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Abstract: For two series of catalysts based on
praseodymium ferrite, their structural and redox properties
as well as performance in ethanol steam reforming have
been studied. The first series was PrFe, Ni(Co) O, (x=0.3-
0.4) perovskites prepared by modified Pechini route,
and the second one was 5%wt.Ni(Co)/PrFeO, of different
dispersion prepared by impregnation of PrFeQ,, including
samples modified by 5%wt. Mo. At temperatures
above 700°C, for all catalysts, the main products were
hydrogen and CO. At temperatures below 700°C, initial
ethanol conversion and hydrogen yield were higher for
supported catalysts as compared with ones derived from
Ni(Co)-containing perovskites. While Ni-based catalysts
derived from perovskite were more active as compared
with Co-based samples, Co-supported PrFeO, perovskite
has shown a higher initial activity as compared with
Ni-supported one. The long-term tests in the realistic
feed and TEM studies of spent catalysts revealed that
perovskite-derived catalysts have a higher coking stability
than perovskite-supported ones due to formation of
highly dispersed Ni-Fe alloy particles strongly interacting
with disordered perovskite-like matrix. The method of
Mo supporting only slightly affects the initial activity of
Ni/PrFeO,-based catalysts but noticeably modifies their
coking stability: 5%Mo/5%Ni/PrFeO; catalyst prepared by
successive impregnation possesses the highest stability
among perovskite-supported catalysts.
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1 Introduction

Catalytic steam reforming (SR) is now considered as the
main pathway to produce hydrogen and synthesis gas
from alcohols and other oxygenates derived from fast
pyrolysis of biomass as a renewable feedstock [1-7]. Bio-
hydrogen and bio-syngas could be used for production
of liquid fuels (gasoline, diesel) and valuable chemicals
production, and they are the cleanest fuels for different
types of fuel cells, gas turbine, internal combustion
engine as well.

The active catalysts for bio-ethanol steam reforming
(ESR) are usually based on supported transition metals
(Ni, Co) [8-14] or noble metals [15-19]. The major problem of
ethanol SR hindering its industrial application, especially
in the case of Ni-containing catalysts, is their coking
leading to deactivation [8-14]. The use of perovskite-
like oxides ABO, as catalyst precursors or supports is
an attractive approach to minimize the coke deposition
on catalysts. Thus, recently, in our study of methane
dry reforming over LnFe , Ru Ni .0, (Ln = La, Pr, Sm,
x = 0 - 0.1) perovskites [20-21], their transformation into
composites comprised of Ni-Fe-(Ru) alloy particles and
LnO, epitaxially bound with disordered Ln-Fe-O perovskite
particles was demonstrated. This microstructure plays an
important role in the high catalysts resistance to coking
due to activation of CO, on the oxide sites and oxidation of
CH, fragments at alloy particles/support interface by thus
formed active oxygen-containing species. The nature of
Ln cation affects both the composition of Ni-Fe-(Ru) alloy
and oxygen mobility/reactivity in perovskite.

In the case of oxygenates reforming, perovskites as
the catalyst precursors were reported only in few works
[22-27]. Thus, LaMO, (M= Ni, Co, Fe, Mn) perovskites have
been studied in the authothermal reforming of ethanol
[22]. Nickel-supported Ca(Sr)-substituted La, Ca(Sr) FeO,
perovskite oxide catalysts have shown very good stability
and activity in steam reforming of ethanol [24].

Another option for improving Ni-catalysts stability to
coking is addition of molybdenum. It has been suggested
that molybdenum-containing catalysts could possess
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the highest coking stability for dry reforming of methane
[28-30] and propane [31]. Hence, it might be expected
that the addition of molybdenum oxide to perovskite-
supported nickel catalyst should improve its coking
resistance in steam reforming of oxygenates as well.

In this work, the effect of the preparation method and
composition of catalysts based on perovskite-type ferrites
on their structural, morphological, redox features and
performance in ethanol steam reforming (ESR) has been
studied.

