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Mesoporous aluminosilicate HMS was synthesized and adopted as a support for Ni and Mo-containing
catalysts. Characterization of various samples was performed through XRD and DRIFT techniques.
Textural and morphological characteristics were examined using nitrogen adsorption/desorption iso-
therms. The presence of a mesoporous and ordered structure in the aluminosilicate and catalysts based
on it is confirmed by the data of low-temperature adsorption/desorption of nitrogen and X-ray diffrac-
tion. A correlation was established between the structural, acidic and catalytic properties of HMS-
based catalyst samples. The catalytic activity of Ni/HMS-H-bentonite and Mo/HMS-H-bentonite was
investigated during the conversion of n-hexadecane. It was shown that the sample of molybdenum-
promoted HMS-based catalyst possesses the highest activity and selectivity in the process of hydroiso-
merization of n-hexadecane under optimal conditions (320 �C, 1 h�1). The yield of isoparaffins on this
sample is 42 wt% with a selectivity of 91%.
� 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

In 1959, hydrocracking, a new catalytic process, began to be
used in the industrial practice of foreign refineries. The licensor
of this process is Chevron. Both processes, hydroisomerization
and hydrocracking of long-chain alkanes, play a key role in the
petrochemical industry, in which heavy distillates and oil residues
are converted into more valuable products, such as gasoline, jet
fuel, other middle distillates and lubricating oils [1]. The branching
of the alkanes chain during the process of hydroisomerization is
one of the ways to increase the octane number of gasoline and
improve the performance of diesel fuel at low temperatures [2,3].
This is especially true for Kazakhstan with a sharply continental
climate and low air temperatures in winter, sometimes reaching
even �50 �C. Indicators such as pour point, freezing point, viscosity
and viscosity index are significantly improved with the introduc-
tion of side chains along linear hydrocarbon chains [2,3]. Today,
about 90% of all industrial chemical products are produced using
bifunctional catalysts [2-5]. This is also applicable to the process
of hydroisomerization of diesel oil fractions, since the bifunctional
catalyst allows combining the hydrogenating-dehydrogenating
functions of metal centers and the isomerizing functions of acidic
centers, which are responsible for the rearrangement of the carbe-
nium ion [2,6].

Currently, in the oil refining industry of our Republic, mainly
Pt-containing catalysts based on synthetic zeolites are used. A sig-
nificant disadvantage of this type of catalysts is the diffusion limi-
tations of the transport of large molecules in their porous system,
leading to a decrease in the selectivity of the process for poly-
branchedisoalkanes [2,6,7]. A solution to this problem can be found
by creating catalysts based on mesostructured aluminosilicates,
which make it possible to convert the higher normal alkanes that
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make up the initial diesel fractions into branched isomeric hydro-
carbons. As the acidic components of hydroisomerization catalysts,
mesostructured aluminosilicates are of interest due to their struc-
tural features, since their pore size exceeds the size of most of the
molecules that make up the feedstock. In addition, the acidity spec-
trum of mesoporous aluminosilicates can be varied both at the
synthesis stage and by modifying already prepared materials
[3,5,8-11]. In addition, platinum and palladium impart dehydro-
genating properties to the catalysts, but they are not resistant to
the toxic effect of contact poisons present in the diesel fraction.
To address this issue, it is proposed to use catalysts promoted with
metals such as Ni and Mo. This is due to the fact that the catalysts
based on them have a high hydrogenating activity even with a sig-
nificant sulfur content in the feedstock.
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Fig. 1. Nitrogen adsorption/desorption isotherms of support material and Ni, Mo
impregnated catalysts.
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The aim of this work is a comparative analysis of bifunctional
catalysts based on mesoporous aluminosilicate promoted with
nickel and molybdenum during hydroisomerization of n-
hexadecane.
2. Experimental part

In order to synthesize mesostructured aluminosilicates (HMS)
with a high aluminum content, the copolycondensation method
of Si(OC2H5)4 tetraethylorthosilicate and aluminum secondary
butoxide (sec-BuO)3Al were used [10,12]. In this method, hexade-
cylamine was used as a structure-forming template. The obtained
sample became one of the components of the bifunctional catalyst
carrier and was mixed with bentonite of the Tagan deposit (East
Kazakhstan region), which was used as a binding agent (35%
HMS and 65% H-bentonite). The synthesis of bifunctional mono-
metal catalysts, 5% Ni/HMS-H-bentonite, and 1% Mo/HMS-H-
bentonite, were prepared using wet impregnation techniques.

