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Abstract—The activity of M-free and M-loaded 10YO; s—10Ce0,—80ZrO, solid solution (M = Cu, V, or W)
towards carbon black combustion was studied using TG/DTA and TPO techniques. It was demonstrated that all
studied catalysts lower the temperature of carbon black combustion. The selectivity of the catalytic reaction in
CO, formation was 100%. It was evidenced that the fast oxidation of carbon at lower temperatures, observed
only in the TG/DTA apparatus, was due to heat- and mass-transfer limitations, resulting in a runaway reaction.
Using TPR technique, it was shown that, in the temperature range of DTA curve, oxygen on the catalyst surface
was rather reactive (and, therefore, it could be easily released by support for the oxidation of carbon), whereas
the reactivity of bulk oxygen was negligible. The activity of the metal-loaded 10YO; s—10Ce0,—80ZrO, (Y-10)
samples varied according to the following sequence: Cu/Y-10 > V/Y-10 > W/Y-10. For Cu- and V-containing
catalysts, a contribution of a surface redox mechanism in reaction was proposed by comparing EPR spectra of
pure catalysts with those of the samples (catalysts mixed with carbon black) after catalysis.

1. INTRODUCTION

Internal-combustion engines (both gasoline- and
diesel-fueled) are known to significantly contribute to
air pollution, which has a damaging impact on the envi-
ronment and is suspected to cause global climate
changes. Ecological benefits of diesel engines, such as
low greenhouse gas emissions, are balanced by high
emission of NO, and solid particles, mainly soot.

Soot emission can be controlled by placing a porous
ceramic filter downstream for the collection of solid
particles. Soot, deposited on the filter, must be periodi-
cally burnt down to avoid an increase of backpressure
in exhaust gas. However, such a regeneration of the fil-
ter requires high temperatures (higher than those of the
exhaust gases and, hence, the filter). There are two prin-
cipal approaches to the solution of the regeneration
problem. The first way is to increase the filter tempera-
ture using special burners and electric heaters [1]; the
second is to lower the soot ignition temperature using
oxidation catalysts such as single metal oxides and
mixed oxide systems [2—4] or eutectic mixtures based
on oxides [5, 6].

It is obvious that the catalytic regeneration of the fil-
ter is more suitable than the thermal one since it does
not require additional car equipment. Oxidation cata-
lysts can be either added to the fuel in the form of sol-
uble compounds or coated onto the internal surface of
the filter [1, 7]. In the former case, the catalyst is incor-
porated into the soot particles during their formation
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ensuring good contact between active components and
soot particles and this results in a high degree of soot
conversion both into the waste gas flow directed to the
filter and in the filter itself. In the latter case, the accu-
mulated soot is oxidized in the filter.

In recent years, special attention has been focused
on the application of ceria (CeQ,), structurally doped
with zirconia (ZrQO,), for the treatment of emissions
from car engines, including diesel exhaust. In compar-
ison with pure CeQ,, the thermal stability, redox prop-
erties, and catalytic activity of these solids are strongly
enhanced. These special properties are explained by the
substitution of Ce* by Zr*" into the CeO, lattice, which
favors the creation of structural defects and results in
the acceleration of oxygen diffusion. The higher mobil-
ity and, hence, reactivity of lattice oxygen is related to
the phase modification of CeO,—ZrO, oxides from tet-
ragonal into cubic form. Moreover, the incorporation of
yttrium (as Y>*) in the CeO,~ZrO, lattice promotes the
stabilization of a single homogeneous cubic phase
(especially in 10YO, 5~10CeO,—80ZrO, [8]). The pres-
ence of anionic vacancies on the Y,0;—CeO,—ZrO, ter-
nary oxide surface provides special interaction with the
impregnated active phase, which could induce particu-
lar catalytic activity [9].

