
Chemistry for Sustainable Development 21 (2013) 91�100 91

UDC 544.47, 544.478, 542.8

Investigation of the State of Active Component
in Pd/Ga2O3 and Pd/In2O3 Catalysts of Liquid-Phase
Hydrogenation of Acetylene into Etylene

N. S. SMIRNOVA1, D. A. SHLYAPIN1, O. V. PROTASOVA1, M. V. TRENIKHIN1, T. I. GULYAEVA1, E. YU. GERASIMOV2,
L. S. KIBIS2,  N. B. SHITOVA1,  D. I. KOCHUBEY2 and P. G. TSYRUL′NIKOV1

1Institute of Hydrocarbons Processing, Siberian Branch of the Russian Academy of Sciences,
Ul. Neftezàvodskàya 54, Omsk 644040 (Russia)

E-mail: everinflame@gmail.com

2Boreskov Institute of Catalysis, Siberian Branch of the Russian Academy of Sciences,
Pr. Akademika Lavrentyeva 5, Novosibirsk 630090 (Russia)

Abstract

Catalysts of  liquid-phase hydrogenation of  acetylene deposited on the oxides of  aluminium,  gallium,
and indium were studied. According to the results of  catalytic tests and examination using the physical
methods, decoration of the active component by partially reduced support is observed in Pd/Ga2O3 and
Pd/In2O3 catalysts. An increase in the atomic catalytic activity for the samples deposited on gallium and
indium oxides can be connected with the change of the electron density of the active component or with
the formation of bimetallic phases.
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INTRODUCTION

Problem connected with natural gas and as-
sociated petroleum gas processing into more
valuable products is urgent. One of the prom-
ising ways to solve these problems [1�3] is the
GTL (gas-to-liquid) technology proposed by
Synfuels International,  Inc. (the USA) [4]. This
technology is based on obtaining acetylene
through oxidative pyrolysis of  natural gas,  sub-
sequent selective hydrogenation of  acetylene
to form ethylene, and oligomerization of the
latter leading to the components of motor fuel.
It was proposed to carry out acetylene hydro-
genation in the liquid phase because it is high-
ly exothermal [5]. Among the catalysts for this
process, one of the most efficient ones is sup-
ported palladium modified with the elements
of IIIA group � indium and gallium [4�7].

Investigation of the intermetallic phases of
palladium and gallium showed that at least three
compounds of nine known for this system �
PdGa, Pd3Ga7 and Pd2Ga � may act as highly
selective catalysts of gas-phase acetylene hy-
drogenation to form ethylene [8�11]. So,  galli-
um is likely to cause modifying action. It is also
known that Pd/Ga2O3 and Pd/In2O3 catalysts
exhibit activity and are selective in reactions
participated by hydrogen (synthesis of  metha-
nol from CO2 and H2,  hydrogenation of  aceto-
nitrile into ethyl amine) [12�14], and improve-
ment of their catalytic properties is connected
with redistribution of the electron density of
palladium as a consequence of the interaction
with the support in reducing atmosphere.

The goal of our work was to study the in-
teraction of palladium with modifying oxides
Ga2O3 and In2O3 in reducing atmosphere. The
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known catalyst of  acetylene hydrogenation Pd/
Al2O3 was used as the reference for compari-
son [15�17].

EXPERIMENTAL

Preparation of supports

The granules of initial Al2O3 2.0�2.5 mm in
size (kh. ch. grade, SBET = 270 m2/g) were
crushed, the resulting powder was sieved to ob-
tain the fraction with particle size 0.07�0.09 mm,
placed into corundum crucibles and calcined in
a muffle furnace at a temperature of  900 °Ñ for
10 h [18]. Commercially available reagents Ga2O3

(os. ch. grade) and In2O3 (kh. ch. grade) were used
without additional purification.

