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Abstract—Results are presented from studying an iron—nickel catalyst for the steam reforming of methane,
synthesized by epitaxial coating on the surface of spherical pellets of commercial y-Al,Oj. It is shown the cat-
alyst is resistant to the presence of hydrogen sulfide in a steam—gas mixture. The degree of conversion of
methane during reforming is close to equilibrium at a pressure of 2.0 MPa, a temperature of 800°C, a ratio of
H,0:CH,=2: 1, afeedstock hourly space velocity (FHSV) of 6000 h ! anda H,S concentration of 30 ppm.
The structural evolution and phase state of the active components of the system are studied via X-ray diffrac-
tion analysis, transmission electron microscopy (TEM), and Mossbauer spectroscopy. The formation of
paramagnetic iron oxide clusters tightly bound to the structure of the support, and of FeNi; iron—nickel alloy
particles on the surface of the catalyst, is responsible for the polyfunctional properties of the catalyst, which
displays high activity in both the steam reforming of methane and the oxidative decomposition of hydrogen

sulfide to elemental sulfur.
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INTRODUCTION

The steam reforming of hydrocarbon feedstocks is
the most cost-effective and thus most commonly used
means of all those currently available for the produc-
tion of hydrogen and synthesis gas.

The stringent conditions of the steam reforming
process impose a number of requirements on both the
catalysts and the catalyst supports. An insufficient
amount of steam supplied during methane reforming
thus intensifies coking, which first deactivates the cat-
alyst and then degrades the catalyst pellets.

Another important requirement imposed on cata-
lysts for the steam reforming of natural hydrocarbon
feedstocks and fuel hydrocarbons is resistance to sul-
fur-containing compounds. With most commercial
catalysts for the steam reforming of natural hydrocar-
bon feedstocks, poisoning with sulfur-containing
compounds causes a rapid loss of activity. Resistance
to sulfur poisoning is one of the most important char-
acteristics of catalyst systems used in the steam

reforming of hydrocarbons. It is known that even after
the preliminary hydrotreating stage, the feedstock
contains a certain amount of sulfur that can adversely
affect the activity of catalyst systems.

The most thoroughly studied and commonly used
catalysts for the steam reforming of methane (SRM)
are nickel systems. In addition to nickel, other metals
of group VIII can catalyze the SRM process: Rh, Ru,
Ir, Pt, Pd, Co, and Fe [1—6]. However, iron and cobalt
are subject to oxidation and deactivation under condi-
tions of SRM. Catalysts based on platinum group met-
als are less prone to deactivation due to carbon depo-
sition and the presence of sulfur compounds in the
converted feedstock. However, analysis of the data on
the steam reforming of hydrocarbons in the presence
of these catalysts shows that nickel catalyst samples
deposited on different supports that are typically made
of Al,O;, MgO, ZrO, and TiO, oxides are more effec-
tive and more commonly used in industry because of
their low cost (100—150 times less expensive) [7].
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Table 1. Composition of the supports prepared via impreg-

nation

Sample Component content, wt %

number Al O3 Fe,0; MgO substrate
1 13.35 6.75 12.59 67.31
2 14.15 9.44 7.86 68.55
3 11.82 7.88 6.57 73.73
4 11.85 5.98 11.17 71.00
5 13.01 6.57 12.58 67.84
6 13.63 6.89 12.13 67.35

According to the authors of [8—10], the presence of
La compounds in the structure of an SRM catalyst
improves the catalyst’s resistance to coking. This is
attributed to the formation of lanthanum oxocarbon-
ate and the subsequent reaction of this compound with
the formed carbon according to the equation

La,0,CO; + C,r = 2CO + La,0s.

According to the authors of [10], another factor
that increases a catalyst’s activity in the reforming pro-
cess is an increase in the degree of dispersion of Ni
particles upon the introduction of lanthanum.

Results from studying catalyst systems based on
vermiculite ore in the SRM process were presented in
[8, 11]. It was found that after heat treatment, a sup-
port prepared via precipitation from vermiculite ore
acidic etching solutions has the well-crystallized
structure of Mg(FeAl)O, ; 5 spinel and is a promising
support for catalysts used in the steam reforming of
hydrocarbon feedstocks. Studies of the evolution of cata-
lyst structure show that after the deposition of Ni—La
active components and reductive activation with
hydrogen, hybrid nanoparticles with core—shell con-
figurations form on a catalyst’s surface. The core is
composed of Fe—Ni alloy particles of 12—15 nm in size
and is surrounded by a shell composed of superpara-
magnetic y-Fe,0; clusters of 1—4 nm in size.