The purpose of this work is to study the combustion
of carbon black in the presence of 10YO, s—10CeO,—
80ZrO, ternary oxide doped with transition metals
(Cu, V, or W), to elucidate the role of the oxide support
(which exists in a pure cubic phase and, therefore, it is
expected to be an efficient oxygen exchanger) in the
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reaction, and to determine the centers of the catalysts
responsible for their activity.

2. EXPERIMENTAL
2.1. Preparation of Samples

The support of the following composition (in mol %)
10YO, s-10Ce0,—-80Zr0O, (denoted as Y-10) was pre-
pared by coprecipitation. It was synthesized by means
of adding NH,OH solution to a solution containing a
mixture of Y(NO;);, Ce(NOs);, and ZrO(NOs), salts
with the desired Y : Ce : Zr ratio and a total concentra-
tion of 0.2 mol/l ions (the pH was about 10.5-11). The
prepared gel was washed with deionized water and then
with an ethanol solution (40%), dried at 373-393 K
(5 h), and calcined at 823 K in a muffle furnace (5 h).

The catalysts with 0.5, 1, or 3 wt % of metal were pre-
pared by the impregnation of the support with a solution of
Cu(NO;), - 6H,O, NH,VO;, or (NHy);0H,(W,0) -
4H,0 followed by drying and calcination in air at 523,
723, and 973 K for Cu-, V-, and W-containing samples,
respectively.

2.2. Catalytic Tests

The combustion of carbon black (CB), N330 sup-
plied by Degussa, model of soot [7] (BET surface area
is 80 m?/g; content of hydrocarbons, C,,—C,, alkanes, is
1 wt %), was studied simultaneously with thermogravi-
metric (TGA) and differential thermal analyses (DTA)
using a Netzsch STA 409 apparatus. Some of the sam-
ples were also investigated with the temperature-pro-
grammed oxidation (TPO) technique. For both experi-
ments, we used 0.05 g of the mixtures of catalyst with
CB (80 and 20 wt %, respectively), which were
obtained by mechanical mixing in a ball miller for
40 min. Before mixing, all the catalysts were activated
at 823 K.

In TG/DTA experiments, the reaction mixture was
loaded in an alumina crucible (cylindrical shape and
4 mm height) and heated from ambient temperature to
873 K (5 K/min) in air flow (75 ml/min). The analysis
of combustion products was performed using a Varian
3600 chromatograph coupled with a thermobalance [4].
Two chromatography columns (one inside of other:
CTRI Alltech) were used to separate the components of
the gas mixture (air, O,, N,, CO, and CO,). The outer
column was filled with molecular sieve 5A, whereas the
inner one was filled with adsorbent Porapak Q. The
operating conditions were as follows: columns temper-
ature was 348 K, thermoconductivity detector tempera-
ture was 423 K (~180 mA), carrier-gas was helium
(20 ml/min).

TPO tests were carried out in a flow device equipped
with a quartz fixed bed reactor placed into a tube fur-
nace, an air pump, and a loop with zeolite 4A for the
removal of water. Air flow (75 ml/min) passed through
the samples while the furnace temperature was raised
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from room temperature to 873 K (5 K/min). CO, was
registered with the use of acoustic gas analyzer “Mega-
kon” situated at the exit of the gas flow from the reactor.
In these experiments, CO was not analyzed since it was
not found in the products of CB combustion during pre-
liminary DTA tests.

2.3. Temperature Programmed Reduction (TPR)

TPR of the catalysts was carried out in a flow device
equipped with a system of gas preparation and purifica-
tion, a quartz reactor situated into a tube furnace, and a
thermal conductivity detector. In order to minimize the
contribution of surface impurities and water, before the
experiments, the samples (0.1 g) were calcined in O,
flow at 723 K (1 h). After cooling to room temperature
(in an Ar flow), the samples were reduced with H,
(5 vol % in Ar). The flow rate was 23 ml/min, and the
heating rate was about 13 K/min.

