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REMOVAL OF NO, POLLUTANT BY CATALYTIC
COMBUSTION REACTIONS

F. SOLYMOSI AND J. KISS
(las Kinetics Research Group, The University, Szeged, Hungary

Kinetie meﬂ:«'llremenis have been made for the oxidation of CQ, C;Hy, H. and natural gas
by nitrie oxide on Sn():/Cr.0; and on AlLO;/CriO; catalysts. The interaction of NO with
catalysts was examined by adsorption, infrared spectra and electrie conductivity meas-
urements,

The adsorption isotherms of NO on hn(),/(‘rg()q catalysts are of the Freundlich type in the
pressure range from 3 to 50 Torr. Evaluation of the NO chemisorption rate by the Flovich
equation yielded two linear segments with a distinet brenk between them. The instantanecous
adsorption of NO on the partially reduced SnO; was larger than that of the unreduced sample.
The rate of adsorption was ten times higher. A very large increase in the amount of adsorbed
NO was obtained by adding Cry()3 to Sn0,. Electrie conductivity mensurements during NO
adsorption revesled that both negntively and positively charged NO are present on pure and
doped Sn0q.

The catalytic renctions on pure SnQ; occeurred only above 400°C. Small amounts of CraOy
in the Sn(), lowered the reaction temperatures by 100-200°C. The efficiency of Sn0,/Cri(),
exceeded that of ALQO,/Cr,0;.

It is suggested that on the partially reduced SnQ; the Sn** ions are the active catalytie sites
for NO and that nitric oxide dissociates upon chemisorption. The slowest step of the reduction
of NO i nssumed to be the oxidation of reduced centers on the catalyst, which involves the
formation of nitrogen molecules, The high activity of catalysts containing chromium oxide is
attributed 1o the chromium ions incorporated into the surface luyer of the carrier which ean
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easily be reduced by fuels and rapidly reoxidized by NO.

Introduction

In recent years, concern over our environment
has led to substantial action in all industrialized
countries. A major environmental concern is that
of air pollution. Catalytic combustion. processes
play an important role in combating environ-
mental pollution caused by chemieal plants and
automobiles, Thanks to  the vast amount of
basie research on the oxidation of ('O and hydro-
carbong, the development of CO-CI catalysts
for car exhaust gases is in an advanced stage.
The state of development of NO catalysts, how-
ever, is far less advanced and requires more
fundunwntul research,

The simplest way for the removal of nitric
oxide formed in various combustion reactions
would be its eatalytic decomposition. Unfortu-
nately the decomposition rates of nitrie oxide on
different types of eatalysts are much too low to
be of practical use.!'* The catalytic reduction of
nitrie oxide with ('O offers an attractive means

for eliminating this pollutant from car exhaust.
The study of this reaction has been the subject

" of many recent papers but only a few of them

are concerned with the reaction mechanism®4

It was found that the oxidation and reduction
of the eatalyst surfaces play an important role
in the combustion reaction. Therefore our atten-
tion turned to eatalyst systems that especially
favor the redox reactions. A prominent catalyst
in this respeet is SnQ: containing a small amount
of added chromium oxide. The present work
was undertaken to examine the interaction of
nitrie oxide with these catalysts and to investigate
the kineties and mechanism of the eatalytic
reduction of nitric oxide by different reducing
agents.

Experimental
Materrals

('r0; was reagent grade material from Reanal.
It was fired at 700°C for 5 h. ALO, was from
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Degussu. The AliO:-Cr20y catalyst was prepared
by impregnating alumina with an aqueous solu-
tion of CrOs. The gel was dried in air for 18 h
at 120°C. For catalytic investigations, the powder
was calcined for 8 hours at 600°C.

8n0; was obtained by the action of HNO; on
metallic Sn. It was dried at 120°C, and heated
at 350°C for 3 h and at 500°C for 5 h. The doping
of the SnO; with Cr03 was effected in the follow-
ing way:»® (r;0; was added to an aqueous
suspension of SnQ; and after a sufficiently long
period of stirring, the homogeneous suspension
was dried and heated ‘at 350°C for 5 h. Final
sintering was performetl at 900°C for 5 h in air.

The nitric oxide (Matheson Company) was
commercially pure (99%). Ethylene was a prod-
uct of Fluka Gmbh, Both gases were purified by
bulb-to-bulb  distillation before use. Carbon
monoxide was prepared in the laboratory by
reaction between formic acid and sulphuric acid
at 83°C.