To improve catalysts and increase their mechanical
strength and thermal stability, we studied the mecha-
nism of the formation of a new model catalyst system
based on Y-Al,O; with the same composition of the
active components of the surface as that of a sample
based on vermiculite ore and developed approaches to
synthesizing the catalyst. This catalyst can be used
either in a fixed bed or in moving and fluidized beds,
making it much easier to solve problems of heat and
mass transfer.

It should also be noted that the composition of ver-
miculite feedstock can vary, depending on the location
of the ore vein. It is therefore important to search for
synthesis approaches to designing active components
based on purified reagents for preparing catalysts with
desired chemical and phase compositions [12].

In this work, we present the results from studying
the activity and resistance to sulfur of an iron—nickel
SRM catalyst prepared with epitaxial coating on the
surfaces of commercial spherical y-Al,O5.

EXPERIMENTAL
Preparing a Al,0;-Based Catalyst Support

Our support was prepared by impregnating spheri-
cal y-Al,O; pellets of 3.0—3.2 mm in size (AO SKTB
Katalizator, Novosibirsk) that served as the substrate.
The water uptake of the substrate was determined
before deposition (1.02 cm?/g).

The precursors used to prepare aqueous solutions
for impregnating the substrate were aluminum, iron,
and magnesium nitrates purchased from Sigma-Aldrich
and dissolved in distilled water: AI(NO;); - 9H,0 (high-
purity grade), Fe(NO;); - 9H,0 (high-purity grade), and
Mg(NOs;),- 6H,0 (analytical grade). The Al,O; : Fe,O5:
MgO weight ratio corresponded to the one in supports
prepared from vermiculite ore etching solutions [8].
The total metal concentration in the solution was
36.5 g/L (samples 1, 4, 5, 6) and 42 g/L (samples 2, 3)
due to an increase in the Fe3* content.

The layer-by-layer deposition of an aqueous solu-
tion containing aluminum, iron, and magnesium
nitrates was developed to increase the volume of the
deposited metals. Each layer was deposited via wet
impregnation, according to data on the water uptake of
the substrate. After the deposition of each layer, the
sample was held in a sealed container with continuous
shaking for 2 h. The sample was next dried in a fume
hood with a stream of warm air and then in a drying
oven at a temperature of 120°C for 30 min. After this,
it was subjected to a thermal shock by placing the sam-
ple in a muffle furnace heated to a temperature of
200°C. The temperature was adjusted to 500°C at a
rate of 10°C/min and held at this level for 30 min.
Finally, the sample was cooled in a desiccator,
weighed, and coated with the next layer.

Ten layers were deposited using this procedure.
After deposition of the last layer, the sample was air-
dried at room temperature, then dried in a drying oven
at 120°C for 5 h, and finally subjected to stepwise heat
treatment at 500°C for 5 h, 600°C for 1 h, 800°C for
4 h, 850°C for 2 h, and 900°C for 1 h.

The composition of the synthesized catalysts was
determined via atomic absorption spectrometry using
a PerkinElmer AAnalyst 400 unit. The composition of
the prepared supports is shown in Table 1.

Preparation of Nickel—Lanthanum Catalyst

Nickel—lanthanum catalysts were prepared via
two-stage impregnation. The lanthanum source was
lanthanum nitrate salt La(NO;); - 6H,0 (high-purity
grade, Sigma-Aldrich); the nickel source was nickel
CATALYSIS IN INDUSTRY  Vol. 10

No.1 2018



HYDROGEN SULFIDE-RESISTANT BIFUNCTIONAL CATALYSTS 3

Table 2. Composition of the catalysts prepared via impregnation

Active components, wt % Support, wt % Substrate, wt %
Sample number
NiO La,0;4 Al,O4 Fe, 04 MgO v-Al,O4
1 10.72 4.95 11.26 5.69 10.62 56.76
2 10.40 4.95 11.41 7.61 6.34 59.25
3 10.18 4.94 10.03 6.69 5.58 62.58
4 11.91 4.80 9.71 4.91 9.16 59.51
5 10.82 5.71 10.17 5.14 10.47 57.69
6 10.85 5.34 10.90 5.50 10.29 57.12

nitrate salt Ni(NO;), - 6H,O (analytical grade, Sigma-
Aldrich).

