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HYDROGENATION OF CO OVER SILICA-SUPPORTED Mo-Ir CATALYSTS
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Silica-supported Mo-Ir bimetallic catalysts exhibited much
higher activity than the monometallic Mo or Ir catalyst for the
hydrogenation of CO at 220-240 °C and 21 atm, Alcohols up to four
carbon atoms were found to be produced over the bimetallic catalysts.

Recently, attention has been focused on the activity of bimetallic catalysts

1 We have reported that Ir-Ru bimetallic alloy cata-

for the hydrogenation of CO,
lysts are effective for the formation of C,-oxygenated compounds from synthesis
gas.z) This letter describes an excellent activity of Mo-Ir bimetallic catalysts

3) or Ir4)

for the hydrogenation of CO, although Mo catalyst has little activity by
itself.

The catalysts were prepared by impregnating SiO2 (Davison Grade 57, 12-20
mesh) with aqueous solutions of (NH4)6M07024-4H20 and IrC14-H20, followed by re-
duction in H2 at 500 °C for 3 h. Reactions were carried out at 21 atm of synthe-
sis gas (CO:HZ:Ar=3:6:1) with a fixed-bed flow reactor (316 stainless steel).

The effluent gas was introduced directly into gas chromatographs for analysis.
Results obtained after 15 h on stream were presented. CO conversion was estimated
by adding up the yields of products up to five carbon atoms. CO chemisorption
measurements were made by a pulse technique in H, carrier gas at room temperature.

Table 1 shows the results of the hydrogenation of CO over various Mo-Ir/SiO2
catalysts. Both Mo/SiO2 and Ir/SiO2 were almost inactive under the reaction con-
ditions. The bimetallic catalysts, making a strong contrast with the monometal-
lic catalysts, exhibited high activity. The co-impregnated Mo—Ir/SiOZ(IIIA) was
about 500 times as active as Mo/SiOZ(I) or Ir/SiOz(II) on the assumption that CO
conversion was inversely proportional to space velocity. Similar synergetic
effects were observed also for the following catalysts different in preparation:
Ir-doped Mo/SiOZ(IV), Mo-doped Ir/SiOZ(V), and co-impregnated Mo-Ir/SiOZ(VI) that
was air-calcined before H2 reduction. The order of synergism efficiencies of
these catalysts was as follows: IV>III=~V>VI. 1In addition, alcohols up to four
carbon atoms were found to be produced over the Mo-Ir bimetallic catalysts. It is
noteworthy that Mo-containing catalysts such as alkali-metal promoted Ru—Mo,S)
Co—Mo—K,6) and alkali-metal promoted Mo7) have been reported to be effective for

the synthesis of the alcohols.
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Table 1. Hydrogenation of CO over silica-supported molybdenum-iridium catalystsa)

Catalyst Metal lcading GHSV CO conv, Carbon atom selectivity / %
no. wth nt % Hydrocarbons Alcohols CO2

Mo Ir C1 C2 C3 C4 C5 C1 C2 C3 C4
Ib) 3.2 0 62 0.61 22 8.0 3.6 1.3 0 0 0 0 0 65
11°) 0 6.5 62  0.60 42 4.2 2.2 0.7 15 2.0 0.9 0 25
IIIAb) 2.5 5.0 6000 3.0 28 7.5 4,01.7 0.8 23 11 3.3 1.0 18
ITIIB 2.4 6.2 2000 3.8 26 3.5 1,2 0,7 22 11 3,7 1,2 23
IVC] 2.5 6.4 2000 8.2 24 5.6 2.91.2 0.6 23 9.4 2.6 0.9 28
Vd) 2.3 6.9 2000 3.4 25 3,2 1,1 0,6 24 10 3.7 1.5 24
VIe) 2.4 6.4 2000 0.65 27 4,3 2,4 1,0 19 12 4.0 1.4 19

a) Conditions: CO:HZ:Ar=3:6:1, 21 atm, 220 °C. b) Results obtained after 4 h on
stream, 240 °C. <c¢) Ir-doped Mo/SiOZ. d) Mo-doped Ir/SiOz. e) After impregnation,
the catalyst was calcined in air at 500 °C for 3 h and reduced in HZ'

Figure 1 shows the effect of Mo addition 7F °
to Ir/SiO2 on activity and CO uptake. The e s f————s 10.3
activity ;ncreased in proportion to the in- .; 3 °
crease in Mo loading in the Mo/Ir ratios up -g _0'255
to 0.2 and reached a maximum. Upon further § 2 g
addition of Mo, the activity remained con- § S
stant. CO uptake decreased with the increase G I ﬁ~,~\~“‘\. 10.1
in Mo loading. The Ir particle size, accord-
ing to the measurements by transmission elec- 00 0.2 0.4 Gng—TifLifE‘o
tron microscopy, did not change by the Mo Mo/Ir
doping over the whole range of Mo loading. Flg. 1. EZE?S&S%'}?‘& Egdfjé{gﬂeon
Thus, the decrease in CO uptake may be at- 6.4 wt% Ir/S10, was doped with Mo.

Reaction conditions: CO:HZ:Ar=3:6:1,

tributed to the covering of Ir surface with 0
21 atm, GHSV=2000 h™*, 220 °C.

Mo. These findings suggest that the Mo forms
the active sites for CO hydrogenation on the Ir surface and that the amount of the
active sites increases in proportion to the increase in Mo loading below the Mo/Ir
ratios of 0.2.
The roles of Mo and Ir in the bimetallic catalysts are now being investigated.
This work has been supported by National Research and Development Program of
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