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The Unique Double-Bond lsomerization Properties 

of a Ruthenium Oxide-Silica Catalyst 

An unique stereospecific double-bond isom- lysts show that, in the double-bond isom- 
erization activity has been observed for erization of I-butene the initial product 
ruthenium oxide supported on silica gel. Re- contains more cis-2-butene than trans- 
sults reported for other heterogeneous cata- 2-but,ene, although kans-2-butene is thermo- 
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dynamically favored (1-5). Various ex- 
planations have been proposed but the 
reasons for the preference for the &s-isomer 
are not clear (4). In contrast t’o the prefer- 
ence for cis, we have observed t’hat over a 
rut,henium oxide-silica catalyst the initial 
product8 contains about three to five times 
as much tram- as cis-2-butene (t,hermo- 
dynamic ratio is about t,wo). 

EXPERIMENTAL 

Dat)a illustrating this unique isomeriza- 
tion preference are present,ed in Table 1. 
The catalyst, was prepared by impregnating 
:I silica gel with an ethanol solution of 
RuCl,(OH) and t)reat,ing with dry air at 
538°C. The finished catalyst contained the 
equivalent of 4.9 w-t y0 RuOz (the oxidation 
state of the ruthenium was not established). 
Residue chloride content was 0.03 wt %. 

Phillips pure grade hydrocarbons were 
used. After drying over act’ivat,ed alumina 
the frans-Bbutene feed charged to the 
react,or contained 0.7 wt y0 cis-Zbutene 
while the cis-Zbutene feed contained 1.5 
wt y0 trans-2-butene. No measurable amount 
of 2-but,ene was detected in the 1-hutene. 

RESULTS AND DISCUSSION 

The procedure of Haag and Pines (1) was 
used to calculate the relative isomerization 
rate constants for comparison with relative 
rates obtained with other het,erogeneous 
catalyst,s. These calculations are based on 
the assumpt,ion hhat, the reactions are first 
order in each of the three isomers. The rate 
const,ants (kJ are defined in Fig. 1. 

l- Butene 

FIG. 1. Schematic representation of the six rate 
constants involved in t,he double-bond isomerization 
of the n-butenes. 

A comparison of the relative rate con- 
star& for ruthenium oxide-silica catalyst 
along with those obtained by Haag and 
Pines for an alumina (1) and by Heckelsberg 
and Bailey for a nickel oxide-silica alumina 
catalyst (S) are given in Table 2. 

The low values obtained over t’he ruthe- 

TABLE 1 
PI~OUUCT COMPOSITIONS OF Four DOUBLE-BOND ISOMERIZATI~N RUNS” USING FOUR 

DIFFERENT BUTENE FEEDS 

Feed 
Time 
(min)b 

Product analyses (wt o/00) 

I-Butene trans-2-But.ene cis-2-Butene translcisc 

1-Butene 

trans-2-Butene 

cis-2-Butene 

Mixed-2-butenes 

0 100 0 0 

15 78.1 18.4 3.5 
30 x7.5 9.2 s .3 
45 91.8 6.4 1.8 
60 92.8 5 s 1.9 
0 0 99.3 0.7 

15 3 6 95.5 0 9 
45 4.5 94.6 0.9 
85 6.0 92.9 1.1 
0 0 1.5 98.5 

15 0 7 2.4 96.9 
40 0.3 2.5 97.2 
0 0 51.4 4X.6 

15 3.8 47,s 48.4 
45 5.8 46.4 47.x 

- 
5.3 
2.8 
3.6 
2.8 
- 

10.6 
10.5 
8.5 
- 

- 
1.1 
1.0 
1.0 

a Reaction conditions: 26O”C, 100 psig, 1.5 g feed (g cat.)-’ hr-’ 
* Flow system; time of snap sampling of product. 
c Thermodynamic equilibrium of trans/cis at 260°C is 1.7. 
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TABLE 2 
~<ELATIVE ~~OMERIZ.~TION ATE CONSTANTS 

Itate” IluO&iO2 A1203 NiOG!ji0~A1~009 
constants (26O'C) (230°C) (100°C) 

kl 2.7 3.8 8.0 
kz 1.0 1.0 1.0 
ka 0.02 9.1 10.0 
h 0.01 4.6 1.8 
k 0.01 2.4 1.5 
kg 0.03 4.6 4.0 

a kz set. equal to 1.0. 

nium oxide-silica catalyst for the rate 
constants k3 to k, indicate that, cis-2-butene 
does not readily enter t,he double-bond 
isomerization reaction over t,his catalyst 
either as a react,ant or as a product,. This 
suggests the formation of a stable complex 
of t,he c&isomer with hhe transition metal 
that does not readily react, or desorb. 
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