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The oxidation of carbon monoxide has been investigated on catalysts obtained 
by thermal activation of granular hydrous tin(W) oxide gel in the temperature 
range 290~500°C. These are active for this reaction at moderately low temperatures 
(<150°C). Thermogravimetry and nitrogen adsorption have been used to inves- 
tigate the water content and specific surface areas of the activated catalysts, and 
these parameters have been related to the initial catalytic activities. The partial 
deactivation during carbon monoxide oxidation at low temperatures, which is ap- 
parently accompanied by partial reduction of the catalyst surface, has been studied 
as a function of both the activation and reaction temperatures. The kinetics of the 
steady state reaction have been investigated at 18%2WC on the 45Q”C-activated 
catalyst, and the postulated mechanism involves adsorption of carbon monoxide, 
desorption of carbon dioxide and oxygen regeneration of the catalyst. The kinetics 
can be represented by the Langmuir-type rate equation, similar to that derived for the 
same reaction on both VzOs and FezOs, and this permits evaluation of the ex- 
perimental activation energies for the adsorption and desorption steps. 

INTRODUCTION 

The catalytic oxidation of CO has been 
studied on numerous simple and mixed 
oxide catalysts over the years, and this 
subject has been extensively reviewed 
(l-4). Although the earlier investigations 
into the catalysis of this reaction were 
conducted mainly to obtain theoretical in- 
sight into the mechanism of oxidation on 
oxide catalysts, there has recently been a 
resurgence of interest in this subject in 
connection with its possible application to 
the purification of automobile exhaust 
gases. 

With the exception of a brief report by 
Yoneda and Makishima (5), there are no 
data available for the catalysis of CO 
oxidation on SnOn. This is somewhat sur- 
prising, since our preliminary investigations 
showed SnOz to be active for this reaction 
at moderately low temperatures (< 150°C) 
(6). For this reason a more detailed study 
of this reaction on SnOs was undertaken. 

METHODS 

Catalyst Preparation 

The catalyst was precipitated as hydrous 
SnO, by the dropwise addition of AnalaR 
concentrated aqueous ammonia solution to 
a cold, vigorously stirred solution of 
40.6 M redistilled SnCl, in water, to a 
final pH of 4. The precipitate was re- 
peatedly centrifuged and redispersed in 
distilled water until peptization of the pre- 
cipitate was imminent, then again centri- 
fuged and allowed to dry in air at ambient 
temperature. The large granules were 
broken down by immersion in water, col- 
umn washed over several days with 1 M 
HNO,, then column washed with water to 
an effluent pH of 4-5 to give an essentially 
ion-free, granular gel. The granules were 
then dried in air, firstly at ambient tem- 
perature, then at 2OO”C, and stored in a 
desiccator over activated silica gel, 
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Catalytic Studies and Gas Analyses 

The catalytic reactor was of the up-flow 
type, consisting of an ll-mm diameter 
Pyrex tube containing a sintered-glass 
support and attached to a preheating coil 
wound from an 80-cm length of 2.5-mm 
i.d. Pyrex tubing. Ground glass joints were 
used for feed gas, sampling and manometer 
attachments. The reactor was heated by 
means of a 25-mm diameter quartz tube 
specially wound with nichrome wire and 
supplied by a Eurotherm temperature con- 
troller to produce an even and constant 
( + O.S’C) temperature over the catalyst 
bed, the temperature of which was mea- 
sured using N.P.L.-calibrated mercury-in- 
glass thermometers. 

Cylinders of C.P. grade Ar, CO, CO,, 
Na and air were used as supplied, and the 
feed-gas flow rates were measured using 
Rotameter flow meters. All feed gases were 
dried by passing them successively through 
columns of silica gel and molecular sieve 
type 5A pellets (preactivated in a dry air 
st.ream at 170 and 3OO”C, respectively) 
and (except for studies using CO, in the 
feed) KOH pellets, using an all-glass feed 
line. The water contents of the gases dried 
by this method were <5 ppm. 

Unless otherwise stated, 36-72 B.S.S. 
mesh catalyst, granules were used, and 
thermal activation was carried out in the 
reactor in a stream of dry air. 

The product gases were analyzed for 
CO, (up to 5% concentration) by on-line 
chromatography using a Perkin-Elmer F11 
gas chromatograph with hot-wire detectors. 
Helium was used as the carrier gas, and 
the CO, was chromatographed on a silica 
gel column at 150°C. The chromatograph 
was calibrated using standardized C02-Ar 
mixtures. The products were then collected, 
via the chromatograph sampling valve, over 
5% H,SO, (which provided an accurate 
measure of the product flow rates) and 
then transferred to an Orsat gas analysis 
apparatus for volumetric 0,, CO and (for 
concentrations above 5%) CO, analysis. 

