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SUMMARY
The objective of this research is to elucidate the role of -
various chemical additives on ethanol synthesis over Rh- and
Ni-based catalysts. Chemical additives used for this study will
include §, P, Ag, QCu, Mn, and Na which have different
electronegativities. This comprehensive research program in-
cludes investigation of the effect of additives on the surface
state of the catalysts, heat of adsorption of reactant molecules,
reaction intermediates, reaction pathways, reaction kinetics, and
product distributions. A series of experimental studies consist-
ing of temperature programmed desorption, infrared study of NO
adsorption, reactive probing, steﬁ@y state rate measurement, and
transient kinetic study is/will be performed éo expand current
knowledge in +this area. A better understanding of the role of
additive on the synthesis reaction may allow us to use chemical
additives bto manipulate the catalytic properties of Rh~ and Ni-

based catalysts for producing high yields of ethanol from syngas.

RESULTS TO DATE
. During the first quarter of the project, a micro-reactor sys-
+em has been built. Rh/S3i02z and Cu-Rh/Si02 catalysts have been
prepared for ethanocl synthesis and reactive probing studies.
Cu, with an electronégativity.similar to Rh, may decorate the
surface of Rh particle (1). Study of Cu-Rh catalyst may provide

a deeper insight into +the structure sensitivity of ethanol



synthesis.

" EXPERIMENTAL

Catalyst Preparation

. 3 ét'% Rh/Si0z was prgpared by incipient wetnesé impregnation
of 8i0z using Rh chloride. The Cu-Rh/Si0O2 was prepared by using
'co-impregnation of Cu nitrates. The ratio of Rh to Cu additive
is 2. .

Reaction Studies

Ethanol synthesis over both Rh and Cu-Eh catalysts was
carried . out in a.differential reactor system under 300 °C and 10
atm. The product distribution was_determined by a HP-5890A gas
chromatograph. | -

The addition of probe molecules sugh a$ ethylene during CO
hydrogenation could.produce etbyl species which may'ﬁndergo (a)
hydrogenation -to form ethane, (b) CO insertion to form propional-
dehyde (2-4), “(c) chain incorporation to form higher
hydrocarbons, and (d) hydrogenolysis to' form methane (2,3).

A small amount of ethylene (3-4 mole %) was added tec CO/Hz
reactanﬁ mixture after steady state kinetic study. The relative
hydrogenation, (He) insértion, chain incorporation, and
hydrogenolysis activities were estimated by careful determination
of the product distributidn before, during, and after the addi-
tion of the probe molecule. The effect of Cu additive on the

specific reaction steps during the synthesis reaction was



determined.

RESULTS AND DISCUSSION

CO hydrogenation was carried out in a differential reactor at
300 ©C, 10 atm, and CO/Hz = 1. Figure 1 shows results of €O
hydrogenation over Rh/S5i0O2 and Cu-Rh/Si0O2 catalysts. The major
products of CO hydrogenation ovér Rh/SiOz catalysts are methane,
C2-C4 hydrocarbons, and C2 oxygenated compounds (acetaldehyde and
ethanol). The addition of Cu to Rh/Si02 increased the rate of
CO conversion and the selectivity for methane but decreased the
selectivity for Oz oxygenated compounds.

After CO hydrogenation study, 3-4 mole ¥ of ethylene was
added to CO/Hz reactant stream under synthesis conditions.
Figure 2 shows rate of ethylene conversion and +the selectivity
for the product formation from ethylene. The major éroducts for
the C2Hs/CO/Hz reaction over Rh/S5i0Oz are ethane and Us oxygenated
compounds (propionaldehyde and l-propanol). The reaction scheme

for the'formation of these products is shown as follows (3,4):

CO/Hz /Cz2Hs

CzHs
*H
_.- CzHa ~——> C2BEx

*COo
*H

C3 oxys.



C3 oxygenated compounds appear to be formed fromfthe insertion of
CO into adsorbed C2 hydrocarbon species. Théﬂpresence of Cu on
Rh/Si0O2 catalysts decreased the rate of ethylene conversion and
the selectivity for C3 oxygenate formation. The decrease in the
selectivity for C3 oxygenate formation and the increase in selec-
tivity for ethane formation éppear to reéult from a lower rate of
CO insertion step compared with the rate of hydrogenation. The
substantial deéreéée in rate of CO insertion brought about by the
Cu additive indicates that the CO insertion is a step which ap-
pear to be more structure sensitive than ethyléne hydrogenation.
Ethylene hydrogenafion was studied over both Rh/SiOz and  Cu-
Rh/Si02 catalysts. The presence of Cu inhibits the ethylene
conversion. The decreasé in rate of ethylene conversion may be
due to the site blocking. Further study oﬁ the effect of Cu on
activation energy of hydrogenation is required to revéal the role

of Cu on hydrogenation over .Rh/5i0z catalysts.

FUTURE PLAN FOR THE NEXT QUARTER
A temperature programmed desorption system will be con-
structed for studying the effecg of additives on'the adsorption
of hydrogen. A series of Cu-Rh/Si0O2 cétalysts with the ratio of
Cu to Rh :éf 1 —.10 will be prepared for studying the structure

sensitivity of CO insertion step in ethanol synthesis.
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Figure 2. CO/Hz/CzHa
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