Sample preparation

Samples containing 1 mass % Pd supported
on Al2O3, Ga2O3 and In2O3 were synthesized
through impregnation of  the support by the
aqueous solution of Pd(NO3)2 followed  by evap-
oration of the solution on water bath and dry-
ing in the drying chamber at 120 °Ñ for 2 h.
After drying, the sample was reduced in hy-
drogen flow at a temperature of 200 °Ñ for 3 h.
The resulting samples were tested in liquid-
phase hydrogenation and investigated by means
of physical methods.

Catalytic tests

The samples were tested in a shaken no-gra-
dient flow reactor under the following condi-
tions: reaction temperature 40 °Ñ, gas mixture
flow rate 100 mL/min, reactor swinging fre-
quency 7�8 s�1, the mass of catalyst portion
was 10 mg, the volume of the solvent (N-me-
thylpyrrolidone) was 8 mL. The composition of
gaseous reaction mixture (vol. %): Ñ2Í2 4, Í2 90,
Íå 6 (balance). Experiment duration was 220 min.

Analysis of  the initial reaction mixture and
the mixture of reaction products was carried
out with the help of a Khromos GKh-1000
chromatograph with a capillary column
(immobile phase: SiO2, working temperature:
60 °Ñ) and flame ionization detector. Nitrogen

was used as carrier gas. Acetylene conversion
degree (X, %) and selectivity with respect to
ethylene (S, %) were calculated from the areas
of the corresponding peaks. Activity (W) as the
rate of acetylene transformation per 1 g of the
catalyst was calculated from the values of
acetylene transformation degree. The dynamics
versus the time of catalyst test was obtained
for these values [19]. A comparative evaluation
of the characteristics of different samples was
obtained using the values from the region of
the steady activity of the catalysts.

Comparing the atomic catalytic activity
(ACA) values of the catalysts, we used the
activities that corresponded to the achievement
of 50 % transformation degree (X = 50 %). Ac-
tivities were calculated from hydrogen trans-
formation assuming that the reaction order with
respect to C2H2 is close to zero [15] and the sto-
ichiometric ratio of acetylene and hydrogen in
the reaction is 1 : 1.

X-ray phase analysis

The phase composition of oxide supports was
determined by means of powder diffractome-
try using a Bruker D8 Advance diffractometer
with copper Kα radiation. The diffraction pat-
terns were interpreted using the powder dif-
fraction database the ICDD PDF-2 2006.

Determination of specific surface

The specific surface of initial supports was
measured by means of BET procedure based
on a single-point adsorption of nitrogen at 77 K.

Temperature-programmed reduction

The samples after drying at 120 °Ñ were
preliminarily annealed in air flow (60 mL/min)
for 3 h at 350 °ÑC to obtain PdO/M2O3. Tem-
perature-programmed reduction (TPR-H2) was
carried out on a Micromeritics AutoChem II
2920 chemisorption analyzer with a heat con-
duction detector in a mixture of H2/Ar with
the flow rate of 30 mL/min. The measuring
cell was heated to 500 °Ñ; heating rate was
10 °Ñ/min.
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Determination of the disperse state of palladium
from CO chemisorption

To determine the disperse state of palladi-
um, we used pulsed chemisorption of CO. In-
vestigation was carried out with a Micromeri-
tics AutoChem II 2920 analyzer. Before experi-
ments, the samples were reduced in the flow
of 10 % H2/Ar at 200 °Ñ for 30 min. Chemi-
sorption was carried out after sample cooling
in the inert gas to room temperature. A mix-
ture of 10 vol. % CO�He was admitted in pulses
at equal time intervals into the flow of the in-
ert carrier gas (helium). Dispersity and appar-
ent particle size were calculated taking into ac-
count linear chemisorption of CO on palladium
(stoichiometric coefficient CO/Pd = 1 : 1).

Transmission electron microscopy

Electron microscopic studies of the samples
were carried out using a JEM-2100 JEOL elec-
tron microscope (accelerating voltage 200 kV,
resolution over the lattice 0.145 nm) with an
INCA-250 EDX (Oxford Instruments). Suspen-
sions of  samples in alcohol were preliminarily
subjected to ultrasonic dispersing (UZDN-2T)
followed by deposition on carbon substrate fixed
on a copper mesh.

