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CO, Hydrogenation for C,, Alcohols Synthesis over Silica-Supported Ir-Mo Catalysts
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CO, hydrogenation over silica-supported catalysts was carried out to investigate
the synthesis of C,, alcohols (ethanol, propanol and butanol). The Ir-Mo bimetallic
system among the catalysts investigated was found to produce C,, alcohols. The
catalytic pcrformancé of the Ir-Mo catalysts was cxamined as a function of Mo/Ir molar
ratio. It was revealed that the highest selectivity to C,, alcohols was obtained in the
Mo/Ir ratios of around 0.3.

Recently, the global warming resulting from an increasing atmospheric concentration of CO, is one of the
most serious environmental problems, and the development of the technologies for the utilization of CO, is
considered to be important among many countermeasure technologies. With regard to the utilization of CO,,
the catalytic CO, hydrogenation into chemicals and fuels is a promising proccss.l_3) However, the synthesis
of C,, alcohols from the CO, hydrogenation has been scarccly studicd.4_6) In this work, the CO, hydrogenation
were investigated to obtain the C,, alcohols (ethanol, propanol and butanol), using Rh, Pd, Ru, Ir, Mo and their
bimetallic catalysts which showed an interesting performance in the CO hydrogenation.

Catalysts werc prepared by impregnating SiO, (Fuji-Davison Chemical Ltd., Cariact-50) with aqueous
metal chloride solutions except (NH4)gM070,4°4H,0 and then by reducing in H, at 400 °C for 2 h. Bimetallic
catalysts, Pd*Ru, Ir*Ru and Ir*Mo, were prepared by co—impregnation of two components unless othcrwise
noted. Ir—doped Mo//SiO, was prepared by loading Mo firstly and then Ir, and Mo-doped Ir//SiO , by loading
Ir and then Mo. All the catalysts were pre-reduced under the above—-mentioned conditions before subjected to
reaction. The hydrogenation rcaction was carried out in a fixed bed flow microrcactor at the pressure of 4.9
MPa (H,:CO,:Ar=6:3:1). The effluent gas was dircctly led to gas chromatographs for analysis. The CO,
conversion and the product selectivitics were time—independcnt after 1 to 3 h on stream.

The results of the CO, hydrogenation over various catalysts are listed in Table 1.  C,, alcohols were
formed neither over all the monometallic catalysts nor over Pd*Ru and Ir*Ru ones. Only the Ir*Mo catalyst,
however, showed a slight activity for ethanol and propanol. Butanol werc not detected over all the catalvysts.

The CO, hydrogenation over the Ir-Mo system catalysts were further carried out to investigate the cffects
of the impregnation sequence and the molar ratio of Mo to Ir. The impregnation sequence for Ir and Mo
system had a great influcnce on the catalytic activity as shown in Table 1. The CO, conversion decreased in
the following order; Ir-doped Mo > Ir*Mo > Mo—doped Ir.  The sclectivity to C,, alcohols over the Ir-Mo
system catalysts was not significantly dependent on the impregnation sequence. Propanol was not detected
only over the Mo—doped Ir catalyst. With regard to the CO hydrogenation over the Ir-Mo system catalysts,
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we reported in a previous paper that the Table 1. Hydrogenation of CO, over various catalysts

CO conversion decreased in the same

Catalyst Conv. Selectivity /C—mol%
order; Ir—doped Mo > Ir*Mo > ¥
reen,  iaope ! L (mctal cont. % Alcohols H.C. Cco
Mo—doped Ir, and that the selectivities T wi% C, C GC C C,C,
of these catalysts to C,, alcohols were Rh(2.0) 120 r 0 | 0 993 06 fr_
invariable at about 16 C-mol%.” ... PdQ21).. . .35..29. 0. 0. 57 . 8.6
Taking these results nto considraton, -8 A ol oG g

it is likely that C,, alcohols may be Mo(3.2) 05 657 0
synthesized via CO in the CO, Pd(1.1)*Ru(1.0).. 47.....15....0

hydrogenation. The selectivity to Co, I(6.5)*Ru(1.0) 1.6 02 0 0 976 11 0
alcohols in the €Oz hydrogenation Was  "y_joped Mo®) "84 83 34704 57.6.7 49,250,

lower than that in the CO hydrogenation, Mo—dopedIr*> 50 91 29 0 377 4.1 461
which also suggests that Cy, alcohols o diiong ; H,:CO,:Ar=6:3:1, 200 °C, 49 MPa, GHSV:2000 b’

might be the secondary products in the Reults obtained after 2 h on stream.
CO, hydrogenation. *) Ir content=6.5 wt%, Mo content=3.2 wt%.
tr; trace

The CO, conversion and the

product selectivities arc listed as a function of  Table 2. Dependence of products distribution over

Ir/Mo molar ratios, as is seen from Table 2. No Ir*Mo//SiO upon Mo/Ir molar ratio
oxygenates were formed over Ir/Si0,. With ~ Mo/lr Conv. Selectivity /C-mol%
increasing Mo/Ir ratio, selectivities to methanol T;gir % c, AIC(gZOIS G G H'gz'_c4 co

and CO increased, while that to methane 02 124 88 5308 62l 59 168,

decreased.  The main product over Mo/SiO, 025 119 96 53 08 616 62 159

was methanol. C,, alcohols were formed below . 0.33 .. 11.9....9.3...53._ .10 606 69 298
the Mo/Ir ratio of 2, and the selectivity t0 Cp, -2 Pereemerifisenmen it it BRLLCLLL urL

alcohols was the highest in the range of 0.2 to 20 37 113 0 0 397 41 428

0.3. CO, conversion was also the highest in th
2 conversion was a1so e MERSSIMTE  Conditions : Hy:CO4:Ar= 6:3:1, 200 °C, 4.9 MPa, GHSV:

same region. 2000 h ", Ir content =6.5 wt%.
Results obtained after 2 h on stream.
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