2.4. Electron Paramagnetic Resonance (EPR)

EPR spectra were recorded at 293 and 77 K with a
Bruker EMX spectrometer operating in the X band
microwave frequency (~9.5-9.7 GHz). The magnetic
field was modulated at 100 kHz. The g-factor values
were determined by simultaneously measuring the
microwave frequency and the magnetic field. All EPR
spectra were treated with the Bruker WINEPR pro-
gram, and the Bruker SimFonia program was used to
simulate the EPR spectra.

3. RESULTS AND DISCUSSION
3.1. Catalytic Oxidation of Carbon Black

The activity of the catalysts was considered from the
standpoint of their ability to decrease the combustion
temperature of CB in air, which in the absence of cata-
lysts occurs in the ~800-900 K range [4]. The temper-
ature of the first DTA peak was chosen as a characteris-
tic of the catalytic activity of the samples. The data of
thermal experiments are listed in Table 1. Note that, in
all cases, selectivity of the reaction in CO, formation
was 100%.

All the DTA curves consisted of two exothermic
peaks. The first peak was narrow and sharp whereas the
second one, appearing at higher temperatures, was
broad and smooth (for example, DTA curve for 3%
Cu/Y-10 in Fig. 1, curve 7). The most important weight
loss on the TGA curves was observed in the tempera-
ture range corresponding to the first DTA peak (a fast
process), whereas a smaller weight loss was found for
the temperature area of the second DTA peak (a slow
process). Pruvost et al. [4] have already explained these
two oxidation phenomena: the first DTA peak is related
to the combustion of CB particulates, which are in tight
contact with the catalyst, whereas the second peak is
instead assigned to the combustion of weakly bonded
carbon particulates.
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Table 1. Values of temperature of the first DTA maximum (7,,,) and weight loss obtained from DTA-TGA experiments in

air flow for CB + catalyst mixtures

Weight loss for first and second DTA peaks, %
Sample Surface area, m%/g Thaxs K
first peak second peak both peaks
CB +Y-10 70 749 12.2 7.2 19.4
CB + 0.5%Cu/Y-10 55 712 15.5 7.4 22.9
CB + 1%Cu/Y-10 43 703 15.6 6.4 22.0
CB +3%Cu/Y-10 38 694 16.0 4.7 20.7
CB +3%V/Y-10 40 734 12.1 8.3 20.4
CB +3%W/Y-10 54 740 10.4 9.1 19.5

Figure 1 compares the DTA curve (curve /) with the
DTGA curve (time derivative of the TGA curve) (curve 2)
for a 3% Cu/Y-10 sample. A very good mutual accor-
dance between both curves indicates that each of the
two DTA peaks is a result of a chemical reaction, which
is not accompanied by other chemical reactions or
physical transformations. Indeed, in the case of several
chemical reactions in the absence or presence of physi-
cal transformations, the corresponding DTA peak is the
result of thermal effects of all these processes, and,
therefore, the DTA and DTGA curves must show dif-
ferent changes. In our experiments, these curves always
showed identical changes. It is obvious that the pres-
ence of both DTA peaks is related to the oxidation of
CB. The evidence is the formation of the combustion
product (CO,) in the temperature ranges of both the first
and second DTA peaks as well as the appearance of the
curve corresponding to the rate of CO, formation
(Fig. 1, curve 3), coinciding according to its shape and
temperature position with the appropriate DTA curve
(Fig. 1, curve ).

However, it has been found that the first/second
peak area ratio for DTA curves is not the same as for
curves of temperature dependence of the rate of CO,
formation (see, e.g., Fig. 1, curves I and 3). In fact, a
correlation between the areas of the first and second
peaks on the two mentioned curves must be observed
since CO, is the only product of the CB combustion
both during the fast and slower stages of the reaction.
Really, in the absence of other chemical processes (e.g.,
partial oxidation of carbon), the amount of heat gener-
ated because of the C + O, = CO, exothermic reaction
is proportional to the amount of CO, formed as a result
of this reaction. Obviously, the amount of heat gener-
ated at each of two stages of the reaction must be com-
parable with the amount of CO, formed at these stages.
The integration of the corresponding curves has shown
that the first/second peak area ratio was higher for the
DTA curves than for the curves of CO, formation rate.
The observable disproportion between peak areas on
the two double-peak curves can be a consequence of
overheating the samples at the beginning of their oxida-
tion. Indeed, the first stage of the reaction of CB oxida-
tion is very fast. Apparently, heat production and heat
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accumulation during this stage are more pronounced
than during the second slower oxidation stage, and this
can lead to overheating the sample and, hence, to the
additional emission of heat.

