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CuO-Ce(Q mixed oxide catalysts for the selective oxidation
of carbon monoxide in excess hydrogen
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A series of mixed oxide CuO—Ce@atalysts were prepared by coprecipitation and tested for the selective oxidation of carbon monoxide
in the presence of excess hydrogen. These catalysts were found to be very active and exceptionally selective for this reaction and exhibited
a good resistance towards g@nd HO. The catalytic performance of these non-noble metal containing catalysts is compared with that of
other selective CO oxidation catalysts reported in literature.
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1. Introduction the H-PEM fuel cells. In fact, conventional pure Pt elec-
trocatalysts require less than 5 ppm CO, while the more CO
The development of efficient catalysts for the selectivelerant bimetallic alloy catalysts (such as PtRu) less than
oxidation of carbon monoxide in the presence of excess 30 ppm CO [5,16-19]. It is thus imperative to purify fur-
drogen has attracted renewed interest during the last yegisr the hydrogen feed gas reducing the CO concentration
due to the potential application of such catalysts in the ebelow 100 ppm.
vironmentally important fuel cell technology. Fuel cells are Of the currently available methods for removing CO from
considered to be the propulsion system of the near fututg;-rich atmospheres, the selective catalytic oxidation of CO
as they possess the specific power, the power density avith molecular oxygen is undoubtedly the most straightfor-
the durability needed to replace internal combustion engingard, simpler, and the most cost effective one [5,14,20]. The
from their current applications [1]. Among the various typesost important requirements from a catalyst for the selective
of fuel cells, the low temperature, hydrogen fuelled, polymeTO oxidation are:
electrolyte membrane fuel cells {HPEMFC) seem to be the
actually most technically advanced energy conversion sys—')
tem for zero emission vehicles (ZEV), and appear also veryi) high selectivity with respect to the undesired bii-
attractive for stationary small facilities and portable genera-  dation. Ideally, the catalyst should be inactive for the
tors [2-7]. oxidation of b, in order to avoid losses of fuel hydro-
In order to avoid the problems associated with the distri-  gen;
bution and storage of hydrogen for the-REM fuel cells (i)
3332 dmo;l/-ebhcl)(:alred?ﬁ pgcfit Ie?npsr,o::f;eszsl'iﬁr? ge ?,II’?I? sbsacn o:\(/aeft?gg a the Eemperature level of the fuel processing .unit (250-
conventional fuel such as natural gas, gasoline or methanol 300°C) and that of the HPEMFC (80-100C);
to a Hp-rich gas mixture [8—11]. This can be done either byiv) resistance towards deactivation by £é&nd HO pre-
steam reforming or by autothermal reforming. In either case, sent in the feed.
the resulting gas mixture contains significant amounts of CO . .
and it is further processed with additional steam in a water— Catalysts so far proposed for this process are alumina-

gas shift reactor. In this way the gas stream becomes ric glpported platinum group metals Pk, RN/Al203 and

; . /Al,O3 [20—-26], zeolite-supported platinum catalysts (Pt/
in hydrogen and the concentration of CO drops to ca. 1 vol?g+- V223 .
atyi;icalgcomposition is: 45-75 VO|%2|,'|15—22 vol% CQ, Rrzeolite [27] and Pt/mordenite [28]), and gold-based cat-

0.5-2 vol% CO, a few vol% kD and Ny [12-15]. How- alysts (Au/MnQ [29] and Auk-FeO3 [30]). Recently,

ever, even this low CO concentration cannot be tolerated Eggcr’]n;)r:gg:)eségegll]c?;rt?r?;ngef:‘ég\llftéx?gggg onOcOa{rbhoa:

* To whom correspondence should be addressed. monoxide.

high CO oxidation activity;

operation at a temperature in the region defined by
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Liu and Flytzani—Stefanopoulos have reported that CuQ— Table 1

