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Abstract: The ZrO,-Al,O; composite oxides with different mass ratio of ZrO, to Al,O; were prepared by co-
precipitation method. 1.5%Pt/Zr0,-Al,0; (w/w) serial catalysts were prepared by isovolume impregnation method.
The catalytic performance for C;Hg and CO oxidation show that Pt/Zr (0.4)-Al catalyst owns the most excellent
catalytic activity. The temperature of light-off (7s) and the complete conversion temperature (Ty) were less than
125 and 150 °C respectively. The effects of catalyst phase structure, specific surface area and particle size on the
catalytic activity were investigated by XRD, N, adsorption-desorption, H-TPR and CO pulse adsorption. It is
found that ZrO,-Al,O; composite oxides have the mesoporous texture, large specific surface area, and a new phase
of AlZr;_0O, solid solution was also produced. The mass ratio of ZrO, to AlL,O; is the key to improving the
interaction between Pt and ZrO,-Al,O;, promoting the dispersion of Pt and enhancing the low temperature

oxidation activity of Pt/ZrO,-Al,0; catalyst.
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0 Introduction

With the birth of three-way catalyst in 1970s, its
contribution to automobile exhaust CO, HC and NO,
purification has been seen widely™. In order to improve
human’ s living environment and meet the stringent
environmental regulations, researchers have always
been devoted to the improvement of catalyst perfor-
mance®”. With the implementation of ultra-low and
single-TWC

catalyst is difficult to meet the requirement. It has

even zero emission regulation, pure

been agreed that with the installation of close coupled
catalyst at engine manifold, the HC and CO emitted
during the cold start can be lowered®.

Due to the large surface area, good adsorption
performance, moderate chemical activity and low cost,
ALO; is widely used as the automobile exhaust gas
purification catalyst substrate®. However, due to
thermal or hydrothermal shock, if the Al,O; carrier is
directly used in the close coupled catalyst, its phase
and specific area is liable to change and specific area
will decrease rapidly, thus inactivating the catalyst!".
Researchers have been devoted to improving the
thermal stability of ALO; since 1940s. The results
show that the modification or doping of La, Ce, Pr, Zr,
P, Si, Ba, Sr or other elements can delay the high
temperature sintering and phase transition of Al,O;

"B 7Zr0, has the characteristics of acidity,

material'
basicity, redox, and is easy to produce oxygen vacan-
cies. However, it also represents the characteristics of
small specific surface area and porosity, low mechan-
ical strength, expensive price, and is liable to agglo-
merate under high temperatures, which will limit its
application as the carrier™. By understanding the
characteristics of Al,Os;and ZrO,, ZrO,-Al,0; composite
oxides with large specific surface area and good heat-
resistance were synthesized. When using Zr0,-Al,05
as carrier, catalyst always shows excellent catalytic
activity and selectivity in ethanol reforming, NO
reduction, CH, oxidation and other reactions™".

Studies have showed that Pt and Pd have

n 2021

excellent activity for HC and CO oxidatio

However, the main work is focusing on the oxidation

of HC and CO, Pd and Pd-Rh close coupled catalyst
research™? while little focuses on Pt-based catalysts
because of the high price in the past. With the
continued decline of Pt price in recent years, the
study of Pt based oxidation catalysts has shown great
significance. In order to obtain high efficiency close
coupled catalyst, Pt/AL,O;, Pt/ZrO,Al,O; and Pt/ZrO,
serial catalysts were prepared, and characterized by
XRD, N, adsorption-desorption, H,-TPR, CO pulse
adsorption and the oxidization system of C;Hs & CO
was also studied. The effect of catalyst phase
structure, specific surface area and particle size on

the catalytic activity of the catalyst were investigated.
1 Experimental

1.1 Materials

All the chemicals were of analytical grade.
Pt(NOs), solution (62.02 g-L™") came from Kunming
Institute of Precious Metals. ZrO(NOs),-2H,0, A1(NOs);
-2H,0, NH;-H,0 (25%) were purchased from Tianjin
Guangfu Fine Chemical Research Institute.
1.2 Carrier and catalyst preparation

