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Abstract—The properties of the Mo-containing samples (6 wt % Mo) prepared by mechanochemical mixing
of Fe, Co, or Ni heteropolymolybdates of Andersen type and the TiO, support are reported. A detailed char-
acterization of the surface properties has been performed by BET scanning electron microscopy, IR, XPS and
thermo programmed reaction methods and by testing of catalysts in the thiophene conversion. The effects of
the mixing time and the nature of heteroatom on the properties of the samples are shown. The nanosized par-
ticles are formed when mechanochemical synthesis is running 30 min. The Ni-containing catalyst reveals the
highest and the most stable activity compared to Co- and Fe-containing catalysts. Their hydrodesulphuriza-
tion activity is compared to those of alumina and titania catalysts synthesized by the conventional impregna-

tion method.
DOI: 10.1134/S0023158410030109

Nowadays, the need to improve the removal of sul-
fur from gasoline and diesel oil by means of deep
hydrodesulphurization (HDS) is driven by the new
environmental legislation regarding fuel specifica-
tions. Since 1960’s, cobalt and molybdenum on alu-
mina or silica are the most studied systems in HDS of
petroleum fractions [1]. Many efforts are aimed to
design more active HDS catalysts by either using new
catalytic supports or changing the active phase [2—5].
Supported MoO; and other oxides of the first transi-
tion series have been widely studied as catalysts for
hydrotreating processes. Recently industrial and sci-
entific interest has focused on heteropolyoxometa-
lates.

To date, there are few reports on the application of
heteropolyacids (HPAc) in preparation of HDS cata-
lysts [6, 7], including heteropolycompounds of Ander-
son type [8—10]. Heteropolycompounds can serve as a
source of active components of hydrotreating cata-
lysts. They contain both fundamental and promoting
elements (heteropolyanion and countercation) in a
single compound of defined structure, and therefore,
their use in a study of HDS catalysts is valuable and
can give useful information for further improvement of
the catalysts. Initial Anderson type heteropolyoxomo-
lybates of general formula [XM¢O,,Hg]"~, where M =
Mo, Wand X = Co, Cr, Rh, Al, Te, Ni, are character-
ized by the presence of central octahedral X atom sur-

! The article is published in the original.

rounded by 6 edge-sharing MOg octahedra showing
planar hexagonal configuration [11]. The planar struc-
ture provides a close contact with the support surface.

Earlier we showed that the cobalt and nickel het-
eropolyoxomolybdates of Anderson type having
atomic ratio Co(Ni)/Mo = 0.17, are suitable precur-
sors of active sites for hydrotreating catalysts [8, 9].
Lately we received promising results with
CoMo/Al,O; catalyst, synthesized using CoMo het-
eropolyoxomolybdate of Anderson type, in the HDS
of gas oil in the pilot plant catalytic unit [12].

The nature of the active phase in the prepared cat-
alyst is determined not only by the structure of the
oxide precursor species but it is strictly dependent on
the preparation methods [5].

One of the important factors that affect catalyst
activity is the interaction between the active compo-
nents and support. The metal—support interaction
plays an important role in the catalyst activity by influ-
encing both dispersion of active ingredients and their
ability to be reduced and sulfided [13, 14].

Different supports have been used for loading of
HPAc. In case that HPAc are deposited on alumina
their characteristic heteropolyanion structure is
destroyed, and catalytic behavior of resulting catalysts
is similar to that of the conventional Mo(W)-contain-
ing catalysts [7]. TiO, support has been reported to
provide higher dispersion of the active phase [15] and
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Table 1. Metal content in the HPA salts

Fe, Co Mo/(Fe, Co or Ni),
Sample or Ni, wt % Mo, wt % mol/mol
FeMog 4.1 433 6.2
CoMog 4.2 44.2 6.1
NiMog 4.6 45.8 6.1

increase the activity of CoMoS catalyst in HDS of
benzothiophene [16] because heteropolycompound is
kept on the support (or a newly formed compound) in
a greater extent.

Method of catalyst preparation plays an important
role in achieving of the optimal catalyst activity. Usage
of different methods is known: impregnation, co-pre-
cipitation, sol-gel method, mechanochemical treat-
ment [17]. Co-precipitation of the initial compounds
from water solutions or impregnation of the support
with the initial compounds is used to synthesize the
catalysts most often. Mechanochemical treatment is
less often applied in catalyst manufacture but it offers
some advantages. First of all, it is simple and moreover
it does not produce large quantities of waste waters etc.
The positive role of the mechanochemical treatment
on the HDS catalyst activity was shown earlier [18,
19]. It was also pointed out that the effect of this prep-
aration method on the HDS activity depends on the
support used [20]. The method gives especially good
results when a strong acid and a base as reagents realize
the interaction [21].

