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ABSTRACT 

In this report, the promoting aspect of Pd on the activity of spinel CuCr2O4 and Pd catalytic 
systems in CO oxidation is investigated. Catalysts with compositions of 10 % spinel CuCr2O4 
synthesized via modified sol–gel in situ on γ–Al2O3 support and Pd nanoparticles (0.11 ÷ 0.68) 
% then decorated on CuCr2O4/γ–Al2O3 via impregnation method by decomposed palladium (II) 
acetate solution at 280 °C for 2 h. Promoting aspect of Pd nanoparticles evaluating by 
Temperature Program Surface Reaction (TPSR) method in temperature range of 30 ÷ 450 °C 
and 15 L.h–1 flow gases consist of 1 % CO, 20 % O2 and 79 % N2 on 0.100 g catalysts. The 
experimental results reveal that the as–prepared materials completely convert CO at 
temperatures below 140 °C with 0.68 % Pd compare to 300 °C without Pd in the component. CO 
conversion highly increases with increasing amounts of Pd, with gas hourly space velocity 
reached by 1500 L.h–1.g–1 that exhibits promising application of these catalytic systems in 
exhausts treatment containing CO at low temperatures. 

Keywords: spinel CuCr2O4, palladium catalyst, sol–gel PVA, CO oxidation. 

1. INTRODUCTION 

Spinel CuCr2O4 has attracted much research interest in applying as catalyst materials to the 
treatment of CO since it was discovered by Lory [1] in 1933. Some catalytic systems based on 
CuCr2O4 have been registered as material for handling CO emissions of internal combustion 
engines by Albert and Frazer [2]. Some researchers [3] concluded that the spinel CuCr2O4 is 
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Pd on γ–Al2O3 support indicate that the molar ratio of Cu/Cr = 0.51 and other components are as 
shown in Table 1. SEM–EDS mapping of distribution of Cu, Cr, O and separately distribution 
Pd on catalyst surface are shown in Figure 3d, e. Pd is finely distributes on spinel surface that 
can be expressed by the size and position of the green points on the entire analysis surface. It 
also shows that Pd nanoparticles are successfully attached to the catalyst system. 

Table 1. Chemical composition (wt%) of as–prepared spinel CuCr2O4.Pd/γ–Al2O3 analyzed by 
SMEWW Pd–3500: 2012 (ISO 5502: 2003) methods. 

Catalyst  Pd calculate, % Pd detected, % SSA, m2.g–1 
10% CuCr2O4/γ–Al2O3 0 0 55.56 
0.1% Pd@ 10% CuCr2O4/γ–Al2O3 0.10 0.11 56.49 
0.2% Pd@ 10% CuCr2O4/γ–Al2O3 0.20 0.21 63.19 
0.35% Pd@ 10% CuCr2O4/γ–Al2O3 0.35 0.37 116.68 
0.7% Pd@ 10% CuCr2O4/γ–Al2O3 0.70 0.68 117.04 

3.1.3. Surface morphology and physical properties 

Surface morphology structure of spinel CuCr2O4 is determined by FE–SEM as shown in the 
Figure 3 b, c reveal that the surface morphological characteristics of the catalyst systems have 
porous structure with the dispersion of the phase on the surface of the rod shaped polyhedron 
phases in clusters with small size. The difference in shape between phase and contrast on the 
SEM images allows conclude that Pd nanoparticles in rod–shaped dispersed on the surface of the 
spinel CuCr2O4 crystal as the result of the decomposition of Palladium (II) acetate after the 
impregnation and heat treatment. The specific surface area by BET method on 1000E Nova 
instrument of spinel 10 % CuCr2O4.Pd/γ–Al2O3 catalysts are shown in the Table 1. The 
increasing in the specific surface of the catalytic activity phase will significantly increase overall 
system activity. 

3.2 Catalytic activity 

The results of the catalytic activity of spinel CuCr2O4 for CO oxidation is shown in Figure 
4b shows the starting oxidation temperature of reactions is from 90 °C. Conversion ratio is 
relatively slow in 90 ÷ 175 °C, but started rapidly in temperature range of 270 ÷ 180 °C 
indicating by a steep slope of the tangent to the CO conversion curves. CO conversion is 
approximately 50 % at 225 °C and about 99 % at 350 °C and maintain stable activity during 
treatment. Oxygen is adsorbed on the surface of spinel crystal CuCr2O4 according to reaction 
equations (3) and (4). In the presence of CO, the oxidizing reactions of CO are in accordance 
with the equations (5) and (6): 

 O2 + e– ↔ O2–  (3) 

 O2– + e– → 2O– (4) 

 CO + O2– → CO2 + e– (5) 

 CO + O– → CO + e– (6) 

 CO + O– → CO2 + e– (7) 

Reduce CO interacts with adsorbed oxygen ions at surface of spinel CuCr2O4 to form CO2 
and free electrons that return to the conduction band and recovery of the catalytic crystal 
structure according to equation (7). 