The ZrO,-AlL,O; composite supports with different
mass ratio were prepared by co-precipitation method.
NH;-H,0 solution was added in the mixed ZrO(NOs),
solution (0.5 mol-L™) and Al(NOs); solution (0.5 mol
L) at room temperature until pH=9, then the obtained
precipitate was vigorously stirred for 4 h before being
stayed overnight. After being washed several times
with distilled water, the mixed sol was dried at 100 °C
for 12 h, and then calcined at 750 °C for 4 h in air.
Pure AlLO; and ZrO, supports were also prepared in a
similar method. The ZrO,(x)-Al,0; (where mass fraction
of ZrO,, x=0, 0.2, 0.4, 0.6, 0.8 and 1) composite was
denoted as Zr(x)-Al. The six supports were treated
with an aqueous solution of Pt(NO;), to obtain a 1.5%
(whw) loading of Pt by an isovolume impregnation.
After being dried and calcined at 550 °C for 4 h in
air, serial catalysts were marked as PV/Al, Pu/Zr(0.2)-
Al, Pv/Zx(0.4)-Al, Pt/Zr(0.6)-Al, Pt/Zr(0.8)-Al, Pt/Zr.
1.2 Catalytic evaluation

The catalytic properties were evaluated using a

continuous flow fixed-bed reactor. The catalysts were
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sieved through a 40-mesh and a 60-mesh sieve before
testing. 0.3 g of the catalyst was evaluated in 1%CO+
0.3%C;He+5%0,493.7%N, (V/V) with a space velocity
of 18 000 mL +h™" -¢™". The purified exhausts were
dehydrated by desiccant magnesium chloride first and
7890A
chromatography analyzer. The products were detected
by TCD and FID in the analyzer.

1.3 Characterization of catalyst

then measured in Agilent on-line gas

The X-ray powder diffraction patterns of the
catalysts were characterized by Rigaku D/max 2000
powder diffractometer, which was operated at 40 kV
and 100 mA using Cu Ka (A=0.154 06 nm) radiation.
Inten-sities of the diffraction peaks were recorded in
the 26 range of 10°~90° with a step size of 0.02°, and
the scanning speed was 10°-min™".

The N, adsoption-desorption was carried out at
=196 °C on Quanachrome NOVA2000e physisoption
apparatus. The specific surface area was calculated
using BET method, and pore size and volume were
determined using BJH model.

H,-TPR measured Quanachrome
CHEMBET 3000 chemical adsorption instrument. 100
mg of catalyst was loaded into a U-shaped tube,
heated at a rate of 10 C+-min™ to 300 °C, and kept at
300 °C for 1 hour with the Ar gas stream (flow rate 45
mL +min "), and cooled to the ambient temperature
afterwards. Hy-TPR was performed in 10.2% (V/V) Hy

Ar mixture gas (flow rate 75 mL-min™') with increas-

was on

ing temperature up to 800 °C at a rate of 10 C-min~.
The H, consumption was measured with a TCD
detector.

CO in-situ diffuse reflectance infrared flourier

transform spectroscopy (DRIFT) was performed on a
near-infrared FT-IR spectrometer manufactured by
Themo Nicolet. The spectra were scanned 32 times at
a resolution of 4 c¢cm ™. Before the adsorption test,
catalyst was reduced, followed by N, purging of the
pipeline and background signal collection. Afterwards,
pure CO gas was introduced for adsorption until a
saturated status was reached, then feed gas was
switched to N, to purge tube residual and signal
attributed to CO chemisorbed on the catalyst was
recorded.