The goal of this paper is to study the effect of the
synthesis method and the nature of heteroatom (Fe,
Co, Ni) of molybdenum heteropolyoxometalates as
the promoters in the TiO,-supported HDS catalysts on
their phase composition and catalytic activity in
thiophene hydrodesulphurization. The catalysts were
synthesized by mechanochemical mixing of the sup-
port with FeMo, CoMo, or NiMo heteropolycom-
pounds of Anderson type. The influence of the milling
time on the properties of catalysts was also examined.
The results are compared with activity of conventional
alumina and titama supported catalysts, synthesized
by impregnation.

EXPERIMENTAL
Catalyst Preparation

The catalysts were prepared by mechanochemical
mixing of the TiO, support and the Fe, Co, or Ni het-
eropolymolybdates of Anderson type in an agate mor-
tar for 30 and 90 min. The laboratory synthesized TiO,
has anatase structure, Sgpr = 72 m?/g, and pore vol-
ume  0.198 cm?/g. Commercial  product
[(NH,);Fe(OH)(Mo4O,5 salt (“Chimreactiv,” Rus-
sia, pure) and [(NH,);Co(OH)(MosO,;;] and
[(NH,)4Ni(OH)(MocOg] salts, synthesized in our
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laboratory according to [22, 23] were used for the cat-
alyst preparation. The salts are denoted as FeMo,
CoMog, and NiMog, respectively. The composition of
all salts is presented in Table 1. The composition of the
synthesized heteropolycompounds is close to the the-
oretical one. Amounts of the loaded salt and the sup-
port were chosen intentionally in order the amount of
molybdenum in all catalysts was 6 wt %. The milled
catalysts were dried 4 h at 105°C and calcined 2 h at
350°C. Denotion of the catalysts includes both the
abbreviation of the used salt (FeMog, CoMog, NiMog)
and the time of treatment (30, 90), e.g., FeMo4-30
means that the (NH,);Fe(OH),Mo4O,; salt is mixed
with the TiO, support for 30 min in the mortar.

Catalysts Characterization

Specific surface area. The surface area of the cata-
lysts was determined from the nitrogen adsorption—
desorption isotherms at —195°C (BET method).

Scanning electron microscopy (SEM). Scanning
electron microscope JSM-5300 (“Jeol”) was used to
study the morphology of the deposited layers in oxidic
form. The photographs were taken in the regime of
secondary electrons (SEI).

Temperature-programmed reduction (TPR). TPR
measurements were carried out in an apparatus
described earlier [24]. Hydrogen/nitrogen mixture (10
mol % H,) was used to reduce catalysts at a flow rate of
17 cm3/min. The temperature was linearly raised at a
rate of 20°C/min up to 850°C.

IR spectra. IR spectra (400—1200 cm™') were
recorded at room temperature on a “Bruker IFS-25
Fourier transform” IR spectrometer. The catalysts
were pressed with KBr in ratio 1 : 150. Alumina and
titama absorption in the 400—1200 cm~' range was
compensated by subtraction of a normalized spectrum
of the equivalent amount of support from the catalyst
spectrum [25].

X-ray photoelectron spectroscopy (XPS). XPS
measurements were performed with “ESCALAB-Mk
II” (“VG Scientific”) electron spectrometer at a base
pressure 1 x 1078 Pa.

Samples were excited with MgK,, radiation (hv =
1253.6 eV). The total energy resolution of the instru-
ment was 1.2 eV as measured by half width of the
Ag 3ds,, photoelectron peak. Powdered samples were
pressed into 12 mm diameter stainless-steel sample
holders to obtain a thickness of 0.7—1 mm. After intro-
duction into the preparation chamber of the electron
spectrometer, samples were evacuated to and trans-
ferred to the analysis chamber for XPS measurements.
The glass reactor with sulfided sample was opened in a
glove box connected to the fast entry lock of the XPS
instrument. The sample was transferred to its holder
without exposure to air. The following photoelectrons
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Table 2. Catalysts characteristics