. ., Composition and BET specific surface areas of the CuO-Ceinlysts
CeQ, CataIyStS are very active for the complete Co 0de%'nd reaction rates;co, determined at 7%C for the CO oxidation in the

tion exhibiting a specific activity several orders of magniabsence of Hand the selective CO oxidation in the presence of excess H
tude higher than that of conventional Cu-based catalysts ari@ reaction rate values in parentheses were determined 3€00en the

comparable or superior to Pt-based catalysts [32,33]. above two reactions were carried out in the presence of 15 vol%iChe
In the present work we examine the catalytic properties corresponding reactant feeds.
of coprecipitated CuO-Cefnixed oxide catalysts for the composition BET specific surface area rco (1076 molco st gga)

selective CO oxidation [34]. For comparison, the perfor-wt% cu) (mfg™1 In the absence In the presence
mance of these catalysts for the CO oxidation, in the ab- of Hp of Hz
sence of hydrogenin the feed, is also reported. The influence , g 84+ 008 0.66(0.56)  0.89 (0.97)

of both the composition of the CuO-Cg®amples and the 5.7 166 + 0.09 2.26 (2.45) 2.28 (2.16)
presence of C®in the reaction feed is investigated for both 8.7 1124+ 0.03 1.37 (1.45) 1.62 (1.40)

reactions. The best sample is also studied for the selective

CO oxidation in the presence of both g@nd HO in the

feed. Finally, the observed catalytic properties of the Cugeactor was a 4 mm i.d. (6 mm o.d., length 31 cm) quartz
CeO mixed oxide catalysts for the selective CO oxidatioftbe housed in a furnace. An enlargement of 9 mm i.d. at

are compared with those of the other catalysts reportedtfif central part of the quartz tube contained the catalyst bed.
literature. A PID control thermocouple was placed at the outside sur-

face of the reactor tube in order to control the temperature of
the furnace. The catalyst temperature values were measured
with another thermocouple enclosed in a 3 mm o.d. quartz
2.1. Preparation of catalysts thermowell placed coaxially into the reactor tube and arriv-
ing at the middle of the catalyst bed. Unless specifically
The CuO-Ce@catalysts were synthesized by coprecipinoted, a quantity of 50 mg of catalyst (in the form of powder
tation from the mixtures of equimolar, with respect to comyith particle size in the region 96 dp < 160 um) was
mon anion, water solutions of copper and cerium nitrategsed for each run. This particle size was chosen such that,
The 0.15 mol/l Cu(N@)2 and 0.10 mol/l Ce(N€)3 solu-  on the one hand, a significant pressure drop over the catalyst
tions were mixed with a turbine stirrer (Ultra Turrax T50ped was avoided and, on the other hand, significant internal
Janke & Kunkel) with the rate of 4000 rpm in suitable volgoncentration and temperature gradients could be neglected.
ume proportions (25, 50 and 75 ml of 0.15 mol/l Cu®®  The feed gas was passed downward through the reac-
solution was added to 475, 450 and 425 ml of 0.10 Mol containing the catalyst bed, while electronic mass flow

Ce(NGy)s solution, respectively) to give 500 ml of solution.conrollers (AERA FC-7700C) adjusted its composition and
The equivalent quantity of 7% water solution of 23 f,y rate. Unless specifically noted, the total flow rate of
was added dropwise with a rate of 1.5 ml/min and the p{fe reaction mixture was equal to 100&min—! (yielding

pf t_he mixed solution was k_ept below 60 The coprecing/F ratio equal to 0.03 g s cnf). In the case of CO oxi-
itation was ended quantitatively after mixing the SUspefrion experiments the reaction mixture consisted of 1 vol%
sion for another 30 min when the equivalent quantity Q5 ang 0.5 vol% @in He, while in the case of experiments
N&COs solution has been added. The resulting SUSPef; the selective CO oxidation it consisted of 1 vol% CO,
sion was then filtered through filter paper of “Blue rlbbon"1.25 vol% G and 50 vol% H in He. The effect of CO
quality. The obtai_n_e d copre_:cipitqte was rinsed with a thr_eg—n both reactions was examined, at separate runs, with the
TOId volume of bq|I|ng demineralised water. The COPTECID3ddition of 15 vol% CQ in the respective feed gases. The
|tate_was then dried at 1¥C for 12 h. The powdered €O effect of HO was investigated by the addition of 10 vol%
prec!pltate was subseqyently Qeat—treated in a shallow qflz in the feed with a syringe pump, while heating the gas
and in the flow of dry air (6 I/h") at 650°C for 4 h. The lines leading to the reactor at 100 in order to avoid con-