A preliminary experiment showed that 
the empty reactor gave no oxidation of 
CO for temperatures up to at least 500°C. 

Physical Characterization 

Specific surface areas were obtained 
from nitrogen adsorption data in the 
B.E.T. region using the method and ap- 
paratus similar to those described by Haul 
and Diimbgen (7). 

Thermogravimetric analysis was ob- 
tained under equilibrium conditions by 
heating the same sample of Sn02 gel in a 
dry air stream to constant weight for a 
series of increasing temperature steps. 

Transmission ir spectra were obtained 
from discs of 1% catalyst in KBr using a 
Grubb Parsons Spectromaster. 

X-ray powder data were obtained with 
a Philips Debye-Schcrrer, 11.64-cm camera 
using filtered Cu& radiation. 

Chemical Analysis 

A measure of the degree of reduction of 
partially reduced SnO? catalysts was ob- 
tained by dissolving l-2 g samples in 20 
ml of gently refluxing HBr solution 
(AnalaR, S.G. 1.48). The HBr was ren- 
dered oxygen free by refluxing it for some 
time in a stream of oxygen-free nitrogen 
before addition of the catalyst, and the 
dissolution was carried out under nitrogen. 
After dissolution the solution was cooled 
under nitrogen in an ice bath, diluted to 
50 ml with cold, air-free water and 
titrated with iodide-iodate solution using 
starch indicator. 

RESULTS 

Nonequilibrium Catalytic Studies 

Calcination of hydrous SnOz gel in air 
at temperatures between 200 and 5OO”C, 
which results in a darkening in color of 
the material from pale yellow to orange, 
yields products which show high initial 
activity for CO oxidation at low tempera- 
tures, as shown in Fig. 1. To obtain these 
data the catalyst samples were activated 
in the reactor at various temperatures in a 
stream of dry air. After introduction of 
the CO the temperature was lowered, and 
the CO oxidation was monitored for de- 
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FIG. 1. Effect of calcination temperature on 
initial CO-oxidation activity of SnOz gel. 6-770 CO 
in air feed through 6 ml (12.6 g) Sn02 bed at flow 
rate of 96 cm3 min-I. 

creasing temperature steps. All determina- 
tions were made within one hour after 
activation, and the 50% CO oxidation 
temperatures were obtained, for each ac- 
tivation temperature, from plots of % 
oxidation vs reaction temperature. 

Figure 2 shows the effect of calcination 
temperature on two parameters which 
would be expected to influence the CO 
oxidation activity of calcined SnOz gel, 
viz, the static T.G. (water content) curve, 
and the B.E.T. specific surface area. Dur- 

ing calcination of the SnOn gel the only 
crystalline phase detected by X-ray dif- 
fraction was that of cassiterite (mineral 
SnOn), the degree of crystallinity increas- 
ing with increasing calcination temperature. 
These observations are in agreement with 
those of Goodman and Gregg (8) and 
Vincent and Weston (9), and contrast with 
the electron-diffraction results of Giesekke 
et al. (lo), which indicated the existence 
of a series of crystalline phases during 
calcination of hydrous SnO, gel. 

A marked increase in the initial cat- 
alytic activity of calcined SnOz gel occurs 
on increasing the activation temperature 
from 200 to 300°C (Fig. 1) and Fig. 2 
shows that, between these temperature 
limits, a marked reduction (65%) in the 
water content of the catalyst occurs, ac- 
companied by a relatively much smaller 
decrease (25%) in its specific surface area. 
For activation temperatures above 3OO”C, 
however, the reduction in surface area due 
to sintering becomes very marked, and is 
accompanied by a leveling off in the CO 
oxidation activity of the freshly activated 
catalyst. This indicates a compensating 
effect of the decreases in both water con- 
tent and surface area which occur on in- 
creasing the calcination temperature be- 
tween 300 and 500°C. 