According to Neeft et al. [10], who developed a
model describing heat- and mass-transfer between the
carbonaceous sample and the surroundings for ther-
moanalytical techniques, observable double-peak oxi-
dation profiles are a result of combined heat- and mass-
transport limitations. The occurrence of both types of
limitations can be diminished by using a traditional
flow-reactor technique, in which heat transfer is
improved since reaction gas flows through the sample
and not around it as in DTA experiments [2, 10]. We
have carried out TPO experiments under reaction con-
ditions similar to those used in DTA. Indeed, usually, the
thermal runaway reaction is not observed in traditional
flow-reactor experiments, such as TPO [6, 11, 12].

As expected, in the TPO experiments, we observed
only one broad peak on the temperature dependence of
the CO, formation rate, not two as in the corresponding

CO, current concentrations, vol %
21

DTGA 2

18

14

11

o 1
570 670 770

Fig. 1. (/) DTA curve and (2) DTGA curve for the mixture
of CB with the 3%Cu/Y-10 catalyst in air flow and (3) CO,
current concentration measured during the DTA test.



432

o

A

=

2 DTA

=

=

o

Q'

O 4,

54

g = TPO

=1 .-D.

3 &

£

=

L

(]

=

G

o

Fé 1 I ' '

¢ 530 580 630 680 730 780 830
T, K

Fig. 2. DTA and TPO curves for the mixture of CB with
Y-10 support.

DTA tests (compare, e.g., the curves of Fig. 2). In
Fig. 2, we exploited the DTA curve instead of the curve
of the rate of formation of CO, during DTA tests since
the latter consists of small number of points and, there-
fore, is less exact. It was found that the maxima temper-
atures of the TPO peaks were close to the maximum
temperatures of the second DTA peaks. Furthermore,
the temperatures of the beginning of CO, formation
were near to those of CB ignition in DTA tests. It is
indicated that the presence of two overlapped peaks on
the DTA curves is really related to the above-mentioned
limitations, leading to a runaway reaction in the low-
temperature area.

It has been found that the support itself can act as an
oxygen supplier for carbon oxidation. It implies a con-
tribution of a surface redox mechanism (in which the
support is reduced by carbon particles with the subse-
quent reoxidation of the partially reduced surface by
gas-phase oxygen) in the overall reaction. Two factors
are important for the participation of surface oxygen of
the support in the oxidation of carbon. The first one is a
good contact between carbon particles and catalyst so
that the oxygen of the catalyst could react with the car-
bon [1-3, 7]. The second essential factor is the presence
of a sufficient amount of highly reactive oxygen onto
the solid surface to sustain the reaction [13].

The data about oxygen reactivity (determined as
reducibility of Ce*" ions) for both pure and metal-
loaded Y-10 samples were obtained by TPR technique.
TPR curve of Y-10 support consists of two peaks
(Fig. 3). The low-temperature (LT) peak characterizes
the reducibility of surface Ce** ions, whereas the high-
temperature (HT) one is related to the reduction of Ce*
ions in the support bulk [13, 14]. The maxima of the LT
and HT peaks correspond to the temperatures at which
the reactivity of the surface and, respectively, bulk oxy-
gen is maximal. As can be seen in Fig. 3, in the temper-
ature range of evolution of the DTA curve, the surface
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Fig. 3. DTA curve for the mixture of CB with Y-10 support
and TPR curve for Y-10.

oxygen of the Y-10 support is reactive and, therefore, it
can be easily released by the support for the oxidation
of carbon.

