of polyoxometalate compounds known
as molybdenum blues. Molybdenum blues in turn were
synthesized according to the original methodology, the
essence of which in brief consists in the following —
commercial powder of molybdenum disulfide “Mo-
lysulfide” was placed in a laboratory vibrating mill and
subjected to mechanoactivation for 8 hours in air. Then
hydrogen peroxide (RUE “Belmedpreparaty”) was
added to mechanically activated molybdenum disul-
fide to obtain agqueous solutions of molybdenum blue.
Further, bimetallic impregnation solution was prepared
by adding nickel nitrate hexahydrate (“Reahim”) and
citric acid to the solution of molybdenum blue.
Preparation of the carrier is a thermal treatment
of AIOOH pseudobemite (ISCPC) in a muffle furnace
at 900 °C for 4 h.
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The application of the active component on the
alumina carrier was carried out by the impregnation
method according to the moisture capacity, followed
by drying and calcination stages. The impregnation is
single impregnation with a solution of two metal-con-
taining compounds. Drying “slow”, was carried out at
room temperature. The necessary conditions of calci-
nation were selected empirically. The obtained cata-
Iytic system was conventionally designated as KT-1.

It is known that molybdenum-containing cata-
lysts are used in the processes of processing heavy na-
tive and residual raw materials mainly in sulfide form,
in this connection the standard technique of catalyst
sulfurization (ex situ) under laboratory conditions
(hereinafter referred to as KT-2) was applied [11-14].

The obtained systems were investigated by a
number of physicochemical methods of analysis: X-
ray phase analysis (XRD), high-resolution transmis-
sion electron microscopy (HRTEM), low-temperature
nitrogen adsorption/desorption, X-ray fluorescence
analysis, UV spectroscopy, and chromatography-mass
spectrometry (CMS).

XRD was performed on a Bruker D8 Advance
powder diffractometer equipped with a one-dimen-
sional Lynx-Eye detector and a Kg-filter with CuK,-ra-
diation. Imaging was performed in the angle range 10°
< 20 < 86°. Refinement of structural parameters was
carried out on powder diffractograms by the Rietveld
method using Topas V4.2 software.

The structure and microstructure of the sam-
ples were investigated by high-resolution transmission
electron microscopy (HRTEM) on a ThemisZ electron
microscope (Thermo Fisher Scientific, USA) with an
accelerating voltage of 200 kV and a resolution limit
of 0.07 nm and in the scanning mode of electrons scat-
tered at large angles (HAADF STEM). Images were
recorded using a Ceta 16 CCD array (Thermo Fisher
Scientific, USA). The instrument is equipped with an
energy dispersive X-ray characteristic emission (EDX)
SuperX spectrometer (Thermo Fisher Scientific, USA)
with a semiconductor Si detector with an energy reso-
lution of 128 eV. For electron microscope studies,
sample particles were deposited on holey carbon sub-
strates mounted on copper or molybdenum grids using
an ultrasonic disperser UZD-1UCH2, which allowed to
achieve a uniform distribution of particles on the sub-
strate surface. The sample was placed in alcohol ap-
plied to the ultrasonic disperser, followed by evapora-
tion and subsequent deposition of the sample particles
on the copper mesh [15].

The specific surface of the samples was deter-
mined using the BET method of low-temperature ni-
trogen adsorption on the device “Sorbtometer M” of
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CATAKON company, in addition, the specific surface
was determined on this device by the comparative
method, as well as the specific pore volume by the limit
filling and the volume of micropores.

Determination of sulfur content in the studied
samples was carried out using X-ray fluorescence en-
ergy dispersive analyzer of sulfur in oils and oil prod-
ucts “Spectroscan S” (GOST R 51947-2002). Measur-
ing range of mass fraction of sulfur is from 0,0002% to
5%. The operating principle of the analyzer is that the
analyzed sample is irradiated with low-power X-ray ra-
diation emitted by the X-ray source (X-ray tube). At
the same time, secondary radiation is emitted from the
sample surface, the spectral composition of which ad-
equately reflects the elemental composition of the sam-
ple. Using a proportional counter and a selective filter,
the analyzer extracts the analytical sulfur line (K.)
from the secondary radiation and automatically con-
verts its intensity into the mass fraction of sulfur in the
sample. The mass fraction of sulfur is expressed either
as a percentage or in milligrams per kilogram.