obtained catalysts had Cu/(Cu Ce) molar ratio equal to : : .
0.073, 0.143 and 0.209 calculated on the basis of mixed deensatlon. The excess oxygen with respect to the minimum

ide formula CyCe;_,O,_s. The composition of the pre- amount of oxygen required for CO oxidation to €(@n the

pared samples and their BET specific surface areas are part()asence of side reactions) is characterized by the process pa-

. . . rameten., with A = 2[O,]/[CO]. Therefore, for the CO oxi-
sented in table 1. The chemicals used for synthesis We(rj%tion experiments the stoichiometric concentration of oxy-
Cu(NG3)2-3H20 (99.5 wt% purity, Kemika, Zagreb, Croa- P y

tia), Ce(NQ)3-6H,0 (99 W% purity, Fluka Germany) ang9€n was usedy(= 1), while, unless specifically noted, an

NapCOs3-10H,O (99 wt% purity, Kemika, Zagreb, Croatia). gigiflfnzfntosx){g:eggas used for the selective CO oxidation

Prior to all catalytic experiments the sample was heated
situ the reactor at 400C under a flowing 20% @He mix-

The catalytic tests for the selective oxidation of CO in theure (20 cnimin) for 30 min to yield clean surfaces, fol-
presence of excess hydrogen were carried out in a convlawed by cooling down to the reaction temperature under
tional flow, fixed-bed reactor at atmospheric pressure. There He.

2. Experimental

2.2. Apparatus and method used for activity measurements
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100

Product and reactant analysis was carried out by a gas
chromatograph (Shimadzu GC-14B) equipped with a ther-
mal conductivity detector and using helium as carrier gas..e g |
A Carbosieve column was used to separate CO an@tO .
70°C. A Porapak column was used to separate @@ HO
at 70°C. Methane formation was not detected under our ex-
perimental conditions.

The CO conversion was calculated based on the 60
mation as follows:

N

=

<
i

out

Conversion of CO, %
N

% conversion of CG= (.:r?z x 100% 20 -
co
When 15 vol% CQ was added in the reaction mixture, the 0 | ‘ .

CO conversion calculation was based on the CO consump-

tion, because of the large error in the quantification of small 0 50 1000 150200 250 300 350

changes in the C&concentration. Temperature, °C
The G conversion was based on the oxygen consumption
as follows: Figure 1. Variation of the CO conversion with the reaction temperature for
in out the oxidation of CO (in the absence obHover the CuO—Ce@catalysts
0 i 0, — Co, o with 2.8 (s, 0), 5.7 @, ) and 8.7 &, A) wt % Cu. Solid and open symbols
% conversion of @ = in x 100% denote, respectively, the absence and the presence pirCe reactant
Oz feed.

Finally, the selectivity of the CO oxidation in the presencg

2. Effect of CO, on the CO oxidation activity
of excess hydrogen was calculated from the oxygen mass

balance as follows: The activity of the CuO—CegXxatalysts for CO oxidation
o 0.5((;@0 -y in the presence of 15 vol% GOn the feed is also shown in
% selectivity= —ch _cou X 100% figure 1. There are two main observations:

Oy O

(i) The presence of C£n the reactant feed diminishes the
activity of all samples. In fact, a given CO conversion,
3. Resultsand discussion achieved in the absence of g@an now be obtained at
a temperature higher by about 2040

