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B x00e uccneoosanuii 611 cunmesuposan pao o0pa3y08 HAHECEHHBIX MEMANICOEPIHCa-
WUX Kamaiu3amopos Menooom RPORUMKY C U30bIMKOM RPORUMOUHOZ0 PACHEOPA C PASTUYHBIM
NOPAOKOM 86€0CHUS AKMUGHBIX KOMROHeRmog6. Hccnedosanue noiyueHnsix oopazyoe no3eoauso
6bIAGUMDY 6AUAHUE NOPAOKA 66€0CHUA AKMUGHBIX KOMNOHEHNO06 HA (YU3UKO-XUMU4ecKue u Ka-
manumuuecKkue ceolicmea oopazua. B kauecmee ucmounukoe aKkmuenvix Memasioe ucnoib3o-
6a1uCh HUMPAm KOOA1bma U MoAUGOEeH06aA CUHb, CUHME3UPOCAHHAA MENOOOM NPEOCApUmenb-
HOUl MEXAHOAKmMueayuu Moaudoencooepcawiezo npexypcopa. Cunv makaice 6bICHynana ucmou-
HUKOM CIPYKmYpooopazyiouezo memanna. Mexanoakmueauus npogoounacs 6 OMHOCUMENbHO
MAZKUX ycnosusax (yckopenue mentoujux men = 5G), umo ynpouwaem cunmes cucmem. B ponu
HOCUmeA 6bICHYNA NPOMBIUITICHHBLI HOPOULOK NCEg00deMuma, U3 KOmopozo nynem nemnepa-
mypnoit oopadomku noayuanu y-Al,Os. Ionyuennsie cucmemol 6ol UCCIE008AHBL MEMOOAMU
HUK-cnekmpockonuu u ckanupywouwieit 31eKmpoHHou mukpockonuu. UK cnexkmpul nokasanu cxo-
Jcue npounu cucmem, 6 060UX CAYYAAX MEPMOOOPAOOMKA NO36OIUNA RO HOTHOCIBIO INU-
MUHUPOGAMb a30mMco0epicaniiie KOMHOHEHmbl. Yoanenue azomcooepicamiux KOMHOHEHMOE
uKcuposanu no ymeHvueHUI0 UHMEHCUGHOCIU NONOCHL nozowenus ¢ oonacmu 1380-1400 cm™.
Ilo pe3ynemamam ckanupyloujeil 3.1eKMpoOHHON MUKPOCKORUY ObLIIO 6bIAGIEHO, YHO CROCOD 66e-
O0CHUA AKMUGHO20 KOMNOHEHIA 6UAEM HA MEKCHMYPHbIE XaPAKMePUCMUKY, 3HAYUMenbHo me-
HAemca niaowaob yoenvHoil nogepxHocmu, 00HaKo mepmooopabomxa npu 400 °C nHugenupyem
amom rppexm. Ha ocnoeanuu oannvix oopadomxu oxkono 1000 uacmuy ov11 vicuuman cpeonuil
pazmep yacmuy 014 Kaxncoo2o odpazya. buvino eviagneno, umo ¢ 3asucumocmu om nopaoKa eee-
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During the research, a number of samples of supported metal-containing catalysts were
synthesized by impregnation with an excess of impregnating solution with different orders of intro-
ducing active components. The study of the obtained samples revealed the effect of the order of
introducing active components on the physicochemical and catalytic properties of the sample. Co-
balt nitrate and molybdenum blue synthesized by preliminary mechanical activation of a molyb-
denum-containing precursor were used as sources of active metals. The blue also served as a source
of structure-forming metal. Mechanical activation was carried out under relatively mild conditions
(acceleration of grinding bodies = 5G), which simplifies the synthesis of the systems. Industrial
pseudoboehmite powder served as a carrier, from which y-Al,O3; was obtained by heat treatment.
The obtained systems were studied by IR spectroscopy and scanning electron microscopy. The IR
spectra showed similar profiles of the systems; in both cases, heat treatment allowed almost com-
plete elimination of nitrogen-containing components. The removal of nitrogen-containing compo-
nents was recorded by a decrease in the intensity of the absorption band in the region of 1380-
1400 cm™. Scanning electron microscopy showed that the method of introducing the active com-
ponent affects the textural characteristics, the specific surface area changes significantly, but heat
treatment at 400 °C neutralizes this effect. Based on the data from processing about 1000 particles,
the average particle size for each sample was calculated. It was found that depending on the order
of introduction, this parameter differs almost twofold. Thus, it can be concluded that the order of
introduction does not significantly affect the chemical composition of the surface, some textural
and morphological properties are subject to significant changes.