The rate constants of dibenzothiophene hydro-
genolysis (hereinafter referred to as DBT) were deter-
mined on the assumption of the pseudo-first order of
DBT transformation:

Cogt = Coper - €, (D)

From the tangent of the slope of the natural
logarithm dependence (In(Copst/CoeT)) On time (t), the
corresponding values of the rate constant were ob-
tained. Samples of 0.5 mL were taken from the reactor
after 0.5; 1; 2; 3; 4; 6 hours [16-17].

The composition of DBT transformation prod-
ucts was identified (computer library of mass spectra
NIST-5) by GC/MS chromatography-mass spectrometric
analysis using a Thermo Scientific DFS magnetic chro-
matography-mass spectrometer with a Thermo Scien-
tific quartz capillary chromatographic column of
0.25 mm inner diameter, 30 m length, TR-5MS sta-
tionary phase of 0.25 pm thickness. Chromatograph
operation mode: carrier gas — helium, evaporator and
interface temperatures - 250 °C; thermostat heating
program: to= 80 °C, isotherm — within 2 min, heating
at a rate of 4 deg/min to tmax= 300 °C. Mass spectrom-
eter operation mode: ionization method — electron im-
pact; ionizing electrons energy 70 eV, ionization
chamber temperature 250 °C; range of registered
masses 50-500 Da; spectrum sweep duration 1 second.

RESULTS AND DISCUSSION

In the catalytic system, the presence of phases
related to 8-Al,O3 was determined by XRD, but almost
no reflexes related to the active component KT-1 are
observed.
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In both samples, a number of reflexes lying in
the range of 30° to 70° are observed. Reflexes in the
region of angles 20 =~ 32.92; 37.44; 45.70; 46.81;
69.17° and planes corresponding to the above planes
with indices (220), (311), (400), (0012), (440) confirm
the presence of a metastable modification of aluminum
oxide, 3-Al,O3 (PDF #56-1186) [19]. In addition, in the
catalytic system, the XRD profile shows more signifi-
cant amorphization, a decrease in the intensity of the
reflections related to the carrier of the catalytic system
and the appearance of a number of low-intensity reflec-
tions. The rows of low-intensity reflexes that appeared
are related to the NiMo2Ss phase (PDF #21-1273).
They are represented by low-intensity reflexes present
only in the catalytic system. These reflections are lo-
cated at angles 20 = 14.95°; 29.55°; 33.28°; 44.60°;
50.26°; 58.76°; 60.50°; 70.60°.

This result is most likely due to the high dis-
persibility of the compounds comprising the active
component, in other words, these parameters lie be-
yond the sensitivity of the device. The high dispersity
is mainly due to the mechanical activation stage, dur-
ing which the morphology of molybdenum disulfide is
changed and mechanocomposites with higher disper-
sity are formed. The obtained mechanocomposites are
a system, on the surface of which a layer of molyb-
denum oxides MoxOy is formed, and in the core — mo-
lybdenum disulfide. Due to this, the surface of the
mechanocomposite is hydrophilic in contrast to the in-
activated molybdenum disulfide, which allows further
reactions with hydrogen peroxide.

It is necessary to take into account the fact that
in the process of impregnation the distribution of par-
ticles of the active component is more pronounced. In
addition, in the process of calcination of catalytic sys-
tems in the redistribution and dispersion of molyb-
denum on the surface should occur the formation of bi-
metallic oxide precursors of the active component.
This may be due to the fact that the formation of a sul-
fide bimetallic compound at the subsequent stage of
preparation of the catalytic system (at the stage of sul-
furization) from Mo or Ni atoms separated throughout
the space is difficult to realize due to the low volatility
of sulfides of the active and promoting metals. When
analyzing literature sources, these data are indirectly
confirmed — the dispersity of polymetallic catalysts is
always higher than that of monometallic ones.

In addition to the above, the almost identical
profile of X-ray diffractograms may be due to the low
content of active metals. As it is known, in both mon-
ometallic and polymetallic catalytic compounds the
processes of dispersion of applied metals are accompa-
nied, along with the formation of sulfide bimetallic
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compound, by the formation of a number of surface
compounds that do not directly participate in the target
catalytic processes. On this basis, it can be assumed
that in the process of calcination some fraction of the
potential active metal is lost to the formation of inac-
tive surface compounds.