For the catalytic studies, small pellets (1.5 mm
diam and 1.5 mm long) were made. A fixed
amount of catalyst (1.5 g, 8-10 small pellets)
was used in all experiments.

Methods of Measurements

For the kinetic investigations, a closed circula-
tion system (volume 277 ml) was used. The re-
actions were followed by measuring the pressure

of the reacting gases. A Hewlett-Packard gas”’

chromatograph connceted to the reactor was
used to analyze the reaction products,

Conductivity measurements during the ad-
sorption and eatalytic reaction were performed
in the same reactor, using pellets of 8 mm diam-
eter and 6-7 mm long. An ac bridge was used for
these measurcinents,

The nactive oxygen content of the catalysts
was determined by the Bunsen method. Specific
surface areas were caleulated from the adsorption
of nitrogen at liquid nitrogen temperature.

Adsorption measurements were performed in a
Sartorius microbalance. Infrared spectra were
taken with a double beam IR spectrophotometer
(Spectromom  2000). The dises of ALQOs/Cr04
were made by pressing the finely divided powder
dried at 120°C to a thickness correspouding to
30 mg/m2 The sample was degassed in vaeuo at

10~ Torr. Further treatment is deseribed in the -

text.
Results and Discussion
Characterization of the Calalysts

SnOy is an n-type semiconductor. Its electric
conductivity is due to donor levels that arise from
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defects such as impurity cations and anion
vacancies.”® The incorporation of a small amount
of Cr0; into SnOs in air significantly changes the
physical properties of SnQ,.54

On the other hand, the chromium ions also
undergo a noteworthy change; part of them in
oxidized to a higher valence and stabilized in the
surface layer of SnOs,.

A remarkable feature of higher valence
chromium in the surface layer of SnQ. is that
after its reduction with fuels it can easily be re-
oxidized even at Jow temperatures.’

Characteristic data for different catalysts used
in this work are summarized in Table I.

Adsorption Measurements

The adsorption of NO has been investigated
on ALO;/Cr0; catalyst,? but no studies have
been made on SnO,.

The characteristic feature of the adsorption of
NO on diamagnetic oxides is its extreme slowness;
the establishment of the adsorption equilibrium
is very difficult. The adsorption of NO on SnO,
activated at 400°C in vacuum is also slow, in
spite of the fact that there is no experimental
evidence for a substantial energy of activation.
Adsorption isotherms and rates for NO were
measured at 25-100°C. The data conform well
to the Freundlich isotherms in the pressure range
covered, as shown by a linear relationship be-
tween the logarithmic amount of adsorbed NO, ¢,
and the logarithmic pressure, p. The Freundlich
isotherm is defined by

q=cpq

where the coefficients n and ¢ are functions of
temperature. The points of intersection of
isotherms show that the amount of NO required
for a monolayer (¢g..) is 7.46 umoles/g. The pres-
sure which is necessary to achieve monolayer
coverage is 74.2 Torr. The average value of Hp,
which is a measure of the heat of adsorption, is
6.9 keal/mole. Similar low values have been
obtained by Shelef, e al., on transitional metal
oxides, 81

The rate of adsorption of NO was evaluated
by the integrated form of the Elovich equation

= (2.3/a) log({+t)— (2.3/a) logl

where 4= 1/aa iz an integration constaut. The
Elovich plots consist of two linear scgments
with a distinet break between them. A possible
explanation of the break is that two distinet
populations of adsorption sites exist on the sur-
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TABLE 1

Characteristic data for different catalysts

(‘zl‘z();

Highest Surface Active Average
content calcination ares oxygen valency
Catalyst, mole%, temperature °C m?/g % of chromium*

Cri0, 100 700 30.4 0.0224 3
8n0: — 900 5.81 — -
Sn0O, 0.0t 900 6.12 0.0015 4.5
Sn0y 0.1 900 6.58 0.01 3.95
Sn0, 0.5 900 8.84 0.043 3.81
SnO, 1.0 900 11.87 0.082 3.77
ALO, ' 1.0 900 4.64
AlLG, b 600 70.0 1.0243 5

* Calculated on the basis of active oxygen content.

t This sample of Al,O, was a Reanal product. The doping with Cry); was similar to the case of SnO..

