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Silica-supported Co-Ir bimetallic catalyst was effective for
the selective synthesis of C,-oxygenates such as ethanol, acetal-
dehyde, and acetic acid by vapor-phase CO hydrogenation at 280-
320 °C and 51 atm. It is suggested that Co-Ir catalyst may form

an active species responsible for the synthesis of C,-oxygenates.

Iridium is ranked as one of the less active metals in the group VIII metals
for vapor-phase CO hydrogenation,1) and this may be the reason why Ir has received
little attention. It has recently been reported that Ru—Irz) or Mo-Ir3) bimetal-
lic catalyst is effective for the selective synthesis of C,-oxygenates such as
ethanol and acetald-=hyde or of C,-C, alcohols. In addition to these two Ir-
containing bimetallic catalysts, we have found a novel Co-Ir bimetallic catalyst
which has, to our knowledge, the higher C,-oxygenate selectivity than the Co-based
multicomponent catalysts shown in the 1iterature.4'6)

The catalysts were prepared by simultaneous impregnation of SiO, (Davison
Grade 57, 20-32 mesh) with mixed aqueous solutions of chloride salts. They were
then vacuum-dried at 120 °C for 1 h and reduced in a stream of H, at 500 °cC for
3 h. Catalytic activities were evaluated by using a conventional flow reactor, to
which pressurized (51 atm) gas composed of CO, H,, and Ar at a ratio of CO:H,:Ar

=3:6:1 was fed. The effluent was analyzed by gas

chromatographs. Argon was employed as an internal

standard in order to calculate CO conversions and

CO conv, / %

product yields. The activity and selectivity of

Co-Ir bimetallic catalysts changed at the initial

stage of reaction (3-4 h), and thereafter remained

»e
almost constant over 15 h. The results obtained 5:
after 15 h on stream were presented. Z§
Figure 1 shows the activities of Co-Ir bimetal- gg

lic catalysts as a function of metal composition. —g 10

HC(Cy=C5)

The catalysts containing both metals (Co—Ir/SiOz) C
differed significantly from each catalyst containing 0 nv&ﬁiuo 1.0
one metal (Co/SiO, and Ir/SiO,) in both activity and Fig. 1. CO hydrogenation over Co-Ir/Si0,
Co+Ir=0.2 mmo1/g-S10,.

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

arly as Ir mole fraction (xg,) was varied from 0 to 5] gtm, 280 °C, GHSV=2000 nl,

selectivity. CO conversion increased almost line-
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0.5. The product distribution obtained at x;,=0 (Co/SiOZ) changed abruptly by the
inclusion of a small amount of Ir (x;,.=0.12); C,-oxygenates were produced in
higher selectivity. The product distribution hardly changed in the x;, range 0.12
to 0.5. These results suggest that Co-Ir bimetallic system may form a new active
species, the amount of which is proportional to X1y in the x;,. range 0 to 0.5.

As xp, increased further above 0.5, CO conversion decreased. This may be due
to the decrease in Co content. The product distribution changed markedly;
C,-oxygenate selectivity continued to increase with x;,. up to 0.88. The improve-
ment of C,-oxygenate selectivity is attributable to the decrease in selectivity to
Cy-Cqg hydrocarbons. Since the production of high molecurar weight hydrocarbons is
shown to be suppressed upon the addition of an inactive diluting metal,7'8) the
decrease in selectivity to Cy,-Cg hydrocarbons may be caused by a diluting effect
of Ir., Therefore, it is suggested that Ir may act as the diluent for the active
species as well as be the component of the active species in the xi,. region above
0.5.

The effect of CO/H2 ratios of feed gas is shown in Table 1. It is evident
that higher CO/H2 ratios improve C,-oxygenate selectivity. The selectivity
reached 50% at a CO/H, ratio of 4.

Table 1. Effect of CO/H, ratios on catalytic activity of Co-Ir/SiO,

CO/H, Temp CO conv. Carbon atom selectivity / %

°C  mmol(h-g-cat)™! £c,-02) EtOH AcH AcOH MeOH PrOH CH, HC(C,-C5)P) co,

0.5 280 0.82 35 27 3.3 4.5 23 1.8 31 4.9 Z.5
0.5 300 1.7 33 27 1.9 4.3 23 1.6 34 4.7 3.8
2 280 0.34 47 26 15 6.4 19 2.1 20 5.6 6.2
2 300 0.79 45 27 2.9 8.4 15 2.4 24 6.6 5.4
2 320 2.0 39 26 5.4 7.4 13 2.6 29 7.6 7.8
4 280 0.18¢) 48 23 14 11 14 2.1 19 7.9 7.7
4 300 0.44 50 22 17 11 13 1.9 20 8.1 5.0
4 320 1.1 43 23 10 10 10 2.2 25 9.3 9.1

Conditions: Co+Ir=0.2 mmol/g—SiOz, Ir/(Co+Ir)=0.88, 51 atm, GHSV=2000 nhl.
a) Total C,-oxygenates. b) Cy-Cg hydrocarbons. c¢) GHSV=670 h'1.
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