Fig. 1 shows a comparison of X-ray diffracto-
grams of the alumina carrier and the catalytic system
based on it. The fact of the presence of phases of the
active component is confirmed by the results obtained
during catalytic tests, as well as by transmission elec-
tron microscopy (TEM).

5 15 25 35 45 55 65 75 85
20,°

Fig. 1. Comparison of diffractograms of 6-Al203 and KT-1:
1- KT-1; 2 - carrier - 8-Al203. Triangles indicate reflexes corre-

sponding to PDF #56-1186, circles indicate PDF #21-1279
Puc. 1. Cpasuenue qudppaxrorpamm 6-Al20s3 u KT-1: 1 — KT-1;

2 — vocurens - 6-Al203. TpeyrojbHHKaMH 0003HAYCHBI pe-

¢uexcsl, coorBetcTByIone PDF #56-1186, okpy:KHOCTSIMY -
PDF #21-1279

After determining the activity (data are given
below) of the compound, the phase composition was
analysed, and its results show almost completely iden-
tical profiles. That is — absence of lateral shifts of re-
flexes, in the change of intensity of reflexes, broaden-
ing of separate reflexes or appearance of extraneous
‘noises’.

The obtained experimental data agree with the
literature data [18]. Since the high-temperature meta-
stable crystalline modification of aluminium oxide (8-
Al>,O3) used in this work is obtained only at heating
above 900 °C (and stable a-Al,O3 at temperatures from
1200 °C), it is practically impossible to change the
crystalline modification from 3-Al,O3 to another crys-
talline modification under the conditions of checking
the activity of the systems, i.e. at 340 °C.

The wide particle size distribution is mainly
due to the choice of moisture impregnation as the
method of catalyst preparation.

Fig. 2 shows micrographs of the sulfurized cat-
alytic system (KT-2). The micrographs clearly show
the bundle structures of different length, direction and
thickness of the bundle. They belong to the MoS; phase
of the catalytic system. The average value of the inter-
planar distance of the selected region in Fig. 2 is 0.23 nm.
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In order to understand the relative distribution
of elements with respect to each other, mapping (Fig. 3)
by energy dispersive X-ray analysis (EDX) was carried
out. It was found that molybdenum, nickel, and sulfur
were uniformly distributed relative to each other,
which may indicate the formation of sulfide phases on
the surface of the alumina carrier. The uniform distri-
bution of active components on the surface of the car-
rier is natural due to the use of moisture impregnation
as a method of application.

Fig. 2. Transmission electron microscope (TEM) micrographs of
the alumina-oxide system
Puc. 2. MukpodoTorpadum amoMOOKCHIHOW CHCTEMBI, CIeIaH-
HBIC B TPOCBEYHMBAIOIIEM 3JICKTPOHHOM MUKpockore (II9M)

The measured values of textural properties of
8-Al>03 also confirm the literature data [17]. The val-
ues of specific surface area are on average almost twice
as low as those for y-Al,Os. It follows that the use of 4-
Al,O3 as a single component of the carrier is inappro-
priate because the readings for textural properties do
not meet the industrial requirements for catalysts.
Therefore, firstly, the inexpediency of using monoalu-
mina oxide systems based on delta-modification of alu-
minum oxide is shown, and secondly, the necessity of
further studies of blended y-Al>03/5-Al,03 systems is
confirmed. The use of blended systems with the most
optimal ratio of the used components should neutralize
the unsatisfactory values of 3-Al.Os textural character-
istics for practical applications. Judging by the ob-
tained data on textural properties, it can be assumed
that in such systems the share of y-Al,Os will prevail
over 6-Al>0z, which will provide on the one hand the
level of textural properties required by technical regu-
lations, and on the other hand will reduce the positive
influence of 5-Al>0s in the processes of hydrodesulfu-
rization of dibenzothiophene and its homologues.
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Fig. 3. Dark-field imaging in high-angle scattered electrons and
mapping of major elements of KT-2
Puc. 3. TemHOnOBHOE M300pa’kEHHE B BEICOKOYTIIOBBIX PACCESH-
HBIX 3JIEKTPOHAX U KAPTUPOBAHUE OCHOBHBIX dneMeHTOB KT-2

The analysis of the porous structure of KT-2
shows that the specific surface area decreases by 24%
and the total pore volume decreases by 26%, while the
pore size changes insignificantly (by 2.5%). The de-
crease in specific surface area and total pore volume
also indirectly confirms the presence of active compo-
nent in the carrier. The results of textural characteriza-
tion published earlier in [19, 20] are presented in Table 1.

