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Abstract

Pd—Cu/Palygorskite catalysts were prepared by a deposition precipitation method using palygorskite (PC/Pal) and carbon
modified palygorskite (PC/Pal-C) as supports, respectively. Their catalytic activities toward CO oxidation at room temperature
and in humid circumstances were investigated. It is found that PC/Pal-C exhibits much higher catalytic activity and stability
than PC/Pal for room-temperature CO oxidation under moisture-rich conditions. X-ray photoelectron spectroscopy (XPS)
and H,-TPR results indicate that the more active Pd** and highly dispersed Cu,CI(OH), species present on the PC/Pal-C,
which promotes the higher catalytic activity. The thermogravimetric (TG) and water contact angles (CA) results suggest that
the slightly enhanced hydrophobicity of PC/Pal-C could properly restrain the moisture condensation on the catalyst surface,
which may account for the excellent catalytic stability. The more surface active species and the proper hydrophobicity may
be responsible for the excellent catalytic performance of PC/Pal-C.
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1 Introduction

Carbon monoxide (CO) is one of most common components
in automotive exhaust fumes and industrial waste gases,
which is largely harmful to human health and environment.
Thus, CO elimination has become the focus of the global
scientific community. CO catalytic oxidation has been con-
sidered to be an efficient and economical method for the
abatement of carbon monoxide emission. Furthermore, low-
temperature CO oxidation is of more significant importance,
not only with regard to theoretical studies as a model reac-
tion, but also in terms of practical application, such as gas
masks, lowering automotive emission and purification of
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hydrogen for proton exchange membrane fuel cells (PEM-
FCs), etc [1-6].

Among various catalysts, noble metal catalysts show
excellent catalytic activity for CO oxidation at low tem-
perature, but they also have several defects. For example,
Au-based catalysts are sensitive to halogen-including com-
pounds and indoor light, leading to the deactivation during
the long-time reaction or storage process [7—14]. Non-noble
metal oxide and mixed oxide catalysts exhibit prominent
catalytic activity at low temperature, especially Co;0, and
the Cu-based catalysts [15-20]. Xie et al. [21] reported that
Co;0, nanorods showed extraordinarily high activity for CO
oxidation even at temperature as low as —77 °C under dry
conditions, however, the catalysts seriously deactivated in
the company of trace amount of moisture (3—10 ppm) owing
to the blocking of active sites by water molecules adsorption.
In contrast to metal oxides and supported gold-based cata-
lysts, supported Wacker-type catalysts have been reported to
be active and stable for room-temperature CO oxidation in
the presence of moisture and organic halides, and the water
may participate in CO, formation step, whereas the deac-
tivation is inevitable under moisture-rich conditions [22].
Shen et al. [23, 24] prepared Pd—Cu—Cl,/Al,0O; catalysts by
a NH; coordination-impregnation method, which exhibited


http://crossmark.crossref.org/dialog/?doi=10.1007/s10563-019-09269-1&domain=pdf
https://doi.org/10.1007/s10563-019-09269-1

Preparation and Characterization of Carbon Modified Pd-Cu/Palygorskite for Room-Temperature... 103

an outstanding catalytic activity for low-temperature CO
oxidation. However, during the long process of reaction at
high relative humidity, the water vapor in the feed gases was
adsorbed and condensed on the catalyst surface due to the
strong hydrophilicity of Al,O5, which leaded to the aggre-
gation and migration of the Cu species. This weakened the
interaction between Pd and Cu species, and Pd” species over
the surface of the catalyst was hard to re-oxidize back to the
Pd** by copper species, which inhibited the redox cycle and
resulted in the decrease of CO oxidation activity under the
high moisture reaction conditions. Zhou et al. [25] reported
that Pd—Cu-CIL,/CNT catalysts prepared by the two-step
impregnation method exhibited good stability and water-
resistance, when the moisture level in the reactant gas was
3.1 vol.% at 25 °C. Nevertheless, the loading of Pd for the
catalyst was 3.3%, which was much higher than that reported
in other literatures [26, 27]. On the basis of previous work
[24, 25, 28], we also found that Pd—Cu/Palygorskite catalysts
exhibited the low catalytic activity and poor stability in the
presence of high concentration moisture or at high space
velocity. Generally, moisture exists inevitably in practical
application, and the moisture concentration in the feed gas
is usually near-saturated.