At the first stage, the support was impregnated with
an aqueous solution of lanthanum nitrate in the con-
centration required to deposit =5 wt % of La,05; the
duration of exposure was 2 h. The impregnated pellets
were next dried in air and then in a drying oven at
120°C for 6 h. Finally, they were subjected to calcina-
tion in a muffle furnace at 800°C for 2 h.

At the second stage, nickel was deposited via
impregnation with an aqueous solution of nickel
nitrate in a concentration of =11 wt % (in terms of
NiO); the duration of exposure was 2 h. The impreg-
nated pellets were next dried in the air and then in a
drying oven at 120°C for 6 h. Finally, they were subjected
to calcination in a muffle furnace at 500°C for 5 h.
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The concentrations of the lanthanum nitrate and
nickel nitrate solutions were calculated according to
the predetermined water uptake of the supports and
the required La,0; and NiO content in the catalyst.

Table 2 presents the composition of the resulting
catalysts.

Determining Catalyst Activity

The catalyst activity in the SRM process was deter-
mined in a flow system that allowed real-time analysis
of the products. The SRM system is schematized in
Fig. 1.

The catalyst in the amount of 12 cm? was charged
into a heat-resistant steel reactor with a diameter of
30 mm. They were then subjected to reductive condi-
tioning in a hydrogen stream at a temperature of

/]2

Fig. 1. Our system for determining the catalyst activity in the steam reforming of hydrocarbons: (/) reactor; (2) heating unit;
(3) condensing and cooling unit; (4) separator; (5) flow rate meter; (6, 7) pressure controller; (&) wet gas meter; (9) fine adjust-

ment valve; (10— 13) shut-off valves; (/4) NZhR pump.

CATALYSIS IN INDUSTRY Vol.10 No.1 2018
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800°C for 3 h. Steam from a heating unit was next sup-
plied to the reactor in addition to hydrogen. Upon
reaching the operating temperature, the hydrogen
supply was cut off, and pure methane or a steam—gas
mixture of methane and hydrogen sulfide was fed into
the reactor. Our tests were conducted at a pressure of
2.0 MPa; a temperature of 800°C; an H,O : CH, ratio

of 2 : 1; and FHSV of 6000 h—!. Through an automatic
four-port back-purging check valve, a portion of the
converted gas was supplied to our system for determin-
ing the concentrations of CO, CO,, CH,, and H, (a
Crystallux-4000M chromatograph equipped with a
thermal conductivity detector). The conditions of analy-
sis were Ar (special purity grade), a 150 X 0.4 cm packed
column with SKT adsorbent, a temperature of 130°C,
and a flow rate of 30 mL/min. The experimental error
in determination of the gas product did not exceed
+5%. The temperature in the reactor and the heating
unit was measured using chromel—alumel thermocou-
ples, placed inside the reactor and controlled accord-
ing to readings from thermocouples located on the
outer wall of the reactor. Catalyst activity was deter-
mined as the ratio of the apparent degree of conversion
of methane to the equilibrium value for this reaction.

It should be noted that after the tests, all of the cat-
alysts were removed under anaerobic conditions (in an
Ar inert gas stream) in order to prevent the formation
of oxide species of the active components of the cata-
lysts.

The aim of this work was to test laboratory sets of
catalysts, compare them, and select samples display-
ing the properties most needed for the purposes of the
SRM process.

ANALYTICAL APPROACH
Elemental analysis

CHNS analysis was performed on a Flash-2000
instrument with a chromatographic attachment (a
PROPA-Q-10 He thermal conductivity detector). A
weighed portion of 1.1—1.5 g was combusted in a tin
capsule at a temperature of 2000°C with the addition
of 10 mL of O,.

Determination of Sulfur-Containing Compounds
in Gaseous Products

Our analysis of gaseous products to determine if
there were sulfur-containing compounds in them was
performed via gas—solid chromatography on a Cryst-
allux-4000M chromatograph equipped with a Varian
HP-PLOT/Q capillary column (length, 30 m; diame-
ter, 0.32 mm; adsorbent (polystyrene—divinylben-
zene) bed thickness, 20 um; carrier gas, He; flow rate,
95 cm?®/min). This allowed determination of sulfur-
containing compounds at concentrations =10 ppm.

Structural Analysis of Catalysts

At all stages (after preparation, after reduction in an
H, stream, and after catalytic testing), the phase com-
position of the catalyst systems was studied via X-ray
diffraction (XRD) analysis on a DRON-3M diffrac-
tometer operating in the automatic mode using filtered
CuK, radiation. Phases were identified using the
PDF-2 powder diffraction database [13].