3.3

sho
act

Cu
10
rea
fro
18
spi
of 
spi
Pd

Fi

act
ph
sur
car
dis
cap

sol
car
GH
app

3. Promoting

The prom
ows that the
tivity of cata

The expe
uCr2O4/γ–Al2

0000 ppm) in
aches 50 % 
om 15 ÷ 30 %
0 °C. On th
inel crystals 
Pd then dif

illover on th
d concentratio

igure 4. Prom

The Pd a
tivity of the

hases simulta
rrounding re
rbon monox
spersion spin
pable to enha

The spine
l–gel and im
rbon monox
HSV of 1500
plications in

g effect of P

moting effect 
e presence o
alyst systems

erimental res
2O3 mixed c

n exhaust gas
temperature 

% compared 
e surface of 
[7] as shown

ffused and t
he surface. C
on from 0.11

moting effect m
(a) an

active sites d
e catalyst sys
aneously ser
egion betwee
xide oxidatio
nel CuCr2O4

ance activity

el CuCr2O4.P
mpregnation m

ide at tempe
0 L.h–1.g–1. S

n the treatmen

d nanoparti

of Pd nanop
f dispersed P

s. 

ults above s
catalyst syste
s flow of 15 

has dropped
to individua
spinel CuCr

n in Figure 4
ransformed 

CO conversio
1 ÷ 0.68 wt%

mechanism of 
nd CO convers

dispersed on 
stem. In this
rved as the 
en Pd and sp
on. This con
4 crystal sur

y for spinel C

4.

Pd/γ–Al2O3 c
method. Thes
eratures belo
Spinel CuCr
nt of exhaust

icles on spin

particles to th
Pd in spinel

show that on
ems was ab
L.h–1 at temp
d nearly 30 
al spinel CuC
r2O4, Pd part
4a. At this zo
into forms 

on ratio in th
%.  

Pd particles o
sion testing re

n the surface
s case spine
supporting

pinel crystal
nclusion aga
rface which

CuCr2O4. 

. CONCLU

catalyst mixtu
se catalyst sy

ow 200 °C fo
r2O4.Pd catal
t gases conta

nel CuCr2O4

he activity o
l CuCr2O4 ca

nly about 0.
le to compl
peratures fro
°C (at 195 °

Cr2O4 catalys
ticles active 
one, oxygen 
of active ion

his case (Figu

on catalytic act
sults by TPSR

e of catalyst 
el CuCr2O4 c

material fo
s CuCr2O4 b

ain reinforce
 serves as t

USIONS 

ure was succ
ystems have 
or 0.11% Pd
lysts system 
aining CO at 

Ph

.Pd/γ–Al2O3

of spinel CuC
atalyst comp

11 % Pd con
etely conver

om 260 °C. A
°C) or conve
sts in the tem
in a region 
in the air ads
ns; outside t
ure 4b) incre

tivity of spine
R method (b). 

system will
crystals acted
r Pd catalys

bring superio
es the basis 
the Pd prom

cessfully syn
been able to

d and 140 °C
have high p
temperatures

ham Trung K

3 catalytic a

Cr2O4.Pd in F
ponents enha

ontent in spin
rsed all CO 
At the CO co
ersion ratio 

mperature fro
surrounding

dsorbed on th
the adsorbed
eases with in

el CuCr2O4.Pd

l increase th
d as the ma
sts decorate
or catalytic e

for modelin
moting cente

nthesized by 
o completely 
C for 0.68 %
potential and
s below 140 

 
 

Kien, et al. 
 

75 

ctivity 

Figure 4a 
ance total 

nel 10 % 
(1 % or 

onversion 
increases 
om 260 ÷ 

g adjacent 
he surface 
d oxygen 
ncreasing 

 

d/γ–Al2O3 

he overall 
ain active 
d. While 
effects of 
ng of Pd 
er that is 

modified 
converse 

% Pd with 
d promise 

°C. 



 
 
Promoting aspect of palladium nanoparticles on spinel Pd@CuCr2O4/γ–Al2O3 catalytic system... 
 

76 

REFERENCES 

1. Lory E. C. – The catalytic activity of chromites for the oxidation of carbon monoxide, 
Journal of Physical Chemistry 37 (1933) 685–692. 

2. Frazer J. C. W., Albert C. G. – Adsorption on chromite catalysts, Journal of Physical 
Chemistry 40 (1936) 101–112.  

3. Stegenga S., Van Soest R., Kapteijn F., Moulijn J. A. – Nitric Oxide Reduction and 
Carbon Monoxide Oxidation over Carbon–Supported Copper–Chromium Catalysts, 
Applied Catalysis B: Environmental 2 (1993) 257–275. 

4. Yurieva T. M., Boreskov G. K., Gruver V. S. – Nature of the catalytically active 
component of copper–chromium catalysts for the conversion of carbon Monoxide, Kinetik 
Kataliz 10 (1969) 294–300. 

5. Chien C. C., Chuang W. P., Huang T. J. – Effect of heat–treatment conditions on Cu–
Cr/γ–Alumina catalyst for carbon monoxide and propene oxidation, Applied Catalysis A: 
General 131 (1995) 73–87. 

6. Pantaleo G., Liotta L.F., Venezia A. M., Deganello G., Ezzo E. M., Kherbawi M. A. E, 
Atia, H. – Support effect on the structure and CO oxidation activity of Cu–Cr mixed 
oxides over Al2O3 and SiO2, Materials Chemistry and Physics 114 (2009) 604–611. 

7. Korotcenkov G. – The role of morphology and crystallographic structure of metal oxides 
in response of conduct metric–type gas sensors, Materials Science and Engineering 61 
(2008) 1–39.  

8. Sheppard N., Nguyen T. T. – Advances in Infrared and Raman Spectroscopy. Vol. 5 
(Eds.: R. E. Hester, R. J. H. Clark), Heyden, London. 1978, pp.67. 


