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A Study of the Catalysis of the Reaction “O:! •t 180:! 

= 2 160’~x0 by cu-Cr,A12-x0:$ Solid Solutions 

wChromia and a-alumina arc isomorphous 
and form homogeneous solid solutions 
a-Cr,AL,08 with corundum structurr over 
the whole range of z-values between 0 and 2. 
There have been many studies dealing with 
the physical properties of this syskm (1-6) 
and a number of researchers have pointed 
out, the catalytic properties of cr-chromiaP 
alumina in rclatjion to various gaseous 
reactions (Y-9). A theoretical consideration 
of the dependence of t,hc chromium ion dis- 
tribution in the corundum matrix on the 
total chromium content can also be found 
(10). The aim of the present work was to 
investigak the dependenw of the activity 
of the a-Cr,AIZ-,Oa solid solutions on com- 
position in rclatjion to hon~on~olrcular oxygen 
exchange. 

EXPERIMENTAL METHODS 

The solid solutions a-Cr,AL,Oa wre 
prepared by impregnating (r-Al203 (spec. 
pure) with a solution of CrOa (reagent 
grade) in water. After drying at 120°C 
the samples were calcined in air in platinum 
crucibles at 1370°C for 32 hr with an inter- 
mediate cooling and regrinding after 16 hr. 
The specific surface areas of the samples 
were measured by means of krypton adsorp- 
tion at - 196’C and all coincided wit,h that 
of pure wA1203 treated in the same condi- 
tions (i.e., 2.0 f 0.1 m*/g). If the designa- 
t,ion AC S, where X is t,he number of Cr 
at)oms per 100 atoms of Al, is used to label 
t’he solid solut,ions (6) then the sample 
preparations correspond to AC 0.1, AC 0.5, 
AC 1.0, AC 4.4 and AC 10.0. The reaction 
I602 + 1802 = 21601”0 was st,udied in a static 
system connected to a mass sprctrometer 
using oxygen pressures in the range O.OTi- 

2 Torr. The concentration of lx0 in the non- 

equilibrium mixture varied but was about, 
1X atomic %. The samples were pretreated 
together at 830°C for 16 hr in vacuum 
(5 X lo-” Torr). The catalysis of t,he reac- 
tion lti02 + 1802 = 2 i60ix0 in the low 
temperature region was studied immediately 
after the vacuum pretreatment. Refore the 
high temperature experiments the samples 
LVWC first cyuilibrated with the gas mixture 
so that they had the same IsO content as the 
gas. The activities wre expressed as the 
specific first order rate constants (nun-’ 
cm-*) which were rcproducihlc to within 
f 10%. 

RESULTS ANIJ I)~scuss~o~ 

The main results for both the low and 
high temperature exchange reactions are 
summarized in Table 1 where K, l3 and 11 
represent, the specific rate constants, appar- 
ent, activation energies and the orders of 
reaction, respectively. The subscripts 1 and 
h denotje the low and high tcmperat,ure 
cases. The act,ivation energies (El) and 
orders with respect to oxygen pressure (nJ 
are nearly the same for all the samples 
skidied and t’hc numerical values of El and 
111 give cvidencc in favor of an associative 
mechanism of catalysis. The Ion- trmpera- 
ture activity was unstable at temperatures 
above - 100°C and this phenomenon was 
st,udied for the t,hrre samples AC 0.1, AC 1.0 
and AC 10.0 in the temperature range 
-100 to -30°C. At sclectcd temperatures, 
the reaction t,imc (t& which corresponded 
to a decrease in activity to half the initial 
value was calculated. The activation energies 
for t)he deactivating processes could then be 
calculated and as shown in Fig. 1 they arc 
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Sample 
IL, at 630°C . El Eh 
(min-* m-*) (kcal/mole) (k~al/mole) 

cu-Al& 0.0’2 Illactive 
AC 0. I 0.06 0. 29 
.4c 0.5 0. 16 0 40 
AC 1 .O 0.16 0.24 
AC 4.4 0. IX 
.4C 10.0 0. 2:: 0.67 

0. li 2.1 26 0.4 1 1 
I .i 2s o..i (I.!) 

