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CO GAS SENSITIVITIES OF REDUCED PEROVSKITE OXIDE LaCOO3_x
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The detection of CO gas was studied using LaCoO3_x as a sensing
material which was obtained by reduction of LaCoO; in a hydrogen at-
mosphere at 500 °C. LaCoO3_x exhibits the change of the resistivity
at low temperatures in the presence of hydrogen and has a sensitivi-
ty-temperature profile with a maximum at about 100 °C. CO adsorp-
tion causes a decrease in the resistivity of LaCoO,_ . as in the case

of 0, adsorption although LaCoO3_x is a p-type semiconductor.

The detection of CO as a toxic gas is a matter of urgent public concern. Es-
pecially, the selectivity for CO gas sensing is an important factor for practical
CO gas sensors. CO gas sensors have been studied in the following systems; Pt/An-
timonic Acid/Pt,l) Au—TiOz—Fe203,2) and LaFeO3 and related perovskite oxides.3)
Activities for CO gas detection is closely related with those for catalytic oxida-
tion of CO on the semiconductors. On the contrary, the detection of CO on reduced
perovskite oxides(LnCoO3_x) has been rarely studied, although CO gas adsorption on
LaCoO3 was reported.4) In this paper, the characteristics of CO gas sensing of
LaCoO3_x which was obtained by reduction of LaCoOj3 in a hydrogen atmosphere at 500
°C are mainly presented.

A thin oxide film of LaCoO5 for electrical measurements was prepared using a
procedure similar to that reported previously.s) The thin film was set in a pyrex
glass tube and a gaseous mixture (40 ml/min) of N, + 05 or N, + H, was fed into the
tube. 10 V was applied across the oxide thin film. Carbon monoxide(2.5}<10_2mmol;
purity >99.99%) was introduced at an injection port, and the induced resistivity
changes of the LnCoO3 films were recorded as the variation of direct current. A
temperature programmed desorption(TPD) apparatus used in this study was the same as
that reported previously.G)

The addition of CO to the carrier gas(Nz) caused a change in the electrical
resistance of the LnCoO3(Ln==La—Eu) thin film. The temperature dependence of the
sensitivity is shown in Fig. 1. Under the experimental conditions used LaCoO5 did
not show the activity for CO sensing. NdCoO3,SmCoO3,and EuCoO3 have a sensitivi-
ty-temperature profile with a maximum at about 400 °C, 440 °C, and 450 °C, respec-
tively. When the activity for CO sensing was given by the sensitivity at 400 °C,
NdCoO3 shows the highest activity. The sequence of the activity for CO sensing is

different from that for methanol sensing.s) Rao et al. have pointed out that among
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rare earth cobaltites NdCoO; showed the
highest catalytic activity for oxidation
of CO to 002.7)
semiconductivities, chemisorption of CO

Since LnCoO3; has p-type

must lead to an increase in the electrical

resistance of the oxide, as observed.5)

The reaction product in the outlet gas was

Cco
2°

the injection of CO may be represented by
5)

l.

The resistivity change caused by

EqQ.

2

CO(g) + 0“7 (s) — CO,(s) + 2¢ . (1)

where (s) denotes a surface species and
(g) a gaseous species. An electron lib-
erated upon CO adsorption causes a de-
crease in the conductivities of LnCoO; by
reacting it with a free hole.

