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Abstract A series of nano-structured, mesoporous Au/
Ce, _Zr, O, type catalysts were synthesized by first syn-
thesizing Ce,_,Zr, 0O, type of support with different degree
of Zr substitutions and following sol-gel route. One weight
percent of Au was incorporated on these supports using
deposition—precipitation method. These synthesized cata-
lysts were characterized in detail by various techniques,
and evaluated for their CO oxidation activity. Effect of SO,
poisoning on catalytic CO oxidation activity was also inves-
tigated in detail. It was observed that the catalytic activity
for CO oxidation reaction depends on the Ce/Zr molar ratio.
The effect of SO, on CO oxidation was less prominent for
the Zr incorporated ‘Au/Ce, 3Zr,, ,0, (ACZ0.2)’ as compared
to bare ‘Au/CeO, (AC)’ catalyst. In case of ACZ0.2, the
activity remains quite stable even after 5 h of SO, exposure,
however, after 12 and 18 h, the activity decreases to 62 and
55%, respectively. Whereas AC catalyst shows rapid decline
in catalytic activity from the first hour of SO, exposure, and
continue to decline significantly to 35 and 18% after 12 and
18 h of SO, exposure, respectively. Multiple regeneration
studies of both bare and Zr incorporated catalysts show pro-
nounced improvement/regain in catalytic activity.
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1 Introduction

Carbon monoxide (CO) is one of the major air pollutants
released from both natural and anthropogenic sources, espe-
cially from industries, automobiles and several other com-
bustion sources. Incomplete combustion of fossil fuels and
biomass leads to CO emissions via line and point sources,
such as engines, oil burners, boilers, and water heaters [1-5].
Since CO is present with different co-existing gases such as
N,, CO,, water vapor, and sometimes including poisonous
gases like SO, as well as at different temperatures, hence
CO mitigation needs to be source specific. Catalytic CO
oxidation is a well-known and commercially exploited pro-
cess; however, nano-structured catalysis had opened a new
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gateway for the researchers to further improve the catalysts
with respect to efficiency and stability for low temperature
CO oxidation. Activity of a catalyst depends on both intrin-
sic and physical properties, while extensive efforts have also
been focused on tailoring the surface area, pore size, mor-
phology, and other physical properties [6—13].

Haruta et al. demonstrated that supported gold nano par-
ticles are highly effective for low temperature CO oxidation
reactions and they have also discussed the effect of different
supports over catalytic activity [14, 15]. Catalytic activity of
gold nanoparticles supported catalysts have been extensively
studied using various supports such as Fe,0;, CeO,, MnO,,
MgO, TiO,, Al,05, ZnO, Co50,, Zr0,, Si0,, MCM-48,
CuO-CeO,, TiO,—-Si0,, etc. [16-27]. Bulk gold particles are
either inactive or poorly active at low temperature compared
to supported gold catalysts. Exceptional activity of sup-
ported gold catalysts can be attributed to the metal-support
interface as well as reducible active supports. It is generally
accepted that the synergy between metal catalysts and oxide
based supports, as well as reducibility of such oxide sup-
ports are significant aspects governing catalytic activity for
many important reactions, including CO, VOCs, and soot
oxidation [28-30]. Oxide supports are mainly categorized
as active or ‘reducible’ and inert or ‘non-reducible’ support
according to their redox properties. For instance, Al,O;,
MgO, Si0,, etc. are generally non-reducible supports while
CeO,, Fe,03, MnO,, TiO,, etc are considered reducible or
active supports because of the presence of mobile oxygen
atoms. Reducible active supports enhance the oxygen mobil-
ity during the reaction, which is considered as an important
criterion for oxidative reactions. As a result, developing low-
cost gold catalysts with superior oxidation activity at low
temperatures is still a strong area of research interest.