It also follows from Fig. 3 that, in the temperature
range of the occurrence of carbon oxidation, the reac-
tivity of the bulk oxygen of Y-10 is negligible, which is
related to low oxygen mobility in its crystal lattice
under these conditions and, hence, with the compli-
cated diffusion of oxygen from the support bulk to the
surface. The fact that lattice oxygen can be released by
the support at rather high temperatures (which are
higher than the temperature at the end of the catalytic
reaction) excludes its participation in the reaction. A
comparison of the maximum temperatures of the sec-
ond DTA peaks with the temperatures corresponding to
the maximal reactivity of oxygen in the bulk of other
catalysts (Fig. 4) also indicated a low probability of par-
ticipation of bulk oxygen of the different catalysts in
carbon oxidation (except for 3% V/Y-10 sample).
Indeed, for 3% V/Y-10 sample, negligible difference
between both temperatures (7,,,, of HI-TPR peak and
second DTA peak, Fig. 4) indicates a rather high reac-
tivity of oxygen in the bulk of the catalyst under reac-
tion conditions and its possible participation in carbon
oxidation.

In spite of the fact that surface oxygen of the support
is rather reactive under the reaction conditions, its par-
ticipation in the oxidation of carbon by a redox mecha-
nism is not obvious (Table 1). Nevertheless, it can be
suggested for metal-loaded catalysts. Really, in most
cases, the total weight loss during the reaction was
more than 20%. Considering that transition metal
oxides are often involved in a redox mechanism during
catalytic CB oxidation [4, 15], the phenomenon can be
attributed to the carbothermal reduction of metal ions.
However, in the case of Cu-containing samples, the
found experimental values of surplus weight loss
exceed the theoretical ones calculated for the complete
Vol. 45 No. 3
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reduction of all present copper(Il) by carbon. This tes-
tifies to the reduction of centers of support accompanied
by the release of oxygen (mainly from catalyst surface),
which can further interact with carbon forming CO,.

The activity of the metal-loaded Y-10 varied in the
following sequence: Cu/Y-10 > V/Y-10 > W/Y-10. It is
worth noting that the activity of Cu-containing catalysts
correlated with the content of supported copper and the
most active catalyst (3% Cu/Y-10) exhibited the lowest
surface area (Table 1). An increase in the catalytic
activity of the Cu-containing samples accompanied by
a decrease in their surface area with increasing copper
loading are well explained by the formation of CuO
particles on the catalyst surface. Apparently, a promis-
ing inhibition effect, related to the decrease of surface
area (from 55 to 38 m?/g), is balanced by the high cata-
lytic potential of CuO in CB oxidation. Indeed, in the
same reaction, Pruvost er al. [4] clarified the role of
small CuO particles, whose presence on oxide supports
(besides isolated copper species) appeared as a determin-
ing parameter versus the activity.

3.2. Analysis of EPR Spectra of Catalysts
before and after Catalysis

EPR spectra of initial catalysts (not mixed with carbon
black) were recorded after preliminary calcination (at
873 K) in air with subsequent outgassing (~3 X 10> mbar).
Figure 5 shows the spectra recorded at 77 K.

The spectrum of Y-10 support consists of three sig-
nals denoted as A, B, and C. A signal at g = 4.29 with
peak-to-peak width AH ,, = 24.4 G is attributed to high-
spin Fe** ions (3d° electronic configuration, S, ground
state, S = 5/2) with low-symmetry crystalline field of
ligands [16]. B signal is an axial anisotropic spectrum
with a poorly resolved hyperfine structure. The EPR
parameters (g, = 2.068, g, =2.277, A; = 150 G) are
characteristic of isolated Cu?* ions (3d°) in distorted
octahedral coordination [8]. Fe** and Cu?* species are
present in the support as impurities. C signal represents
an axial symmetry spectrum with the following param-
eters: g, = 1.973, g; = 1.953. It can be attributed to Zr**
ions (4d") in an octahedral environment with strong tet-
ragonal distortion [16-20]. The Zr** ions can be formed
during the synthesis of the support, probably due to
dehydration of a hydroxide mixture (OH™ groups can
play the role of a reducing agent for Zr* species in
hydrated sample [16, 18]).