Catalyst
Parameter*
FeMog-30 FeMog4-90 CoMog-30 CoMo¢-90 NiMog-30 NiMog-90
Sper, M2/g 68.4 53.3 62.3 53.6 60.2
Vnicro» MM>/g 1.6 12.3 1.5 13.2 0.6 1.4
Siresor M2/ 67.0 32.3 56.2 40.5 53.8 58.5
Viotal» €M>/8 0.20 0.15 0.20 0.19 0.19 0.18
Crodif 90 12 12 100 100
d, nm 10.3 9.7 11.6 11.0 12.6 11.2
d oy, NM 10 9.5 8.4 7.5 8.12

* Total pore volume V., was calculated from Barrett—Joiner—Halenda (BJH) equation; constant Cy,q4;¢ calculated from modified BET
equation [27]; the volume of micropores V ;..o €xpressed in mm?> of liquid N, on gram of catalyst.

were recorded: C 1s, O 1s, Mo 3d, Ti 2p, Fe 2p, Co 2p,
Ni2p, and S 2p.

The binding energies (BE) of C 1s, O 1s, Mo 3d,
Ti 2p, Fe 2p, Co 2p, Ni 2p, and S 2p core electron lev-
els were determined by computer fitting the measured
spectra and were referenced to the C 1s XPS signal at
284.5 eV. The binding energy was taken at the Ti 2p at
458.5 eV an estimated error of 0.1 eV can be assumed
for all the measurements. In order to obtain informa-
tion on the surface structure and the dispersion of the
active phases the surface atomic ratios were calculated
as the ratio of the corresponding peak intensities, cor-
rected with theoretical sensitivity factors based on
Scofield’s photoionization cross-sections [26].

Catalytic Activity

HDS of thiophene was carried out in a continuous
flow reactor at 350°C and 0.1 MPa. Each experiment
was carried out with a fresh catalyst (0.1 g) that was
standardized by in situ calcination (30 min) in argon at
350°C. The calcined catalyst was activated by sulfida-
tion with a mixture of H,S + H, during 1 h at 350°C
and flow rate 40 cm?3/min. We have found out in our
preliminary experiments that this sulfidation treat-
ment gives maximal catalytic activity of the catalysts.
After the activation of the catalyst had been com-
pleted, the catalyst was flushed (30 min) with argon at
the same temperature, and then, the reaction mixture
(6 mol % of thiophene in hydrogen) with weight hour
space velocity (WHSYV) of thiophene 2 h~! was fed into
the reactor. Activity of the catalyst has been measured
for 5 h. It was expressed as the thiophene conversion to
C, hydrocarbons.

RESULTS AND DISCUSSIONS
Specific Surface Area and Porous Characteristics

Specific surface areas (Spgr) and porous character-
istics of the catalysts are presented in Table 2.
KINETICS AND CATALYSIS Vol. 51
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Average diameter of pores d is calculated from pore
volume V., and surface area Sgpr as d = 4V, a1/ Sget -
The values V,icr0 Smeso aNd Cogir Were calculated from
modified BET equation [27]. It takes into account
capillary condensation of nitrogen in micropores
(<2 nm); that is why the volume of micropores is given
in mm? of liquid nitrogen on g. Diameter of pores d,,,,,
is given by a maximum in desorption curves of nitrogen.

It is seen that the specific surface area of the cata-
lysts prepared by mechanochemical treatment in
comparison with the support surface decreases
depending on the composition of the samples and time
of milling.

Differences in the C constants of the BET equation
for both the FeMo, and CoMog samples in compari-
son to the NiMog sample indicates changes in the state
of their surface after long mechanochemical treat-
ment. Also micropore volume V., of the Fe- and
Co-containing catalysts increases more significantly
after the long mechanochemical treatment. The sur-
face of mesopores S, decreases for these samples
whereas it increases slightly for the NiMo, sample.
Any change in the pore volume V,, is practically not
observed with all samples except the FeMog one,
where the longer time of treatment decreases V.

We suppose some reasons of the decrease in the
specific surface area of the mechanochemically
treated samples. Most probably, it is the result of the
local overheating of the supporting phase, its migra-
tion and blockage of the pores. The plastic deforma-
tion which the catalyst samples undergo during the
mechanochemical treatment induce a number of non-
steady-state processes, appearance of defects and/or
destruction of the crystal lattice, variation in the form
and the size of the particles, changes in the specific
surface area and in the porosity. The energy accumu-
lation in defects in the new phases increases the tem-
perature and stimulates a transformation of the new
phases in other ones with a lesser surface.