The characteristics of the porous structures of the synthesized
samples and the surface area of the BET were determined using
the standard method of nitrogen adsorption/desorption using a
Quanta ChromeAutosorb-6 sorptometer.

The ordering of the porous structure of the synthesized materi-
als was analyzed using the method of X-ray small angle scattering.
X-ray diffraction patterns were taken on a Rigaku D/MAX 2200
diffractometer with a Cu K radiation source.

The Lewis/Brønsted acid centers in the synthesized catalysts
were determined using diffuse reflectance infrared Fourier trans-
form spectroscopy (DRIFTS) on PerkinElmer Spectrum One
instrument.

The process of catalytic conversion of n-hexadecane was carried
out in a laboratory setup with a fixed-bed catalyst under hydrogen
in the temperature range of 280–340 �C; feed rates were 1 h�1,
hydrogen/raw materials ratio equal to 1000 nm3/m3, hydrogen
pressure in the reactor is of 3 MPa. Analysis of liquid products
was carried out on the ‘‘Crystal 500000 chromatograph with linear
programming of the temperature from 35 �C to 250 �C.
3. Results and discussion

Nitrogen adsorption/desorption isotherms on all the studied
samples (Figs. 1 and 2) are of type IV according to the classification
of Brunauer, Emmett and Teller, the presence of a hysteresis loop in
it, as well as a narrow pore size distribution indicate their ordered
pore structure in the mesoporous range [11]. As follows from the
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Table 1
Physical properties of the catalysts.

Samples SSA, m2/g Pore Volume, cm3/g Mean pore
diameter, nm

HMS 511.0 1.469 3.82
5% Ni/HMS-H-bentonite 151.7 0.3565 1.67
1% Mo/HMS-H-bentonite 283.6 0.2166 2.17

Fig. 3. Low angle XRD patterns of HMS support.
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Fig. 4. DRIFTS spectra of pyridine adsorbed on mesoporous
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data in Fig. 1, the nitrogen adsorption/desorption isotherm for the
HMS sample is characterized by a wider hysteresis loop, as com-
pared to the Ni/HMS-H-bentonite and Mo/HMS-H-bentonite sam-
ples, which is probably due to the presence of larger pores in the
HMS. The promotion of samples of catalysts based on mesoporous
aluminosilicate by nickel and molybdenum leads to significant
changes in the structural characteristics of the catalyst (Fig. 2).
On the pore size distribution curve by effective diameters, three
maxima are observed, one of which corresponds to mesoporous
aluminosilicate, the second -to bentonite and the third - to the pro-
moting additive. The surface area, average pore diameter and pore
volume decreased from 511 m2/g to 151.7 m2/g, from 3.82 nm to
2.17 nm and from 1.47 cm3/ g to 0.21 cm3/g, correspondingly, as
a result of impregnation of Ni and Mo (Table 1). These results
showed that most of the Ni and Mo was penetrated into the meso-
pores and deposited on the pore surface of this catalyst. This was
also facilitated by a shift in the pore size distribution towards
smaller pores as a result of impregnation of Ni and Mo. These
results showed that some nickel was deposited on the outer sur-
face of the HMS for Ni/HMS-H-bentonite and Mo/HMS-H-
bentonite.