The spectrum of the 3% W/Y-10 catalyst (not
shown) was similar to the Y-10 spectrum, indicating the
presence of the above-mentioned ions and the absence
of paramagnetic species of tungsten.

As to the 3% Cu/Y-10 catalyst, an intense anisotro-
pic signal is present in the EPR spectrum, and because
of its high intensity, the contributions of the A, B, and
C signals in the total spectrum are negligible. The
parameters of this signal (g, =2.1, A ~ 12 G; g, =2.3;
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Fig. 4. Temperatures of maxima of second DTA and TPR
peaks.

A~ 115 G) were determined by comparison of the
experimental spectrum with a simulated one. It was
stated that the signal is related to isolated Cu?* ions hav-
ing a tetragonally distorted octahedral local environ-
ment with a rather strong interatomic interaction [8].
Considering the sample preparation conditions, one
must suppose that all supported copper is in the Cu®*
oxidation state, but not all available copper(Il) is visible
in the EPR spectrum because of the presence of CuO
particles with an antiferromagnetic interaction [8].

A new anisotropic signal with hyperfine structure
was observed in an EPR spectrum of the 3% V/Y-10
catalyst in addition to A, B, and C signals. In accor-
dance with the spectral parameters (g, = 1.983, A, =
45 G; g,=1.933, A= 170 G), determined by fitting the
spectrum to the simulated one, the signal is typical of
paramagnetic V#* ions (3d") and can be attributed to tet-
ragonally compressed octahedral complexes of vanadyl
type VO?* [21]. From the integral intensity of the V#
EPR signal, it was found that a negligible part of the
metal was in the V# oxidation state. The rest of the
vanadium was obviously in the V>* oxidation state.

EPR spectra of the catalysts mixed with carbon
black after their use in the catalytic oxidation of carbon
black (temperature of the end of the reaction was
873 K) were recorded at 77 K after preliminary outgas-
sing (~4 x 107 mbar). All the spectra are composed of
4 signals (Fig. 6): The A, B, and C signals described
above and attributed to the Fe’*, Cu?*, and Zr3* ions,
respectively, and a new broad structureless X signal
(parameters are given in Table 2).

As follows from the EPR spectra (Fig. 6), admixture
Fe** and Cu?* ions (A and B signals) are present in all
the catalysts (in the case of the 3% Cu/Y-10 sample
these signals are not visible because of their low rela-
tive intensity). It was found that the intensities of the A
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Fig. 5. EPR spectra of initial catalysts (not mixed with car-
bon black) calcined at 873 K, recorded at 77 K. (Intensities
of spectra normalized for sample mass.)

and B signals in the EPR spectra of the catalysts used in
CB oxidation became significantly lower. This allows
one to suppose that the admixture Fe** and Cu?* ions
are reduced by carbon during the reaction.

On the contrary, the amount of Zr** ions is consider-
ably (~10 times) increased in the Y-10 and 3% W/Y-10
catalysts after CB oxidation compared with that in the
initial catalysts (in EPR spectra of the initial Cu- and
V-doped samples, the signal from Zr** is not very visi-
ble and, therefore, it is difficult to estimate quantita-
tively the increase of the amount of Zr** ions during
catalysis). This indicates the pronounced carbothermic
reduction of Zr** ions during the reaction in spite of the
strong oxidizing atmosphere. This is in agreement with
the literature data [18], where it is reported that surface
Zr** ions of ZrO, oxide are quite stable towards molec-
ular oxygen and tend to be coordinatively saturated by
various adsorbing species (e.g., CO,) rather than being
oxidized.