Most of researchers [29-32] often use biomass as carbon
source to modify palygorskite by hydrothermal method or
pyrolysis method, which combines the surface properties of
activated carbon with the texture properties of palygorskite.
These carbon modified palygorskite materials are usually
used in the field of adsorption, decolorization and fuel cell,
etc. However, the application in CO catalytic oxidation is
rarely reported.

In this paper, a simple process has been developed for
the preparation of carbon-modified palygorskite, which was
used as a support to prepare Pd—Cu/Palygorskite catalysts
by a deposition precipitation method. Compared with the
catalyst supported on palygorskite without modification
(PC/Pal), the catalyst supported on the carbon modified
palygorskite (PC/Pal-C) exhibited excellent catalytic per-
formance for CO oxidation at room temperature and in the
presence of high concentration moisture. Herein, PC/Pal-C
and PC/Pal were characterized by ICP-AES, TG, XRD,
N,-physisorption, FT-IR, H,-TPR, XPS and CA, and the
relationship between the structure and catalytic performance
was also discussed in detail.

2 Experimental
2.1 Materials
Palygorskite is obtained from Anhui Mingmei MinChem

Co., Ltd. (Hefei, China), and used without further purifi-
cation. Besides the H,O molecules, the primary chemical

components of the palygorskite are 64.6 wt% SiO,, 20.7 wt%
Al,0O;, 13.8 wt% MgO, and it also contains very small
amounts of Fe,0; and Mn;0,, which are no more than
1 wt%. All of the other chemicals are of analytical grade
and purchased from Shanghai Chemical Reagent Co., Ltd.
(Shanghai, China).

2.2 Support Modification

1 g of sucrose was dissolved in 20 ml of distilled water, and
10 g of palygorskite was added to the above solution. The
solution was stirred until forming slurry. Then the slurry was
evaporated to dry, and dried at 90 °C for 3 h. The modified
support was obtained after calcining at 350 °C for 3 h in
N, atmosphere. The palygorskite modified by carbon was
designated as Pal-C and the palygorskite without treatment
was designated as Pal.

2.3 Catalyst Preparation

The catalysts were prepared by the deposition precipi-
tation method as follows: 0.02 g of PdCl, and 1.82 g of
CuCl,-2H,0 were dissolved in 40 mL of H,O, and then
5 g of modified support was added into the above solution.
The suspension was transferred to a water bath preheated
at 70 °C and stirred for 15 min. Following NH;-H,O was
added drop-wise into the suspension until a pH of 7 was
reached. The suspension was removed from the water bath
and aged for 12 h. After filtration, the samples were dried in
air at 80 °C for 3 h and at 120 °C for another 3 h. Finally the
dried samples were calcined at 300 °C for 3 h. The obtained
sample was designated as PC/Pal-C. The catalyst prepared
by the pure palygorskite without modification was denoted
as PC/Pal. In both of the two samples, the contents deter-
mined by the inductively coupled plasma-atomic emission
spectroscopy (ICP-AES) were 0.35 wt% and 12 wt% for Pd
and Cu, respectively, which were almost the same as the
theoretical values.

2.4 Catalyst Characterization

The contents of Pd and Cu in the catalysts were analyzed
with an ICP-AES instrument (710ES, Varian, USA). All
determinations were conducted at least in triplicate.

Thermogravimetric analysis (TG) was carried out in N,/
O, atmosphere at a heating rate of 10 ‘C/min by a thermal
analyzer (STA449F3, NETZSCH, Germany).

XRD patterns of the catalysts were recorded using a dif-
fraction spectrometer with CuKa radiation (A=0.154 nm)
at a scanning rate of 2.4 °/min (D8 Advance, Bruker,
Germany).

FT-IR spectra were obtained by a Fourier transform infra-
red spectrometer (Tensor 27, Bruker, Germany) with pressed
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KBr pellets in the range of 400-4000 cm™'. 16 scans were
collected for each sample with a resolution of 4 cm™".

CA was measured on a contact-angle system (OCA20,
Dataphysics, Germany) at ambient temperature. The sam-
ple was uniformly mounted on double-sided carbon tape,
with one side stuck on a glass slide. The distilled water was
slowly dropped onto the surface of the carbon tape coated
with various samples. Reported CA value is the average of
three independent measurements.

Textural analysis was measured at —196 °C on a
N,-physisorption analyzer (ASAP-2020, Micromeritics,
USA). The sample was degassed at 150 °C for 5 h before the
adsorption test. The multi-point BET procedure was used to
assess the specific surface area (Sggy) and the pore volume.
The pore size distribution was determined by applying the
Barrett-Joyner—Halenda (BJH) method.