TABLE I1

Parameters for the adsorption of gases at 100°C on Sn0y+Cr.0; catalysts

SnOz SnO; + 1 U/CCHOJ
a Qo o T
[umole/g]t  umole/g [umole/g]! umole
NO 7.5 1.0 1.15 3.3
0. 1.856 2.875 3.072 3.25
CO 1.77 0.4 0.621 1.66
C:H, 4.025 0.714 2.3 0.71

¢o=the amount of instantaneous adsorption, « is the slope of the first segment of the Elovich plots.

face. The temperature coefficient of the slopes
1of both segments is positive, indicating
aincrease in the adsorption rate with temperature.
un the partially reduced SnO; (with CO at
400°C for 60 min) the instantaneous adsorption
of NO was almost six times larger than that of
adsorption on unreduced samples. In addition
the rate of adsorption at 100°C was about ten
times higher. The chemisorption of NO on un-
‘reduced SnQ: is reversible, whereas on SnQy
reduced with fuels it was somewhat irreversible.
In the latter case it is assumed that mainly
oxygen remains on the surface, while NO is
reduced to NqO. A very large increase in the
adsorbed amount of NO and in the rate of
chemisorption was achieved by incorporating
Cr:0z (0.1-1 mole%;) into the surface layer of
8n0; (Table II).
Similar measurements were carried out for the

adsorption of other gases, e.g., CO, O, and
CzH,;. The instantaneous adsorption of CO is
commensurable with that of NO. The Elovich
plots also consist of two intersecting straight
line segments. While a; decreases with tempera-
ture, oz increases with T,

If we compare the adsorption of NO and O,
on SnOy, we find that both the extent of in-
stantaneous adsorption of Oy and the rate of sub-
sequent adsorption are always larger than for
NO. With the increase of adsorption temperature,
this difference becomes greater.

The initinl adsorption of ethylene on SnQO.
below 100°C has the highest value of all the gases
(fuels) studied so far, it i3 however hardly affected
by the increase of temperature or by incorporating
chromium into 8nQ;.  Accordingly, near the
reaction temperature, the adsorption of O and
NO greatly exceeds that of ethylene. Data for
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Fio. 1. Ionfrared spectra of NO on ALO;/Cr,0;.
Adsorption of NO (5 Torr) was carried out at 25°C
for t h, then the sample was evacuated and heated
at different temperatures for 30 min. All the spectra
were tuken at 25°C. The temperatures of heat treat-
ment were the following: 1, 256°C; 2, 100°C; 3, 150°C;
4, background spectra.

adsorption of different gases on Sn0y+Cr0;
catalysts are shown in Table I1.

The coadsorption of NO+4fuel and the effect
of preadsorbed NO on the subsequent adsorption
of fuel were studied at 100°C on SnO; activated
in vacuo at 400°C. It appears that the pre-
adsorbed nitrie oxide promoted the adsorption of
both carbon monoxide and ethylene. The ratio
of the amount of adsorbed NO and that of
adsorbed (O (promoted) approaches the value
of 1, pointing to the existence of a surface
complex comprising 1 mole NO and 1 mole CO.
Promoted adsorption was also found on Sn0,
using a mixture of O; and C.Hy.? However, on
AlQOy/Cri0y catalysts no promoted adsorption
was observed in either case.

Infrared Spectroscopic Measurements*

Infrared studies have been reported of adsorp-
tion of NO on various oxides''® and a great
number of bands have been observed representing
adsorbed NO species ranging from (NO); dimer
to adsorbed NO* and NO~ ions. There are how-

ever substantial contradictions on several im-.

portant details in the various papers. It now
seems certain that the transition metal ions are
the primary adsorption centers and that bands

* Infrared studies were made in cooperation with
Dr. J. Raské.
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observed between 1000-2000 ¢m™' when NO is
added to alumina or silica are due to the presence
of transitional metal impurities.'*:*

Unfortunately all our efforts to make trans-
parent dises from SnQO2/Cr0; have been unsucess-
ful, restricting our infrared studies to the AlQ;/
Cry0O3 system.