2 Experimental

2.1 Catalysts preparation

Two series of catalysts based on praseodymium ferrite
were prepared. The first series was PrFe,_Ni(Co) O, (x=0.3-
0.4) perovskites prepared by modified Pechini route using
metal (Me) nitrates, citric acid (CA), ethylene glycol (EG)
and ethylenediamine (ED) as reagents [20-21]. The molar
ratio of CA:EG:ED:Me was 3.75:11.25:3.75:1. CA and metal
nitrates were dissolved in ethylene glycol at 80°C and in
distilled water at room temperature, respectively. Prepared
solutions were mixed together at room temperature under
stirring followed by addition of ED. The mixed solution
was heated at 70°C for 24 h allowing for the gel formation.
The gel was calcined under air at 600°C, then obtained
solids were ground and calcined at 900°C.

In the second series, 5%wt. Ni(Co)/PrFeO, catalysts
were prepared by the incipient wetness impregnation
of PrFeO, calcined at 700 and 900°C with nickel acetate
or cobalt nitrate. Some oxidized/reduced samples of
this series were modified with 5%wt. Mo. Ni-Mo were
supported by successive or simultaneous impregnation
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with solutions of nickel nitrate and (NH,)Mo,0,,. All
samples were dried and calcined at 500°C.

The chemical composition of catalysts is presented in
Table 1.

2.2 Catalysts characterization

The catalysts were characterized by XRD, BET, TEM
with EDX, H, temperature-programmed reduction. X-ray
diffraction patterns were obtained with a D8 Advance
diffractometer (Bruker) using CuKo radiation in 20
scanning range 15-90° with step 0.05°. The structural
refinement has been carried out using a PCW software
(version 2.4). Qualitative phase analysis has been carried
out by using PDF-2-ICDD files and ICSD/retrieve database.
BET specific surface area (m?/g) was determined from the
data on Ar thermodesorption. The TEM micrographs were
obtained with a JEM-2010 instrument (lattice resolution
1.4A and acceleration voltage 200 kV). Local elemental
analysis was performed with EDX method (a Phoenix
Spectrometer).

The redox properties of catalysts were studied using
temperature-programmed reduction (TPR) by H, using the
flow of 10% H, in Ar, the feed rate 2.5 L/h, the temperature
ramp from 25 to 900 °C at 10°/min. The experiments were
carried out in kinetic installations equipped with GC
Tcvet-500. In the case of repeated red-ox cycles, samples
were reoxidized in the flow of O, for 1hat 500 °C.

2.3 Catalytic performance tests

ESR was carried out in U-shaped tubular quartz plug-
flow reactor (4.5 mm i.d.) at atmospheric pressure.
Usually 0.18 g of pelletized catalyst (fraction 0.5-
0.25 mm) diluted in a 1:10 weight ratio with quartz

Table 1: Methods of preparation, phase composition and BET area of the catalysts.

Catalyst Preparation method Calcination Phase composition Sger M/8
temperature, °C

Prfe  Ni; .0, Pechini 900 perovskite 7
Prfe  Ni, O, Pechini 900 Perovskite, NiO 10
Prfe ,Co, .0, Pechini 900 perovskite 3
Prfe Co, 0, Pechini 900 perovskite 3
PrfeQ,(700) Pechini 700 perovskite 7
Prfe0,(900) Pechini 900 perovskite 4
5%Ni/PrFe0,(900) impregnation 900 perovskite, NiO 4
5%Ni/PrFe0,(700) impregnation 700 perovskite, NiO 7
5%Co/PrFe03(7OO) impregnation 700 Perovskite, Co,0, 7
5%Ni+5%Mo/PrFe0,(700) simultaneous impregnation 700 perovskite, NiO, Mo&Ni-Mo oxides 6
5%Mo/5%Ni/PrFe0,(700) successive impregnation 700 Perovskite, NiO, Mo&Ni-Mo oxides 6
5%Mo/5%Ni /PrFe0.(700) Mo impregnation of reduced sample 700 Perovskite, NiO, Mo&Ni-Mo oxides 6
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sand was taken. Reaction was performed at 500-800°C
and 50000 h' GHSV (0.07 s contact time) using feed
10% C,H,OH+40% H,O, N, balance. Before testing,
the catalysts were pre-treated for 1 hour at 800 °C in
the reaction feed or in the flow of 10 % H, in N.. Three
on-line gas chromatographs (GC) “LHM-8” equipped
with thermal conductivity detectors and a flame
ionization detector were used for the analysis of
reactants and products. Hydrocarbons (CH4, CH,CH,
etc.) and oxygenates (EtOH, CH,OH, acetone, diethyl
ether, etc) were analyzed using a Porapak T column;
N, O,, CH, and CO were analyzed with a molecular
sieve column, and H,, N,, CO, CO,, CH, - with an active
carbon “SYT” column. Ar and He were used as carrier
gases. The coking of used catalysts was evaluated with
temperature-programmed oxidation.