Ce0,-Zr0O, mixed oxides have been widely investigated
for the three-way catalysis due to their high thermal and
chemical stability, these have also been found suitable for
water gas shift reactions [31-33]. CeO,—ZrO, based oxide
catalysts are found to be more promising due to the pres-
ence of defects formed via substitution of the smaller Zr**
in place of Ce** cation into the ceria lattice [34, 35]. The
catalytic activity of CeO,~ZrO, oxide also depends on its
surface area, particle size and most importantly on Ce/Zr
molar ratio [36—40]. Although catalytic CO oxidation over
Ce0,~ZrO, supported catalysts have been studied exten-
sively, the effect of SO, poisoning and regeneration studies
were seldom reported [41-43]. Deshmukh et al. have stud-
ied the effect of SO, poisoning over CeO, and CeO,—ZrO,,
and observed the superior tolerance of CeO,~ZrO, in com-
parison with CeO, [41]. Two weight percent of Pd loaded
(Ce—Zr) O, catalysts have been reported for CO oxidation by
Ryou et al. although, they have observed good activity even
after SO, exposure and regeneration, the CO conversion was
achieved at the temperature below 100 °C was insignificant
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[43]. Therefore, it is indeed very important to develop a cata-
lyst, which is active at lower temperatures at possibly around
room temperature with different feed stream conditions. In
the present study, a series of Au/Ce,_,Zr,O, were synthe-
sized by sol gel method, and were evaluated for their cata-
lytic activity toward CO oxidation. The effect of presence
of SO, in the feed stream has been investigated thoroughly
as a function of time-on-stream (TOS). Multiple regenera-
tion studies have also been studied on the select catalysts
using different conditions. The aim of this research is to
understand the importance of physical as well as chemical
properties of CeO, with Zr incorporation for their catalytic
activity. The synthesized catalysts were characterized by
using different techniques, such as Powder X-ray diffraction
(p-XRD), transmission electron microscopy (TEM) and N,
physisorption analysis.

2 Experimental
2.1 Materials

Cerium nitrate, zirconyl nitrate, and citric acid used for the
synthesis of Ce,_,Zr,O, were procured from HiMedia, India
(analytical grade). Analytical grade HAuCl, and NaOH were
procured from Sigma-Aldrich and Merck India, respectively.

2.2 Synthesis of Ce,_,Zr,O, Support

The citrate sol-gel method was used for the synthesis of
a series of Ce,_,Zr, O, (x=0, 0.1, 0.2, 0.25, 0.4 and 0.5)
supports. Stoichiometric amount of cerium nitrate, zirconyl
nitrate, and citric acid were dissolved in requisite volume
of distilled water to obtain a transparent solution (the molar
ratio of total metal nitrate precursors/citric acid was kept
as 1:2). The solution was gradually heated at 80 °C (around
2-3 h) to form a viscous solution or gel, and the gel was
subsequently heated until a spongy mass was obtained. The
spongy mass was thoroughly homogenized by grinding and
subsequently calcined at 400 °C for 5 h in a muffle furnace
to obtain Ce,_,Zr, O, supports.

2.3 Synthesis of Au/Ce,_,Zr, 0,

One weight percent of Au deposited Ce,_,Zr,O, samples
were prepared by following the deposition precipitation (DP)
method. Appropriate amount of the calcined Ce,_,Zr,O, pow-
der was soaked with distilled water, and the pH of the obtained
suspension was adjusted to eight by adding 0.1 M NaOH.
HAuCl, solution having pH 8 (adjusted by 0.1 M NaOH
solution) was added to the above suspension with continuous
stirring. The mixture was stirred at 60 °C for 2 h followed by
sonication for 30 min. The product thus obtained was filtered
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and washed with distilled water for several times to eliminate
CI™ ions completely and subsequently dried at 110°C for 10 h.
The Au deposited Ce, _,Zr,O, samples were denoted as ACZx
(x=0.1,0.2,0.25, 0.4 and 0.5, where x indicates the mol% of
Zr) and AC for x=0.

2.4 Material Characterization

p-XRD patterns were recorded using Rigaku Miniflex 11
instrument operated at 30 kV and 15 mA with a monochro-
mator using Cu Ka radiations. The samples were scanned
in the 260 range 10°-80° with a scanning speed of 3° min~".
Diffraction peaks were compared with the standard Joint
Committee on Powder Diffraction Standards (JCPDS)
database reported by the International Centre for Diffrac-
tion Data (ICDD). Crystallite size was also calculated
using the Scherrer’s equation. N, adsorption—desorption
isotherms were recorded at —196 °C using a Micromeritics
ASAP-2000 instrument. Prior to analysis, the samples were
evacuated and pretreated at 200 °C for 6 h. The pore size
distribution and surface area were analyzed using the Bar-
rett—Joyner—Halenda (BJH) and Brunauer—Emmett—Teller
(BET) method, respectively.