Calibration of the linear size for the mea-
surement of particle diameters was carried out
over the crystal lattice of gold particles. The
error of measurements of the linear size in elec-
tron microscopic images did not exceed 0.02 nm.

EXAFS spectroscopy

The EXAFS spectra of the K edge of pal-
ladium absorption were recorded at the EXAFS
spectroscopy station of the Siberian Centre for
Synchrotron and Terahertz Radiation (Institute
of Nuclear Physics, Novosibirsk). The spectra
were obtained using the synchrotron radiation;
the energy of electrons in the VEPP-3 storage
was equal to 2 GeV, and current strength was
70 mA. Split Si (111) crystal was used as a mono-
chromator. All the spectra were recorded in the
fluorescence mode with a step of 2.5 eV. The
signal from the sample was recorded with the

help of a scintillation detector operating in the
current mode.

The recorded spectra were treated using
Viper software according to a standard pro-
cedure [20]. The spectra were processed as a
k2χ(k) function within wavenumber range
k = 2.50�12.00 Å�1. Elimination of  the back-
ground was carried out by means of extrapo-
lation of the pre-edge absorption region into
the EXAFS region by Victorin polynomials.
To calculate the smooth part of absorption
coefficient, approximation based on three
cubic smoothing spline functions was used.
The point of inflection at the edge of ab-
sorption was used as the initial point E0 of
EXAFS spectrum.

FEFF-7 program was used to obtain quan-
tum chemical data necessary for the calcula-
tion of structural parameters [21]. The data on
the structure of compounds were taken from
the ICSD database [22]. Additionally,  the ref-
erence spectrum of the K edge of Pd absorp-
tion in palladium foil was recorded.

X-ray photoelectron spectroscopy

The spectra were recorded using an ES 300
XPE spectrometer of  Kratos Analytical Ltd.
(UK) in the mode of operation of the X-ray
tube 13 kV × 13 mA, which corresponds to the
dissipation power of  X-ray radiation 170 W.
The Kα line of aluminium with photon energy
of 1486.6 eV was used as the primary radia-
tion. The samples after preliminary grinding in
a jasper mortar were applied onto the prismatic
holder with the help of double-sided conduct-
ing adhesive tape. To determine the electronic
state of Pd, the spectra of the basic photo-
electron lines of palladium were obtained with
the sweep step of 0.1 eV at the constant trans-
mission energy of  the analyzer HV = 25 eV.
Carbon C 1s line with its bonding energy ac-
cepted to be 284.8 eV was accepted as the cal-
ibration reference for all the samples.

Decomposition of the spectra into compo-
nents, smoothing and normalization were car-
ried out with the help of  the original software
package XPSCalc which was previously tested
with a number of various systems [24�26].
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TABLE 1

Specific surface of the supports and the catalytic properties of Pd/M2O3 samples (M = Al, Ga, In)

Samples Weighed SBET, m
2/g Acetylene transformation Selectivity (S), %

portion, mg degree (X), % C2H6 C2H4 C4

Pd/Al2O3 10 100 45 0 48 52

Pd/Ga2O3 10   14 35 0 56 43

Pd/In2O3 10     5   8 � � �

Pd/In2O3 50     5 30 0 53 46

RESULTS AND DISCUSSION

Characterization of supports

According to the XPA data, Al2O3 is a mix-
ture of θ-Al2O3 (~22 %), δ-Al2O3 (~23 %) and η-
Al2O3 (~55 %) phases. Specific surface of Al2O3

was 100 m2/g. According to XPA data, the Ga2O3

sample contains only one (the most stable) mod-
ification β-Ga2O3. Indium oxide sample represents
the most stable cubic modification c-In2O3. Spe-
cific surface values of the supports were deter-
mined according to BET procedure: 14 and 5 m2/g
for β-Al2O3 and c-In2O3, respectively.