Ethanol conversion (X, ), selectivity to carbon
products (S) and hydrogen yield (Y,,) were calculated
according to the next equations:

mOlgtOH - m0127éH
X = . x100% »
wen mol oy ’
. mol.
S, =M 100%
Zvi -mol, ,
mol
Y, =2 x100%
’ 6 ' mozgl()H ’

€29
1

where n, is the number of carbon atoms in “i” product.

3 Results and discussion

3.1 Structural and textural features

Characteristics of initial catalysts are presented in Table
1. The BET specific surface areas of perovskites are in the
range of 3-10 m?/g which are comparable with the usual
values obtained for such systems [20-21, 24-26].

According to XRD data (Table 1, Fig.1-2), the main
phase of all initial PrFe Ni(Co) O, (x=0-0.4) samples
is orthorhombic perovskite with the lattice parameters
being close to known values [32]. For the first series of
samples, the presence of impurity phases is determined
by the nature and content of doping cation: admixture
of NiO phase appears at the highest nickel content (0.4),
whereas all samples with cobalt remain the single-phase
systems. As an example, the homogeneous distribution
of elements is demonstrated using TEM with EDX data for
PrFe Ni .0, sample (Figure 3).
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After reduction at 600°C in H,, XRD patterns of
perovskites are unchanged showing the retention of their
structure (Figure 2). Reduction of samples at 800°C leads to
the shift of perovskites reflections towards low angles and
appearance of new reflections assigned to praseodymium
oxide and Co(Ni)-Fe alloy (Figure 2). This shows a partial
decomposition of perovskites: under reduction conditions
Ni(Co) and a part of Fe are removed from the lattice, thus
forming nanosized particles of Ni(Co)-Fe alloy stabilized
on the surface of remaining perovskite.

For the second series of samples, the XRD patterns of
starting catalysts show that they are comprised of Ni(Co)
oxides and orthorhombic PrFeO,. The broad reflections of
Ni(Co) oxides indicate their high dispersion in catalysts
based on PrFeO, calcined at 700 °C (Figure 4). This is
confirmed by TEM with EDX data showing presence of
small ( <10 nm) NiO particles (Figure 5). EDX data suggest
decoration of these particles by PrFeO, species (Figure 5).
In the case of 5%Ni/PrFe0,(900), the micrograph clearly
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Figure 1: XRD-patterns of initial perovskites calcined at 900 °C
and PrFe, Ni .0, usedin ESR.
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Figure 2: XRD patterns of initial PrFeQ, calcined at 700 °C and
supported 5%Co(Ni)/ PrFeO..
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shows NiO particles of larger sizes. For Ni-containing
catalysts doped with Mo, there are no reflections of Mo or
mixed NiMo oxides in XRD patterns, while the data of TEM
(Figure 6) show the presence of mixed Ni-Mo-oxides along
with molybdenum oxide and NiO.