The morphological and structural details of the select
ACZ0.2 were studied by TEM. TEM was carried out on a
JEOL JEM-3010 microscope operated at 300 kV (LaB cath-
ode, point resolution 1.7 A). For TEM analysis, pinch of cat-
alyst was dispersed in ethanol and ultrasonicated for 15 min.
The suspension so obtained was dried at room temperature
on a copper grid. Au loading was determined by inductively
coupled plasma optical emission spectrometer (ICP-OES)
using a Perkin Elmer-Optima 4100 DV instrument.

2.5 Catalytic Activity Measurements

The steady state gas evaluation assembly equipped with a
quartz fixed bed type reactor, precise mass flow control-
lers (Alborg, USA), gas mixing chamber, heating system
and gas chromatograph (GC) was used to carry out the CO
oxidation reaction at atmospheric pressure. All the cata-
lytic activity experiments were performed using 100 mg of
catalysts. The simulated gas consist of 500 ppm CO, 20%
O, balance by He with a total flow rate of 100 SCCM. The
reaction was continuously analyzed online by using a Shi-
madzu GC (GC-2014) equipped with a thermal conductivity
detector (TCD). Prior to the evaluations, all the catalysts
were subjected to heat treatment in He flow at 100 °C for a
period of 0.5 h, to remove any adsorbed gases or contami-
nant. Effect of SO, on catalytic CO oxidation was studied
by introducing SO, (10-80 ppm) in the feed stream along
with the other gases. The catalytic activity was evaluated
in terms of % conversion (X) of CO gas to CO, according
to the below Eq. (1),

(111

(220)

31
222)  (400) (11

Intensity (a. u.)

10 20 30 40 50 6 70 80
209

Fig. 1 p-XRD patterns for various ACZx (x=0.1, 0.2, 0.25, 0.4 and
0.5) catalysts

Table 1 Structural properties of ACZx (x=0, 0.1, 0.2, 0.25, 0.4 and
0.5) catalysts by p-XRD analysis

Catalysts  Lattice type® ttmm) a A VA)?
AC CeO, (043-1002) 16.5 5.403 157
ACZ0.1 CeO, (043-1002) 16.2 5402 157
ACZ0.2  CeO, (043-1002) 10.2 5369 154
ACZ0.25 Cejqs5Zr,50, (028-0271) 8.7 5359 153
ACZ04  Zr,,Cey40, (038-1439) 9.5 5307 149
ACZ0.5  ZrysCe( 50, (038-1439) 7.8 5306 149
“Reference JCPDS card number given in parenthesis
SCrystallite size
‘Lattice parameter
dLattice volume

Fin __ out
X(CO) = % x 100% (1)

CcO

3 Results and Discussion
3.1 Characterization Studies

p-XRD analysis results of all the ACZx catalytic materials
are given in Fig. 1 and Table 1. Diffraction patterns of all the
samples were compared with the standard JCPDS database,
which clearly confirms the formation of crystalline cubic
fluorite structure (Fm3m space group) of CeO,/Ce, _,Zr,0,
solid solutions with characteristic diffraction peaks corre-
sponding to (111), (200), (220), (311), (222), (400), and
(331) planes. The gradual shift of diffraction peaks towards
higher 20 values as well as change in lattice parameters was
observed with increasing Zr incorporation. Peak shift as well
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as change in lattice parameters of cubic structure could be
owing to the dissimilar ionic radii of Ce** and Zr** ions.
No characteristic diffraction peak was observed for ZrO,
phase with Zr incorporation up to 50% i.e., ACZ0.5, which
evidently confirms the formation of CeO,-ZrO, solid solu-
tions [44, 45]. In addition, no characteristic diffraction peaks
were observed for Au, mainly due to its lower content and
high dispersion. The average crystallite size was calculated

Table 2 Physical and chemical properties of ACZx (x=0, 0.1, 0.2,
0.25, 0.4 and 0.5) catalysts

from line broadening of (111) plane using Scherrer’s equa-
tion. The values of lattice parameter, lattice cell volume,
and crystallite size are given in Table 1. Decrease in the
crystallite size was observed with increase in the Zr/Ce mole
ratio. The lattice constant and lattice volume of catalyst also
decreases with the increase in Zr/Ce mole ratio. This sug-
gests that unit cell of the cubic phase shrinks in the order
AC>ACZ0.1 > ACZ0.2> ACZ0.25 > ACZ0.4 > ACZ0.5,
due to the substitution of smaller Zr** ion (0.84 IOA) with
larger Ce** ion (0.97 A). As given in Table 2, the actual Au
content on all ACZx catalysts is found to be almost close to
1% as calculated by ICP-OES analysis.