H,-TPR was performed with a chemical adsorption
instrument (AutoChemlI 2920, Micromeritics, USA). 30 mg
of sample was loaded. 5 vol% H,/N, (30 mL/min) mixture
was introduced to the sample and the temperature was raised
to 700 °C at a rate of 10 ‘C/min. The uptake amounts of H,
were measured by a thermal conductivity detector (TCD),
which was calibrated by the quantitative reduction of CuO
to the metallic copper.

X-ray photoelectron spectroscopy (XPS) spectra of the
catalysts were determined on ESCALAB 250 spectrometer
using Al Ka radiation as the excitation source. The C 1s
signal (284.8 eV) was used as the reference to correct the
binding energies.

2.5 Measurement of Catalytic Performance

The measurements of catalytic activity for CO oxidation
at room temperature and in humid circumstances were
performed in a fixed-bed continuous flow microreactor.
The microreactor was a 8 mm i.d. quartz u-tube, and a
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thermocouple was set into the catalyst bed to measure the
temperature. The samples were sieved to 40—60 mesh so that
temperature gradients and pressure drop over the catalyst
bed were negligible. 300 mg of catalyst was used for each
test. The feed gas adjusted by mass flow controllers consisted
of 0.5 vol.% CO, moisture and air for balance, with a space
velocity of 8000 h™!. No pretreatment was applied before the
catalytic activity test. The quantitative analysis of CO was
performed with an on-line gas chromatograph equipped with
a 3 m column packed with carbon molecular sieve, a post-
column methanator and a flame ionization detector (FID).
In order to enhance the sensitivity of the detection, CO and
CO, were converted to CH, by the methanator at 360 °C
before entering into the FID. The activity was expressed by
CO conversion, which was calculated according to:

X(%) = (COinlel - Cooutlet)/coinlet x 100

where X is the CO conversion, COj,
CO concentration in the inlet, and CO

concentration in the outlet.

represents the initial
represents the CO

outlet

3 Results and Discussion
3.1 TG Analysis

The carbon modification of Pal was confirmed by TG anal-
ysis. The mass loss curves for supports and catalysts are
shown in Fig. 1. The curves reveal the dehydration/dehy-
droxylation of palygorskite and the oxidative degradation
of carbon species on the surface of palygorskite. The initial
weight loss is around 5.3% between 30 °C and 120 °C for
the pure Pal, which could be related to the removal of physi-
cally adsorbed water molecules. The second mass loss step
is originated from the dehydration of residual zeolitic water
and partial structural water. The third is observed in the
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Fig. 1 TG curves of supports and catalysts a Pal and Pal-C; b PC/Pal and PC/Pal-C
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range from 300 to 550 °C in our work, which is correspond-
ing to the removal of the residual bound water and some
structural hydroxyl water. The last step with a mass loss of
1.6% appears at above 550 °C, caused by loss of the remain-
ing M-OH hydroxyl groups and the thermal decomposition
of impurity [33-35]. For Pal-C, the mass losses in first and
second steps are obviously lower than that in Pal, indicat-
ing the less content of adsorbed water and zeolitic water
in Pal-C. This also suggests that the carbon modification
reduces the hydrophilicity of Pal. However, the mass loss
of Pal-C between 300 and 700 °C is higher than that in Pal,
which can be assigned to the oxidative degradation of the
carbonate species under air atmosphere. The above results
further reveal that the sucrose-derived carbon has been suc-
cessfully grafted onto the Pal, and the carbon modification
can effectively improve the hydrophobicity of the Pal. For
PC/Pal-C, the initial mass loss is obviously lower than that
in PC/Pal, indicating the less content of adsorbed water in
PC/Pal-C. In addition, the total mass loss of second and third
steps of catalysts are higher than that of supports, which
can be ascribed to the decomposition of Cu,CI(OH); (will
be presented in XRD) and the mass loss of carbon species.