The high homogenization of the mixture of inter-
acted components helps to mechanochemical synthe-
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Fig. 1. SEM photography of the catalysts: (a), (b) CoMog-30; (c), (d) CoM06-90.

sis. The hydration water separated from loaded het-
eropolycompound is retained in the volume of the
mixture and most probably, plays an important role in
the new phases formation (specifically, new het-
eropolycompounds) or their partial conservation. It
was mentioned earlier that mechanochemical synthe-
sis proceeds more easily when acid-base interaction
can proceed. In that case sorption ability of a support
is increasing [17, 28]. Along with high dispersion of
the mixture the dense aggregates are formed during the
mechanochemical treatment. Interior of these aggre-
gates can be inaccessible for the surface area measure-
ment. Chemical composition of the catalysts affects
the porous structure and surface properties. Low con-
centration of the components likely helps to formation
of these dense aggregates [29].

SEM Microscopy

SEM microscopy can reveal changes in morphol-
ogy of the catalysts depending on the treatment time.
Pictures presented in Fig. 1 belong to the CoMog cat-
alysts, which were chosen as an example, treated for
different time. Formation of layers and the size
increase of the particles growing on the layers after
longer time of treatment can be seen. Apart from the
bigger particles a great number of nanosized particles
remains on the layers. No change in the form of these
particles is observed.

IR Spectroscopy

In the IR spectrum of the initial ammonium Fe,
Co, Ni polyoxomolybdates the bands at about 944,
926, 890, 645, 572 cm~! characteristic for Anderson

type heteropolycompound are revealed. In the region
1400—1650 cm™!, the OH~ and N—H bending can be
registered; the central Mo—O—(Al, Co, Ni) stretching
is revealed around 550 cm~' [30] (Fig. 2).

It should be noted that no difference in the IR
spectra of the samples treated 30 and 90 min has been
revealed. In the catalysts spectra, the large band in the
region 960—800 cm™! is observed which is related to
the bridge bond Mo—O—Mo and terminal Mo=0.,.

The OH bending vibrations of low intensity at
around 1625 cm™!' are detected. These bands are
observed due to the water presence in the synthesized
catalyst. The result shows the presence of heteropoly-
anions on the surface. No MoQO; phase is present in the
catalysts (bands at about 880 and 990 cm~! are absent).

The characteristic bands of the initial salts at 944,
926, 890 cm~! transforms in a new large band at 960—
800 cm™!, i.e., the loaded salts are transformed mor-
phologically in significantly anhydrous amorphous
phases in which the Anderson anion is present but the
symmetry connected with the crystallized water is
destroyed. The symmetry connected with the hydra-
tion water in the initial salt is lost as a result of its inter-
action with the support. In the region 400—800 cm™!
of all catalysts spectra the new band at ~725 cm™! is
detected. New bands at about 625 and 530 cm~! can be
seen in the spectra of Fe- and Co-containing catalysts
whereas in the spectrum of the NiMog these bands can
be distinguished only slightly The new band at
670 cm~! appeared in the spectra of Co- and Ni-con-
taining samples, not in the spectrum of FeMo, cata-
lyst. Assignment of the new bands is problematic. We
suggest that they can be associated with some type of
interaction of the initial heteropolycompounds with
the support. New compounds with a distorted struc-
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Fig. 2. IR spectra of the initial Co, Fe, Ni salts and of corresponding catalysts.

ture are likely formed on the surface of the catalysts as
a result of mechanochemical treatment and interac-
tion between components of the mixture.

Formation of different molybdenum compounds
having polymeric structure is also possible. Along with
the amorphous anhydrous phase of initial heteropoly-
compounds new molybdenum isopolycompounds and
heteropolycompounds could be formed. Broadening
of the bands in this region as well as shifting to a bond
of weaker strength confirms distortion of the het-
eropolycompounds and their interaction with the sup-
port.

TPR Method

The TPR profiles of the initial salts and those sup-
ported on TiO, show effect of the heterocation and
support on their reduction (Fig. 3). In the TPR pro-
files of the initial compounds, three principle maxima
at 450—470, ~680, and >800°C are observed. The pro-
files of Fe and Co salts are similar but that one of Ni
salt differs appreciably.