S"Fe Mossbauer spectra were recorded on a Wissel
electrodynamic-type spectrometer (Germany) at a
temperature of 300 K. The radiation source was
Co(Rh) with an activity of 1.1 GBq. Isomer shifts
were measured from the center of the magnetic hyper-
fine structure of metallic iron. The M&ssbauer spectra
were processed using standard least-square programs
(LOREN (Semenov Institute of Chemical Physics,
Russian Academy of Sciences), NORMOS (Ger-
many)) by assuming a Lorentzian line shape.

Microphotographs of a catalyst’s surface were
recorded by transmission electron microscopy (TEM)
on aJEOL JEM 2100F/UHR instrument with a reso-
lution of 0.1 nm. Prior to study, 0.1 g of the sample was
placed in 30 mL of C,Hs;OH and sonicated for 300 s. A
droplet of the resulting mixture was placed on a stan-
dard TEM grid coated with amorphous carbon, dried
for 1 h, placed in a microscope, and studied.

RESULTS AND DISCUSSION

The synthesized catalyst systems displayed high
activity in the steam reforming of pure methane (with-
out hydrogen sulfide admixtures). The product con-
centrations reached near-equilibrium values and
remained unchanged throughout our catalytic tests (8 h).
The test results are shown in Table 3.

It is evident from Table 3 that catalyst 2 displayed
the highest activity. It should be noted that this cata-
lyst contained the highest amount of Fe (7.61 wt %),
which can positively affect the formation of the
Fe-containing core—shell structures that are actively
involved in the hydrocarbon reforming process. Ca-
talyst 2 was thus selected to study the effect of sulfur-
containing compounds on catalyst activity in reforming.

Catalyst 2 was tested in the reforming of methane
with an H,S admixture at a pressure of 2.0 MPa, a
temperature of 800°C, an H,0 : CH, ratioof 2 : 1, and
FHSV of 6000 h™! for 30 h. The feedstock was a cali-
bration gas mixture containing 30 ppm H,S (OOO
Monitoring). A state-of-the-art NIAP 03-01 catalyst
used in Russian industry for the steam reforming of
hydrocarbons was used for comparison. Figure 2
shows changes in methane conversion during a 30 h
test.

Figure 2 shows commercial NIAP 03-01 catalyst
was gradually poisoned with hydrogen sulfide, as evi-
denced by the drop in the degree of conversion of
methane after 10 h on stream, while the activity of cat-
CATALYSIS IN INDUSTRY  Vol. 10
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Table 3. Results from catalytic tests in the steam reforming of pure methane*

Dry gas composition, vol %
Catalyst number T, °C X X/ Xoq
H, Cco CO, CH,

1 800 67.5 13.9 6.6 12.0 0.63 0.92
2 800 67.1 14.1 6.8 12.0 0.64 0.94
3 800 66.4 14.4 6.3 12.9 0.62 0.91
4 800 66.7 14.9 6.3 12.1 0.62 0.91
5 800 66.0 14.8 6.4 12.8 0.63 0.92
6 800 66.3 14.5 6.6 12.6 0.63 0.92

*Xand X,q are the apparent and equilibrium degrees of conversion, respectively.

alyst 2 remained stable throughout the test. This sug-
gests the sample was resistant to poisoning with hydro-
gen sulfide impurities.

It should be noted that commercial NIAP 03-01
catalyst was tested earlier under similar conditions except
for the presence of hydrogen sulfide (CH,: H,O=1: 2;
T = 800°C; FHSV = 6000 h™') [14]. The catalyst’s
activity did not change during prolonged tests (100 h).
This suggests the drop in the activity of NIAP 03-01
catalyst can be attributed to the gradual poisoning of
the active sites of the catalyst with hydrogen sulfide,
rather than to coking.

Neither H,S (from a Drechsel bottle with 10%
Cd(CH;C0OO0),) nor SO, (from a Drechsel bottle with
10% BaCl,) was detected in the converted gas at the
outlet of the system. We therefore assumed that hydro-
gen sulfide was converted either to sulfur or to inter-
mediates of the reaction with the converted gas com-
ponents. CH, and CO, can thus react with hydrogen
sulfide to form CS,, while CO can be converted to
COS. However, analysis of the converted gas via gas—
solid chromatography revealed no CS, and COS
impurities in the gas. We may therefore assume the
selective conversion of hydrogen sulfide to elemental
sulfur occurs during the process. This assumption is
consistent with the data of [15, 16], which show the
decomposition of hydrogen sulfide in the presence of
catalysts containing iron oxides at temperatures above
400°C is characterized by a hydrogen sulfide conver-
sion of >95% at an elemental sulfur selectivity of 95—
99% . At these temperatures, the resulting sulfur is not
deposited on the catalyst surface; instead, it is
removed from the reaction zone in the gaseous form.