3.2 XRD Analysis

Figure 2 shows the typical XRD patterns of Pal, Pal-C,
PC/Pal and PC/Pal-C. The 110 plane of Pal at 20 =8.4°
(d;10=1.045 nm) is attributed to the basal space of the Pal
framework [36]. The diffraction peaks at 26=19.7° and
20.7° are assigned to the Si—O-Si crystalline layers in the
Pal [29]. In addition, the reflection located at 20 =26.6° indi-
cates that there are quartz impurities existing in Pal [19].
Compared with Pal, the reflections at 26=16.3° (011),
17.6° (101), 32.4° (013) and 39.5° (220), characterization
of Cu,CI(OH)j; structure (JCPDS-#25-1427), are observed
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.. Y
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Fig.2 XRD patterns of supports and catalysts

in the patterns of PC/Pal, and the reflections at 20 =35.5°
(022), 38.7° (111) are consistent with the data of the JCPDS
file of CuO (JCPDS-#44-0706). The other reflections on the
XRD pattern of PC/Pal correspond to palygorskite. Appar-
ently, the Cu species on PC/Pal-C possesses the same phase
as that on PC/Pal, and no other reflections of Cu species are
detected. However, the intensities of Cu,CI(OH); reflections
on PC/Pal-C are lower than those on PC/Pal, on the contrary,
the intensities of CuO reflections on PC/Pal-C are higher
than that on PC/Pal. According to the Scherrer equation,
the crystallite sizes of Cu,CI(OH); on PC/Pal and PC/Pal-C
are 39 and 31.8 nm, respectively. These are likely to suggest
that the content of Cu,CI(OH)j; is low or that Cu,CI(OH);
possesses a higher dispersion degree in PC/Pal-C. Wang
et al. [37] claimed the Pd—Cu/MO, (MO, =TiO, and Al,O5)
exhibited the excellent catalytic performance of CO oxida-
tion due to the presence of Cu,CI(OH),. Thus, when the Pd
loading was fixed, the higher dispersion of Cu,CI(OH);, the
higher its catalytic activity would be, which is consistent
with our experimental results. In addition, the absence of
reflection of Pd species in both of the catalysts may indicate
that the Pd species is highly dispersed on the supports or the
size of Pd species is too small to be detected.

3.3 FT-IR Analysis

Figure 3 shows the FT-IR spectra of the PC/Pal, PC/
Pal-C, Pal and Pal-C between 400 and 4000 cm™". In the
FT-IR spectra of Pal and Pal-C, the sharp bands at 3618
and 3546 cm™! and a broad band at 35003300 cm™" are
attributed to the stretching vibration of various —OH [26].
Compared with Pal, the band of —OH for Pal-C becomes
smaller (inset, Fig. 3), which shows that the carbon modifi-
cation could inhibit the water adsorption on the surface of
the support. As a result, it is an effective method to promote
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Fig.3 FT-IR spectra of supports and catalysts
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hydrophobicity of Pal by carbon modification. The band
at 1641 cm™! is brought about by the bending vibration of
—OH. The bands at 1193, 1030 cm™" are characteristic bands
of palygorskite, corresponding to Si-O vibration and the in-
layer Si—O band, respectively [38]. The band at 796 cm™!
indicates that there is quartz in the Pal, and the band at
471 cm™! is due to Si—O-Si deformation vibration, which is
consistent with the XRD results.

The bands of PC/Pal are similar to those of Pal, and the
two bands of catalysts at 3448 and 3357 cm™! are attributed
to the —OH asymmetric and symmetric stretching modes of
Cu,CI(OH);, respectively [39]. From the inset, it can be seen
that the intensities of bands at 3448 and 3357 cm™! have no
significant difference in both of catalysts. Considering that
FT-IR is not an effective quantitative analysis method, the
amount of Cu,CI(OH); on the PC/Pal and PC/Pal-C has been
further calculated based on the results of H,-TPR (will be
shown soon).

3.4 BET and CA Analysis

The nitrogen adsorption—desorption isotherms of supports
and catalysts are given in Fig. 4. The curves of all samples
indicate that the adsorption isotherm exhibits a type III with
H3-type hysteresis loop based on IUPAC classification. N,
adsorption increases sharply at relatively pressure higher
than 0.85, suggesting that the materials are mainly macropo-
res [40].

The textual and surface properties and contact angles of
supports and catalysts are listed in Table 1. It can be seen
that the specific surface areas of Pal-C and PC/Pal-C slightly
decrease after carbon modification, which may result from
the deposition of carbon on the surface or in the channel of
Pal. PC/Pal and PC/Pal-C show the nearly same pore diam-
eter and pore volume. The changes of surface hydrophobic-
ity of catalysts are also confirmed by water contact angle

—&— adsorption
—*— desorption

Volume Adsorbed(cm’/g)

Relative Pressure(P/Po)

Fig.4 N,-physisorption isotherms of supports and catalysts
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Table 1 Textural and surface properties and contact angles of sup-
ports and catalysts