When NO was added to ALO:/Cr:Os, pre-
treated in CO (initial pressure 10 Torr) at 400°C
for 1 h, two large bands appeared at 1865 and
1740 em™! (Fig. 1). The latter is perceptibly
composed of a combination of separate bands at
1743 and 1738 cm™. Both bands have been ob-
served recently.during the adsorption of NO on
ALQ3/Cry0; activated in ethylene.’® Based on the
assignments of NO bands observed on transition
metal oxides,!*" the band at 1743 and 1738 em™!
was avirtbuted to NO covalently bound to Cr*t
and Cr’* sites, respectively. The absorption band
at ~1860 cm~? was assigned to NO chemisorbed
by a double bond ionic link (Crot=N+=0) to
chromium ions Cr»*Y+, However, the obscrva-
tion that the intensities of both bands increased
upon reduction at high temperatures—which re-
sulted in extensive formation of Cr** on the
surface—led to the assumption that these bands
are due to NO adsorbed on Cr¥** ions.1®

Turther study is evidently needed to identify
the adsorption sites and to choose between the
alternatives. The marked difference found be-
tween the adsorptive properties of strongly and
weakly reduced catalysts containing chromium
supports the idea that the lower valence
chromium ions are the primary adsorption sites
for NO.

In further study, it appeared that the band
at 1860 em™ decreased in intensity with tem-
perature and disappeared completely at 200°C.
The band at 1740 em™! did not change up to
150°C, suhsequently the intensity decreased and
above 300°C this band was no longer discernible.
With a gas mixture of NO4CO(1:1), only the
bands due to adsorbed NO appeared on the
spectra, although the adsorption of CO in the
absence of NO yielded its characteristic bands.

The intensity of the bands due to adsorbed
NO was slowly reduced when CO was added to
the sample at 25-100°C, and depending on the
temperature, the bands were completely elimi-
nated. The rate of removal of the band at 1860
em™! was somewhat higher than that of the band
at 1740 em™, 1t is interesting that the bands due

to adsorbed CO appeared neither during nor

after the completion of the surface process.
Taking into account that adsorbed NO is much
more strongly bound than the adsorbed CO it
may be assumed that the disappearance of these
bands is due to the reaction between the adsorbed
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Fig. 2. The effect of NO, CO, and NO--CO mixture on the electric resistivity of SnQ, activated at 400°C
in vacuo. Temperature: 100°C.

NO and gaseous CO. When the sample was
evacuated after the removal of NO bands and
exposed again to NO at 25°C no reappearance of
the bands at 1860 and 1740 em™! was expericnced.
This indicates that the surface centers for the
adsorption of NO that yield bands at 1860 and
1740 cma™! have been deactivated (oxidized) during
the surface reaction.

Electric Conductivity Measurements During Ilwk
Adsorption of NO and CO

Surprisingly little information is available con-
eerning the electronic interaction of NO with
solids and, to our knowledge, clectric conductivity
measurements have not been used yet to evaluate
the interaction between NO and semiconducting
oxides. The low ionization potential of NO (9.5 V)
makes- possible the conversion of the nitric oxide
molecule to the positive nitrosonium ion [NOt].
It can also easily take over an electron to be
converted to a negative nitrosyl ion [NO~7, as
there is no evidence of any barrier to electron
attachment. The lower limit to electron affinity
of gaseous NO is 0.65 ¢V 2

Figure 2 shows that adsorption of NO increases
the electric resistivity of activated SnQ.. The
electric resistivity of Zn0O and TiO. changed
the same direction upon the adsorption of NO.2

This may indicate that the chemisorption of
NO on n-type oxides is an acceptor process

N0<0)+60_= NO*(uhem) . (1)
However, considering the recent spectroscopic in-
vestigations of Kortiim®™ on the adsorption of
NO on Zn0, it is also possible that SnQ. activated
in high vacuum at 400°C is capable of reducing
NO to N20 at 100°C, according to the equation

2NO+¢=N0+0". (2)
This process could also contribute to the increase
in the electrie resistivity of SnQs,.

It was interesting to observe that pumping
off the NO from the reaction cell at the same
temperature caused a further slight increase in

‘the electric resistivity of SnOa. This behavior was

also observed for Sn0O: doped with 0.1 or 0.5
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Fra. 30 The effects of the partial pressure of the reacting guses on the rates of NO-fuels reaetions.

molec CrOn A tentative explanation is that,
in addition ta the above mode of adsorption, part
of the NO mav be chemisorbed by giving its
viopaired electron to the oxide swrface to form
an apparcntiy positive chemisorbed ion

N¢ )(m N( )+(chum)+"0_- (3)
This kind of NO adsorption partly compensates
the result of the electron aeceptor adsorption of
NO [Eq. (1)]. ‘This adsorption is reversible or
much weaker than the former, so that upon
evacuation of the sample-at 100°C, NO* desorbs
from the surface