According to elemental analysis, the elemental sul-
fur content in the catalyst was 2.7 mg, or 0.017% of the
total amount of sulfur passed through the reaction unit
during the test. The presence of a trace amount of sul-
fur in the spent catalyst is apparently attributed to sul-
fur condensation upon reactor shutdown. This effect
was observed in [17].

The absence of SO, in the converted gas suggests
the hydrogen sulfide conversion process is character-
CATALYSIS IN INDUSTRY  Vol. 10
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ized by high selectivity toward sulfur rather than sulfur
dioxide, which can form in the subsequent oxidation
of the resulting sulfur under the severe conditions of a
moist reaction medium.

Most of the elemental sulfur formed because of
hydrogen sulfide decomposition during SRM was iso-
lated from the reaction unit of the system in the form
of H,S by exposing the unit to hydrogen in the absence
of a catalyst at high pressure (2.0 MPa) and a tempera-
ture of 500°C. The hydrogen sulfide concentration in
the effluent gas was determined iodometrically
according to State Standard GOST 22387.2-97.

These results allow us to conclude preliminarily
that the properties of catalyst 2 are similar those of cat-
alyst synthesized from vermiculite ore. To confirm this
hypothesis and study the evolution of the catalyst
structure, the catalyst system was studied via XRD,
Mossbauer spectroscopy, and TEM after all stages of
preparation.

XRD analysis of the catalyst after its preparation
(Fig. 3) showed that following the deposition of Ni on
the substrate and stepwise calcination, the NiO phase
(d =241, 2.07, 1.47, 1.25) can clearly be seen in the

0.7 - Equilibrium conversion

0.6 _W
g ost /
g Catalyst 2
z 04r NIAP 03-01
8 03}
S 02l

0.1}

0 5 10 15 20 25 30
Time, h

Fig. 2. Methane conversion versus time during the SRM
process over catalyst 2 and NIAP 03-01 at an H,S content
in the mixture of 30 ppm.
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Fig. 4. MOssbauer spectra of catalyst 2 at 7= 300 K: (a) before reduction, (b) after reduction in an H, environment, and (c) after

testing in SRM with an admixture of H,S.

sample’s structure. In addition, oxide of the mixed
Mg[Fe,Al],0, structure (d = 2.90, 2.48, 2.05, 1.57,
1.46) and iron oxide o-Fe,O; (d = 3.63 , 2.67, 2.48,
2.18, 1.81, 1.68, 1.57, 1.50, 1.30, 1.24) were clearly
identified [13]. Mossbauer spectroscopy revealed the
paramagnetic Fe3" ions that are part of the
Mg[Fe,Al],O, spinel structure were in the sample
before reduction (Fig. 4a; Table 4, sample a). The rest
of the iron ions can be attributed to the magnetic
structure of o-Fe,0;. The greatest changes in the
structure of the sample occurred after 3 h of reduction
in an H, environment at a temperature of 800°C.

According to XRD, NiO transitioned into metallic
nickel, but the parameters were shifted. This could
indicate partial replacement of the Ni atoms by Fe
atoms, resulting in the formation of Fe—Ni alloys with
different amounts of nickel. The composition of
Mg|[Fe,Al],0, magnesium—iron—aluminum spinel also
changes by transitioning into MgFeAl, O, spinel.

Like the XRD data, the Mossbauer spectroscopy
data suggest the structure of the sample changed con-
siderably. The Fe—Ni alloy with a face-centered cubic
(fcc) lattice undergoes microseparation into a para-
magnetic y-Fe-Ni phase that corresponds to an alloy
containing 10—15 at % Ni, and a magnetic y-FeNi
2018
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Table 4. Mossbauer parameters of Fe species in catalyst 2 before reduction, after reduction in an H, environment at a tem-

perature of 800°C, and after testing in the SRM process*

)

A

Sample Fe species Hin, 4,
+0.03 mm/s +05T +0.05

Fe3*(paramagnetic) 0.31 0.93 — 0.43

a a-Fe,O3 (magnetic) 0.37 0.21 50.3 0.57
v-FeNi (paramagnetic) —0.06 - — 0.27

b Fe3*( paramagnetic) 0.39 0.87 - 0.10
a-Fe (magnetic) 0.04 0.06 33.1 0.16
v-FeNi (magnetic) —0.04 0.04 28.4 0.47
v-FeNi (paramagnetic) —0.09 — 0.18

C it . —1.44 _
Fe”" ( paramagnetic) 1.05 0.10

*A is the isomer shift with respect to o.-Fe; A is the quadrupole splitting or quadrupole shift; H;,, is the internal magnetic field at the >TFe

nucleus; A is the relative content.

phase that corresponds to an alloy containing =70 at %
Ni. The paramagnetic doublet of Fe*" corresponds to
v-Fe, 05 nanoclusters =3—4 nm in size; the presence of
o-Fe (magnetic) suggests the structure of the sample
contains metallic iron.