The dispersion of Pt over the catalyst was
determined by CO pulsed adsorption method with
CHEMBET 3000 chemical adsorption instrument. The
sample was first reduced at 450 °C with Hy/He for 2 h
at a gas flow rate of 45 mL-min™. And then the feed
gas was switched to pure He gas to purge the residual
H, on the surface or absorbed. When the reaction
furnace temperature was cooled to 80 °C, temperature
was kept constant for 30 min. After pulse injecting the
high purity CO, CO adsorption signals were recorded
with a TCD until no change could be observed in the
adsorption peaks. The metal dispersion was calculated

by assuming a CO to surface metal atom ratio of 1:1.
2 Results and discussion

2.1 Catalytic activity evaluation

Fig.1 the of C3H¢ and CO
conversion over Pt/ALL,O;, Pt/ZrO,-Al,Os, Pt/ZrO, serial
catalysts under different temperatures. Table 1 lists
the CsHg and CO temperature of light-off (T5) and the

complete conversion temperature (Ty) over a series of

shows curves

catalysts. It can be seen from Table 1 that the T and

100 —m—PUAl 1004 H—0
—o—PUZr(0.2)-Al
2 enl —APuzr0.4)-Al o onl
= & —— PUZr(0.6)-Al SR80
2 Pt/Zr(0.8)-Al 'g
§ 604 —A—PUZr g 60
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- ——PUZr
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Fig.1 C;Hg & CO catalytic oxidation properties over PUALOs, PUZrO,-Al,O; and PUZrO, serial catalysts
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Table 1 T and Ty, statistics of Pt/AL,O,, Pt/Zr0O,-Al,O; and Pt/ZrO, serial catalysts

Sample Ts,/ C T/ C

C3Hs CcoO C3Hs CO
Pr/Al 145 131 177 162
Pt/Zx(0.2)-Al 126 123 153 148
Pt/Zx(0.4)-Al 122 115 146 134
Pt/Zx(0.6)-Al 142 128 174 159
Pt/Zx(0.8)-Al 149 138 185 170
Pt/Zx 157 147 193 192

Ty of the serial catalysts are in the order of Pt/Zr(0.4)
-Al<Pt/Zr(0.2)-Al<Pt/Zr(0.6)-Al <Pt/Al <Pt/Zr(0.8)-Al <
Pv/Zr. With an increased percentage of ZrO, in the
carrier, the catalytic activity demonstrates a trend of
increasing first and then decreasing. It can be seen
that the mass ratio of ZrO, to Al,O; in the carrier has
a very important effect on the catalytic oxidation
activity of Pt/ZrO,-Al,0; catalyst.
2.2 XRD analysis

In order to understand the effect of the mass
ratio of ZrO, to Al,O; on the phase structure of the
catalyst, serial catalysts were characterized by XRD.
The characterization patterns in Fig.2 exhibit that Pt/
AlLO; catalyst shows characteristic diffraction peaks at
20 of 37.4°, 46.0° and 66.7°, which can be attributed
to the characteristic diffraction peak of y-ALO;*. For
the Pt/ZrO,-AlL,O; catalyst with an increased mass
percentage of ZrO, in the carrier, the characteristic
diffraction peaks of y-ALLO; gradually diffuse, and the
characteristic diffraction peaks of AlZr, 0, solid solu-

@: y-ALQ, #: m-ZrO,
#y  &AlLZr O 170,
# PYZr
& & & Pt/Zx(0.8)-Al

PYZr(0.6)-Al

PY/Z1(0.4)-Al

PY/Z1(0.2)-Al

10 20 30 40 350 60 70 8 90
20/ )

Fig.2  XRD patterns of P/ALOs, Pt/ZrO,-Al,0; and

PUZr0, serial catalysts

tion near 26 of 30.5°, 35.1°, 50.5° and 60.5° gradually
increase™. Pt/ZrQ, catalyst exhibits the characteristic
diffraction peaks of monoclinic and tetragonal ZrO,
near 26 of 24.1°, 28.2°, 31.5° and 26 of 30.3°, 35.0°,
50.3°, 60.2°, respectively®. Pt/ALO,, Pt/
7r0,-AL,O; and PU/ZrO, serial catalysts haven't showed

However,

obvious crystal diffraction peaks of Pt or Pt species,
indicating that Pt is highly dispersed in the series of
catalysts.
2.3 N, adsorption-desorption tests