N()+(o}ne|||)+('0—= N()(o) (4)
and s o result the eleetrie resistivity of SnOw
NEreases,

The electrie resistivity of SnQOs also increased
when o mixture of NO and CO (1:1) was intro-
dueed onto the sample, in spite of the fact that
CO alone decreases the resistivity of 8SnQ),

("O(a): ("()(ohem)*'*'(’(rn (5)

Kinetic Measurements

The reaction of CO with NO on SnOs activated
at 400°C in vacuo proceeded at a measurable
rate only above 390°C. After a slight decrease,
the activity of the catalyst remained constant.
With a stoichiometrie composition, a steady state
activity at this temperature was attained alter
40-60 min, When CO was in excess, the reduction
of nmitric oxide to nitrogen was practically
complete; the amount of nitrous oxide found re-
mained below 19%. A slight activity of SnQ; wus
also experienced at 180-360°C, but the conver-
sion reaction was very low and the catalyst
surface rapidly beeame poisoned.

The reaction was zero order with respect to
€O, and first- order with respeet to NOQ. The
activation encrgy was 36.6 keal/mole, and thus
considerably larger than that of the C0-0,
reaction

The incorporation of a small amount of Cry03
into the surface layer of 8uQy markedly inereased
the efficiency of SnQ. On a eatalyst containing
19, chromium oxide, the reaction between CO
and NO proceeded at temperatures as low as
150°C. The value of the activation energy
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deerenses with the inerease of the amount of
- CrgOy in S0,

The eatalytic reaction between 1y, and NO on
pure tin dioxide was mensured at 320-360°C.
It was somewhat faster than the NO-CO reae-
tion under similar conditions. e formation of
NI was deteeted even in the presenee of a 5/19/12‘
excess of 1y (1 NO mole ratio 2:1). Pure tin
dioxide eatalyzed the reduction of NO with
ethylene only above 390°C. The sample doped
with 195 ehromium oxide lowered the temperature
range of both’ reactions by about 100-150°C,
Figure 3 shows the rate of the reduction of NO
with different fuels as a function of the partial
pressure of the reacting guses,

The catalytic eflicieney of SnOs containing
C'raO3 has been tested in the reduetion of NO with
natural  pas  containing  CH, - (9119), Cally
(1.46%), (allg (0.729,), Cilly (0 5450), Cylly
O.129%), COx (274, Na (3.37%). Undoped
Sn()y uttul\ zod the reaction only above 450°C.
When 195 CreQ5 was incorporated into 8SnQ, the
(md:ltmn renction between natural gas and NO
occurred around 300°C; In the presence of exeess
natural gas, the reduetion of NO - to Na was
complete at this temperature.

mole®, Cr,04 1

In order to compare the effect of the chromium
content of Sn0s on the reduction of NO with
different fuels, the reaction temperatures, at
which the rate constants of the reac tmn\ have a

ralue of 1X 1073, are shown in Fig, 4 as function
of the chromium oxide content of the tin dioxide,

The addition of CraOg to SnQ. exhibited the
largest effect in the ease of NO+CO reaction,

For comparison, the reduction of NO las been
investigated on pure CraQy and on ALOz Cra0;
catalysts. The latter was found to be one of the
most active oxides in the reaction between NO
and (O3 ,

Kinetic data for the rveduction of NO are
collected tn Table TTL These data show that
SnOatCra0y has the highest activity among the
catalysts studied in this work in the low tem-
perature reduction of nitrie oxide.

A Possible
o

Mechanism of Reduction of NO awith

We may attempt now to formulate a mechinis-
tie picture of the reaction mechanism. It scems
cortain that  different active centers arve ve-
sponsible for the eatalytie reactions on’ pure SnQ.
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TABLE 111

Kinetic data for the catalytic reduction of NO with different fuels

lenetion Sll()g S"()Q + 1 %Cl‘z()a Cran A]g()g + 1 %Cho; A]203 +5%Cl‘u()1

NO-CO reaction

Temperature range, °C 45-440 170-205 215-300 318-360 220-263

teactton order to NO 1 1 1 i

Reuction order to CO 0 0 0 0

Koy AL 250°C 2.35 X107 1.18 X102 5.04 X107 1X10~™ 5.8 X101
K, keal/male 36.6 18.2 36.5 33.8 13.3
NO-C,H, reaction :
Temperature range, °C 395428 250-310 380-430 370-430 250--300
Rteaction order to NO 0 0