0 100 200 300 400 500 
Calcination temperature, ‘C 

FIG. 2. Effect of calcination temperature on the equilibrium water content and the specific surface area 
of SnOz gel. 
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Deactivation Studies 

The above studies have shown that, up 
to at least 5OO”C, a high calcination tem- 
perature favors high initial CO oxidation 
activity of freshly activated SnOa gel. 
However, experiments over longer periods 
showed that, under certain conditions, 
calcined SnOz gel undergoes partial de- 
activation during CO oxidation catalysis, 
accompanied by a darkening in color of 
the catalyst. Under conditions where only 
slight deactivation occurs, the catalyst as- 
sumes a pale brown color, whereas con- 
ditions favoring more extensive deactiva- 
tion produce increased darkening of the 
catalyst to, in the most extreme cases, a 
black color. The color of the catalyst 
partially deactivated to steady state in 
CO-air mixtures becomes increasingly 
darker with (a) an increase in the initial 
activation temperature of the gel (between 
200 and 500°C) and (b) a decrease in 
the temperature at which the reaction is 
carried out. 

These effects are illustrated in the de- 
activation curves of Fig. 3. For the gel 
calcined at 210°C deactivation only be- 
comes significant for reaction temperatures 
below about 2OO”C, and even at 150°C 
the steady state catalyst had darkened 

100 

only slightly. The gel calcined at 45O”C, 
however, was found to deactivate signifi- 
cantly at reaction temperatures below 
about 3OO”C, and at 200°C this effect was 
very marked, resulting in a brown-black 
steady state catalyst. 

In all inst.ances where deactivation oc- 
curred, the steady state catalysts returned 
to their higher initial activities after 
thermal reactivation in air. 

Steady State and Kinetics Studies 

Although the above studies have shown 
that calcined SnOz gel undergoes partial 
deactivation during low-temperature cat- 
alysis of CO oxidation, it was found that, 
for reaction temperatures at least as low 
as 15O”C, the steady state catalysts showed 
excellent stability, and could be used over 
long periods without showing significant 
variations in catalytic activity. 

Most of the subsequent catalytic studies 
described here were conducted on SnO, gel 
activated at 450°C (specific surface area 
(S) = 36 m2gm1) and preequilibrated to 
steady state. This activation temperature 
was chosen to give an essentially anhydrous 
catalyst (see Fig. 2), although some inter- 
esting comparisons between the catalytic 
properties of this material and the partially 
hydrated, 210”C-calcined gel (S = 190 

I I I I 
0 4 8 22 26 

Time, hours 

FIG. 3. Deactivation curves for calcined SnOl gels. 5.591, CO in air feed through 1.0 g SnOz beds at flow 
rate of 95 cm3 minP. (--a--j, reaction at 200°C on 4FjO”C-caldned; (-X-), reaction at 200°C on 21O”C- 
calcined; and (--O-), reaction at, 150” on 210”C-calcined gel. 



OXIDATION OF CARBON MONOXIDE ON TIN(W) OXIDE 445 

m2g-’ ; water content = 3.5%) are dis- 
cussed later. 

Arrhenius plots for CO oxidation on 
SnO, gel calcined at 450”, for small tem- 
perature ranges between 100 and 23O”C, 
showed that the apparent activation energy 
for the reaction increased approximately 
linearly with temperature, giving values 
of 8 and 19 kcal mole-l at 130 and 21O”C, 
respectively. 

The kinetics of the reaction were studied 
within the fairly narrow temperature 
range 18O-210°C. Before conducting the 
kinetics experiments, possible diffusion 
effects were studied. The effect of external 
(mass transfer) diffusion was investigated 
at 200°C by subjecting (a) a 0.6 g and (b) 
a 3.0 g catalyst bed to varying flow rates 
of a 6.0% CO in air mixture at space 
velocities equal to or less than those con- 
templated being used in the kinetics 
studies. The plots of % oxidation vs re- 
ciprocal space velocity for each catalyst 
bed coincided, indicating that, at the high 
space velocities used below for the kinetics 
studies, mass transfer effects can be 
neglected. 

The effect of internal (pore) diffusion 
was investigated, again at 2OO”C, by 
studying the oxidation of 3-6s CO in air 

mixtures, at constant space velocity, on 
0.3 g beds of (a) 20-36 and (b) 36-72 
B.S.S. mesh catalyst granules. Plots of re- 
action rate vs feed CO concentration for 
each catalyst bed agreed well, indicating 
that pore diffusion effects can be ignored. 

At 200°C the rate of oxidation of CO 
on SnO, gel calcined at 450°C is inde- 
pendent of both 0, and CO, concentra- 
tions, as shown in Figs. 4 and 5, respec- 
tively. The 0, and CO, dependences were 
studied using feeds of CO-N,-air and CO- 
COz-air, respectively, at constant space 
velocities and constant CO concentrations. 