Two strong peaks appearing in the reduction pat-
terns of the initial salts are attributed to Mo(VI) —
Mo(IV) and Mo(IV) — Mo® reduction steps [31].
Comparing the patterns we could see that reduction of
the salts starts at about 300°C, the first peak of the
NiMoy salt being appeared at lower temperature and
probably includes the Ni heteroatom reduction, which
is close to the reduction of Ni** ions in the NiO phase
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[32]. Reduction of Fe heteroatom in FeMoy is indi-
cated only slightly at around 605°C. Compared to
reduction of NiMog, both strong reduction peaks of
the FeMog and CoMog salts are shifted to higher tem-
peratures documenting the promoting role of Niin the
reduction steps. Very little gap between two strong
peaks in these samples permits to support the forma-
tion intermediate phase including the Fe3* and Co’*
in agreement with the authors of the paper [31].

After loading of the salts over the titania support
their TPR profiles are changed (Fig. 3, the only pic-
tures for the samples treated 30 min are presented).
The peaks are enlarged as a result of the salt interac-
tion with the support and the phase heterogeneity. The
part concerning the reduction of the support at about
600°C is possible [15] but it is overlapped with the
peaks connected with reduction of other phases. Two
peaks with the suggested gap between them are
observed with all examined catalysts. In the picture of
the NiMog catalyst, the first peak has clearly notice-
able shoulder which is separated from the second peak
of lower intensity.

The low-temperature peaks (at 438—516°C) in the
profiles of the catalysts is associated with the reduction
of Mo®* to Mo** of polymeric octahedral Mo species
in the heteropolycompounds where Mo has the octa-
hedral coordination and more easily reducible. The
presence of the nickel in the NiMo, sample decreases
the T, of the first peak and increases the H, con-
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Fig. 3. TPR profiles of the initial salts (a) and catalysts after 30 min mechanochemical treatment (b).

sumption simultaneously. The presence of the initial
and/or the newly formed heteropolycompounds was
shown in the IR spectra of the samples (see Fig. 2).
The low intensive peak at 525°C at the TPR profile of
this sample could be reveal reduction of a formed
mixed compound. The second enlarged high-temper-
ature peak reveals further reduction of the compounds
formed. If we compare the TPR data obtained with the
catalysts mechanochemically treated for different
time (7},,, are presented in Table 3) we detect slower
reduction of the catalysts treated for 90 min, especially
in the low temperature range (e.g., the 7,,,, of the first
peaks of the FeMog catalyst treated for 30 and 90 min
are ~450 and 512°C, respectively). The observation
can be connected with bigger particles formed during
long mechanochemical treatment what is confirmed
by the SEM results in which layers and bigger particles
were identified (see Fig. 1).

Table 3. TPR profiles of the examined catalysts*

XPS Method

XPS method has been used to study the element
states of oxidic and sulfided forms of the catalysts. The
results for the Mo 3ds,, XPS spectra are presented in
the Fig. 4. The XPS data are presented only for the
samples mechanochemically treated for 30 min
because no substantial differences in the spectra of the
samples treated for 90 min is observed. The difference
can be expected only in the number of the Mo species
of the same type.

The molybdenum in oxidic form of the catalysts
appears with BE of 232.5 eV (Fig. 4a). Decomposi-
tions of the spectra reveal the only doublet with BE
Mo 3ds,, 0f 232.5 eV related to Mo®* octahedral coor-
dination. The finding is in accord with the Mo state in
the surface polymolybdate phases.

These XPS spectra change after sulfidation of cata-
lysts. The spectrum of the titania supported catalysts
sulfided 1 h reveals two doublets with binding energy

Catalysts
Parameter
FeMog-30 FeMog-90 CoMog-30 | CoMog-90 NiMog-30 NiMog-90
Tax> °C 465;750 |512;sh718;769 | 475;590; 726 | 489; 789 |435;sh 519;680 | 413;576; 710
mmol H,/g (20—800°C) 1.59 1.40 1.31 1.10 2.30 2.10
Note: * sh = shoulder.
KINETICS AND CATALYSIS Vol. 51 No. 3 2010
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Fig. 4. XPS spectra of the FeMog catalyst in various form: (a) oxidic, (b) sulfided (H, + H,S, 1 h), (c) after reaction.

233.9 and 230.8 eV (Fig. 4b). We suggest that the first
doublet is related to Mo®*(Td) and the second to
Mo**. Very likely, Mo®*(Td) is included in the iron,
cobalt and nikel molybdate phase while Mo>* species
are connected with polymolybdate structures where
Mo’* species are situated in the sulfided Ni(Co, Fe)-
Mo polymeric phase forming oxysulfides [33—35]. We
cannot expect any MoS, phase formation after 1 h cat-
alyst sulfidation with the H, + H,S mixture, because
the XPS did not reveal any Mo**-ions.