Samples BET (mZ/g) Pore size (nm) Pore vol- Contact
ume (cm3/g) angles (°)
L R
Pal 135 8.0 0.27 220 222
Pal-C 103 10.6 0.27 38.6 432
PC/Pal 102 9.8 0.25 12.7 13.1
PC/Pal-C 90 9.7 0.22 26.8 27

measurements. From Table 1, the contact angle of palygor-
skite increases after carbon modification. Furthermore, the
PC/Pal-C, presenting an average contact angle of 26.9°, is
more hydrophobic than PC/Pal, which has an average angle
of 12.9°. As a result, carbon modification has little effect on
the texture properties of the catalyst but slightly enhances
surface hydrophobicity, which is in accordance with the
results of TG analysis.

3.5 H,-TPR Analysis

The effects of carbon modification on the redox properties
of the supports and catalysts were studied by H,-TPR. The
TPR profiles of the supports and catalysts are given in Fig. 5.
As to the supports, a very broad and low peak occurs at
nearly 500-650 °C, which implies the reduction of a small
quantity of metal ions that contained in the palygorskite.
The TPR profile of PC/Pal possesses three peaks, namely,
oy, B; and y,. According to literature [25], o; peak can be
attributed to the co-reduction of Pd and highly dispersed
Cu,CI(OH);. Combined with XRD and FT-IR results, peak
f, at 218 °C can be ascribed to the reduction of microcrys-
talline Cu,CI(OH); species contacting with the Pd species,
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Fig.5 TPR profiles of supports and catalysts
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Table 2 Parameters of hydrogen

) PC/Pal PC/Pal-C
consumption peaks of catalysts
Peak o, Peak B, Peak v, Peak o, Peak B, Peak v,
Temperature (°C) 192 218 274 196 220 280
Area 91 258 492 143 264 439
H, Consumption (pmol/g) 208.6 591.5 1127.8 327.7 605.2 1006.3
Total H, Consumption 1927.9 1939.2

Pd2+
A PC/Pal

IR A <A VA Ve VA YA

= Ve NV

=

g

g

a 1 1 1 1 1
342 340 338 336 334 332 330

Binding energy/eV

Fig.6 XPS spectra of a Pd 3d and b Cu 2p for catalysts

and the vy, peak at 274 °C should be the reduction of crystal
CuO. There are also three peaks in the TPR profile of the
PC/Pal-C, a,, B, and 7,. Table 2 compares parameters of H,
consumption peaks of PC/Pal with those of the PC/Pal-C. It
can be seen that the total H, consumption of two catalysts
are similar, and the reduction peak temperatures also have
no distinct difference. However, compared with the H, con-
sumption of peak a,, the increased H, consumption of peak
a, in PC/Pal-C is 119.1 pmol/g, which is far more than the
theoretical H, consumption of Pd (32.89 pmol/g). This dem-
onstrates that the larger area of peak o, can be mainly attrib-
uted to more highly dispersed Cu,CI(OH);. Moreover, the H,
consumption of peak vy, is less than that of peak y,, indicat-
ing the amount of CuO species in PC/Pal-C decreases. Wang
et al. [37] reported that the TPR profile of Pd—Cu/Al,O4
showed a negative peak at 300-400 K, which was ascribed
to the decomposition of Pd p-hydride. However, the peak is
absent in the catalysts due to the low Pd content.

3.6 XPS Analysis

Figure 6 depicts the XPS spectra of Pd and Cu species for
the PC/Pal and PC/Pal-C. By fitting the Pd 3d XPS spectra
of two catalysts (Fig. 6a), it can be seen that Pd species
exists in the form of Pd** at 338.1 eV, which is considered
to be the active Pd species for supported Wacker-type cata-
lysts [24]. As shown in Fig. 6b, the Cu 2p XPS spectra of

Intensity/a.u.

940 938 936 934 932 930

Binding energy/eV

Table 3 Surface composition of catalysts obtained from XPS analysis

Samples Pd*>* Cu**  Cut Cu*/ Pd>*/Cu**
(Cu**+Cu™)
Area Area%
PC/Pal  6094.2 36077.3 11311.4 76.1 0.223
PC/Pal-C 7929.3 445284 11115.0 80.0 0.235