The effect of CO concentration on the 
rate of reaction at 180, 190,200, and 210°C 
is shown in Fig. 6. Because of the small 
catalyst bed used for this study, it was 
assumed that the pressure drop across the 
bed was negligible, and the pco values 
were calculated from measurements of the 
pressure in the reactor above the catalyst 
bed. The experimental points shown in 
Fig. 6 correspond to oxidations of between 
2 and 20%. 

These kinetic data for the oxidation of 
CO on SnOz gel activat.ed at 450°C are 
qualitatively similar to those obtained for 
this reaction on both V,05 (II) and Fe,O, 
deposited on an alumina-silica support 

0 

I I I I I 1 I 
4 8 12 lb 20 

product 0, concentration, vol. per cent 

Fro. 4. Effect of O2 concentration on rate of CO oxidation at 200°C on SnOz gel calcined at 450”. 5.5% CO 
in air feed at flow rates of: (--a--), 96 cm3 min-’ through 1.0 g bed; (-X-), 200 cm3 min-1 through 1.0 g 
bed; and (-O-), 98 cm8 min-1 t.hrough 0.3 g bed. 
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FIG. 5. Effect of CO2 concentration on rate of CO oxidation at 200°C on SnOs gel calcined at, 450°C. 
(-()-), 5.9% CO in feed at flow rate of 92 cm3 min-’ throrlgh 1.5 g bed; (-a-), 10.70/ CO in feed at 
flow rate of 98 cm3 min+ through 0.5 g bed. 

(la), although SnOz is active at tempera- 
tures considerably lower than those of the 
other two catalysts. 

These data can be satisfactorily ex- 

0 40 80 I20 
p,,mm k 

FJG. 6. Effect of CO concentration on rate of CO 
oxidation on SnOz gel calcined at 450”. Feed flow 
rates of 96-102 cm8 mine1 through 0.3 g bed. 

plained by the following steady state re- 
action sequence : 

(OSnO) + CO 1: (OSnOCO), (1) 
122 

(OSnOCO) ---f (OSn) + OS, (2) 
fast 

(OS) + *03 --+ (OSnO), (3) 

where parentheses represent surface species, 
and k, and 12, are rate constants. 

Since the reaction rate is independent. of 
both CO, and 0, concentrations, Step (2) 
is irreversible and Step (3) fast. 

Application of a Langmuir-type rate 
equation to the above mechanism gives 
(11) : 

R= k’klpC0 APCO 
1 + (Wkz)pco = 1 + Bpco’ 

(4) 

where R is the reaction rate and i? a con- 
stant to allow for the fractional decomposi- 
tion of (OSnOCO) sites at any instant, 
and also to convert the fractional surface 
coverage to a surface concentration. 

Values of A and B for the results given 
in Fig. 6 were obtained from the best 
visual or least squares fit to the linear 
forms of Eq. (4) : 

R/pco = A - BR (5) 
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and 

l/R = l/Apoo + R/&4. (6) 

The mean values of A and B obtained 
by these methods are given in Table 1, 
and the curves shown in Fig. 6 are the 
theoretical ones obtained using these 
values. 

TABLE 1 
VALUES OF CONSTANTS A AND B IN Es. (4) 

Temperature 
“C 

180 
190 
200 
210 

A, moles 
(g catalyst)-’ 

(mm Hg)-lhr+ B, (mm Hg)-1 
x 106 x 101 

8.12 1.68 
11.40 1.62 
16.43 1.61 
25.31 1.57 

The rate constants can be expressed in 
the form: 

and 

k, = Z1 exp(-EJRT) (7) 

kz = Zz exp(-E2/RT), (8) 
where E, and E, are the experimental 
activation energies (15) for the CO ad- 
sorption and CO, desorption stages, re- 
spectively; 2, and 2, are constants, as- 
sumed to be independent of the absolute 
temperature T. 

Since A = k’lc, and B = k,/lc,, it follows 
from Eqs. (7 and 8) that plots of log,,A 
and log,,B against l/T should be linear 
with slopes of -E,/2.303 R, and - (E, - 
E,) /2.303 R, respectively. 

The slopes obtained from these plots 
gave values of 

El = 16.4 kcal mole-’ and 
Ez = 17.4 kcal mole-‘. 

