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ABSTRACT

Using oxygen enriched with the isotope 180, the contribution of various forms of catalyst oxygen
to the CO oxidation process was studied. It turned out that, contrary to expectations, the content of the
isotopic label in the formed CO, is significantly lower than expected and at the initial stage of the
reaction is close to the natural content of '80. Taking into account that the pretreatment of the catalyst
excluded the existence of any noticeable amount of adsorbed oxygen on the surface of both palladium
and the support, it was concluded that CO is oxidized due to oxygen Al, 05, and the study of the SIMS
spectra showed that oxygen is involved in the process of CO oxidation hydroxyl cover Al,05.
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1. INTRODUCTION

The most effective way to clean car exhaust gases from carbon monoxide is its post-oxidation to
C0,. The highest catalytic activity in this reaction is exhibited by the supported platinum group metals.
The study of the mechanism of this reaction and the nature of the interaction of the metal with the
support will make it possible to select the most efficient catalyst.

In this work, was studied the mechanism of the reaction of low-temperature oxidation of CO on
catalysts, which are palladium deposited in an amount of mass 0.003 - 0.1% on the surface of y- Al, Os.
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The peculiarity of the catalytic properties of metals deposited on an oxide substrate, as compared
with bulk metals, are usually explained by a change in the state as a result of their interaction with the
support and by their high degree of dispersity [1].

2. MATERIALS AND METHODS

Supported palladium catalysts were prepared by impregnating the y— Al, 05 support with a PdCl,
solution, subsequent drying and reduction of Pd to the metallic state with sodium formate. The
reaction was carried out in a circulating-static setup in an excess of oxygen and an initial CO
concentration of ~12,,,% and a pressure of P2, = 0,4 kPa in the temperature range of 360-435 K.
The analysis of the reaction mixture and isotopic composition was carried out during the reaction by
mass spectrometry. The standard treatment of the samples consisted in their evacuation (P<0.1 Pa) at a
temperature of 673 K. The oxygen enriched in the isotope 80 (~80,, %) used in the study as a reagent
was obtained by electrolysis of water, containing20.

Secondary ion mass spectroscopy (SIMS) was used to study the nature of the reactive
(I;) recorded for m/e = 17, 19, 43, 45, 70, 72, which correspond to fragments *°OH*, 80H*, Al*°0*,
Al*®0*, AL 0% AlL,*%0.

At T=373K, values of catalytic activity close to stationary are established within 15-30 s. Their
activity, calculated per unit mass of palladium, than that of Pd black studied under comparable
conditions.

In order to study the nature of reactive oxygen species in the CO oxidation reaction on the above
catalysts, oxygen enriched in the isotope 80 (~80,, %) was used as a reagent [2], also was using the
method of secondary ion mass spectroscopy (SIMS).

At T > 373K, values of catalytic activity close to stationary are established within 15-30 sec.
Their activity, calculated per unit mass of palladium than, that of Pd black studied under comparable
conditions.

2. RESULT AND DISCUSSIONS

Considering the extremely low activity of Al,0;, compared to copper (Cu0) and iron (Fe,05)
oxides in the reaction of oxygen isotope exchange [3, 4] indicates a low reactivity of aluminum oxide
oxygen, the use of oxygen enriched in the 180 isotope in the CO oxidation reaction led to an unexpected
result. Assuming, according to [5], that CO interacts with oxygen adsorbed on the palladium surface, it
was natural to expect the appearance of CO, with a high content of the isotope '80. Nonetheless,
concentration of the isotopic label (o)) remains low even at the relative high consumption of oxygen
during the reaction (Fig. 1).

To test the possible effect of oxygen isotopic exchange on the content of the isotopic label in the
formed CO,, CO oxidation was carried out by freezing CO, during the reaction. In this case, there is no
significant change in the value of o, which allows us to assume that there is no noticeable transfer of
the isotope label between CO, and the catalyst under the reaction conditions. This assumption is also
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confirmed by the results of experiments in which the change in the value of o in CO,, containing the
isotopic label (C0O3), was determined in one pass through the catalyst layer, which was carried out by
refreezing CO; from a trap located in front of the catalyst into a trap behind the reactor.
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Fig.1 Change in the content of the isotope§0 in carbon dioxide
during oxidation CO with labeled oxygen: 0.1%Pd/Al, 0, (upper curve) and
0.04%Pd/Al,04 (lower curve)

In those cases when such refreezing was carried out in a flow of a mixture of CO + 160,, the
change in o was relatively small (Tab.1). When determining the final value of o, we took into account
changes in o due to €O, formed in the reaction CO + ©0.. This change was determined in the course
of so-called blank experiments by mixing the formed CO, with the CO3), preliminarily frozen in a trap,
the amount of which corresponded to standard experimental conditions.

Table 1
Sample T,K P,kPa a,: %
P2y sz Pgoz a’ af
Pd 378 - - 0,07 425 22,0
Al, 04
388 0,4 2,66 0,16 425 40,88

Thus, under the conditions of the CO oxidation reaction, it is possible to exclude a significant
effect of oxygen isotopic exchange on the content of 180 in CO, formed in the reaction. Then, for the
Pd/Al,05 system, the low value of o observed in the reaction can be explained only by the
participation in the formation of CO, of oxygen atoms of the catalyst, which had a natural isotopic
composition before the start of the reaction.