3.2 H,-TPR

The typical H,-TPR profiles for perovskites of the first
series are presented in Figure 7. For PrFe0_7Ni(Co)0_303, three
main peaks are observed in the patterns: the intense low-
temperature peak with the maximum at 354-381°C, the low
intensity peak at 386-445°C and unresolved intense high-
temperature peak above 600°C. The first low-temperature
peak is assigned to reduction of Ni(Co)** to Ni(Co)*, and
the second one corresponds to reduction of Fe* cations to
Fe’* state within the perovskite lattice that is in agreement
with known results [33] and our XRD data showing
retention of perovskite structure after reduction at 600°C
(Figure 4). The high-temperature peak is assigned to the
partial destruction of perovskite structure with formation
of Ni(Co)-Fe alloy and corresponding oxides. For
PrFe, Co, .0, the shift of the peaks to higher temperatures
evidences more difficult reduction of Co-containing
perovskites.

The H,TPR patterns for PrFeO, and supported
5%Ni(Co)/PrFe0, catalysts are presented in Figure 8. The
spectrum of PrFeO, shows three main peaks: two low-
intensity peaks at 413 and 477°C corresponding to the
step-wise reduction of Fe* to Fe** and Fe? and partially
resolved intense peak at 880°C due to further perovskite
reduction [33]. The spectrum of 5%Co/PrFe0,(700) shows
two peaks at 335 and 386°C corresponded to reduction of  Figure 3: TEM micrographs and EDX of PrFe Ni .0, calcined at
Co,0, [11] with a shoulder at 345°C indicating reduction 900°C.
of Fe* to Fe’ in the perovskite support. For 5%Ni/PrFeO,
catalysts, the spectrum profile strongly depends on the
calcination temperature of PrFeO, support. Thus, in the - Co.0
spectrum of 5%Ni/PrFe0,(900) with a low surface area, +_Ni8 )
the intensive peak at 345 and a shoulder at 463°C are
observed while a broad peak with maxima at 360 and
500 °C are present in the spectrum of 5%Ni/PrFe0,(700)
sample with a higher surface area. According to known
data [12], the peaks below 400°C are related to reduction
of NiO and peaks at 460-500° are ascribed to reduction
of Fe* to Fe* in PrFeO, support [33]. The intense sharp
peak at 345 °C shows a high uniformity of NiO crystallite
size in the case of 5%Ni/PrFe0,(900) sample. For 5%Ni/ . . . . . . . .
PrFe0,(700) sample, a broad TPR peak suggests a wide 26
size distribution of NiO particles and/or their stronger
interaction with support that agrees with TEM/EDX data  Figure 4: XRD-patterns of Prfe  Co ,0.: initial (1), reduced at 600
showing presence of oxidic nanoparticles containing (2)and800°C(3).

5% Co/PrFeO,

* *

5% Ni/ PrFeO3

Intensity, a.u.
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simultaneously Ni, Pr and Fe cations (Fig.5). For all
catalysts, the unresolved high temperature peak is due to
further reduction of PrFeO.,.

The TPR spectra for 5%Mo+5%Ni/PrFe0,(700)
catalysts presented in Figure 9 show more symmetric
profiles shifted to higher temperatures as compared
with undoped 5%Ni/PrFe0,(700) sample. Mo addition
leads to disappearance of low-temperature hydrogen

DE GRUYTER OPEN

consumption. This could be due to formation of mixed
Ni-Mo oxides as evidenced by TEM data (Figure 6).
Besides, the reduction of catalysts depends on the method
of Mo addition. Thus, in the case of the successive loading
of Ni and Mo, the low-temperature peak corresponding to
reduction of mixed oxide is shifted to higher temperatures
by ~ 20° that could be due to blocking of NiO surface by
molybdenum oxide.

Figure 5: TEM micrographs of the initial catalysts with respective EDX spectra: a, b - 5%Ni/PrFe0,(700) and c, d -5%Ni/PrFe0,(900).