Catalytic tests of prepared samples

Catalysts containing 1 mass % palladium on
the oxides of gallium, indium and aluminium
were tested in the reaction of liquid-phase hy-
drogenation of  acetylene under identical con-
ditions in order to determine their characteris-
tics. Test results are presented in Table 1.

One can see that the selectivity with respect
to ethane is close to zero for all the catalysts.
The samples deposited on aluminium and galli-
um oxides are comparable with each other in
their catalytic properties. The highest acetylene
transformation degree (45 %) was observed for
the sample deposited on Al2O3, and the mini-
mal one (8 %) was observed for the sample de-
posited on In2O3. For Pd/Ga2O3, the maximal
selectivity among the samples of this series was
established (56 %). In view of the low acety-
lene transformation degree for Pd/In2O3 (8 %),
it was impossible to estimate the selectivity with
respect to each product with the necessary ac-
curacy, so the weighted portion of the sample
was increased by a factor of 5. According to
the data shown in Table 1, for Pd/In2O3 at

X = 30 % the selectivity with respect to ethyl-
ene is 53 %.

In spite of the substantial difference in the
values of specific surface of Al2O3 and Ga2O3

(100 and 14 m2/g, respectively, see Table 1),
catalysts on these supports are characterized by
comparable values of acetylene transformation
degree. The absence of  external- and internal-
diffusion kinetic limitations for the samples un-
der study was established in preliminary ex-
periments. So, close activity and selectivity may
be due to the redistribution of the electron den-
sity of palladium as a consequence of the in-
teraction with Ga2O3 or the presence of less
dispersed but more active phases in the Pd/
Ga2O3 sample. It is known that palladium on
gallium oxide is able to form bimetallic com-
pounds as a result of reduction; according to
literature data, these bimetallic compounds are
more active in acetylene hydrogenation than the
catalysts composed of supported metal palladi-
um [9�11, 27]. The formation of intermetallic
compounds during reduction is also character-
istic of the Pd/In2O3 system, but the data on
their catalytic activity in acetylene hydrogena-
tion are still absent. To test the above assump-
tion, we studied the catalysts using the physi-
cal methods.

Temperature-programmed reduction of catalysts

The results of the investigation of 1 % Pd/
Al2O3, 1 % Pd/Ga2O3 and 1 % Pd/In2O3 sam-
ples are presented in Fig. 1.

According to the data reported in [28], the
reduction of palladium oxide by hydrogen to
form metal palladium proceeds at temperatures
close to room temperature. Sharp inversion
peaks observed for the samples Pd/Al2O3 and
Pd/Ga2O3 at a temperature of 72 and 61 °Ñ
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Fig. 1. TPR profiles of catalysts: 1 � PdO/Al2O3,
2 � PdO/Ga2O3, 3 � PdO/In2O3.

Fig. 2. EXAFS spectra of the K edge of Pd absorption in samples:
1 � 1 % Pd/Al2O3, 2 � 1 % Pd/Ga2O3, 3 � 1 % Pd/In2O3.

relate to desorption of hydrogen adsorbed on
palladium surface because it is known that this
process takes place within temperature range
40�100 °Ñ [11, 28, 29]. A broad peak with the
maximum at 146 °Ñ observed for Pd/Al2O3 pre-
sumably corresponds to the reduction of palla-
dium oxide particles strongly bound with the
support [30]. The TCD curve for the Pd/Ga2O3

sample has a broad peak with not very high
intensity, with the maximum at 270 °Ñ, which
may correspond to the formation of interme-
tallic compound Pd2Ga [11, 31].

In the case of Pd/In2O3 catalyst, no peaks
similar to Pd/Al2O3 and Pd/Ga2O3 were detect-
ed. Hydrogen absorption at a temperature above
400 °Ñ is connected with the partial reduction
of indium oxide [32]. The data obtained can be
explained by the reduction of In2O3, which is
accompanied by palladium encapsulation by the
partially reduced support.