DISCUSSION 

The above interpretation of the kinetics 
data demands that the catalyst undergoes 
successive reduction and reoxidation dur- 
ing CO-oxidation catalysis and, since the 
reaction on the steady state catalyst is in- 
dependent of oxygen concentration, the re- 

oxidation step at equilibrium must be 
considerably faster than the other two 
steps. The darkening in color of the cat- 
alyst during the partial deactivation to a 
steady state condition at low temperatures, 
however, is indicative of an overall partial 
reduction of the catalyst. Yoneda and 
Makishima (5) also observed this darken- 
ing and attributed it to a partial reduction. 

Good evidence that the color changes 
are due to reduction by abstraction of oxy- 
gen from the SnOz was afforded by ob- 
serving the effect of passing a CO-nitrogen 
feed through a catalyst bed preactivated 
in air at 45O”C, and then held in an oxy- 
gen-free nitrogen stream at 450°C for 16 
hr. It was assumed that this pretreatment 
would produce a surface free from chem- 
isorbed oxygen. Upon introducing the CO 
at 200°C the catalyst rapidly turned 
black, the black color moving through the 
catalyst bed with a fairly sharp front. 
Chromatographic monitoring of the prod- 
uct gas clearly showed evolution of CO, 
(see Fig. 7), which broke through coin- 
cident with breakthrough of the black 
band. The CO, was evolved as a peak 
with a concentration equal to that. of the 
feed CO concentration, after which it was 
desorbed as an extensive tail. After 4 hr, 
under the conditions quoted in Fig. 7, the 
amount of CO, being evolved was very 
small, and at this stage a total of 9.0 cm3 
of CO,/g of catalyst had been desorbed. 
These results indicate that the chemisorbed 
CO is desorbed as CO, by a mechanism of 
lattice-oxygen abstraction. A similar irre- 
versible chemisorption of CO has been ob- 
served at 200°C on other oxides, e.g., Cr,O, 
(14) and NiO (15). 

The above CO, desorption data indicate 
a composition for the partially reduced 
catalyst of Sn01.94, assuming that the cat- 
alyst was initially stoichiometric Snot, 
and chemical analysis gave good agree- 
ment with this value. It was calculated 
that, for this catalyst (S = 36 mzg-I), the 
reduction can -be accounted for by a 
mechanism of surface oxygen abstraction, 
and does not necessarily demand participa- 
tion of bulk oxygen. The X-ray powder 
diffraction pattern and the transmission 
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FIG. 7. The part&l reduction of SnOp (calcined at 450”) by CO at 200”. .5.Ba/, CO in NP feed at flow rate of 
100 cm3 min-1 through 3.0 g bed. 

ir spectrum of the partially reduced SnO, 
were identical with those of the original 
material. 

Visual comparisons of the above par- 
tially reduced, black SnOz with the steady 
state catalysts obtained in CO-air mixtures 
suggested that the degree of reduction in 
the latter cases is less. Accurate chemical 
analyses of the steady state catalysts were 
difficult because of the low degree of re- 
duction, but these indicated that, even in 
the most extensively deactivated cases, the 
composition was Sn0,,.99. The wide varia- 
tion in the colors of the steady state cat- 
alysts (i.e., pale brown to brown-black) 
suggests that these exist in varying degrees 
of reduction depending on the experimental 
conditions, in particular the calcination 
temperature of the gel and the reaction 
temperature during the CO oxidation. The 
fact that, at the same operating tempera- 
ture, SnOz gel activated at higher tem- 
peratures (within the range 20s500°C) 
yields darker steady state catalysts sug- 
gests that the partially hydrated SnO, 
surface is less prone to reduction, and 
thus deactivates relatively less strongly 
than an essentially anhydrous surface. It 
was, in fact, found that SnOB gel activated 
at 21O”C, although being initially far less 
active for CO oxidation than the material 
freshly activated at 45O”C, gave, under 
comparable conditions at 18&2OO”C, a 

steady state reaction rate per unit weight 
of catalyst of about twice that of the 
high-temperature calcined material. 

