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Abstract : The surface chemistry of Rex(CO)o deposition for preparing highly dispersed rhenium catalysts and the formation of active site
for the metathesis were studied. Alumina as support was treated at 1223K(DA) and 773K(PDA), respectively. The metathesis activity of
the catalysts at 298K was measured by using pure propene under atmospheric pressure. The oxidation number of rhenium on PDA was
very high, and that on DA was zero-valent with highly dispersed state. The prepared Re/DA catalyst was easily activated by treating with
oxygen gas at low temperatures after thermal decomposition at high temperatures. The activity of Re/DA catalyst, even with very low
rhenium loading, was much higher than that of Re/PDA or conventional Re;O7/ALOs catalysts. Therefore, rhenium carbonyl was effective
for preparing a highy active metathesis catalyst with very low rhenium loading. Rhenium ion on Re/DA catalyst seemed to be bonded to
two oxygen atoms on DA surface, that is, two-valent. The two-valent rhenium ion was changed to about six-valent by treating with oxygen.
It could be considered that propene metathesis occurred through carbene complex which was formed on the six-valent rhenium ions.
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Fig. 1. TPDE profiles of Rex(CO)1y deposited on DA at 208 K.
(Catalyst weight :05g, helium flow rate : 20 cm’/min,
deposition temperature : 298 K, temperature rising rate
120 K/min)
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Table 1. The Chemical Results in Activating Res(CO)/AlLOs

Rex(CO)/PDA® Rex(CO)/DA”

X/DR”|  1.8wt%Re 0.8wt%Re 1.8wt%Re

298K 423K T73KI208K 423K 673K 773K| 298K 423K 573K 673K 773K 1023K
0 0%2%4t0 0 0 0j0 0 0 0 0 -

CO/DR| 0 123820) 0 167 648 871} 0 201 506 764 923 998

CO/DRf 0 0 03] 0 0 <0700l 0 0 0 0 <10° -
0 0 0
0 0 0

CHy/DR 0 ol 0 0 0 0 0 0 0 -
AON” 095 330 0 0 0 o 0 0 0 -

a) PDA : Partially Dehydroxvlated Alumina pretreated for 1 hr in a
helium stream at 773K
b) DA : Dehydroxylated Alumina pretreated for 1 hr in a helium
stream at 1223K
¢) X : Evolved gas, DR = Rex(CO)yg
X/DR : The mole ratio of a gas evolved to RexXCO)ip used
d) Averaged Oxidation Number of rhenium atom determined by the

equation.
AON = Hy/DR + 3(CHyDR) (3)

o] 714, DRE Rex(CO)yolth.
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Fig. 2. Catalytic activity of 3.5 wt% Re/DA with oxygen treat-
ments in the metathesis of propene at 298 K.
(Catalyst weight : 0.5 g, propene flow rate : 145 cm® min™)

Table 2. Metathesis of Propene over Various 1.8 wt% Re/AlOs
Catalysts at 298K

Pretreat. Decomp. | O/Re ™ Conv. Reaction rate
temp./K temp.”/K /- /% /mol Re'sec™
1223(DA) 673 0.76 29.0 0.066
1223(DA) 713 1.42 304 0.069
T13(PDA) 673 0.12 9.2 0.021
73(PDA) 773 0.4 213 0.048

(Catalyst :0.5g, propene flow rate:14.5 cm"’min”, adsorption tem-
perature of O: 298 K)

a) Decomposition temperature of Rex(CO)o deposited

b) Ratio of moles of O-atom adsorbed to moles of Re-atom deposited
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Fig. 3. Variations of catalytic property of RexCO)w/DA with

decomposition temperature.

(Catalyst: 1.8 wt% Re/DA, weight : 0.5 g,
propylene flow rate:14.5 em® min’, reaction tem-
perature : 298 K)
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Fig. 4. Effect of rhenium loading in Re/DA on conversion and
selectivity in the propene metathesis at 298 K.
(Catalyst weight : 0.5 g, propene flow rate : 145 cm® min )
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Fig. 7. Variations of initial activity of 1.8 wt% Re/DA with
oxygen treatment temperature.
(Catalyst weight:05g, reaction temperature : 298 K,
propene flow rate : 145 cm® min™)
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