EXAFS spectroscopy

According to the data of EXAFS spectro-
scopy, in the case of Pd/Al2O3 catalyst, palla-
dium is present in the system exclusively as the
metal (Fig. 2). This is indicated by the observed
peaks corresponding to the first four coordina-
tion spheres of fcc palladium (Pd�Pd 2.73, 3.84,
4.77, 5.35 Å).

The major part of palladium in the Pd/
Ga2O3 catalyst sample is present in the metal
state (Pd�Pd distance is equal to 2.73 Å). The
presence of the peak corresponding to Pd�Ga

distance equal to 2.55 Å allows one to assume
that a small part of Pd forms nonstoichiomet-
ric inhomogeneous alloy with gallium, reduced
due to the effect of hydrogen spill over from
palladium. The possibility of alloy formation was
demonstrated in [33].

Modelling of the spectrum for the K edge
of palladium absorption in Pd/In2O3 catalyst
shows the presence of two Pd�Pd distances
(2.76 and 3.88 Å) corresponding to the distances
in metal palladium. The distance equal to 4.5 Å
can be related only to the Pd�In distance be-
cause the attempts to simulate this peak through
the Pd�Pd distance leads to the negative coor-
dination numbers. In this system,  similarly to
the previously considered system Pd/Ga2O3,
partial reduction of indium oxide to suboxides
or zero-valent indium due to hydrogen spillover
from palladium particles can be assumed, too.

It is known that similarly to Pd/Ga2O3 the
reduction of Pd/In2O3 results in the formation
of intermetallic compounds [32]; however, in
this case we did not succeed in detecting reli-
ably the presence of the bimetallic phase.

Thus, the listed EXAFS data provide evi-
dence in favour of the fact that comparable
values of acetylene transformation degree for



96 N. S. SMIRNOVA et al.

the samples deposited on gallium and alumini-
um oxides are connected with the formation of
the bimetallic phase in the case of Pd/Ga2O3.
The distance of 4.93 Å for the Pd/Ga2O3 sam-
ple and  4.50 Å for the Pd/In2O3 sample may
point to the decoration of palladium particles
by supports. In the case of Pd/Ga2O3 sample,
a decrease in the available Pd surface is com-
pensated by the appearance of some amount
of active and selective palladium-gallium active
centres. The low degree of acetylene conversion
for the Pd/In2O3 sample can be explained by
blocking of palladium particles by the reduced
support. In the case of Pd/Al2O3, encapsulation
does not occur during the synthesis.

X-ray photoelectron  spectroscopy

For the purpose of obtaining more detailed
information about the state of the active compo-
nent on catalyst surface, the samples of 1 %

Pd/In2O3 and 1 % Pd/Ga2O3 were studied by
means of XPE spectroscopy.

According to the data obtained, palladium
is present in the Pd/Ga2O3 sample in the form
of metal palladium and oxide (Fig. 3, a). Intense
doublet with Eb (Pd 3d5/2) = 334.8 eV is likely to
relate to metal palladium clusters. The value of
bonding energy (334.8 eV) is somewhat lower
than the known value for Pd0 (335.0�335.2 eV)
[34, 35]. The shift to smaller binding energy val-
ues may be due to partial decoration of palladi-
um particles by the support, which causes the
appearance of  additional effects of  recharging
[24]. Less intense doublet is characterized by bind-
ing energy equal to 336.9 eV, which is typical
for palladium oxide PdO [36, 37]. One also can-
not exclude that it may be due to the presence
of the joint phase of palladium and gallium like
PdGaxOy containing Pd�O bonds, which is
formed at the boundaries of the contacts of
metal palladium particles and gallium oxide.

The XPE spectrum of palladium Pd 3d for
Pd/In2O3 is shown in Fig. 3, b. The state of
palladium in the Pd/In2O3 sample may be de-
scribed by one doublet with Eb(Pd 3d5/2) =
334.7 eV. This line is almost ideally described
by Dognac�Sandgick [38],  which points to the
metal nature of  this peak. A small shift to small-
er binding energy values with respect to the
peak of metal palladium can also be due to
decoration of some palladium particles by in-
dium oxide.