3.1. Effect of composition on the CO oxidation activit
P y (i) Regardless of the presence of £,@e same trend of the

activity with the Cu loading of the catalysts is observed.
Namely, the 5.7 wt% Cu catalyst gives the best results
(Tso = 123°C), followed by the 8.7 {50 = 131°C)

and the 2.8 wt% Cu sample®sp = 154°C). The same
trend of the activity variation with the composition is
evidenced by the values of the reaction rate reported in
table 1. As it was also the case when £@as absent
from the feed, the activities of the 5.7 and 8.7 wt% Cu
samples tend to become the same for CO conversions
higher than 90% and both these samples give almost
complete CO conversion at ca. 28D. In the presence

of CO,, a complete CO conversion was not observed
over the 2.8 wt% Cu sample even at the highest temper-
ature employed in our experiments (3.

The effect of Cu loading of the CuO—-Ce@atalysts on
their CO oxidation activity (expressed as the % conversion of
CO0), in the absence of GOn the feed, is shown in figure 1.

It can be seen that an increase of the Cu loading from 2.8 to
5.7 wt% provokes a marked increase of the activity. Indeed,
the temperature at which 50% conversion of CO is obtained,
Ts0, is lowered from 131 to 986C for the catalysts contain-
ing 2.8 and 5.7 wt% Cu, respectively. In addition, with the
2.8 wt% Cu sample CO is not completely oxidized to ££LO
even at 340C, while an almost complete CO conversion
is observed at ca. 20C over the 5.7 wt% Cu catalyst. In-
creasing further the Cu content from 5.7 to 8.7 wt% results in
diminished activity as evidenced by the increase of the cor-
respondinglso temperatures from 96 to 122. However,

the 8.7 wt% Cu catalyst remains significantly more active
than the 2.8 wt% Cu one, and both the 5.7 and 8.7 wt% Q8. Effect of composition on the CO selective oxidation
catalysts give almost complete CO conversion at ca’@00  activity

The same trend of the activity variation with the com-
position is evidenced by the values of the reaction rate, The % conversions of CO and,Qas well as the selec-
which were determined at 7& and are reported in table 1.tivity achieved with the CuO—-CefQcatalysts in the selec-
The highest rate was achieved with the 5.7 wt% Cu cattive CO oxidation in the presence of excess hydrogen are
lyst (2.26 x 10~ mols 1 g~1) followed by the 8.7 and the presented in figure 2 for the reaction temperature range of
2.8 wt% Cu samples. 50-260°C. It can be seen that the CuO-Cetatalysts are
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The effect of Cu loading on the catalytic performance for
the CO oxidation is more complex when the reaction is done
in excess of hydrogen; namely, the influence of composition
on the selectivity and the CO and @onversions depends
on the reaction temperature. For low reaction temperatures
(<150°C), where selectivity is higher than 90% for all sam-
ples, the 5.7 wt% Cu catalyst gives the best results (both in
selectivity and CO conversion) followed by the 8.7 and then
by the 2.8 wt% Cu samples. This trend is also evident from
the corresponding reaction rates (table 1). As the reaction
temperature increases beyond 260the 2.8 wt% Cu sam-
ple progressively outperforms the 8.7 and, at higher reaction
25 75 125 175 225 275 temperature, also the 5.7 wt% Cu sample.