PC/Pal and PC/Pal-C present the Cu* (933.1 eV) and Cu?*
(935.0 eV) species. The Cu®* species is deemed to be the
active component to reoxide Pd° to Pd?* [25]. Based on
the area of their XPS peaks, the surface composition of
two catalysts is quantified and shown in Table 3. As shown
in Table 3, PC/Pal-C possesses higher Cu**/(Cu**+Cu™*)
ratio, which suggests that more surface Cu’* species
appears on the PC/Pal-C. Moreover, according to the peak
areas of Pd*" and Cu®* and their sensitivity factors, the
ratios of Pd**/Cu?* in PC/Pal-C and PC/Pal are calculated.
PC/Pal-C exhibits a larger Pd>*/Cu?* value (0.235) than
PC/Pal (0.223). It indicates that more Pd>* species exists
on the surface of PC/Pal-C, which may contribute to the
higher CO catalytic activity. As confirmed by the XRD and
H,-TPR results, the PC/Pal-C shows the more highly dis-
persed Cu,CI(OH);. The Cu,CI(OH); species plays a vital
role in the CO oxidation to improve the catalytic activity
[41]. Therefore, the better catalytic performance of PC/
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Fig. 7 Effects of moisture concentrations on the catalytic performance over catalystsReaction Conditions: 0.5% CO, GHSV 8000 h~!, water

vapor a 1.8 vol% b 3.3 vol%

Pal-C may be due to the more surface active Pd** and
highly dispersed Cu,CI(OH)s;.

3.7 Catalytic Performance for Room-Temperature
CO Oxidation Under Humid Circumstances

The effect of the moisture concentrations on the CO conver-
sion over PC/Pal and PC/Pal-C was tested, and the catalytic
performance of two catalysts is given in Fig. 7. From the
Fig. 7a, it can be seen that the catalytic activities of PC/Pal
and PC/Pal-C have no difference under the reaction condi-
tions of 0.5 vol.% CO and 1.8 vol.% H,O in the feed gas, and
the CO conversions are almost as high as 100%. However,
under the conditions of 0.5 vol.% CO and 3.3 vol.% H,O
(Fig. 7b), CO conversion over PC/Pal significantly decreases
with the extension of reaction time, and CO conversion over
PC/Pal-C still maintains at 100% at least 150 min. Further
improving space velocity, it can be seen that the initial activ-
ity of PC/Pal is lower than that of PC/Pal-C (Figure S1).
This demonstrates that the catalytic activity and stability of
PC/Pal-C for room-temperature CO oxidation under mois-
ture-rich conditions are obviously improved after the carbon
modification of Pal. Continuing to increase the carbon con-
tent, the catalysts still exhibit favorable stability, but the poor
catalytic activity (Figure S2).

A moderate amount of water is essential for the cata-
lytic activity of the supported Wacker catalyst, as water
molecules are involved in the catalytic cycle. However,
aggregation and condensation of water molecules on the
catalyst active sites leads to the decrease of catalytic activ-
ity when excess moisture is present in the feed gas. Such
as the Wacker catalysts supported on Al,Os;, the activity of
Pd-Cu-Cl,/Al,0Oj; is hardly varied for 30 h in ~ 1000 ppm
moisture, however, in the presence of ~6000 ppm mois-
ture, its activity decreases gradually with the reaction time
due to the capillary condensation in hydrophilic alumina

@ Springer

support [26]. In this paper, the PC/Pal-C exhibits not only
higher catalytic activity, but also more excellent stability
than the PC/Pal for room-temperature CO oxidation under
moisture-rich conditions. On the basis of the XPS and
H,-TPR results, it can be concluded that the more active
Pd** and highly dispersed Cu,CI(OH)j; species present on
the PC/Pal-C, which promotes the higher catalytic activity.
The TG and CA results indicate that the slightly enhanced
hydrophobicity of PC/Pal-C could properly restrain the
moisture condensation on the catalyst surface, which may
account for the excellent catalytic stability.

4 Conclusions

Pd-Cu/Palygorskite catalysts were prepared via a depo-
sition precipitation method using Pal-C and Pal as sup-
ports, respectively. The catalytic activities toward CO oxi-
dation at room temperature and in humid circumstances
were investigated. It is found that PC/Pal-C exhibits more
excellent catalytic performance than PC/Pal. The charac-
terization results reveal that carbon modification leads to
the more active Pd** and highly dispersed Cu,CI(OH);
species on the PC/Pal-C, which is beneficial for CO oxi-
dation. In addition, the hydrophobicity of PC/Pal-C has
been slightly increased after carbon modification, which
may inhibit properly moisture condensation on the catalyst
surface. The excellent catalytic performance of PC/Pal-C
can be ascribed to the more surface active species and the
proper hydrophobicity.
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