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Ethane Hydrogenolysis Studies of TiO,-Supported Group VIII Metal 
Catalysts 

Evidence for strong metal-support inter- 
actions (SMSI) was recently reported for a 
new class of supported metal catalysts 
(I, 2). In particular, these catalysts, which 
were composed of Group VIII metals on 
Group IVB or VB metal oxides, were in- 
capable of chemisorbing hydrogen and car- 
bon monoxide at room temperature subse- 
quent to reduction in dihydrogen at 500°C 
or above. In an effort to investigate the 
effect of these unusual metal-support inter- 
actions on catalytic properties, a study was 
made of the ethane hydrogenolysis reaction 
over all Group VIII metals on TiOz. As 
presented below, it was found that the 
TiO,-supported catalysts exhibited chemi- 
cal behavior markedly different from that of 
Group VIII metals on a conventional sup- 
port such as SiOl. 

The procedures and experimental appa- 
ratus employed in this study have been 
described previously (I, 3). Briefly, the 
catalysts were prepared by impregnating 
TiOz with an aqueous metal salt solution, 
then drying in air overnight at 110°C (I). All 
catalysts studied had a metal loading of 2 
wt%. In a typical kinetic run, 0.2 g of 
catalyst (40/60 mesh) was mixed with 0.5 g 
of Corning glass diluent and reduced in situ 
with hydrogen at 500°C for 16 hr. Chemi- 
sorption experiments on selected samples 
confirmed that the reduction temperature 
was sufficiently high to induce the SMSI 
state as previously reported (I). The feed 
gases, consisting of hydrogen, ethane, and 
a helium diluent, were passed downtlow 
through the reactor at a total gas flow rate 
of 1 liter/min for a period of 3 min, at which 
time a sample of the product was taken for 
chromatographic anaIysis. The ethane was 
then cut off and hydrogen flow was contin- 

ued for 10 min before another measurement 
was made. A set of ethane and hydrogen 
partial pressures, 0.03 and 0.2 atm, respec- 
tively, were chosen as the standard condi- 
tions to study the partial pressure depen- 
dencies of the reaction rate. Any rate 
measurements at pressure conditions differ- 
ent from the standard were bracketed by 
rate determinations at the standard condi- 
tions. This bracketing technique served as 
an indication of the stability of the catalyst. 
In general, not much variation in catalyst 
activity was noted with the exception of the 
Ir/TiOz sample. The degree of conversion 
for all runs was kept low (of the order of 
1%) so the reactor was essentially operated 
in a differential mode. 

The kinetic parameters thus obtained for 
ethane hydrogenolysis on TiO,-supported 
Group VIII metals are summarized in Table 
1. No methane product was detected for Fe 
and Pt up to a reaction temperature of 
500°C. This indicated that the activity for 
these two metals was at most comparable 
to, and more likely lower than, that of Pd. 
As pointed out earlier, the Ir/TiOz sample 
deactivated rapidly during the experiment 
preventing an accurate measure of the pres- 
sure effects. The values of n and m in Table 
1 are exponents on ethane and hydrogen 
partial pressures, respectively, in the ex- 
perimental power rate law of the form 

r = kpEnpH”‘. (1) 

It should be noted that the inability to 
obtain chemisorption data for these cata- 
lysts (I, 2) necessitated the assumption of a 
100% fraction exposed in calculating the 
specific activities. X-Ray diffraction studies 
on the reduced samples showed no detect- 
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TABLE 1 

Kinetic Parameters for Ethane Hydrogenolysis on TiO&Supported Metals 

Metal 
(2 wt%/TiO& 

Temperature 
range 
(“f-3 

EAO 
(k&/mole) 

t-Lb 
(molecules/set-cm2) 

nc rnd m, my 
(“C) 

Fe -300 - Inactive - - - 
co 456-s 12 35 1.7 x 1023 0.6 +0.1 460 
Ni 3 lo-356 31 2.0 x 1024 0.7 -0.9 309 
Ru 187-23 1 32 1.0 x 1028 0.9 -1.9 187 
Rh 234-264 36 1.4 x 1028 0.7 -2.1 244 
Pd 437-497 59 4.2 x 103O 0.9 -1.9 436 
OS 202-224 32 6.9 x 102’ 0.7 -1.0 202 
Ir 283-3 11 52 3.0 x 1053 - - - 
Pt <500 - Inactive - - - 

a Determined from the temperature dependence of the rate, r,,, at ethane and hydrogen partial pressures of 0.03 
and 0.2 atm, respectively. 

b Preexponential factor in the equation r0 = r; exp (-E,/RlJ. 
c Exponent on ethane partial pressure in experimental power rate law. 
d Exponent on hydrogen partial pressure in experimental power rate law. 
e Temperature at which the values of n and n? were determined. 

able metal peaks. Therefore, while the cal- 
culated rates only represent a lower limit, 
they are expected to be within an order of 
magnitude of the actual rates. 