Under our standard experimental conditiong/F =

Selectivity, %

N
o
I

0

100 0.03 gscnT3, A = 2.5, 1 vol% CO), the highest CO con-
P %0 - version (96%) was achieved at 20 over the 5.7 wt% Cu
o sample with selectivity equal to 50%. The highest selectiv-
S ity (>95%) was obtained in the reaction temperature range
S 60 of 75-140°C over the same sample giving CO conversions
_5 in the range of 15-80%, respectively. An additional set of
£ 40 experiments was carried out with the 5.7 wt% Cu sample
E at higherW/F ratio (0.36 gscm?) and with two i val-
S 20 ues (2.5 and 1.0). These results, also presented in figure 2,
o show the remarkable catalytic performance of the 5.7 wt%
0 Cu sample for the selective CO oxidation in excess hydro-
gen. Indeed, with stoichiometric concentration of oxygen
(A = 1) this sample gave a CO conversion higher than 96%
100 - with a selectivity of 95% at 11%C.
§“ 30 4 3.4. Effect of CO, and H>O on the activity for selective CO
e oxidation
8 60
: The % conversions of CO andxQas well as the selec-
k) tivity achieved with the CuO-Cefcatalysts in the selec-
% 40 S tive CO oxidation in the presence of both excess hydrogen
2 and 15 vol% CQ are presented in figure 3 for the reaction
e 2 temperature range of 50-260. A comparison of the data
© presented in this figure with those of figure 2, and of the se-
‘ \ \ lective CO oxidation reaction rates reported in table 1, shows

125 175 275 275 that the presence of GOn the reactant feed provokes a de-
crease in the activity of all samples. As it was the case in
Temperature, °C the oxidation of CO, a given CO conversion, achieved in the
range 75-173C during selective CO oxidation in the ab-
Figure 2.'Variation of the CO andz(]convgrsiong aqd of the selgctivity with sence of C@, can be obtained at a temperature higher by
the reactlo_n temperature for the selective oxidation of CO, in the absencB 15-38C when CG i tin th tant feed
of COy, (with 4 = 2.5 andW/F = 0.030 gscm) over the Cuo-Cep  A0OUL 1 - when CQ is present in the reactant feed,
catalysts with 2.84), 5.7 () and 8.7&) wt% Cu, and over the 5.7 wt% Cu  Besides this moderate decrease of their activity, the CuO-
sample withW/F = 0.36 gscnt3 andi = 2.5 ) or A = 1 (+). Ce( catalysts retain their remarkable selectivity even when
CO; is present in the feed. Indeed, as seen from figure 3,
very active and remarkably selective for this reaction. Fdhe 5.7 wt% Cu sample exhibits selectivity higher than 99%
example, at 140C the % conversion of CO achieved ovekwhen the CO conversion is equal to 60% at 1€0 For
the 5.7 wt% Cu sample was 80%, while the selectivity wagaction temperatures higher than 280the selectivity of
higher than 98%. The selectivity diminishes for all catalys&ll samples decreases progressively, however it still remains
for reaction temperatures higher than &0 However, it significant at very high CO conversions. For example, the
still remains significant at high CO conversions. For exan.7 wt% Cu catalyst gives, at 20C€, a CO conversion of
ple, at 210C the % conversion of CO achieved over th®0% with selectivity equal to 67%.
5.7 wt% Cu sample was higher than 95%, while the selec- The effect of Cu loading on the catalytic performance for
tivity was 50%. the selective CO oxidation in the presence of d0 the
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® 80 - / AV Time under reaction conditions, h
ON f“f / Figure 4. Variation of the COo} and G () conversions and of the se-
“5 60 | |j // lectivity (A) with the reaction time during the selective oxidation of CO, in
= the presence of CO(with A = 2.5 andW/F = 0.030 gscnt? at 140°C)
L over the 5.7 wt% Cu sample.
£ 40
E in the presence of Cfxeaction rates (table 1). As the reac-
8 207 tion temperature increases beyond 160the 2.8 wt% Cu
) sample becomes the most selective and progressively out-
0 - ‘ ‘ ‘ performs also in activity the 8.7 and, at higher reaction tem-
25 75 125 175 225 275 perature, the 5.7 wt% Cu sample.
A long time catalytic run was performed with the 5.7 wt%
100 oL Cu sample in order to explore the stability of the CuO-geO
e F/j T catalysts under reaction conditions. The variation of the CO
S 80 and G conversions and of the selectivity with the time this
&) sample remained under reaction conditions at°12l(n the
= 60 presence of Cg) are depicted in figure 4. After this seven-
g day period the sample had gradually lost ca. 18% of its initial
z 40 activity, as evidenced by the decrease of the CO conversion
v from 60 to 49%. However, it retained its remarkable selec-
g 2 tivity (>99%) throughout this period.
&} Finally, the influence of the presence of 10 vol%CH
0 ‘ ‘ in the CQ-containing reaction feed was investigated for the