In view of the above observations it is 
surprising t,o find a zero oxygen dependence 
for CO oxidation under steady state con- 
ditions. This is shown in Fig. 4 for the 
450°C activated material, and was also 
found to apply to the 210°C calcined 
product. Numerous other oxygen-depend- 
ence studies, in addition to those shown 
in Fig. 4, were undert,aken, but. in no 
instances was a significant (i.e., rate 
= PO, ‘O-l) dependence observed. This sug- 
gests that the degree of reduction of the 
steady state catalysts in CO-air mixtures 
is independent of oxygen concentration 
provided that there is at least sufficient 
present to satisfy the CO oxidation. Con- 
firmation of the stability of the steady 
state catalyst in an oxygen-containing at- 
mosphere was obtained by subjecting the 
catalyst, activated at 450°C and equili- 
brated to steady state in CO-air at 2OO”C, 
to an air stream at 200°C. During passage 
of the air a marked desorption of CO, oc- 
curred [Fig. S(O)], and at stage A no 
change in the brown-black color of the cat- 
alyst was observed, although a rapid re- 
oxidation to a yellow-orange color oc- 
curred on heating in air to 350°C. An 
independent experiment showed that, upon 
reintroducing CO-air to the catalyst at 
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stage A, a rapid return to steady state 
was achieved. If, however, the steady state 
catalyst were subjected to an air stream 
at 200°C , for longer periods, a gradual 
reoxidatiori occurred, as indicated by a 
lightening in color of the catalyst. In this 
case some @activation of the catalyst oc- 
curred, which required several hours to re- 
establish steady state in CO-air. 

Our kinetics results are at variance with 
those of Yoneda and Makishima (6), who 
obtained an expression : 

Rate = pcoPo*“~25 

for SnO, gel calcined at 350°C and op- 
erated at 170°C. Although the above Lang- 
muir rate Eq. (4) reduces to first order in 
p, for p, values below about 10 mm Hg, 
we have not been able to establish a sig- 
nificant oxygen dependence. 

Yoneda and Makishima used a 0.3 g 
sample of catalyst and. followed the reac- 
tion in a race-track type reactor by mea- 
suring pressure changes accompanying the 
oxidation. They found that the reaction 
required an induction period of about 8-12 
min (depending upon whether 0, or CO 
was in excess) and attributed this to re- 
duction of the catalyst to steady state 
conditions. The kine<.ics equation was 
based on data obtained for about one hour 
after this induction pericd. 

Our deactivation studies have shown, 
however, that a 0.3 g bed of SnOz gel ac- 
tivated at: 350°C requires at least 5 hr to 
attain steady state at 170°C in a 6% CO 
in air mixture at a space velocity of 
+20,600. hr-I. The steady state catalyst is 
brown-black compared with the yellow- 
brown color observed by Yoneda and Maki- 
shima, which suggests the possibility that 
these workers were not investigating the 
steady state catalyst. It is probable, how- 
ever, that the rate of attainment of steady 
state conditions is oxygen dependent, as 
indicated by the fact that partial reduction 
of SnOz by CO occurs very rapidly in the 
absence of oxygen. If this is so, then the 
activity of the catalyst at any stage be- 
fore attainment of steady state will show 
an oxygen dependence. 

The other interest.ing feature of these 
studies is the higher experimental activa- 
tion energy for the COz desorption step 
compared with that for CO adsorption. 
This indicates that the desorption step is 
considerably more rate determining on 
SnOz than on both V,O, (11) and Fe,O, 
(19). Figure 8 clearly shows that CO, can 
be desorbed from the steady state cat- 
alysts preactivated at both 210 and 450°C. 

In conclusion, it has been shown that 
freshly activated SnOz gel is active at low 
temperatures for the catalytic oxidation of 

b r- 

Volume of air, l 

Fro. 8. &sorption of CO2 from steady state Snot catalysts. 4.5 g samples of catalyst equilibrated to 
steady state at 200°C in 6.0% CO-air, then flushed with air at 200°C at flow rate of 8 cm8 min-1. 
(-a--), 21O”G and (-O-), 450”Gcalcined gel. At stage A temperature was increased to 350°C. 
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CO, and even after partial deactivation 4. KRYU)V, 0. V., “Catalysis by Nonmetals,” 
to steady state conditions it is active for Academic Press, New York, 1970. 

this reaction at temperatures considerably 5. YONEDA, Y., AND MAKISHIMA, S., Actes. 

lower than those for most other n-type Congr. Znt. Catal. be, Paris 2103 (1960). 

oxides. A similar unexpectedly high ac- 6. FULLER, M. J., Chem. Znd. (London), 96 

tivity has been observed for the catalytic 
(1972). 

decomposition of nitrous oxide on SnO, 
7. HAUL, R., AND D~~MBGEN, G., Chem. Zng. 

(16). 
Tech. 32, 349 (1960) ; 35, 586 (1963). 

8. GOODMAN, J. F., AND GREGG, S. J., J. Chem. 
Sot. 1162 (1960). 
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