So, the data of XPES, similarly to EXAFS
data, confirm our assumption concerning palla-
dium blocking by the support in both samples.

Investigation of Pd/Al2O3, Pd/Ga2O3

and Pd/In2O3 by means of TEM

In the micrographs taken with the help of
transmission electron microscope (Fig. 4, b),
gray-contrast particles correspond to alumini-
um oxide, while darker ones correspond to sup-
ported palladium particles. According to the re-
sults of TEM, the active component is present
in the 1 % Pd/Al2O3 catalyst as solitary rounded
particles and as agglomerates. The average size
of palladium particles is 3.4 nm. The histogram
of particle size distribution has two maxima
corresponding to the ranges 2�2.5 and 4�4.5 nmFig. 3. Spectrum of Pd 3d for samples: à � 1 % Pd/Ga2O3,

b � 1 % Pd/In2O3.
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(see Fig. 4, a). This bimodal distribution of palla-
dium particles may be connected either with the
complicated phase composition of the support
or with the processes that take place during the
application of the active component or drying.

Similarly to Pd/Al2O3, the active component
is present in the 1 % Pd/Ga2O3 sample as ag-
glomerates and solitary particles (Fig. 5, b). Be-
cause of the close values of the lattice param-
eters of metal palladium and palladium-galli-
um intermetallides, it is impossible to answer
unambiguously whether the particles are com-
posed of palladium or the interaction-related
phase (alloy or intermetallic compound). The av-
erage particle diameter is equal to 2.9 nm, while
the major part of the particles is characterized
by the size less than 2.5 nm (see Fig. 5, a). Dark-
er regions in comparison with the surrounding
support (halo) are observed around some parti-

cles, which can be an evidence of Pd decora-
tion by partially reduced gallium oxide.

TEM investigation of the 1 % Pd/In2O3 sam-
ple reduced at 200 °Ñ showed that it is charac-
terized by a broad particle size distribution from
2 to 12 nm, and the average particle size is
5.7 nm (Fig. 6, a). Palladium particles are sur-
rounded by a thin layer of indium oxide (see
Fig. 6, b). It is known that indium oxide parti-
cles located near palladium are able to render
or accept oxygen readily [39]. So, at the stage
of catalyst reduction palladium particles may
be decorated with a thin layer of In2O3 [39] till
complete coating. Palladium particles are blocked
up with partially reduced support, which may
explain relatively low acetylene conversion de-
gree for this sample in comparison with Pd/
Ga2O3 and Pd/Al2O3 in the liquid-phase acety-
lene hydrogenation under similar conditions.

Fig. 4. Histogram of Pd particle size distribution (a)
and the TEM data (b) for the 1 % Pd/Al2O3 sample.

Fig. 5. Histogram of Pd particle size distribution (a)
and the TEM data (b) for the 1 % Pd/Ga2O3 sample.
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TABLE 2

Palladium particle size and calculated ACA values for Pd/M2O3 catalysts

Samples W, Average Pd particle size, nm Pd dispersity, ACA, s�1

mL of C2H2/(min ⋅ gcat) TEM ÑÎ from CO chemisorption, %

Pd/Al2O3 167 3.4   4.4 25 5.8

Pd/Ga2O3   73 2.9   9.9 11 6.1

Pd/In2O3   15 5.7 61.1   2 9.5

Fig. 6. Histogram of Pd particle size distribution (a) and
the TEM data (b) for the 1 % Pd/In2O3 sample.

Thus, the results of TEM are in complete
agreement with EXAFS, XPES data and the
results of catalytic tests: blocking of the active
component by the support is observed in Pd/Ga2O3

and Pd/In2O3 samples; in the case of the palladium-
indium sample blocking is almost complete.