best CuO—Ce®@catalyst. As seen from the results presented
in figure 5, the presence of water vapor decreases the activ-
ity of this sample; a given CO conversion is now obtained
at a reaction temperature higher for ca. 202@0However,
Figure 3. Variation of the CO and/@onversions and of the selectivity with besides this moderate decrease in activity, the catalytic per-
the reaction temperature for the selective oxidation of CO, in the preserfgrmance of this sample remains exceptionally good. In-
e 20 a0y s o o 3, 003, i the abserice o, it extibited  CO conversion

Cu Sam'ple Ywit-rW/F — 0.36 gscnm3 andi — 25 ). ' higher than 99% Wl'tf.] a select|v.|ty of 67% at 13D. Un.—

der the same conditions, but with 10 vol%® added in

feed is reaction temperature dependent as it was also Hig feed, the same CO conversion is obtained at a reaction
case during selective CO oxidation in the absence of.cd€mperature higher by only 2€ with almost the same se-
For low reaction temperatures:{50°C), where selectivity lectivity, namely at 170C with selectivity equal to 63%.

is higher than 90% for all samples, the 5.7 wt% Cu catalyst

gives the best results both in selectivity and CO conversi8rb. Comparison with other CO selective oxidation

(Tsp = 130°C). In this temperature range the 8.7 wt% Cu catalysts

sample is more activel§o = 141°C) but less selective than

the 2.8 wt% Cu oneliso = 148°C). This activity trend is At this stage a first comparison between the catalytic per-
also evident from the corresponding selective CO oxidatidarmance of the CuO—-CeCcatalysts with that of the best

25 75 125 175 225 275

Temperature, °C
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100 o—a selective oxidation of CO over Pt/mordenite. At this temper-
ature (with 1 vol% CO and 1 vol% £in Hy, thusi = 2,
80 1 N andW/F = 0.06 gscnt3) both the maximum CO conver-
® sion and the maximum selectivity, respectively, equal to 63
3? 60 and 57%, were achieved over this catalyst. As seen from
= figure 2, under similar experimental conditions (1 vol% CO,
g w0 1.25 vol% @ and 50 vol% H in He, thusi = 2.5, and
< W/F = 0.03 gscnt3), the CuO—Ce@catalyst loaded with
n 20 - 5.7 wt% Cu gave a CO conversion of 80% with 99% se-
lectivity at 140°C, while at 200C the CO conversion and
the selectivity achieved over the same CuO-gs@mple
0 ' ' were equal, respectively, to 95 and 60%. Moreover, Igarashi
50 100 150 200 250 etal. also studied the activity of Pt/mordenite at 200and
100 W/F = 0.12 gscnt? with various values of.. Fora = 1
the CO conversion and the selectivity were, respectively,
Q) 78 and 83% [28]. We tested under similar conditions=(1
5 80 1 andW/F = 0.09 g s cn3) the 5.7 wt% Cu catalyst and ob-
=) tained a CO conversion and selectivity equal, respectively, to
e 60 - 84 and 94%, at a much lower reaction temperature, namely
g at 130°C. Based on these facts we may conclude that, with
E 40 respect to the Pt-based catalysts, the non-noble metal con-
4 taining CuO—-Ce@ catalysts seem to exhibit superior activ-
g 20 - ity and selectivity for the CO oxidation in the presence of
S excess hydrogen while operating at significantly lower reac-
0 o . ‘ ‘ tion temperatures.
Besides platinum-based catalysts which operate close to
0 50 100 150 200 250

the temperature level of the fuel processing unit, metal-
100 oxide-supported gold catalysts, able to operate near the tem-
perature level of the HPEMFC (80-100C), have been re-
ported to be promising candidates for the selective CO oxi-
dation [29,30].

