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The structure and surface morphology of graphite nanoplatelets (GNPs) mod-
ified by bimetallic Ni—Fe phase with 80% mass. Ni and 20% mass. Fe is in-
vestigated by the methods of scanning electron microscopy and X-ray analy-
sis. The bimetallic active phase is applied onto GNPs surface with impregna-
tion method using nitrate solutions of metals. The prepared Nig,Fe,,/GNPs
composite demonstrated high catalytic performance in the reaction of CO,
methanation. At the temperature range of 350—-450°C, it exhibited a high
efficiency of CO, conversion compared to bulk NigFe,,. The thermopro-
grammed desorption study of the surface condition of the NigFe,,/GNPs
composite after exposition in the catalytic process showed that H,O (m/z =
=18), CO (m/z = 28) and CO, (m/z = 44) particles are desorbed from the sur-
face.
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Ji3y IOCITiI:KeHO CTPYKTYpPyY Ta MOP(OJIOriio MoBepXHi rpad)iToBUX HaHOILIAC-
tuuoK (I'HII), momgudikoBaunux 6imeramiunoio Ni—Fe ¢dasoro, o mictuts 80%
mac. Nita 20% wmac. Fe. Ogep:xaunii Nig,Fe,,/THII KoMI0o3UT TPOABUB BUCOKY
KaTaJiTUYHY aKTUBHICTh y peakIlii meranyBaHHs CO,, 1110 CIPUsA€E IOBHIN KOH-
Bepcii fuoKcuny KapOoOHY Ha MeTaH y TeMieparypaomy inTepBaii 350—450°C za
aTmocdepHoro TuCcKy. lociigskenHsa crany moBepxHi komo3ury Nig,Fe,,/THII
MEeTOJ0OM TeMIIepaTypHO-IPOTrPaMOBAaHOI AecopOIIiiiHol Mac-ceKTpomeTpii mic-
JIs1 pobOTH Yy KaTaIiTHUYHOMY IIPOIleci MOKasaJjio, 1[0 3 oro IoBepXHi JecopOy-
oTbed yactuaku H,0 (m/z =18), CO (m/z = 28) tra CO, (m/z = 44).

Karouoni cmoBa: rpaditosi mamomnactuaku, metanyBanHa CO,, HaHeceHUH
KaraJjisaTop.

(Received December 5,2019)

1.INTRODUCTION

The actual aim in the material science is finding and creation function-
al materials for sustainable energy technologies: energy generation,
storage, transformation and transfer of energy. One of the priority ar-
eas of research in modern science is study the properties of nanosized
carbon materials such as graphene, nanotubes, fullerenes, graphite
nanoplatelets. The usage of exclusive properties of carbon particles
surface opens the way to the creation of carbon-based composite mate-
rials [1-5].

One of the ways for applications of such composite materials is het-
erogeneous catalysis. Thermally expanded graphite and carbon nano-
tubes are widely used to create supported catalysts for various catalyt-
ic processes: ammonia synthesis, CO oxidation [6—11] etc. One of the
important processes of heterogeneous catalysis is the reaction of CO,
methanation. It is interaction of carbon dioxide and hydrogen with me-
thane formation. Among the wide variety of catalysts studied in this
process the most attention is to Ni—Fe bulk and supported composi-
tions [12—-16]. Certainly, the nature of the support significantly af-
fects to an interaction with the active metal, thereby determining the
effect on the activity and selectivity of the catalysts in the CO,
methanation process.

Oxides (Al,0,, Si0,, TiO,, Ce0,, Zr0,) with high specific surface area
traditionally are used as a support for creation high dispersion cata-
lysts. Carbon nanotubes also could be applied as perspectives supports
for obtaining active catalysts [17, 18]. In our opinion graphite nano-
platelets can be an alternative oxide supports for metal catalysts of the
CO, methanation reaction, and therefore the purpose of this work is
preparation and investigation the physicochemical properties of
graphite nanoplatelets modified with bimetallic Ni—Fe nanoparticles
for catalysis purposes.
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2. EXPERIMENTAL
2.1. Samples Preparation

The graphite nanoplatelets are prepared by ultrasonic treatment of
thermoexpanded graphite (TEG) dispersion in acetone. The treatment
procedure is provided for 3 hours in the ultrasonic bath ‘Baku-9050’
with a maximum output power of 50 W and an ultrasound frequency of
40 kHz. Then the dispersed GNPs are dried at room temperature until
complete evaporation of the dispersing liquid. The modification of
GNPs with the metal phase is carried out by the method of impregnation
with a concentrated solution of metal nitrates, followed by drying in a
sand bath and reduction in a hydrogen—helium flow (50% vol. H,— 50%
vol. He). The temperature of reduction is determined by the thermogra-
vimetry (TG) method. As the result, the active mass of metals (80% wt.
Ni and 20% wt. Fe) is supported to the GNPs surface. The amount of
supported metals is 60% by weight of the mass of carrier.