Table 1
Texture characteristics of the carrier - delta modifica-
tion of aluminum oxide and catalytic system - KT-1
Tabnuya 1. TekcTypHbIe XapaKTePUCTHKU HOCHTENSA —
AeJabTa MO}II/I(l)HRaIII/lI/l OKCHIA AJIIOMUHUA U KaTaJIUTHU-
yeckoii cucreMbl — KT-1

constructed. Based on the kinetic curve, the reaction
rate constant was calculated, which was 0.68 h.

Fig. 3 shows the results of the test. The average
histogram characterizing the pure carrier clearly shows
that it takes almost no part in the hydrodesulfurization
of the feedstock and emphasizes that only after the ad-
dition of the active component the above results were
achieved.

94 ppm (A=906 ppm or 90,4%)

KT-2

'
>
1
'

6-Al20s3

Model feedstock

0 100 200 300 400 500 600 700 800 900 1000
Sulphur content, ppm

Fig. 4. Test results for KT-2
Puc. 4. PesynbraTs! ncnisitanus KT-2

The results of gas chromatography-mass spec-
trometry (GC-MS) show the presence of such products as
tetrahydrodibenzothiophene (THDBT), biphenyl (BP),
cyclohexylbenzene (CHB) which may indicate. The
process of hydrodesulphurization of model raw mate-
rials is carried out in both direct desulfurization (DDS)
and hydrogenation (HYD) reaction pathways [21].

It can be observed that the maximum content
of the component is biphenyl (97.28%), indicating the
prevalence of the direct desulphurization route (DDS).

Table 2
Composition of dibenzothiophene transformation prod-
ucts in the model hydrodesulfurization
Taébauya 2. CocTaB IPpoAYKTOB NpeBpalleHusl AUOEH30-
THOGdEeHA B MOJeJILHOI peakiuu rupoaecyibpupoBanus

Sample Sger, M?/g | Vpor, cM¥/g Dpor, NM
5-Al,03 116.5 0.054 1.85
KT-1 88.5 0.040 1.81

After the sulfidation process, preliminary test-
ing of hydrodesulphurising activity of the obtained
samples on model raw materials was carried out. This
information is a small addition to the above physico-
chemical methods. Since at this stage there is no ques-
tion of comparison with any benchmark or industrial
catalyst, and thus it is possible to consider these results
as a precursor for further full-fledged catalytic tests.
The test conditions are summarized in Table 2.

From its results, it is observed that the sulphur
content was 94 ppm, which is about 91% lower than
the original model mixture (1000 ppm). Using the re-
sults obtained by UV spectroscopy, a kinetic curve was
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Test parameters The yield of products, %
THDBT | BP CHB
Autoclave reactor with stirring
T-340°C 040 | 97.28 | 2.32
Solvent: decane
Duration: 6 h
CONCLUSION

A series of alumina NiMo-containing systems
have been synthesized. The distinctive feature of the
synthesis from similar works is the following point —
using as Mo-containing precursor — a solution of mo-
lybdenum blues bound to a non-traditional carrier — 5-
Al;O3. XRD and HRTEM results show the presence of
the target phases. The results of textural characteriza-
tion demonstrate that the specific surface area of the
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obtained catalytic system has a specific surface area of
88.5 m?/g, pore volume and pore diameter are
0.040 cm®/g and 1.81 nm, respectively.

Preliminary testing of the obtained systems in
the hydrodesulfurization of model feedstock was car-
ried out. The sulfur-containing compound conversion
was of the order of 91% and the residual sulfur level
was of the order of 94 ppm. The reaction rate constant
was 0.68 h?. The results of chromatography-mass
spectrometry showed that the hydrodesulfurization re-
action proceeded by the route of direct desulfurization
(DDS)(biphenyl yield was 97%).
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