Torres Sanchez et al. [29] studied coprecipitated Au/
MnO, catalysts for this reaction in the temperature range
16-12C°C using a reactant stream composed of 1 vol% CO
40 - and 1 vol% Q in Hy (thus withA = 2) and W/F =

0.364 gscnT3. The Au/MnQ, sample with Au/Mn atomic
20 - ratio equal to 1/50 exhibited maximum CO conversion
(>95%) in the temperature range 5080 Under practi-
0 , : i . cally the samé¥/F (figure 2), but with stoichiometric con-
0 50 100 150 200 250 centration of oxygenX = 1), the 5.7 wt% Cu catalyst
gave its maximum CO conversios-95% with a selectiv-
Temperature, °C ity of 95%) at a higher temperature, namely at $C0The
comparison between these two catalysts cannot be complete,
Figure 5. Variation of the CO andZonversions and of the selectivity with however, since selectivity data, determined for the Au/MnO

the reaction temperature for the selestéve oxidation of CO (with 15 VOIOéatalyStS during CO oxidation in the presence of excess hy-
COy, A = 25, andW/F = 0.36 gscn1 ) over the 5.7 wt% Cu catalyst
drogen, are not reported.

in the absence() and in the presencdll of 10 vol% H,O in the reaction ' . .
feed. Kabhlich et al. [30] reported kinetic measurements of the

selective CO oxidation over a AufFe0O3 with 3.15 wt%

CO selective oxidation catalysts reported so far in literatufeu. The reaction rate determined for this sample &80
may be attempted. with . = 2 (1 vol% CO, 1 vol% @ and 75 vol% H in N2)

Igarashi et al. [28] concluded that, for the oxidation of C@vas ca. 91 x 104 mols?! gg& with a selectivity equal to
in the presence of excess hydrogen, Pt supported on mea: 64%. Under similar conditiona (= 2.5, 1 vol% CO,
denite was the more active and selective catalyst among th&5 vol% G and 50 vol% H in He) the 5.7 wt% Cu cata-
other Pt-based catalysts they investigated; namely, the stigtt was less active (reaction rate, on a copper weight basis,
of the art Pt/AbOs catalyst, as well as the Pt supported odetermined at 75C equal to 40 x 10> mols™! ggj), but
A- and X-type zeolite catalysts. According to these authorsighly more selective (with a selectivity of 100%). Thus, as
the reaction temperature of 200 is the most suitable for compared to the low temperature operating gold catalysts,

80 -

60 -

Conversion of CO, %
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the CuO—-Ce@ catalysts seem to be less active, but more The performance of the CuO—-Cg®Qatalysts for the se-

selective. lective CO oxidation is superior to that of state of the art
Recently, Teng et al. [31] investigated 3d transition metal Pt-based catalysts; the CuO—-Cetatalysts are more ac-

oxides as catalysts for the selective CO oxidation, and re- tive and selective while operating at significantly lower

ported that, among the various oxides tested, those con-reaction temperature. As compared to Au-based cata-

taining tetrahedrally coordinated Co(ll) (such as CoO and lysts, these non-precious metal containing catalysts are

CoFeOQy) gave very good results. The CoO oxide was less active but significantly more selective. Thus, the

found to be the best catalyst for this process; for a re- mixed oxide CuO—-Ce@system seems to be a promis-

action feed gas composed of 1 vol% CO, 1.86 vol% O ing candidate catalyst for the selective removal of CO

(A = 3.72) and 90.2 vol% Hlin N2 and space velocity equal  from H,-rich gas streams used as fuel for the-PEM

to 1.2 x 10* cm®h~1g_l it gave a CO conversion of 99% at  fuel cells.

100°C with a selectivity of ca. 95%. The catalytic perfor-

mance of the 5.7 wt% Cu catalyst is comparable to that of the

CoO catalyst. Indeed, under similar space velocity (equal to

1.0 x 10* cm*h~1g_} whenW/F = 0.36 gscm®) but Acknowledgement
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