The extensive work of Sinfelt (4, 5) on 
ethane hydrogenolysis over silica-sup- 
ported metals provided a firm basis on 
which results in this study could be com- 
pared. To do this specific activities were 

TABLE 2 

SpeciGc Activities” for Ethane Hydrogenolysis at 
205°C 

Metal SiOl-supportedb TiOrsupportedc 

Fe 1.2 x 10-S < 10-13 
co 3.4 x 10-S 1.0 x 10-B 
Ni 8.0 x 1O-4 8.0 x lo-’ 
Ru 1.8 x lo+ 1.4 x 10-s 
Rh 2.2 x 10-d 2.9 x 1O-5 
Pd 6.7 x lo-lo 2.6 x lo-l3 
OS 4.2 x lo-’ 9.6 x 1O-4 
Ir 1.1 x lo-’ 3.0 x lo-’ 
Pt 7.2 x lo-lo < lo-‘3 

o Expressed in units of moles of ethane con- 
verted/hr/m*. 

b Calculated from Ref. (4). 
c Calculated from Table 1. 

calculated for all TiO,-supported metals at 
205°C using the experimentally determined 
rate parameters (Table 1). As shown in 
Table 2, Fe, Co, Ni, Pd, and Ir supported 
on TiOz exhibited a decrease in ethane 
hydrogenolysis activity up to several orders 
of magnitude relative to that of their SiO,- 
supported counterparts. This diminution is 
much greater than the uncertainty in the 
specific activity resulting from the assump- 
tion of 100% fraction exposed. The overall 
activity pattern for all Group VIII metals 
was found to be 

Ru > OS > Rh > Ni > Ir 
> Co > Pd > Pt - Fe. 

This pattern is significantly different from 
that previously observed for SiOz (4), 
namely, 

OS > Ru > Ni > Rh > Ir 
I=- Co > Fe > Pt > Pd. 

Vannice and Garten (6) recently found 
that the activity of Ni/TiOz was greater 
than that of Ni/SiO, with respect to CO-H, 
reactions. Furthermore, Ni/TiOz exhibited 
a high selectivity to C,+ parafhns whereas 
Ni/SiOz was predominantly a methanation 
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catalyst. In the present study the ethane 
hydrogenolysis activity of Ni/TiOz was 
drastically reduced compared to that of 
Ni/SiOz . These results are indicative of the 
potential alteration of selectivity in cata- 
lytic reactions as a result of metal-support 
interactions. 

The TiO,-supported metals exhibited a 
large inverse dependence of the reaction 
rate on the hydrogen partial pressure as 
previously found for a SiOZ support. The 
kinetic analysis developed by Sinfelt (5) 
was therefore applied to the TiO, samples. 
Sinfelt (5) has shown that a rate expression 
of the form 

r = kpEnpEna (2) 

is consistent with kinetic data for ethane 
hydrogenolysis on SiOZ catalysts. The ki- 
netic sequence involves the chemisorption 
of ethane with dissociation of a carbon- 
hydrogen bond as the initial step, followed 
by carbon-carbon bond scission of the re- 
sulting hydrogen-deficient species, C2H,, in 
the rate-determining step. In the derivation 
of Eq. (2) the assumption is made that 
competition between hydrogen and hydro- 
carbon for surface sites is negligible. This 
assumption is clearly justified for SMSI 
catalysts which do not chemisorb hydro- 
gen. The parameter, a, in Eq. (2) is related 
to x by the relationship 

a = (6 - x)/2. (3) 

The value of a provides a measure of the 
relative dehydrogenation to hydrogenolysis 
activities of a catalyst. The highest a values 
are associated with metals having a large 
ratio of dehydrogenation to hydrogenolysis 
activities (5). 

Sinfelt’s rate equation (2), was found to 
provide a satisfactory fit to the TiOrsup- 
ported metals with the proper choice of a 
(Table 3). The successful application of the 
rate expression to both SiOZ- and TiOz- 
supported metals then lends support to the 
validity of the formalism. The near-zero 
hydrogen partial pressure dependence ob- 
served for Co/TiOz was likely to have been 

TABLE 3 

Analysis of Power Rate Law Exponent on Hydrogen 
pressure, pH 

Metal a Calculated -haa Observed m b O’C 

Ni 1 -0.1 -0.9 2 
Ru 2 -1.8 -1.9 2 
Rh 3 -2.1 -2.1 3 
Pd 2 -1.8 -1.9 3 
OS 1 -0.7 -1.0 2 

o From Eq. (2). 
b From Eq. (1). 
c Corresponding value for SiO,-supported metals 

(Ref. (5)). 

due to a breakdown of the chemisorption 
equilibrium (7) as kinetic measurements 
were carried out at a very high tempera- 
ture. In order to provide the best fit to the 
data lower values of a were necessary for 
Ni, Pd, and OS on TiOz than on SiOn, 
indicative of a less hydrogen-deficient sur- 
face intermediate and lower dehydrogena- 
tion activity. Since these metals also suffer 
a pronounced decrease in ethane hydrogen- 
olysis activities, as discussed earlier, these 
results signify a suppression in both hydro- 
genolysis and dehydrogenation activities, 
yet another manifestation of the SMSI ef- 
fect on catalytic properties. 
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