Figure 6: TEM micrographs and EDX of the initial 5%Mo/5%Ni/PrFeO_ prepared by successive impregnation.
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3.3 Steam reforming of ethanol

Temperature dependences of ethanol conversion,
hydrogen yield and products selectivity for some catalysts
of both series are presented in Figs. 10. In general,
ethanol conversion is lower for the first series catalysts
formed from perovskites precursors (Fig.10). Thus, over
supported 5°/oNi(Co)/PrFeO3 catalysts of second series,
ethanol conversion close to 100% is reached at 500-650°C
while for catalysts of the first series it is reached above
700°C. In the first series of samples, the catalyst derived
from PrFe Ni O, provides a higher ethanol conversion as
compared with Co-containing ones.

Among the perovskite-supported catalysts, the
ethanol conversion increases in the row: 5%Ni/
PrFe0,(700)<5%Co/PrFe0,(700)<5%Ni/PrFe0,(900).
A high ethanol conversion for the sample 5%Ni/
PrFe0,(900) at temperature below 600°C could be due to
easy reduction of NiO according to H,-TPR data (Figure 8)
that provides the effective activation of ethanol on metal
particles. A lower ethanol conversion for 5%Ni(Co)/
PrFe03(700) catalysts could be due to a strong interaction
of supported active components with high surface area
PrFe0,(700) support leading to pronounced decoration
of metal nanoparticles by oxidic PrFeOx fragments thus
decreasing accessible metal surface area. In contrast to
perovskite-derived catalysts, 5%Co/PrFe0,(700) is more
active as compared with 5%Ni/PrFe0,(700).

The same trends as for ethanol conversion are
observed for hydrogen yield, CO and CO, selectivity.
Thus, the hydrogen yield of 90-95% is reached for 5%Ni/
PrFe0,(900) and 5%Co/PrFe0,(700) at 600-650°, while
the yield of 90% is only observed at 700° for PrFe _Ni O,
and at 800° for PrFe  Co O, catalysts.

PrFe_ _Ni O

07 70373

--- PrFe ,Co .0,

Hydrogen consumption, a.u.

T T T T
200 400 600 800
Temperature, °c

Figure 7: H,-TPR spectra of PrFe ,Co(Ni), O
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The low CH, selectivity (<10%) and the presence of
acetaldehyde (selectivity 15-60%) observed for catalysts
of both series show that the main route of ethanol steam
reforming corresponds to its dehydrogenation, though
the presence of small CH, amount evidences some
contribution of ethanol dehydration depending on the
catalyst type. Thus, for 5%Ni/PrFe0,(900) of a rather low
Ni dispersion, C,H, is not detected in all temperature range
indicating only dehydrogenation route of ESR. In the
case of 5%Ni(Co)/PrFe0,(700) catalysts, a higher Ni/Co
dispersion and decoration by support oxidic species leads
to appearance of C,H, showing some share of ethanol
dehydration route. For catalysts derived from PrFe,_Co O,
the highest C,H, selectivity ~10% evidences a higher share
of dehydration.

The effect of Mo doping and the method of its addition
on ESR activity of 5%Ni/PrFe0, (700) catalyst is illustrated in
Figure 11. The ethanol conversion is only slightly influenced
by Mo addition at temperatures above 650°C, while at
600°C some increase of ethanol conversion is observed
for samples prepared by co-impregnation (5%Ni+5%Mo/
PrFe0,(700)) and impregnation of reduced catalyst
(5%Mo/5%Ni /PrFe0,(700)). At temperatures below 700°C,
the conversion over S%Mo/S%Ni/PrFeO3(7OO) catalyst
prepared by successive impregnation is the lowest among
all catalysts that could be caused by blocking of Ni surface
atoms with Mo. The lowest hydrogen yield for this sample
is probably due to Ni blocking as well. At temperatures
below 700°C, the highest hydrogen selectivity is observed
for undoped 5%Ni/PrFeO,(700) catalyst.

The values of CH, and acetaldehyde selectivities
show that for Mo-doped catalysts, the main route of
ESR is also dehydrogenation. At 550°C and the same
ethanol conversion (Table 2), C,H, selectivity is close for
all catalysts while acetaldehyde selectivity is higher for
Mo-doped samples. This could be due to blocking of active
metal nickel by molybdenum that hinders acetaldehyde
decomposition and formation of syngas. In addition,
coordinatively unsaturated low-valence Mo cations/Mo-C

Table 2: Products selectivity and ethanol conversion at 550°C over
catalysts 5%wt.Ni/PrFe0, and ones modified by Mo.