2.2. Methods

Thermogravimetric analysis is used to study the process of reduction
of the oxide phase of the catalysts and to determine the temperature
dependence of the weight loss of the sample. This analysis allows de-
termining the optimal conditions for the reduction of oxides to the me-
tallic state. The catalyst samples are heated in a mixture of 50% vol.
Ar +50% vol. H, at a temperature range 30—-600°C.

X-ray diffraction pattern of the sample is registered on the DRON-
4-07 diffractometer with CoK, radiation (A = 1.7902 A) with pyrolytic
graphite monochromator. The data are collected in the angel range of
10-110° with the step of 0.05°.

The morphology of sample is determined by scanning electron micros-
copy (SEM) using Vega-3 Tescan Scanning Electron Microscope (SEM)
equipped with Energy-dispersive X-ray (EDX) detector (Oxford INCA).

The surface state of NigFe,,/GNPs catalyst is studied after explorer
in the process of CO, methanation by means of thermoprogrammed de-
sorption mass spectrometry (TPD MS) method. Measurements are car-
ried out on a quadrupole MX 7304A mass spectrometer, as a detector
of particles desorbed from the surface of catalysts. The TPD MS meas-
urements are performed between 30 and 800°C at a heating rate of
14°C/min.

2.3. Catalytic Performance

Catalytic activity of the sample is studied in 2% vol. CO,+ 55% vol. H,
gaseous mixture (balanced with He), at GSV = 100 ml/min and sample
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mass of 1 g. The reactor with inner diameter of 8 mm contained a 1 mm
glass tube with a thermocouple inside, put in the catalyst bed. The gas-
eous mixture is analyzed by gas chromatograph with a thermal conduc-
tivity detector (Shimadzu GC-2014, 1 m-length packed column, molec-
ular sieves 5A).

3. RESULTS AND DISCUSSION

The ability of the catalyst to recover affects its effectiveness in the CO,
methanation reaction. This parameter often depends on the formation
of chemical compounds between the support and the catalyst, as well as
on the physico-chemical properties of the support, such as dispersion,
porosity. Since the process of reduction from the oxide form to the me-
tallic state is one of the steps of catalyst synthesis, it is important to
clearly define the temperature at which the metal phase is formed to
avoid the thermal degradation of the catalyst [19].

Figure 1 presents the results of thermoprogrammed reduction of
Nig,Fe,, sample supported to the surface of graphite nanoplatelets.

Analysis of the obtained data indicates the several loss mass ex-
tremes. In the temperature ranges of 30—-200°C desorption of phy-
sisorbed water and decomposition of a leftover nitrate group are ob-
served. The intense peak with a maximum at T'= 250°C in the tempera-
ture range of 200—300°C corresponds to the process of reduction of the
metal oxides. It can be claimed that before applying in the methanation
process the catalyst precursor must be heated in a hydrogen stream at
the temperature of 300°C, preventing sintering of the active sites of
the catalyst surface.

CO, methanation reaction is investigated over the NigFe,,/GNPs
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Fig. 1. Representative TG/DTG analysis of Nig,Fe,,/GNPs in argon—hydrogen
atmosphere. Weight loss: I —TG, 2—DTG.
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catalyst under the atmospheric pressure. Catalytic activity of
Nig,Fe,,/GNPs composite in the methanation process is presented in
the Fig. 2 as amount (W, % vol.) of component in reaction mixture vs
temperature.

It can be seen that CO, conversion started at 225°C with the simulta-
neous formation of two products: carbon monoxide and methane. Com-
plete conversion of CO, occurs at 375°C and remains constant up to
450°C. A sharp increase of methane amount is observed since 275°C
and achieved a maximum (100%) at 375°C. The maximum amount of
CO (5% vol.) is registered at 300°C and with the temperature increase
up to 375°C the production of carbon monoxide is stopped.

The thermodesorption spectra recorded from the catalyst surface
Nig,Fe,,/GNPs after exploring of them in the methanation reaction
contains the profiles of H,O (m/z = 18), CO (m/z = 28) and CO, (m/z =
=44) (Fig. 3).