XRD showed that after SRM with an admixture of
hydrogen sulfide, catalyst sample 2 was characterized
by the preservation of the MgFe, ;Al, 4O, spinel phase
(d =2.87,2.43, 2.01, 1.56, 1.43) and the presence of
metallic nickel (d = 2.03, 1.76, 1.24) and y-FeNi (d =
2.08, 1.81, 1.27). In addition, the FeAl,O, iron—alu-
minum spinel (d = 2.87, 2.45, 2.04, 1.58, 1.44) formed
in the structure of the sample during the test.

Mssbauer spectroscopy indicated that after steam
reforming, =18% of the sample consisted of particles
of low-nickel y-FeNi (paramagnetic) alloy containing
10—15 at % Ni, while ~82% of it was nearly stoichio-
metric FeAl,O, hercynite (Fig. 4, Table 4). This con-
clusion was based on the quadrupole splitting of the

Fe?" ion (A = 1.44 mm/s) being characteristic of the
tetrahedral coordination of the iron complex in the
structure of normal FeAl,O, spinel [18]. It is import-
ant that no sulfur-containing compounds were found
in the sample taken after the catalytic test. This con-
firmed the resistance of the catalyst to sulfur poisoning
during the reforming of methane with an admixture of
hydrogen sulfide.

To gain more detailed insight into the catalyst’s
structure after catalytic testing, the catalyst was stud-
ied via TEM and electron diffraction from particle
surfaces (FFT).

According to electron diffraction data (Fig. 5), the
external structure of a particle’s surface corresponds to
an fcc lattice. Calculations of the interplanar distances
according to the FFT-image vield values of 1.8 and 2.1 A,
which are fairly close to the interplanar distances of
the Ni(111) and Ni(200) faces characteristic of metal-
lic nickel and nickel—iron alloys.

Fig. 5. Microphotograph of an individual particle in catalyst 2 and an FFT image of electron diffraction from a particle’s surface.

CATALYSIS IN INDUSTRY Vol.10 No.1 2018
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Fig. 6. Microphotograph of catalyst 2 after catalytic testing.

According to TEM (Fig. 6), the spatial arrange-
ment of the Al, O, Fe, and Mg elements on a sample’s
surface remains the same after catalytic tests. No accu-
mulations of individual phases containing Mg and Fe
were observed. This suggests a homogeneous phase
containing Al, O, Fe, and Mg is mostly formed, indi-
cating the presence of MgFe Al, _,O, spinel in the
sample’s structure and is consistent with the XRD and
Mossbauer spectroscopy data. The nickel-containing
phase is distributed over the surface in the form of
small rounded particles, which can be attributed to the
Ni and Fe alloys that form on the catalyst’s surface.

CONCLUSIONS

Physicochemical explanations were developed for
the formation of a highly efficient nickel-containing
catalyst for the steam reforming of hydrocarbon feed-
stocks by the layer-by-layer deposition of components
onto commercial spherical y-Al,O;.

The resistance of the Ni—La catalyst to the pres-
ence of hydrogen sulfide was studied in a prolonged test
(30 h) in the SRM process at a pressure of 2.0 MPa, a
temperature of 800°C, an H,O : CH, ratio of 2 : 1,
FHSV of 6000 h™!, and an H,S concentration in the
mixture of 30 ppm. It was shown that Ni—La catalyst
is resistant to the presence of hydrogen sulfide in a
steam—gas mixture, since the catalyst activity remains
stable throughout the entire test.

The evolution of the catalyst during catalyst prepa-
ration, preactivation, and catalysis was studied. It was
shown that the formation of Fe—Ni alloy particles
tightly bound to the structure of the support on the
catalyst surface was responsible for the polyfunctional
properties of the catalyst, which displays high activity

in both the SRM process and the oxidative decompo-
sition of hydrogen sulfide to elemental sulfur.
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