Reaction order to C.H, 1 1

Kupeey 8t 250°C 7.4X107%* 4.7X10™ 1.57 X1075* 2.8 X 1078* X107t
£, keal/mole 19.6 14.1 17.1 17.9

NO--H, reaction

Temperature range, °C 320-360 180-230

Reaction order to NO 1 1

Iteaction order 1o H, 0 0
Fapeey A1 250°C 184X 107 5.08X1072

i, keal/mole 15.2 15.2

* Extrapolated value.
I\.qu = [V\mn"lnwgl

and on Sn0s4Cr0; eatalysts. We may assume
that in the case of undoped SnQOs, Sn*t is the
active catalytie site, This assumption is based
on our obscervation that the activity of the
catalyst in the chemisorption and reduction of
NO is enhanced when it is partially reduced;
the catalyst surface is oxidized and inactivated by
NO.

From electric conductivity measurements dur-
ing the adsorption of NO it was concluded that
both negatively and positively charged adsorbed
NO occurs on the SnOp surface. The formation
of NO~ is very likely to occur through the transfer
of a 8s electron of Sn*t ion to NO

St NO=2 St N O~ 6)
whereas the nitrosonium’ ion, NO*, is formed
due to the transfer of the odd electron from NO
to the Sn*t ion

Sntt+NO,=8nNOT, (7)
Electric  conductivity measurements also  in-
dicated that NO* is much more weakly held on
Sn0y than NO~ ions. Since the formation of
NO* ix accompanied by the strengthening of

the bond, whereas the transfer of an electron to
the antibonding orbital of NO tends to weaken
the N-O bond, it seems plausible to assume that
the oxidation of the catalyst surface is due to
dissociation of the NO~ species.

Accordingly the following steps are postulated
for the reduction of NO by CO (M represents
the active site, Sn*t):

M+NO=M*NO~ {8a)
M+NO~+M-—-M~—~N+M+0~ (9a)

or
M+NO=M-—NO (8b)
M—NO+M—M—N+M*O~ - (9b)
M—N+4+NO-M*O~+N; (10)
M+O~+(C0—-M~+COs. (11}

The formation of Na(Q may oceur in the reaction

M-N+4NO—M+N,0. (r2)
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Fia. 5. Interaction of SnQOs with NO, CO, NO+CO, and 0:4CO gas mixtures under reaction conditions
al 400°C mensured with a sensitive microbalance. The weight changes of the catalyst during the interaction

with different gases are shown as ordinates.

An alternative to reactions (10) and (11) is that
'O reacts with the adsorbed nitrogen atom

M-N+CO==M+NCO~ (3)

MNCO~+NO—-M+No+0,

(1)

vieldiug a surface isoeyanate group, whiche ould
be a possible intermediante of the eatalytic reac-
tion. Isocyanate species have been detected by
infrared speetroscopy during the reaction of
nitric oxide with carbon monoxide on the surface
of noble metal eatalysts® 2 and also on supported
CuQ.t
The slowest step of the reaction of NO with
€O is very probably the oxidation of active sites
on_the catalyst T
L rrom
the study ot the MTEraeton v uic tcav g Mix-
ture with the “catulyst during the catalytic
process, it appeared that the oxidation of (0

with NO takes place on a weakly redueed surtace
(Fig. 5). As against that, the oxidation of ('O
with Oy occurs on an oxidized surface, in agree-
ment with the results of kinetic studies,

In the case of SnQ: containing CrsQj, the
catalytic reaction proceeded at a very low tem-
perature, whereas pure SnQy did not exhibit any
catalytic cffect. We propose that the active
catalytic sites in SnQy+CrO3 ecatalyst arve the
lower valence (Cr3%) ions located in the surfaces
layer of SnQq. As already shown these chromium
centers can promote the chemisorption of NO
and can be casily oxidized with NO to higher
valence states. A possible driving foree for this
surface oxidation is that CrQO; and Sn0. both
have rutil structure, and that CrO, is stabilized
in the SnQ, lattice. The slowest step of the
catalytic reaction is the same as previously, Le.,
the oxidation of reduced centers, as earbon
monoxide reduces the higher valence chromium
in a very fast reaction® We assume that this
redox mechanism also operates in the reaction of
NO with other fuels.
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