In order to investigate the effect of ZrO, to Al,Os
mass ratio on the pore structure and specific surface
area of Pt/Zr0,-Al,0,

desorption under low temperature was measured over

catalyst, N, adsorption-
the serial catalysts. The test results are shown in Fig.
3. According to IUPAC classification of adsorption
curves on Pt/ALO; and Pt/ZrO,-Al,0,
catalysts are close to the adsorption isotherms of type

IV, while the Pt/ZrO, catalyst shows a type [

isotherms™,

PUZr
et H—e—F— % —
PYZr(0.8)-Al
——Vﬂ—v
PYZ1(0.6)-Al V/g/
W__v—-—v‘V/ J/‘:A——‘
PUZI0AyAL A/ o—g—
__,4——“—" /O/ s /
e
PUZi(02)-Al o g=—0—"C
e
PYAL —
T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Relative pressure (P/P)

Fig.3 N, adsorption-desorption isotherm of Pt/Al,0,,
PU/Zr0,-Al,05 and PUZrO, serial catalysts
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adsorption isotherms. This means that Pt/AL,O; and Pt/
7Zr0,-ALO; catalysts own mesoporous textures, while
Pt/ZrO, catalyst is microporous. Pt/Al,0; and Pt/ZrO,-
ALO; catalysts have a significant H2-type hysteresis
loop at P/P; of 0.4~1. With increasing of ZrO, content
in the catalyst carrier, the distance between the upper
and lower closing points of the hysteresis loop is
getting closer. This indicates that the pore size
distribution of the catalyst becomes more and more
narrowed with the increase of the mass ratio of ZrO,
to ALO; in the carrier®'l.

Generally, the large specific surface area catalyst

can provide more reactive sites during the catalytic
reaction. While the catalyst with large pore volume
and size can reduce the diffusion resistance to the
mass transfer and improve the catalytic conversion
efficiency. It can be seen from Table 2 that the
specific surface area, pore volume and pore size of the
catalyst show a decreasing trend with increasing mass
ratio of ZrO, to Al,O; in the carrier. Based on the
catalytic activity evaluation data, it is found that the
smaller specific surface area, pore volume and pore

size may be part of the reasons for a lower catalytic

activity of Pt/ZrO, and Pt/Zr(0.8)-Al.

Table 2 Physical parameters of Pt/Al,O;, Pt/Zr0,-Al,O; and Pt/ZrQ, serial catalysts

Sample Sper / (e g”) Pore diameter / nm Pore volume / (cm®+g”) Dy / nm*
Pi/Al 235 6.2 0.61 3.1
Pt/Z1(0.2)-Al 215 6.0 0.49 26
PUZx(0.4)-Al 180 45 0.36 24
PUZx(0.6)-Al 170 44 0.29 2.9
PUZx(0.8)-Al 124 40 0.17 43
PVUZx 6 1.8 0.02 6.4

*Pt particle diameters D, are estimated from dispersion data™.

24 H,-TPR analysis

In order to study the effect of the mass ratio of
7r0, to ALLO; on the reduction performance of Pt/ZrO,-
AlLO; catalyst, the serial catalysts were characterized
by Hy-TPR. The characterization patterns are shown in

Fig4. It can be seen that there are roughly two

reduction peaks in each catalyst, one at low
218
345
; Pt/Zr

Pt/Zx(0.8)-Al

Pt/Z1(0.6)-Al

PYZr(0.4)-Al

: B Pt/Zr(0.2)-Al
152 :
306 Pt/Al

100 200 300 400 500 600 700 800
Temperature / ‘C

Fig.4 HyTPR curves of PU/ALQ;, Pt/ZrO,-Al,O; and
PUZrO, serial catalysts

temperature and another at high temperature, which
can be attributed to the reduction of the high
dispersion of Pt and the reduction of the large Pt