0. 10 2.2 “0 0.5 0,s 
1.8 0. .5 

0.26 1.R “0 0.4 0.9 

approximately qua1 (1.5-2.0 kcal/mole). 
It can thus ho cowludcd that the> activit? 
with rrgard to t hr low twnperatuw rcwtion 
is gcnwatcd on sittss of a similar nature for 
thr whole range’ of solid solutions studkd. 
Thrb diffcrcww obsrrwd in the rcartion ratw 
K1 over t,ht> diffcwnt samples (XI~ bc nttrih- 
utc:d to a change> in the number of sites. 

Wit,h regard to the high tcmpwatuw (lx- 
pwinwnts, it was found that whew measurc~- 
nwnts UY~P madcb thcx valucb obtainr~d for the 
r:ttc> constant of hc~tcwgrncwus csxcahangc> of 
1X0 bchtwwn the oxide and the> gas mixture 
(f&J \~as approxiniatclly half tlifl Ki, valw 
(sw Tabk 1). This suggests that tllcl cataly- 
sis of thr homoIllol~~c,ular waction at higIl 
temperaturrs proweds mainly through a 
hc~tjcwgenrous exchangc~ process b&n-wn the 
gas mixtuw and thca surfaws of the samples. 
An analysis of the changfx in t hr rclatiw 
amounts of thus molrcwlcs lRO’fiO, 16O1xO and 
‘xO*xO in thr wurw of the hctwogcncous 
cxchangr sho\\v>d that thck predominant type 
of thxchange involwd the> participakm of 
only one atom of the oxygen ~nolrwlt~ pw 
c&mcwtary stq) (11, 12). ,4s in the low tern- 

EP 2 kcol/mole 

I I 
L-O 5-O 60 l/T lo3 

FIN:. 1. l)euct ivalillg process for low temperature 
exchange reaction mc:wllre,l for (0) .4C 10.0; (X) 
AC 1.0; I’+) AC 0.1. 

pc’ratuw cast, tht> valws obtained for E,, and 
llh for thr different solid solutions arc‘ 
nearly coincident suggesting similar mcch- 
anisms of homomolecular exchange catalysis. 

When considered in terms of the rate> CWII- 
stant pc’r cshromium ion, the activit! 
dwrrasw as t hc chromium contrnt of 
the samples incwases and this applies 
to both thcb high trmperatuw and th(b 
lo\\- tcmpc>raturc reactions (set> Fig. 2). I+- 
vious studies (9, 10) haw shown that at low 
c~hromium wntent, chromium is present in 
t#ho cwrundum strwturr mainly in t,ht> form 
of isolatrd ions. As th(b chromium cwntcwt 
incwwws, thr pwpwtdor~ of chromium in that 
form of isolatc~d ions dwwasw dw to tlrcb 
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FIG. 2. I)ependence of rate constant per chro- 
mium ion on the chromium content of the solid 
whItion for (a) low temperat.ure exchange (measlwed 
at - 100°C) and (b) high temperattIre exchatlge 
(measured at 630°C). 



324 NO 

higher probability of having Cr ions in adja- 
cent posit,ions. Therrfow if it is assumed that 
the most active cakalytic sitw arc connected 
with isolated Cr ions on thcb surface, the dtl- 
cbreasc in activit,y, which is wident for both 
thth high and low tnmpttratuw casw, ~YLII b(b 
attributed to the dcplction in the number of 
active sites as t,he proportion of isolatctd Cr 
ions in t.ho solid solution dwwws. It is 
known from ESR studies that O- specks 
(13-15) arise when O2 is admitted to a 
vacuum-reduced oxid(a surfaw. In t,h(l chro- 
mia~alumina system O- ions adsorhrd war 
to lo\v-coo-diIlzt~~ c1.3+ . ,I ‘ 10ns on thfl surfaw 
could provide suitabk surface sites, actiw 
in t,he cahalysis of homomolecular rxchangcl. 
This exchangcl could thrn procwd t hrougll 
t,he formation of complexes of the Oz- type 
(13). At high trmperatures the oxygen ions 
which complt~tr the> coordination sphere of 
isolated surfaw Cr”+ ions will ho most mohilc 
and in t,his caw the mechanism of exchange 
can hc thought of as the breaking and re- 
forming of the bonds in the coordinat,ion 
spheres of isolatrd surface Cr3+ ions. 
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