As Fig. 1 shows, LaCoO3 did not ex-
hibit any appreciable activities. In
LaCoO3_

obtained by reduction of LaCoO4 in

contrast, x(x==0.77), which was
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Fig. 1. Sensitivity as a function

of temperature for CO adsorptiog.
Carrier gas N2(40 ml/min, contained

0, =50 ppm) . R - Re
Sensitivity = Ro x 100(%),

R, : the resistance in steady gas flow,

R : the maximum resistance after CO ad-

sorption..

a hydrogen atmosphere( 10 H2 + 90N, ; LaCoO4_y (b)
40 ml/min) at 500 °C, showed appre- (a) Temp =226°C
ciable activities for CO sensing at 500
relatively low temperatures in a 2 a i
dilute hydrogen atmosphere and a :Lmo- = 300t
sensitivity-temperature profile ex- > o g
s . o & e 2 t co 0,
hibited a maximum at about 100 °C as P \\\ 2
shown in Fig. 2(a). In Fig. 2(b), 3’) 50 e & 100F
typical response behaviors of LaCoO3_x ol
. A . 0 2 02
are also included. The injection of . Time/min
i i G - 1 : I: "
CO caused an immediate decrease of 100 300 500
the resistivity which was followed Temperature /°C
by restoration to the initial value. Fig. 2. Sensitivity as a function of tem-

The resistivity change of LaCoO,_

in this case showed a reverse tend-
ency to that of LnCoO3 as described

above and was similar to that observed

on O adsorption, although LaCo0O3-x is a p-type semiconductor.

in the outlet gases was only COj.

perature for CO adsorption in dilute hydro-
gen atmosphere.
40 ml/min.
jected 0, was 2.5 x10-2

N2(95 vol%) + H,(5 vol®);
The concentration of the in-
mmol.

8) The product found

The production of CO, in the course of CO gas sensing of LaCoO3-yx may be re-
sulted either from areaction of COwith lattice oxygens which did not react with
hydrogen at 500 °C or from disproportionation of CO on the surface of the reduced

oxide.

of metal-supported catalysts.9

It has been reported that disproportionation of CO occurs on several kinds
) Since the reduction of LaCo04 results in an oxy-
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Fig. 3. TPD chromatograms given by relative sensitivity of the mass 28(CO) and
44 (CO,) to the mass 28 of LaCoO;_, (x=0.77) after CO adsorption at 195 K.

Before TPD experiments, the samples were reduced in H2(1.33x104 Pa) for 1h at
500 °C, evacuation( = 10-4Pa) for 15 min at 500 °C and cooling to 195K in vacuo.
(a) : exposed to CO(l.33xlO4 Pa) for 30 min and then degassing for 30 min. (b):

coadsorption of H2(H2/CO==2/1, 3.33:{104 Pa). Heating rate was 1.33 K/s.

gen-deficient perovskite oxide containing divalent cobalt ions and the produced

10)

oxide is not reduced by CO at low temperatures such as 100 °C, the following

disproportionation reaction of CO on LaCoO3-x seems likely to occur.

2(Co)ad ’ Csurf. + (COZ)ad (2)

The chemisorption of CO on LaCoO was investigated by means of the temperature

programmed desorption method. %ygical TPD chromatograms are shown in Fig. 3. It
is suggested from the appearance of two TPD peaks with its maxima about 600 °C and
>600 °C that there are at least two different states of adsorbed CO. Moreover, the
CO, production was always accompanied by the desorption of CO. It seems then
likely that desorbed C02 was resulted from the disproportionation reaction given by

Eq. 2. The disproportionation reaction on LaCoO was not disturbed by coadsorb-

3-x
ed hydrogen(Fig. 3(b)). The produced COZ' given by Eqg. 2, changes into COZG_ on

the surface of the reduced oxide.

(C02)ad + 8e” (from the reduced sample) — (CO2)25 (3)

The decrease of the resistivity in Fig. 2(b) may be brought about by that a part of
electrons which are consumed in the recombination with holes are utilized in the
reaction given by Eq. 3. Since the product in outlet gases was only CO,, the re-
storation of the resistivity in Fig. 2 must be due to desorption of Co,. The
utility of LaCoO,_
however, because LaCoO

as a CO sensor may be limited oxygen-deficient atmospheres,

3mx exhibits also appreciable activities to O, as shown in
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Fig. 2(b). Further studies to investigate these interesting problems are in prog-
ress.
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