Catalysts ~ BET-SA  Pore volume  Pore diam-  Au As shown in Fig. 2, the N, adsorption—desorption iso-
(m? g’l) (cm® g’l) eter (nm) content
(Wi%) therms observed for AC and all ACZx catalysts were type [V
indicating the presence of mesopores nature of the structure.
AC 64 0.201 12.16 1.2 However, the area under hysteresis curve in isotherm, as well
ACZ0.1 62 0.181 11.72 112 as pore volume decreases with increasing Zr incorporation.
ACZ0.2 82 0.109 53 L.10 The specific surface area, average pore size, and pore vol-
ACZ0.25 64 0.097 529 113 ume were also measured using N, adsorption isotherms as
ACZ0.4 61 0.068 4.48 101 shown in Table 2. No significant change in surface area was
ACZ0.5 80 0.070 3.61 0.98 observed with Zr incorporation, whereas the average pore
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Fig. 2 Nitrogen adsorption—desorption isotherms for various ACZx (x=0, 0.1, 0.2, 0.25 and 0.5) catalysts
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Fig. 3 TEM images of ACZ0.2
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Fig. 4 CO conversion as a function of temperature for ACZx (x=0,
0.1, 0.2, 0.25, 0.4 and 0.5) catalysts (feed: 500 ppm CO+20% O,,
balance He; space velocity ~ 60,000 h™!)

size was observed to decrease with increasing Zr component.
However, the better surface area (82 m> g‘l) was observed
when the Zr incorporation was 20% i.e., ACZ0.2 catalyst.
The morphology and structure of the select ACZ0.2 catalyst
was examined by TEM analysis as shown in Fig. 3. TEM
images of ACZ0.2 display sheets of mesoporous aggregates
of cubic ceria—zirconia solid solution nanocrystals. The par-
ticle size of approximately 10 nm was observed for Au nano
particles. Electron diffraction pattern of ACZ0.2 catalyst as
shown in inset of Fig. 3 confirms the cubic CeO, structure,
which substantiates the result obtained by p-XRD.

3.2 Catalytic Activity

All the synthesized catalysts were evaluated for their cata-
Iytic activity toward CO oxidation reaction, as a function of
temperature. As shown in Fig. 4, the low-temperature CO
oxidation activity of AC improves with 20-25% Zr incor-
poration. At around 45 °C, complete CO oxidation was
observed over AC catalyst, while ACZ0.2 and ACZ0.25

T M T T T T T T T
10— AC -
||—e—Aczo0.1
—a— ACZ0.2
~ 80-|——AcCz025 b
X
© [——ACz0.4
N’
= —<—AC0.5
S 60 _
‘@
1o
[}
>
= 40 -
=
(]
=}
QO 204 -
0- 4
T T T T T T T T T
40 60 80 100 120
Temperature (°C)

Fig. 5 Effect of SO, on CO conversion as a function of temperature
for ACZx (x=0, 0.1, 0.2, 0.25, 0.4 and 0.5) catalysts (feed: 500 ppm
CO +80 ppm SO, +20% O,, balance He; space velocity ~60,000 h™")

catalyst exhibit 100% conversion at 30 °C. However, the
CO oxidation activity slightly decreases with Zr incorpo-
ration of either less or more than 20-25%. The complete
CO oxidation was achieved over ACZ0.1, ACZ0.4, and
ACZ0.5 at around 50, 60, and 80 °C, respectively. The
overall good catalytic activity of all these Zr incorporated
catalysts could be mainly because of their retained cubic
phase structure, whereas the presence of tetragonal ZrO,
phase significantly decreases the catalytic CO oxidation
activity [44]. Furthermore, the light-off temperature for
all the present catalysts was observed well below the room
temperature even under the high space velocity conditions,
which clearly explains the practical importance of these
catalysts.