Keywords: aluminum oxide, polyoxometalates, molybdenum blue, hydrotreating, hydrodesulfurization

INTRODUCTION

The study of various methods for preparing
catalytic systems used in petroleum refining is an im-
portant aspect in the field of hydrocarbon raw material
processing [1-4]. The development of technologies in
this area will significantly improve the quality of the
products obtained, involve heavier oils and achieve a
higher degree of conversion of the initial petroleum
components into the final product. Wide distribution, a
huge range of applications and a high grade of flexibil-
ity continue to fuel the interest of researchers around
the world. At the same time, the degree of development
of native catalysts for some processes is significantly
lower than the global average, so conducting research
in this area is an urgent task. An important stage in the
creation of a catalyst is synthesis, due to the huge num-
ber of factors and conditions, varying which it is pos-
sible to achieve the required properties dictated by the
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specific process for which this catalyst is created [5].
One of the important stages of synthesis is the order of
introduction of the active component onto the surface
of the carrier. It is known that depending on the order
of introduction, the morphology of the carrier or active
phase particles, their size and degree of dispersion can
significantly change, which in turn also affects the final
catalytic activity [6]. Therefore, to study this issue, a
number of systems were synthesized, differing in the
order of introduction of active components. Also im-
portant is the choice of the active component, which in
the case of catalysts for hydroprocesses are compounds
of transition metals, most often molybdenum/tungsten
sulfides, applied to various types of carriers with dif-
ferent degrees of acidity (aluminum oxides, alumino-
phosphate composites, carbon carriers), promoted with
cobalt and/or nickel [7-9]. Such systems have proven
themselves well in industrial applications.
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Fig. 1. IR-spectroscopy results (1 — Con 400, 2 — Con 25,
3 — Par 400, 4- Par 25)
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EXPERIMENTAL PROCEDURE

Aluminum oxide (y-Al.Os) was chosen as a
support for the catalytic systems. It was chosen due to
its satisfactory textural properties, as well as its wide-
spread occurrence and availability. To obtain the sup-
port, industrial pseudoboehmite powder — AIOOH
(OO0 Ishimbay Specialized Chemical Catalyst Plant)
was used, which was calcined in a muffle furnace at
T =550 °C for 4 h [10]. To prepare an impregnation
solution for obtaining systems with the simultaneous
introduction of metals, Co(NOs)2-6H,O (chemically
pure) was used as a Co-containing component in an
amount of 3% by weight (in terms of metal), which was
dissolved in an alcohol solution of molybdenum blue
[11]. For sequential introduction, an alcohol solution
of salt was prepared based on the same cobalt nitrate,
and impregnated with molybdenum blue at the next
stage. After each impregnation, the system was cal-
cined at 400 °C for 4 h. Molybdenum blue was synthe-
sized using an original technique using a pre-mechani-
cally activated MoS; precursor [12]. Samples obtained
at room temperature without heat treatment serve as a
comparison point for studying the genesis of active
component precursors [13]. Samples with simultane-
ous introduction were given the codes "Par 25" and
"Par 400", for systems with sequential introduction, the
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codes "Con 25" and "Con 400" were assigned. The dig-
ital part of the code indicates the heat treatment tem-
perature.

Subsequently, the catalytic systems were stud-
ied using IR spectroscopy and scanning electron mi-
croscopy (SEM). Infrared spectra were recorded on a
Nicolet 5700 IR Fourier spectrometer (USA) in the fre-
quency range of 4000-400 cm with a resolution of
4 cm, Solid samples for shooting were prepared accord-
ing to the standard method by pressing tablets of 3 mg of
the powder under study with 300 mg of KBr. The spe-
cific surface was determined by the BET method by low-
temperature nitrogen adsorption on the Sorbtometer M
device from KATAKON. Additionally, the specific
surface and volume of micropores were determined on
this device by the comparative method. The morphol-
ogy of the samples was studied on a LEO EVO 50 mi-
croscope at an accelerating voltage of 15 kV.