In the temperature range of 50—150°C, there are TD peaks of phy-
sisorbed H,0 with a temperature maximum (T,) at 60°C, CO with T, =
=70°C, and CO, with T,, = 65, 115°C. Intense peaks in the temperature
range from 200 to 350°C can be attributed to the process of desorption
of chemically adsorbed H,O (T,, = 280°C), CO (T,,= 275, 305°C) and CO,
(T,, = 285, 295°C) on the catalyst surface involved in the methanation
reaction. The CO emission of about 500—550°C is probably due to the
decomposition of the phenolic groups at the graphite boundary defects.
It should be noted that the TD profiles of all particles have a symmet-
rical shape. It indicates to desorption of species from the surface of the
catalysts in the second order [20]. This means that CO, CO, and H,0
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Fig. 2. Content of CO (1), CH, (2), and CO, (3) presented in the reaction mix-
ture against the reactor temperature over Nig,Fe,,/GNPs.
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molecules are formed in the surface layer of the catalyst by recombina-
tion of the corresponding atoms similarly to bulk catalysts [12].

As well-known [21], the CO, methanation reaction can proceed by
one of the mechanisms: associative or dissociative. The associative
mechanism of methanation process involves the formation of CH, and
H,0 through intermediates formyl compounds (CHO", CHHO" etc). The
dissociative mechanism passed through the CO, dissociation on the
catalysts surface up to individual carbon and oxygen atoms with fol-
lowing formation of CH, and H,O molecules respectively. The present-
ed TPD MS results showed no intermediate compounds are formed on
the surface of Nig Fe,,/GNPs catalyst. It can be involved that the reac-
tion over Nig Fe,,/GNPs proceeded by a dissociative mechanism simi-
lar to the Nig Fe,, bulk catalyst[12, 13].

The surface morphology of the carrier and graphite nanoplatelets
with deposited metallic phase is presented in Fig. 4.

In the process of synthesis of graphite nanoplatelets, thermally ex-
panded graphite loss of sponge structure and takes the form of ran-
domly arranged plates (Fig. 4, a, b).

The SEM images of GNPs modified with Nig Fe,, particles show that
the metal phase is located on the surface of the carrier as a round
shaped single particles with size of 40—60 nm, as well as in the agglom-
erated form, which are layered on graphite nanoplatelets and cover a
large part of GNPs surface (Fig. 4, c, d). In this case significantly de-
creasing of catalysts dispersion could be expected. However, the spe-
cific surface of Nig Fe,,/GNPs composite (S,, = 20 m*/g) is very close to
the one of pristine support (S,, = 18,6 m*/g). This fact indicates that
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Fig. 3. TD profile of 1—H,0 (m/z =18), 2—CO (m/z = 28), 3—CO, (m/z = 44)
species for Nig,Fe,,/GNPs composite.
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the structure of the support is not changed during the synthesis.

Figure 5 shows the XRD pattern of the synthesized Nig Fe,,/GNPs
composite registered after catalytic test.

The sharp diffraction peak at 20 = 30.92° in the XRD spectrum (Fig.
5) corresponds to (002) reflection of graphite. The other most intense
signals are located at 20 = 52.25°, 20 = 64.43° and are identified as
(101) and (004) reflections of graphite, respectively. The peaks at
about 50.16°, 52.88°, and 81.75° can be respectively indexed to (111),
(200) and (220) planes of the cubic (f.c.c.) crystalline phase with cell
parameters of 3.54-3.56 A what are intermediate between that for
pure f.c.c. Ni (3.520 A) and for pure f.c.c. Fe (3.568 A) [12]. Thus, the
analysis of XRD data confirms predomination of the graphite phase in
the investigated nanopowder and existence of different f.c.c. phases
Ni and/or solid Fe—Ni solutions. The calculated crystallite sizes for

Fig. 4. SEM images of initial TEG (a), prepared GNPs (b), and GNPs modified
with Nig,Fe,, (¢, d).
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Fig. 5. XRD pattern of Nig,Fe,,/GNPs composite.

graphite are 24 nm and 7 nm for nickel which is half the size of a bulk
catalyst. The absence of an oxide phase in the diffraction pattern indi-
cates the stabilization of the metal phase of the catalyst by the GNP
matrix, different to a bulk catalyst of the same composition.

4. CONCLUSION

It can be concluded that the deposition of a metal phase consisting of
80% wt. Ni and 20% wt. Fe on the surface of graphite nanoplatelets
allows to achieve complete conversion of CO, with the formation of me-
thane at atmospheric pressure at the temperature of 375°C, compare to
the bulk bimetallic catalyst of the same composition for which no
100% conversion of CO, to CH, is obtained. The state of the particles
desorbed from the surface of the NigFe,,/GNPs nanocomposite indi-
cates that the process of CO, methanation carried out by the dissocia-
tive mechanism the dissociation of the carbon dioxide molecule into
carbon and oxygen atoms and their subsequent interaction with hydro-
gen to form methane and water molecules. The metal phase consists of
agglomerated particles located on the surface of the GNPs in a uniform
layer.
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