Catalyst X ihanotr 70 Selectivity, %
CH, CH_CHO

5%Ni/PrFe0,(700) 48 5.5 10

5%Ni+5%Mo/PrFe0, 48 6.5 22

Co-impregnation

5%Mo/5%Ni /PrFeQ, 48 5.7 25

Successive impregnation
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Figure 8: H,-TPR spectra of initial PrFe0, and supported 5%Ni(Co)/ Figure 9: H,-TPR spectra of 5% Ni/PrFe0,(700) (1) and 5% Mo + 5%
PrFeO,. Ni/PrFe0,(700) prepared by: co-impregnation (2), successive imp-
regnation of initial PrFe0,(3).

100 —A —A—Prie, Niy O,
o o 1007 o PrFe,,Co,,0,
A —A— PrFe%c«:“oa
804 80| —0—5%Ni PrFe0,(900)
. —m—5% Ni/ PrFeO,(700)
® / = o S%Co/PrFeO
£ 604 < 604 / ——g —
S g = —e—
[
§ / —A— ;Eemgt 3% g I & %’
g0l —e—PrFe,,Co, 0, 2 IS
840 —A PrFe, Co,,0, 5 40 / .
—0—5% Ni PrFeO,(900) 3 ~ /
204 —l—S%Nl/PrFeO (700) > o0l O
—o— 5% Col PrFe0, o o *
&
01— T T T 01— : T T
500 600 700 800 500 600 700 800
Temperature, °C Temperature, °C
100- co 501
80 _ 404
/S—A—A
QO
R ) o~ 'y =
604 o o 0 304
2 2z
i / E/. / g / ’ 5
ol e
"
204 ® o 104 A—\/
o
—
0 : ; ; ; " 500 600 700 800
500 600 0700 800 Temperature, °C
Temperature, °C
124 701
104 CH, o s CH,CHO .
. T,
50-
= 8
= ES
> 6J \ N ER
k] =
§ 8 304
44 3
2 . 1 8
10 ~~a
8\ 2 x-
0 o—o——f——o—A—A—t ol o
500 600 700 800 500 600 700
Temperature, °C Temperature, °C

Figure 10: Ethanol conversion, hydrogen yield and products selectivity over perovskite-precursors and perovskite-supported catalysts.
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Figure 11: Ethanol conversion, hydrogen yield and products selectivity over supported 5%Ni/PrFe0, (1) and 5% Mo + 5% Ni/PrFeO, prepared

by: impregnation of reduced 5% Ni/PrFe0, (2), co-impregnation (3) and successive impregnation of initial PrFe0,(4).

fragments fixed at the perovskite particles surface could
be involved in ethanol dehydrogenation as well.

The results of catalysts stability tests are presented
in Figs. 12-13. Testing of catalysts in the diluted reaction
mixture (10% C,H.OH+40% H,0) at 650° reveals that the

catalyst derived from PrFe Ni

is more active and

stable as compared with the sample based on PrFe ,Co .0

0373

(Figure 12). Note that strong coking of the latter is already
observed after 2 hours testing. 5%Ni/PrFe0,(700) and
5%Ni/PrFe0,(900) catalysts with a high initial activity
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Figure 12: Time-on-stream testing of PrFe _Co,.0.(1),
PrFe, ,Ni; ,0,(2), 5%Ni/PrFe0,(900) (3), 5%Ni/PrFe0,(700) (4) and
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Figure 13: Concentration of H, (solid symbols) and CO (open
symbols) during time-on-stream testing of PrFe Ni .0, (1, 2),
5%Mo+5%Ni/PrFe03(7OO) prepared by successive (3,4) and simul-
taneous impregnation (5, 6), 5%Ni/PrFe0,(700) (7,8). The feed 30%
C,H,0H+60% H,0, N, balance, 670°C, time contact 0.1 sec.

