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Table 1 percent of products of CO hydrogenation over Rh-Mn-Li/SiO, catalyst

Conversion w (product) (%) Yield of alcohols
CO(%) CH, C,H,  C,H, Co, C,0H C,0H C,0H Others g/ (kg + h)
6.62 31.2 3.7 2.5 18.4 34.6 4.3 1.5 160.2

Reaction conditions: T =250 °C, P =3.50 MPa, V(H,)/V(CO) =2, SV=8 000 h ™"

250 °C, P= 3.50 MPa, V(H,)/ V(CO) =2, SV =
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Fig. 1 IR spectra of CO + H, reaction on Rh-Mn-Li/SiO,

catalyst for different durations of time
Reaction conditions; T =250 C, P =3.50 MPa,
V(H,)/V(CO) =2, SV =8000 h™'
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Fig. 2 Comparison between IR spectra of CO + H,reaction
on Rh-Mn-Li/SiO, catalyst and IR spectra
of methanol and ethanol
1-IR spectra of methanol; 2-IR spectra of ethanol ;
3-IR spectra of CO + H, reaction

The CO + H,reaction conditions are the same as in Fig. 1.
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Fig. 3 Comparison between IR spectra of CO + H,reaction
on Rh-Mn-Li/SiO, catalyst and IR spectra of catalyst
after blowing of N, for 15 min
1-IR spectra of CO + H, reaction;
2-1R spectra of catalyst after blowing of N, for 15 min
The CO + H,reaction conditions are the same as in Fig. 1
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Fig.4 IR spectra of CO + H,reaction on Rh-Mn-Li/Si0O,
catalyst at 250 °C and different pressure
Reaction conditions; V(H,)/V(CO) =2, SV =8 000 h ™"
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In-situ DR-FTIR Study of Ethanol Synthesis from CO/H,
over Rhodium-based Catalyst

CHEN Wen"?, WANG Cun-wen', YING Wei-yong”, YU Chuan-bo',
JIN Ya-li', WANG Wei-guo', WU Yuan-xin', CHI Ru-an'
(1. Hubei Key Laboratory of Novel Chemical Reactor and Green Chemical Technology, Wuhan Institute
of Technology, Wuhan 430074, China;
2. School of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China )

Abstract; In this paper, in-situ-DR-FTIR technique is employed to investigate the reaction intermediates and the
mechanism of the CO hydrogenation to ethanol over Rh-Mn-Li/SiO, catalyst. The results show that the two adsorp-
tion peaks of 2 922 em ™' and 2 855 e¢m ™' are mainly caused by carbene which is the synthetic precursor of ethanol.
At 250 °C and 3.5 MPa, a lot of carbenes can form quickly after the CO/H, mixed gas is leaded into the reactor.
The sweeping of N, after CO + H, reaction shows that part of carbenes can adsorb firmly on the surface of Rh-Mn-
Li/Si0, catalyst and cannot been blown off easily, but the other is converse. So part of inert carbenes probably exist
which dont take part in reaction but control some of the surface of the catalyst and lead to reduce reactivity of the
catalyst. At 250 °C, with the pressure from 0.5 MPa to 3.0 MPa, the ethanol content of the products increases
while the CO,and CH, content decrease which indicates the reaction pressure is an important factor affecting the
distribution of the products and higher pressure can produce more ethanol in the products. At the same time, the
result of the pressure affecting the distribution of the products also indicates that the reaction paths of CO,and CH,
are competitive with that of ethanol and the reaction pressure affect the selectivity of the reaction paths. The experi-
mental results also show that the building-up process of carbene is not an rate-determining step and wether ethanol
can be produced rapidly or not is decided by the content of acetyl on the surface of the catalyst. At last, utilizing
in-situ-DR-FTIR experimental results, we can conclude that “CO association-carbene-vinyl ketone-acetyl-ethanol”
should be an reasonable mechanism of the CO hydrogenation to ethanol over Rh-Mn-Li/Si0O, catalyst.

Key words: in-situ DR-FTIR; Rhodium-based catalyst; CO hydrogenation; Ethanol; Reaction mechanism



