React. Kinet. Catal. Lett., Vol. 34, No. 2, 329-332 (1987)

TRAPPING ADSORPTION OF CARBON MONOXIDE LOCATED BETWEEN CARBON
DIOXIDE ADSORBED ON MAGNESIUM OXIDE

Masayoshi Kobayashi and Tohru Kanno

Department of Industrial Chemistry, Kitami Institute of Technology,
090 Kitami, Hokkaido, Japan

Received August 29, 1986
Accepted October 8, 1986

Carbon monoxide adsorbed on MgO is strongly trapped by
the adsorbed cérbon dioxide, increasing the heat of ad-
sorption from 85.4 to 184.1 kJ/mol. The trapped CO is
thought: to be captured by two or three adsorbed CO, and
becomes less active to react with oxygen.

Mosookuce yraepona, agcopbupoBaHHas Ha MgO, cuAbHO CBA3a-
Ha anCcOpGHDOBAHNOI. NBYOKMCbK YFHepoAa, YTO NPUBOAMT K yBe-
JIMYEHHI TEINoThl aacOPOUHH C 85,4 no 184,1 x/Ix/mMonb. Mona-~
rawr, uTo ogHa Monexyna CO 3axBaThBaeTCA NBYMS HAM TpeMms
afCcopOGHPOBAHHbHMU MONEKYIaMH CO2 H TeM CaMeM- CTaHOBHTCSH
MeHee aKTHBHON K peaknuu C KHCIOPOOOM.

The interaction between CO species adsorbed on MgQO has been
studied in detail by Zecchina et al. {1], who illustrate the
formation of CO clusters and carbonate like species. In the
present study, our further interest is focused on the interac-
tion of CO with CO, coadsorbed on MgO at 290-320 °C. An anoma-
lously coinfluenced adsorption behavior of CO and Co2 has been
studied by the transient response method [2,3] and the temper-
ature programmed desorption téchnique in a flow system.

The sample used in'this'study was prepared from Wako Pure
Chemicals, guaranteed reagent. MgO (20-30 mesh, BET surface area
is 27.5 m?®/g) was packed into a Pyrex glass tubular flow reactor
and pretreated in a He stream at 300 °C for 20 h prior to use.

Figure 1 shows the transient desorption behavior of CO
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Fig. 1. Desorption of adsorbed CO retained on the surface
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affected by the adsorption of COZ' In Run 1, the catalyst is
exposed to a mixture of CO (10%)/— CO2 (5%) — He (A-gas stream)
for 30 min at 300 °C to perform the co-adsorption of CO and
COZ’ and then the gas mixture is»separately switched over to
three different gas streams (Run 2), a pure He (gas-B1), a CO2
(0.4%) — He (gas—Bz) and a CO2 (2.3%) — He (gas—Bs) streams.
In Run 2, the desorption response of CO is sensitively affected
by the éoncentration_of CQ2 coexisting,

The graphical integration of the three response curves in
Run 2 of Fig. 1 shows the amount of descrbed CO, which is de-
creased with increasing concentration of CO2 in the gas phase.
One may recognize the critical concentration of CO2 for com- .
pletely trapping CO to be Pgo = 0,023 atm. When the gas mix-
ture at the critical Co, (designated as Pgo
switched over to the pure He stream, an app%eciable amount of
CO is desorbed as shown in Run 3. The desorbed amount qég =

, is successively
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u

2.5x10
2. 65)!10"6 mol/g) obtained in the pure He stream (gas-B ) at
Run 2. These results clearly ‘show that ‘the CO trapped on the
surface in the CO —He mixture is desorbed with the desorption
of CO2 in He.

mol/g) is in good agreement with that (qéo =

]

The amount_df CO2 desorbed in Run. 3 of Fig. 1 is estimated

-6

to be qco2 = 6. 3x10 mol/g from graphical integration: the.

ratio of 9o, O qCO is.therefore about 2.5. This means that
2.5 adsorbed CO2 is necessary to trap one adsorbed CO. Pgo

corresponds to the critical concentration of CO2 to comple%ely
trap the adsorbed CO on the surface, and it depends on the con-
centration of gaseous CO. Figure 2 illustrates the amounts of

CO desorbed in Run 2 of Fig. 1 as functions of PCOZ in Run 2
and P,y in Run 1. Pgo equals 7x1072 atm at Pog = 0.05 atm and
2;3x10—2 atm at Py = 0.10 atm. A large number of calculations
3
o CO 10%
inRunt
* CO 5% of Fig.1
2 Peo, = 005 atm,

Temp. = 300°C

Amount of CO desorbed in Run 2
ot Fig1 qgo *108 (mol/g-~cat. )
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Fig. 2. Plots of dgp as 2 function of P in Run 2 of Fig.1

co,

for the amounts of adsorbed CO and C02 obtained at Pgoz falls

between two and three adsorbed co, species to trap one adsorbed
CO species.

The adsorption isotherm of CO obtained from the transient
response method in the He stream, in which there is no trapping
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effect by CO,, obeys the Langmuir equation and the heat of ad-
sorption is estimated to be 85.4 kJ/mol. The temperature pro-
grammed desorption spectra of CO, on the other hand, are obtained
in the co,
spectra obtained by changing the rate of temperature increase

coexisting stream, and the peak analysis of the

estimates the activation energy of desorption to be 184 kJ/mol.
This muchﬂhigher energy compared to the adsorption heat in He
should result from the strong trapping effect of €0, on the
adsorbed CO.

On the contrary, the desorption behavior of C02 is not af-
fected by the CO coexisting in the stream with no appreciable
change in its.adsorption heat and in its adsorbed amount. In
addition,'the,separate transient experiments clearly demons trate
that no CO adsorbs on the surface fully occupied by the adsoﬂéd
CO2
competitively adsorbed on the same active sites stronger than
€O, and CO is strongly trapped by C02 adsorbed on the neighbor-
ing sites. For the detailed mechanism for the trapping effect
of coz, although it is difficult to clear in-this study, one
may propose a possible explanation: the base sites which are
02- with lower coordinative unsaturation may be consxdered as
the active 'sites [4], and the CO will be trapped on the vacant
0%~ located between two or three neighboring ¢02.

For the reactivity of the trapped CO, it has been confirmed
that the CO has no activity to react with oxygen, whereas, if
freed from the trapping effect of COZ’ it can easily react with
adsorbed oxygen to produce COZ‘ Further study pf the detailed
structure of the trapped CO is under way using the FT-IR tech-

. From these results, one may exactly recognize that CO2 is

nique and will be reported later.
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