3.2.1 Effect of Presence of SO, in the Feed on CO
Oxidation

The effect of SO, exposure on CO oxidation activity of AC
and ACZx catalysts is presented in Fig. 5. The comparative
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Table 3 Tsp Ty, and Ty (°C) Catalysts Absence of SO,* Presence of SO,*

in presence and absence of SO,

over CO oxidation T5, (°C) Tgo (°C) T 09 (°C) T5, (°C) Tgo (°C) T 09 (°C)
AC <RT® <RT® ~30 85 95 100
ACZ0.1 38 45 50 108 119 125
ACZ0.2 <RT® <RT® 30 56 95 100
ACZ0.25 <RT® <RT® 30 88 95 100
ACZ0.4 46 54 60 91 99 110
ACZ0.5 40 63 80 79 92 115
aFeed:500 ppm CO +0 or 80 ppm SO, +20% O,, balance He; space velocity ~60,000 h™!
®Conversions achieved well below room temperature

Tsy, Tgo, and T, with the presence and absence of SO, are 100 etnrin e T T T T ]

also given in Table 3. Noticeable deterioration in CO oxi-

dation activity was observed on all the catalysts after SO, . 80- |

introduction in the reaction gas feed. Effect of SO, poisoning é

was more prominent over AC compared to Zr incorporated =

ACZx catalysts at lower temperatures. In absence of SO,, '% 60

the Ts, increases in the following order ACZ0.2 ~ ACZO0. £

25~ AC> ACZ0.1 > ACZ0.5> ACZ0.4, whereas it was in § 40+ 1

the following order ACZ0.2> AC > ACZ0.25 > ACZ0.5 > @)

ACZ0.4> ACZ0.1 when 10 ppm SO, was introduced in the © 201 .

feed. Especially, ACZ0.2 catalyst composition was observed

to be optimum with superior resistant towards SO, in the 0 4

reaction gas feed stream at lower temperatures. However, Ty 0 2 4 6 8 10 2

and T, were found to be almost similar for AC and ACZ
catalysts with 20-25% Zr incorporation under both the pres-
ence and absence of SO,. Turn over frequency (TOF) was
calculated as mmol of CO converted per g of catalyst per
unit time. Maximum 0.02232 mmol of CO were converted
per g of catalyst per min, when AC/ACZ0.2/ACZ0.25 shows
the #100% CO conversion at room temperature, whereas
ACZ0.1/ACZ0.4/ACZ0.5 converts not more than 0.01 mmol
of CO at the same temperature. In presence of SO,, the TOF
was insignificant at room temperature for all the catalysts
except ACZ0.2, which converts maximum of ~0.006 mmol
of CO per g of catalyst per min at room temperature. How-
ever, maximum 0.02232 mmol of CO were converted per g
of catalyst per min, when AC/ACZ0.2/ACZ0.25 shows the
100% conversion at 100 °C, whereas ACZ0.1, ACZ0.4, and
ACZ0.5 convert maximum of 0.008, 0.018, and 0.21 mmol
of CO respectively, at 100 °C. These results clearly con-
firm the noticeable deterioration in CO oxidation activity
observed on all the catalysts after SO, introduction in the
reaction gas feed. However, the better TOF was observed
over ACZ0.2 catalyst, compared to bare AC and other Zr
incorporated catalysts at lower temperature.

3.2.2 Catalyst Stability Studies

The select ACZ0.2 and AC catalysts were subjected to
time stream studies at 40 °C to test the catalyst stability in

@ Springer

Time (h)

Fig. 6 Comparative catalytic stability test for AC and ACZ0.2
catalysts over CO conversion in presence and absence of SO, (feed:
500 ppm CO+0 or 10 ppm SO,+20% O,, balance He; temperature:
40°C; space velocity ~60,000 h™")

Table 4 Effect of SO, poisoning, and regeneration studies

Catalyst™® TInitial Activity  Activity = Regen- Regen-
activity®  after I12h after I8 h eration-1 eration-2
poison-  poison-
ing ing
AC ~100 35 18 38 49.7
ACZ0.2 100 62 55 76 85
ACZ0.5 55 0 0 Np¢ NP¢

#Feed: 500 ppm CO+0 or 10 ppm SO,+20% O,, balance He; tem-
perature: 40 °C; space velocity ~ 60,000 h™!