Determination of dispersity from CO
chemisorption

Results of  thee examination of  the cata-
lysts using the physical methods point to the

presence of some amount of the bimetallic
phase in Pd/Ga2O3 and different extent of ac-
tive component blocking in Pd/Ga2O3 and Pd/
In2O3 samples. In this connection, it is neces-
sary to determine the amount of palladium
available for reaction and the atomic catalytic
activity (ACA) for all the samples. The data on
dispersity and the size of the particles of the
active component obtained by means of TEM
and CO chemisorption, as well as calculated
ACA values (reduced to acetylene conversion
degree X = 50 % for all the samples) are pre-
sented in Table 2.

The average size of palladium particles de-
termined using different methods are close to
each other only for the Pd/Al2O3 catalyst (3.4
and 4.4 nm). For the samples deposited on gal-
lium and indium oxides, the parameters ob-
tained by means of transmission electron mi-
croscopy and CO chemisorption differ from each
other by a factor of 3.4 and 10.7 times, re-
spectively. This substantial deviation is the evi-
dence of the sorption of much smaller amount
of CO on palladium surface than the value ex-
pected from the data on the size of palladium
particles obtained by means of TEM. This is
additional confirmation of  active component
blocking by the support. However, one cannot
exclude the situation when a change of the sto-
ichiometric factor of CO sorption on Pd occurs
as a consequence of the change of phase com-
position (the formation of bimetal compounds)
and/or electronic state of the active compo-
nent on catalyst surface because the sample Pd/
Ga2O3 contains along with metal palladium also
a small amount of the palladium-gallium phase.
In particular, CO molecule may get sorbed on
metal palladium particle either in the linear form
(CO/Pd = 1 : 1) or in the bridging form (CO/
Pd = 1 : 2). Stronger forms of CO sorption are
also known (CO/Pd = 1 : 3) [31, 40]. For small
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(<5 nm) palladium particles, the stoichiometric
factor is accepted to be unity [40]. On the other
hand, it was shown in [31] for the Pd/Ga2O3

catalyst that CO molecules are sorbed on the
active component (bimetal phase Pd2Ga) also
mainly in the linear form (CO/Pd = 1 : 1). So,
substantial discrepancies between the average
particle size values are most probably due to
active component blocking by the support.

For the series of samples under investiga-
tion, the atomic catalytic activity reduced to
the degree of acetylene conversion X = 50 %
was calculated on the basis of the data on CO
chemisorption. The ACA values for the samples
deposited on Ga2O3 and In2O3 (6.1 and 9.5 s�1,
respectively) turned out to be higher than for
Pd/Al2O3 (5.8 s�1). The ability of Ga2O3 and In2O3

to get reduced partially at relatively low tem-
perature (200�300 °Ñ) provides the formation of
bimetal phases and palladium decoration. Deco-
ration is likely to provide an increase in their
contact with the support, so the electronic state
of the active component changes. The forma-
tion of bimetal phases also favours the improve-
ment and selectivity of the catalyst.

CONCLUSION

It was established as a result of the studies
that the synthesis of Pd/Ga2O3 and Pd/In2O3

catalysts involves fragmentary (or almost com-
plete in the case of Pd/In2O3 sample) blocking
of the active component by partially reduced
support. Palladium blocking determines the low-
er degree of acetylene transformation for Pd/
Ga2O3 (X = 35 %) and Pd/In2O3 (X = 8 %) in
comparison with the Pd/Al2O3 sample
(X = 45 %) tested under identical conditions.
Higher selectivity of the Pd/Ga2O3 catalyst with
respect to ethylene (56 %) in comparison with
the sample on aluminium oxide (48 %) is con-
nected with the formation of the joint palladi-
um-gallium phase.

Calculated atomic catalytic activity values for
Pd/Ga2O3 (6.1 s�1) and Pd/In2O3 (9.5 s�1) are high-
er than the value for Pd/Al2O3 (5.8 s�1), which is
the evidence of the positive modifying effect of
gallium and indium oxides on palladium.
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