Comparison of the XPS spectrum of the fresh cat-
alyst with that of the catalyst after reaction shows
change in the molybdenum state (Fig. 4c). The spec-
trum fitting reveals two doublets with binding energy
228.3 and 230.1 eV what indicates formation of the
MoS, phase and presence of Mo ions in the Mo** state
[36—38] and some amount of Mo>* species in fully sul-
fided or/and in the MoS, phase.

In the spectra of the sulfide catalysts the peak of
S 2s with binding energy 226.7 eV is revealed. It is
ascribed to S>~ appearing from adsorbed H,S.

Based on the XPS results, iron in the oxidic and
sulfided forms of the catalysts exists as Fe** (BE =
709.7 eV) (the spectra are not presented).

The XPS spectra of cobalt and nickel in both the
CoMog and NiMoy catalysts are of low intensity and
therefore the state of both metals cannot be deter-
mined.

Hydrodesulphurization Activity

Hydrodesulphurization activity of the catalysts,
related to 1 mol of Mo, was evaluated from thiophene
conversion (Fig. 5). The HDS activity of the support is
about 3 mol %.

It is clear from Fig. 5 that the kind of captions in the
initial polyoxometalates and the time of the mecha-
nochemical treatment affect the thiophene conver-
sion. The cation influence on the activity and stability
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of the catalysts depends on the time of milling. The
initial activity of all catalysts treated for 30 min is the
same and it is higher than the activities of the catalysts
treated 90 min. The high initial activity of the FeMog-
30 quickly decreases with increasing time on stream.
When the Fe containing sample is milling 90 min its
activity is stable. The order of the catalyst activities
however remains constant regardless the time of
mechanochemical treatment.

Higher activity of the shortly treated catalysts can
be likely ascribed to formation of active phase mono-
layer covered with separated nanoparticles of the
active phase. A decrease in the value of the steady state
activity with increasing mechanochemical treatment
time could be connected with destruction of the layers
of the catalysts, particles packing and their agglomer-
ation. Thus, treatment process used during catalyst

Thiophene conversion, %

60 NiMog/Ti-30
50 CoMog/Ti-30 x a
® FeMoyg/Ti-30
40 NiMog/Ti-90
30 CoMog/Ti-90
N A
20k FeMog/Ti-90
10+
| | | | | |
0 50 100 150 200 250 300
Time, min

Fig. 5. Thiophene conversion over the catalysts treated for
30 and 90 min and sulfided for 1 h (conversion is related to
1 mol Mo).
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preparation likely results in a decrease in the number
of active sites on the catalyst surface.

The Ni containing samples treated 30 and 90 min
are the most active and stable in comparison to other
samples.

The decrease of catalyst activity with time of
stream can be connected with the formation of less
active phase, probably with the MoS,, which was not
revealed after sulfidation of the catalysts (see comment
to XPS data in this paper) but which could be formed
as a result of sulfidation by H,S formed during HDS of
thiophene. We showed earlier that activity depends on
the Mo>*/Mo** ratio and it is higher when Mo+ pre-
vails [15, 39]. The HDS catalyst activity is diminished
when this ratio decreases as result of the MoS, forma-
tion during increasing time of stream. Higher activity
of the NiMo, catalyst is connected with stabilizing
action of nickel and its participation in the formation
of the separated active phase that begins to reduce at
lower temperature.

Comparison of the HDS activity of the samples
under investigation (Fig. 5) with that of alumina and
titania supported catalysts prepared by impregnation
method shows their close or higher activity: thiophene
conversion on the CoMo/Al,O; industrial catalyst
(13.7 wt % Mo and 2.4 wt % Co) at 350°C is 45 and
23 mol % at WHSV of 1 and 3 h™!, respectively, [12]
and thiophene conversion on the FePMog catalyst
(TiO, support, 6 wt % Mo and 0.25 wt % Fe) is about
37 mol % at 2 h—!' and 350°C [15].

The results obtained show that nanosized particles
are formed during mechanochemical synthesis
(30 min of mixing) of the HDS catalysts. Their HDS
activity is affected by presence of the heterocation, the
maximum activity can be reached when optimum
interaction between active phase and support is real-
ized providing formation of the nanosized particles.
Nickel in the titania supported NiMog catalyst shows
specific effect. The NiMoy catalyst reveals the highest
and the most stable activity compared to both CoMog
and FeMoy catalysts. The activities of the HDS cata-
lysts under investigation are close or higher in compar-
ison to those of the alumina and titania supported cat-
alysts prepared by impregnation method.
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