PE3VJIBTATBI U X OBCYXJIEHUE

Fig. 1 shows the IR spectra of the initial sam-
ples and those calcined at 400 °C with simultaneous
and sequential introduction of active components. The
absorption bands (AB) in the regions of 1399 cm* and
1600 cm* characterize the symmetric and asymmetric
stretching vibrations of N-O and N=O. From these
spectra it can be concluded that heat treatment at 400 °C
promotes almost complete elimination of nitrogen-
containing components [14, 15]. The presence of nitro-
gen in the composition of catalysts for hydroprocesses
is a negative factor [16], therefore its removal is a nec-
essary step in the synthesis of systems. In this case, in
the case of a sample with sequential introduction, the
intensity of the AB in the region of 1399 cm™ is higher
than that of the sample with simultaneous introduction,
which may indicate a higher concentration of the im-
pregnating solution that got onto the carrier, however,
upon calcination, this band disappears, while the ab-
sorption bands characterizing the carrier remain in the
spectrum: absorption bands 515-560 cm™ and a wide
band in the region of 850-900 cm relate to the stretch-
ing vibrations of Al-O and AI-O-Al [17]. The band in
the region of 3400 cm™, common to all systems, relates
to the stretching vibrations of the OH group of ad-
sorbed water molecules [18]. It is also possible to as-
sume the presence of absorption bands Mo-O and O-
Mo-O, characterizing the deposition of molybdenum
oxide structures in the region of low wave numbers
900-1100 cm™ [19], however, their extremely low in-
tensity (due to the low concentration) does not allow
them to be confidently identified and requires addi-
tional research. The absorption bands in the region of
950-1200 cm™ may also be related to cobalt oxide
structures formed as a result of thermal decomposition
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of the initial nitrate [20]. The order of introduction also
affects the textural characteristics. For comparison, the
parameters of the initial gamma oxide were also meas-
ured. The results are presented in Table.

The data in the table shows that the order of
introduction of the systems that have not undergone
heat treatment, the specific surface area (Ssp) differs
significantly (A = 32,4 m?/g). At the same time, after
heat treatment, Ss, is almost the same for both systems,
and is less than that of the original carrier, which indi-
cates the application of active components to the car-
rier. The fact of successful application is also con-
firmed by the results of scanning electron microscopy.

§

Fig. 2. Mlcrophotoaphs of samples (A — Par 25, B Par 400)
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Table
Textural properties of samples (Ssp - the specific surface
area , Viotal — total volume of pores, D — pore diameter)
Ta6nuya. TexcTypHble cBOHicTBa 00pa3L 0B
(Syx — ynenbHast UIOIAAb IOBEPXHOCTH, V ogm — OO IIMIA
00beM nop, D — nuametp nop)

Sample Sep, (M?/Y) | Viota, (€M®g) | D, nm
Al;O3 189,9 0,086 1,819
Con-25 148,7 0,070 1,886
Par-25 116,3 0,052 1,832
Con-400 160,8 0,075 1,876
Par-400 159,7 0,074 1,870

@

Puc. 2. Mukpodotorpaduu obpasuos (A - Par 25, B - Par 400)

Fig. 3. Microphotographs of samples (A — Con 25, B- Con 400)

Puc. 3. Mukpogotorpahuu obpasios (A - Con 25, B - Con 400)

Fig. 2 and 3 show the scanning electron mi-
croscopy results. Morphologically, the particles both
before and after heat treatment are slightly differs in
case of parallel type of active component adding. In the
second case, large differences are observed. Thus, be-
fore calcination, the particles form large agglomerates.
However, calcination leads to their destruction, after
which the gap in morphology disappears. Shape of par-
ticles is a sphere-like with a defective surface, some
of which contain cavities of various sizes. After pro-
cessing the SEM images, granulometric analysis of the
particles was carried out. To generate data on the dis-
tribution of fractions by size > 1000 particles were pro-
cessed. The order of introduction affected the frac-
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tional composition; in the case of simultaneous intro-
duction, regardless of heat treatment, the fractional
composition is represented mainly by particles with a
size of 0-100 um, with a predominance of the 50-100 um
fraction. The average particle size is 55 um. In the case
of sequential introduction of active metals, the frac-
tional distribution looks somewhat different, the pre-
dominant fraction is particles of 0-50 um, and the pro-
portion of the 50-100 pum fraction decreases. The aver-
age particle size also decreases naturally — 44.94 um
before heat treatment and 38.57 um after. Such differ-
ences may be caused by an increase in the number of
processing stages at the synthesis [21].
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CONCLUSION

Thus Co-Mo/y-Al,Os catalytic systems were
synthesized and studied. It was shown that molybdenum
blues can be used as a Mo-containing reagent, while the
sequential introduction of active metals leads to an in-
significant change in the shape of the particles, while the
resulting particles have a smaller average size, and the
predominant fraction is particles of 0-50 um. The spe-
cific surface area of the resulting systems also signifi-
cantly depends on the order of introduction, but heat
treatment levels out these differences. At the same time,
according to IR spectroscopy, the chemical composition
of the surface does not undergo significant changes.
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