The participation oxygen of studied catalysts in the CO oxidation reaction suggests the possibility
of carrying out this reaction in the mode of catalyst reduction with carbon monoxide. It turned out
that the CO oxidation reaction actually proceeds on these catalysts in the absence of oxygen in the gas
phase, but its rate becomes noticeable only at 623-673 K. In this case, the formation of CO, is
accompanied by hydrogen evolution. This fact leads to the natural conclusion that the oxygen-
containing form interacting with CO is the hydroxyl groups of the support.

It is natural to assume that the oxidation of CO in the catalytic mode can be carried out with the
participation of the OH groups of the support. This assumption is confirmed by the analysis of the SIMS
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spectra of samples preliminarily enriched with an isotopic label by repeated experiments on the
oxidation of CO with labeled oxygen (423 K) under CO, freezing conditions. Enrichment of samples
with an isotopic label under these conditions occurs as a result of the reoxidation of oxygen-containing
centers with labeled oxygen (03) reacting with CO. From the SIMS spectra, the relative content of the
isotope 80 in various oxygen-containing fragments formed during the bombardment of both initial
samples (tab. 2 a) and samples enriched with an isotope label (Tab. 2 b) with argon ions was estimated.
An increased content of the isotope label was found only in OH fragments, which indicates the
occurrence of the CO oxidation reaction on Pd /Al,04 catalysts under the studied conditions through
the interaction of CO molecules with oxygen atoms of the hydroxyl cover Al, 0.

Table 2
sample _he _las _ 1
Li; + 1o I3 + Iys ;o + 15,
Pd/AL,0; a) 0,58 0,21 0,014
Pd/AlL,0, b) 0,74 0,18 0,012

Thus, the oxidation of CO on supported palladium both in the reduction and catalysis regimes
can proceed through the interaction of CO with oxygen atoms of OH groups, however, the temperature
ranges for the implementation of these regimes differ by more than 250°C. We see the reason for this
difference in the fact that in the catalysis regime there is no breaking of bonds in OH groups, and the
formation of CO, and the regeneration of OH groups are carried out by redistribution of bonds in the
intermediate complex with the participation of adsorbed oxygen. Since, in the case under
consideration, CO interacts directly with OH groups and not with oxygen under the reaction
conditions, CO adsorption is accompanied by the formation of carboxyl-type structures [4, 5]. The
formation of such structures is apparently the stage that determines the reaction rate. In this case, the
role of adsorbed oxygen is reduced to the reoxidation of palladium atoms reduced in previous events
and the initiation of the decomposition of carboxyl structures with the formation of CO, and the
regeneration of OH groups. The possibility of such a mechanism is consistent with a similar
phenomenon of initiation of the decomposition of surface structures of the carbonate-carboxylate type
by molecular oxygen [6, 7].

A similar mechanism has been proposed in the photocatalytic oxidation of CO using a supported
platinum catalyst [8].
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5¢990b0ol mgLlooL BgEs30MHOL 30EOHMJLOEOL XMRIOOL Jmbsfowrgmds Babdo®mdawob (I1)
MJLoOL 35¢)0BNG 73633580 Pd /AL, 05 35¢)5000D5¢MO9dbY

3-396605830¢0, 6.30mbMgodg, 0.65bmEMOB30emo

LodommMZ3gemUb 3gdbozw®mo MboggmLoEIGOL 3.F933560d0l Labgarmdol 3odgMbyEogol obbEo@m@o, 0186
0000, B. sbxsx35M0dol 5

80 0bm@™M3om 2500 Mmo  gobadsol  godmygbgdom  Fglfsgarow  0dbs
395w 0DGHMOOL 556305000l Bbgsslbgzs 53m®mTgdol dmbsofioggmds CO-b s5by30L 3Mm3gLdo.
508mBbEs, M3 80 0BmGH™M30L 9993300 mds  H95d300L  Jgnpe®  Boadme  CO0,-8o
9mboEmEbgarbg 39309 B0 5©dMPBS, bmwm Ggsdzool LoHgob LEBOIOsHY WML oym
9ol 39690603 9993390M3LMD. 35E90DOEGHMMOL Fobsliffsto ©s8dsgzgds godmcmoabsgzs dols
©993060Bg SELMOBOMIOMEO 9BRdsOL M58gbsdg glsdhbgzo MOMPIbMBOL SOLGdMBSL,
653 00 ©s13360L 25390m900L LYTMsEgdsl 0derg3zs, MMA CO 037563905 Al,03-0L 75689500l
bodx by, begwem dgmes0 0mbxdoL Isbl-b3gdGHMmMmagE Mool (SIMS) dgmmEom EIA0bEs, HMI
CO-b 55633580 dMbsHogmdl Al,03-0b Hgs306DHY MLYdIMWO 30EOMIBOWOL Xy539d0L
5396 05000.
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