Taking into account the trend of the above ions to be
carbothermally reduced, one can suppose that the
absence of paramagnetic forms of copper and vana-
dium, in, respectively, the 3% Cu/Y-10 and 3% V/Y-10
used catalysts, is related to the reduction of supported
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Fig. 6. EPR spectra of the samples (catalyst + CB) after
DTA, recorded at 77 K. (Intensities of spectra normalized
for sample mass.)

metal species by carbon during the CB oxidation. This
in its turn confirms the fact that the reaction is imple-
mented through a redox mechanism with the participa-
tion of the supported transition metals. In accordance
with the reported data [4, 22], Cu?* ions are the active
sites of the 3% Cu/Y-10 catalyst. In the case of the
3% V/Y-10 catalyst, V3* species (and possibly V4*) can
play this role [6]. As to the 3% W/Y-10 catalyst, consid-
ering the synthesis conditions (see Subsection 2.1),
tungsten is expected to be present in the fully oxidized
(W®) state in the initial catalyst; however, we can only
suppose that this form of tungsten is weakly active for
CB combustion.

Table 2 shows the values of g-factors, the peak-to-
peak line widths (AH), and the relative integral inten-
sities of the X signal (evaluated as / (Apr)2, where / rep-
resents the line amplitude) for the tested catalysts. This
signal is due to the presence of a paramagnetic form of
the residual carbon or/and sulfur compounds. However,
the nature of the paramagnetic centers is uncertain.
Similar signals have been observed in the EPR spectra
of Cu—Ce-Al-O catalysts used in CB oxidation and
have been attributed to paramagnetic sulfur compounds
[23]. All EPR parameters of X signal vary in a wide
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Table 2. Spectral parameters of X signal
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Relative integral intensity
Sample g-Factor AHyp, G normalized for sample mass
CB + Y-10 (after test) 2.2557 1017 6
CB + 3%Cu/Y-10 (after test) 2.3505 1153 72
CB + 3%V/Y-10 (after test) 2.6270 1163 30
CB + 3%W/Y-10 (after test) 2.5028 924 21

range depending on the type of catalyst (Table 2). X sig-
nal can be related to the presence of paramagnetic
metal-carbon or/and metal-sulfur complexes, where
the metal is copper, vanadium, tungsten, or impurities.
The composition of these complexes and, therefore, the
temperature dependence of the corresponding X signal
in different catalysts are not the same: in the Y-10,
3% Cu/Y-10, and 3% V/Y-10 samples, the intensity of
X signal increases, while in the 3% W/Y-10 catalyst it
decreases with a decrease of recording temperature. It
is interesting to note that the quantity of the paramag-
netic complexes determined at 293 K increases in the
following sequence: Y-10 < W- < V- < Cu-containing
catalysts, correlating thus with catalytic activity of the
samples.

4. CONCLUSIONS

The temperature of CB combustion was consider-
ably decreased in the presence of all the catalysts. The
catalytic activity increased in the following sequence:
Y-10 < W- < V- < Cu-containing catalysts, and, for
Cu/Y-10 samples, it correlated with the content of the
supported metal that was partly related to the CuO for-
mation. The catalytic oxidation of CB occurs in two
successive stages related mainly to the oxidation of car-
bon particles, and the appearance of the fast process
during DTA was attributed to a runaway reaction
caused by heat- and mass-transfer limitations. For Cu-
and V-containing catalysts, a contribution of a surface
redox mechanism in the overall reaction was proposed.
Cu?* and V>* ions are active sites of Cu- and V-loaded
samples, respectively, whereas W species are sus-
pected to be responsible for the catalytic activity of the
3% WI/Y-10 catalyst. A new EPR signal, found in the
catalysts used in CB oxidation, was attributed to the
paramagnetic metal-carbon or/and metal-sulfur com-
plexes (metal is Cu, V, W, or impurities), whose quan-
tity increased with an increase in the catalyst activity.
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