Figure 14: TEM with EDX of the catalysts after time-on-stream testing at different magnification. A - PrfFe, _Ni ,0., 5%Ni/PrFe0,(900) and

5%Mo/(5%Ni/PrFe0, (700) prepared by successive impregnation.

are more subjected to coking as compared to the doped
S%MO/S%Ni/PrFeO3(7OO) catalyst possessing a lower
initial activity.

Results of both catalysts series testing in the real
reaction mixture (30% C,H,0H+60% H,0, N, balance)

(Figure 12) in general coincide with those obtained in the
diluted feed. However, coking of some supported catalysts
occurs more rapidly due to higher ethanol concentration
and a lower C2H50H/H20 ratio =2, which agrees with
thermodynamic calculations showing that molar ratio
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higher than 3 is required to avoid coke formation [34].
Thus, activity of the undoped supported catalyst 5%Ni/
PrFe0,(700) and 5%Mo+5%Ni/PrFe0,(700) prepared
by co-impregnation rapidly decreases due to severe
coking, while PrFe Ni .0, and 5%Mo/5%Ni/PrFeO,(700)
(successive impregnation) catalysts show satisfactory
coking stability.

As a typical example, XRD pattern of used PrFe Ni O,
catalyst is presented in Figure 1. According to XRD data, in
the reaction media (similar to that in H, at 800°C) a partial
decomposition of perovskite occurs with formation of
Ni-Fe alloy, praseodymium oxide and remaining perovskite
with modified lattice parameters. Hence, a high coking
stability of the catalyst derived from PrFe Ni O, is due
to its transformation into composite comprised of Ni-Fe
alloy particles epitaxially bound with remaining PrFeO,
perovskite particles. Such alloy particles of a high dispersion
are less subjected to coking as TEM images demonstrate in
Figure 14A. In the case of perovskite-supported catalysts,
the bonding of Ni-Fe alloy particles with PrFeQ, support
is weaker, their dispersion is lower and these catalysts are
strongly subjected to coking with formation of filamentous
deposits that leads to detachment of Ni-Fe alloy particles and
their encapsulation (Figure 14 B, C). A higher coking stability
of 5%Mo/5%Ni/PrFe0,(700) catalyst prepared by successive
impregnation could be due to formation of molybdenum
carbide on the catalyst surface under reaction conditions

[29].

4 Conclusions

For two series of catalysts based on praseodymium ferrite,
structural and redox properties as well as performance
in ethanol steam reforming have been studied. The first
series is based on PrFe, Ni(Co) O, (x=0.3-0.4) perovskites
prepared by modified Pechini route, and the second
one includes 5%wt.Ni(Co)/PrFeO, catalysts of different
dispersion (some samples being modified by 5%wt. Mo)
prepared by impregnation of PrFeO, At temperatures
above 700°C, for all catalysts, the main products were
hydrogen and CO. At temperatures below 700°C, the
initial ethanol conversion and hydrogen yield were higher
for supported catalysts as compared with ones derived
from Ni(Co)-containing perovskites. While Ni-based
catalysts derived from perovskite were more active as
compared with Co-based samples, perovskite supported
5%Co/PrFe0,(700) has shown a higher initial activity as
compared with 5%Ni/PrFe0,(700). The long-term tests
in the realistic feed and TEM study of spent catalysts
revealed that perovskite-derived catalysts have a higher

Ni(Co)-containing catalysts based on perovskite-like ferrites for steam reforming of ethanol
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coking stability than perovskite-supported ones due
to formation of highly dispersed Ni-Fe alloy particles
strongly interacting with parent perovskite matrix. The
method of Mo supporting only slightly influencing the
initial activity of Ni/PrFeO, catalysts noticeably affects
their coking stability: S%MO/S%Ni/PrFeO3(7OO) catalyst
prepared by successive impregnation shows the highest
stability among perovskite-supported catalysts.
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