To confirm the mesoporosity and ordering of the porous struc-
ture of the synthesized materials, the X-ray scattering method was
used. As an example, Fig. 3 shows X-ray diffraction patterns of
small-angle scattering of mesoporous samples of HMS support,
according to which the presence of pronounced peaks in the range
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of 2h 2.1� angles indicates the presence of a mesoporous structure.
For HMS and Mo/HMS-H-bentonite samples, the intensity peak is
in the region of 2.1�, and for Ni/HMS-H-bentonite � 2.3�, which
corresponds to an interplanar distance of 4.2 at the wavelength
of the radiation used, and 3.9 nm, respectively.

To determine the relative strength of the Brønsted and Lewis
acidic centers on the surface of mesoporous aluminosilicates and
bifunctional catalysts based on them used in this study, we ana-
lyzed IR spectroscopy using diffuse reflectance infrared Fourier
transform spectroscopy (DRIFT) of adsorbed pyridine samples
(Fig. 4). The absorption bands at 1445, 1490, and 1595 cm–1are-
fixed on the studied samples. The observed bands at 1445 and
1595 cm

–1
in the spectra are explained by the presence of hydrogen

bonded pyridine adsorbed on sites of Lewis acids [13,14]. The band
observed at approximately 1490 cm–1is due to the adsorption of
pyridine in both the Lewis and Brønsted acid sites. The introduc-
tion of Ni (5 wt%) and Mo (1 wt%) into the mesoporous aluminosil-
icate leads to a significant decrease in the intensity of the bands of
1445, 1490, and 1595 cm�1, indicating that some of the alumina
oxygen tetrahedra are blocked by the modifier. DRIFT spectra pro-
vide clear evidence that Mo/HMS-H-bentonite has a higher acidity
than Ni/HMS-H-bentonite.

The catalytic conversion of n-hexadecane on (a) Ni/HMS-H-
bentonite and (b) Mo/HMS-H-bentonite catalysts is shown in
Fig. 5. From the obtained experimental data, it can be seen that,
under conditions of low temperature aluminosilicate catalysis
(320 �C), the basic direction of the hexadecane conversion is the
isomerization process. It should also be noted that isomerized hex-
adecane structures are obtained due to the isomerization process,
without the participation of cracking. When the temperature rises
from 320 �C to 340 �C, along with isomerization reactions, the
cracking reaction also proceeds. The highest yield of the target
products (iso-C16H34) during hydroisomerization of n-hexadecane
is observed on a sample of the catalyst Mo/HMS-H bentonite at a
temperature of 320 �C and is 42 mass. % with a selectivity of 91%.
Slightly low activity of the Ni/HMS-H-bentonite sample in the pro-
cess under study is probably due to the low acidity necessary for
hydroisomerization of n-hexadecane [15,16].

4. Conclusion

The ordered mesoporous HMS carrier was prepared using
copolycondensation method. Nickel and molybdenum-containing
catalysts deposited on a mesoporous aluminosilicate containing
5 wt% Ni and 1 wt% Mo were synthesized by wet impregnation
method. The prepared samples were studied using various charac-
terization methods, namely BET, nitrogen adsorption/desorption,
XRD and DRIFT. The presence of a mesoporous and ordered struc-
ture in the aluminosilicate and catalysts based on it is confirmed
by the data of low-temperature adsorption/desorption of nitrogen
and X-ray diffraction. A correlation was established between the
structural, acidic and catalytic properties of HMS-based catalyst
samples. The catalytic activity of Ni/HMS-H-bentonite (a) and
Mo/HMS-H-bentonite (b) was investigated during the conversion
of n-hexadecane. It was shown that the highest activity and selec-
tivity in then-hexadecane hydroisomerization process under opti-
mal conditions (320 �C, 1 h�1) is possessed by a sample
Please cite this article as: G. Vassilina, K. Umbetkaliyeva, N. Oktar et al., Charact
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molybdenum-promoted HMS-based catalyst. The yield of isoparaf-
fins on this sample is 42 wt% with a selectivity of 91%.
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