B2 With increased percentage

particles, respectively
of Zr0, in the carrier, the reduction temperature shifts
firstly to lower temperature and then to higher
temperature, which is consistent with the evolution of
catalytic activity. This indicates that the mass ratio of
710, to Al,O;in the carrier has an important effect on
the interaction strength between Pt and Al Zr, 0, solid
solution in Pt/ZrO,-AlL,O; catalyst, which affects the
catalytic oxidation activity of the catalyst.
2.5 Pt particle size analysis

To investigate the effect of ZrO, to ALLO; on the
Pt particle size in Pt/ZrO,-AlO; catalyst, the CO in
situ DRIFTS technique was used. As show in Fig.5,

1

the peaks near 2 050 ecm™ correspond to the linear
adsorption of CO on the catalyst, while the peaks near
1 835 ¢m™ correspond to the bridging adsorption of
CO on the catalyst®. According to previous studies,

comparing to the large Pt particle, the Pt atom in each
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small Pt particle owns less number of Pt-Pt bonds,
thus enabling itself to provide more charge density to
the 27* orbital of the adsorbed CO. Therefore, the
different intensities between linear adsorption and
bridge adsorption in the graph correspond to different
sizes of Pt particles in the catalyst. The stronger the
linear adsorption, the weaker the bridge adsorption,
indicating that the Pt particles in the catalyst are
smaller and vice versa. It can be seen from Fig.5 that
the Pt/ZrO,-AL,O; catalyst with 40% content of ZrO,
exhibits the highest ratio of linear adsorption to bridge
adsorption intensity, when compared with Pt/Al,0; and
Pt/Zr0, catalysts, indicating that Pt/Zr(0.4)-Al catalyst

owns the smallest Pt particle size in all catalysts.

2 066
; 1835

PYZr v_d_/\,/\\/\,w

PY/Z1(0.4)-Al

PYAI [" N~

2600 2400 2200 2000 1800 1600 1400
Wavenumber / cm™!

Fig.5 CO in-situ DRIFT spectra of Pt/Al,Os, Pt/ZrO,-
AlLO; and Pt/ZrO, serial catalysts

The Pt particles in Pt/Al,Os, Pt/Zr0O,-Al,0; and
Pt/Zx0, catalysts were quantitatively compared. The
results are shown in Table 2 using CO pulse adsorption
technique. The results show that the Pt particle size is
in the order of Pt/Zr(0.4)-Al<Pt/Zr(0.2)-Al<Pt/Zr(0.6)-
Al<Pt/Al<Pu/Zr(0.8)-Al<Pt/Zr. Pt particle size exhibits
the trend of decreasing first and then increasing, when
the mass percentage of ZrO, in the support was
increased. This shows that the mass ratio of ZrO, to
AlL,O; is helpful to enhance the interaction between Pt
and Zr0,-Al,O;, promote the dispersion of Pt and
increase the oxidation activity of Pt/ZrO,-Al,0; under
low temperature, which is consistent with the results

of H,-TPR and catalytic activity.
3 Conclusions

The influence of phase structure, texture

properties, reduction properties and particle size on
Of Pt/ZI'Oz-Alzog

catalysts were studied. ZrO,-Al,O; composite oxide

the catalytic oxidation activity

carrier shows the mesoporous texture and large specific
surface area similar to Al,Os;, while a new phase of
Al Zr,0, solid solution could also be formed, which is
beneficial to the dispersion of Pt, reducing the diffu-
sion resistance to mass transfer, as well as improving
the catalytic conversion efficiency of catalyst. A
suitable mass ratio of ZrO, to Al,O; in the carrier is
helpful to enhance the interaction between Pt and
Zr0,-AL0;, promote the dispersion of Pt and improve
the low temperature oxidation activity of Pt/ZrO,-Al,0O5
catalyst. The Pt/Zr0,-Al,O; catalyst with w4 w0 =

40:60 exhibits excellent catalytic oxidation activity. The
Ts, and Ty of CsHg and CO oxidation is less than 125
and 150 °C, respectively, demonstrating the material’s

potential to be applied in close coupled catalyst.
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