°CO conversion values are given in percentage
°CO conversion values are taken just after SO, exposure

4Not performed

presence and absence of SO, and the results observed are
shown in Fig. 6. The results for comparative activity with
SO, exposure as a function of time and multiple regen-
erative studies are given in Table 4. The catalyst activity
of both AC and ACZ0.2 was found to be quite stable in
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absence of SO,, whereas the catalytic activity significantly
deteriorates over AC as compared to ACZ0.2 catalyst with
time in presence of SO,. In case of ACZ0.2, the activity
remains quite stable even after 5 h of SO, exposure, how-
ever, after 12 and 18 h, the activity decreases to 62 and
55%, respectively. Whereas for AC catalyst a rapid decline
in catalytic activity was observed from the first hour of
exposure, and continue to decline significantly with time.
The activity decreases to 35 and 18% after 12 and 18 h of
SO, exposure, respectively. The catalytic stability studies
therefore, clearly substantiate the sulphur resistant over Zr
incorporated catalyst [41, 43]. It was also observed that
if the Zr incorporation percentage is higher SO, poison-
ing could be more susceptible. As given in Table 4, the
activity of ACZ0.5 was found to be completely deterio-
rated, when it is subjected to longer duration SO, expo-
sure. This clearly confirms that the 20% Zr incorporation
would be optimum for better catalytic performance under
SO, exposure. There are different optimal percentages of
Zr incorporation on CeO, have been reported for better
SO, resistance. Deshmukh et al., studied the effect of SO,
on CeO, and CeO,-ZrO, solid solution for CO and C,Hg
oxidation, and reported the better SO, resistance over 25%
Zr incorporated CeO, [41]. Whereas, according to Ryou
et al., the better performance was achieved on 42% Zr
incorporated CeO, catalyst, when 2 wt% Pd was dispersed
on CeO,—ZrO, support [43].

Decrease in catalytic activity with SO, exposure could be
because of the adsorption of sulphur species on the catalyst
surface. Therefore, multiple regeneration studies of AC and
ACZ0.2 catalysts have also been performed to establish the
interaction of sulphur species with the catalysts. The pro-
nounced improvement/recovery in the catalytic activity was
observed for both the catalysts as shown in Table 4. In the
first regeneration step, the catalysts were heated to 150 °C
for 2 h under helium flow (after 18 h of SO, exposure), sub-
sequently evaluated for catalytic activity at 40 °C. After first
regeneration, the catalytic activity of AC was improved from
18 to 38%, whereas it was increased from 55 to 76% over
ACZ0.2. Afterwards, the catalysts were again subjected to
heat treatment under O, flow for 2 h at 150 °C to remove any
easily oxidisable species present on the catalyst surface (sec-
ond regeneration). The catalysts were then cooled to 40 °C
for catalytic CO oxidation test. A better improvement was
observed with O, treatment; around 85% catalytic activity
was regained over ACZ0.2 catalyst, whereas on AC catalyst
50% activity was regained. These results clearly prove that
most of the sulphur species formed during reaction were
present on the surface of catalysts [41], which can be easily
removable via heat with air/oxygen treatment. No additional
diffraction peaks for SO, exposed catalysts were observed
in comparison with fresh catalysts by p-XRD analysis (not
shown), which suggest that no sulfate or other sulfur bearing

compound is formed under the SO, exposure. Only 15%
catalytic activity loss was observed over ACZ0.2, while it
was almost 50% loss with AC catalyst. This again validates
the significance of Zr incorporation with CeO, for improved
resistance to SO, and higher catalytic activity.

4 Conclusions

In conclusion, nano-structured, mesoporous Au/Ce,_,Zr, O,
catalysts were successfully synthesized and subjected to CO
oxidation reaction. The CO oxidation activity of Zr incor-
porated catalysts was found to be dependent on Ce/Zr molar
ratio. ACZ0.2 catalyst exhibited the superior catalytic activ-
ity compared to bare AC catalyst in presence of SO, in the
feed stream. AC catalyst shows rapid decline in catalytic
activity from the first hour of SO, exposure, and continue to
decline significantly to 35 and 18% after 12 and 18 h of SO,
exposures, respectively. Whereas ACZ0.2 shows quite stable
activity even after 5 h of SO, exposure, however, after 12
and 18 h, the activity decreases to 62 and 55%, respectively.
These results clearly confirm the sulphur resistance of Zr
incorporated catalyst. Catalyst regeneration by heat treat-
ment under O, atmosphere results in significant improve-
ment/regain of suppressed catalytic activity. After regenera-
tion, merely 15% catalytic activity loss was observed over
ACZ0.2, while it was almost 50% loss with AC catalyst.
This again confirms the significance of Zr incorporation
with CeO, for improved activity. Regeneration studies also
reveal that the interaction between sulphur species and the
catalyst was only suprafacial. In this way it appears that Au
nano-particles based CO oxidation catalysts shows potential
for their practical applications if improved support materials
are used.
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