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SﬁHHARY

The objecﬁive 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 S, P, Ag, Cu, Mn, and Na which have different
electronegativi%ieé, The effect of additives on +the surface
state of the catalysts, heat of adsorption of reactant molecules,
reaction intermediates, reaction pathways, reactipn kinetics, and
product distributions is/will be investigated by a series of ex-
perimental studies including temperature programmed desorption,
infrared study of NO adsorption, reactive probing, steady state
rate measurement, and transient kinetic study.

A better understanding of the role of additive on the syn-
thesis reaction may allow us to us; chemical additives to manipu-
late +the catalytic properties of Rh- and Ni-based catalysts for

producing high yvields of ethanol from syngas.

RESULTS TO DATE ‘
. During the second gquarter «f the project, the Following
tasks and research have been conpleted.

1. A temperature programmed desorption system has beep_built

v
1

and the system will be tested in the third quartefz‘
2. Effect of sulfur on CO insertion over Rh/SiO2 was studied.
3. A series of Ag-Rh/Si02 catalysts was prepared for studying

the structure sensitivity of CO insertion.



EXPERIMENTAL
Cat t arati

3 wt % Rh/Si0O2 was prepared by impregnation of Si0z (Strem)
using Rh chloride (Alfa). The Ag-Rh/5i02 was prepared by using
co-impregnation of Ag nitrates and Rh chloride (Alfa). The ratio
of Ag to PRh additive is 0.3 - 1.5. Hydrogen temperature
programmed desorption technique was used to detérming the disper-
sion of the catalyst.énd sulfur coverage on the sulfur-poisoned
Rh/Si0O2.

o tudi

Ethanol synthésis was carried out in a differential reactor
system under 250 ~ 300 ¢C and 10 atm. The product distribution
was determined by an HP-5890A gas cﬁromatograph. ‘

A small amount of ethylene (3-4 mole %) was added to CO/H2
reactant mixture after steady state kinetic study. The addition
of probe molecules such -as ethylene during CO hydrogenation
could produce ethyl species which may undergo (a) hydrogeﬁéﬁion
to form ethane, (b) CO insertion to form propionaldehyde, (c)
chain incorporation to form higher hydrocarbons, and (d).
hydrogenolysis to form methane. The relative hydrogenation, CO
insertion, ‘hain incorporation, and hydrogenolysis activities
were estimated by careful determination of the prodﬁét distribu-~
tion before, during, and after the addition of +the probe

s

molecule. . :



Cat o) tu

Diluted H2S (1000 ppm of H2S in éz).waé passed at 30 cc)min.
along with 90 ce/min. of Hz through the catalyst bed at 300 oC
for about 30 minutes in order to saturate the catalyst surface
with sulfur. Hydrogen was then passed through the catalyst béd
for about 1 houi to remove any weakly adsorbed sulfur and also to
achieve a uniform distribution of sulfur on the catalyst surfacé.
Hydrogen temperature programmed desorption (TPD) was performed to
estimate the coverage of sulfur on the catalyst surface. Fol~
lowed by TPD study, 'CO hydrogenation and CzH4 addition experi-
ments were carried out at 10 atm and in the temperature range of
250 to 300 oC.

RESULTS AND DISCUSSIONS

Hydrogen temperature programmed desorption profiles for un-
poisoned and sulfur-poisoned Rh/Si02 are shown in Figure 1. An
appreciable H2z desorption peak was observed for the fresh
catalyst. In contrast, no desorption peak was observed for
sulfur-poisoned catalyst indicating that hydrogen chemisorption
is poisoned by the presence of sulfur on the catalyst surface.
The inability of the poisoned catalyst to chemisorb any hydrogen
suggests that the catalyst surface is saturated with sulfur.

The rates of product formation from CO hydrogenation over un-
rﬁrpoisoned and sulfur-poisoned Rh/Si0z are shown in Tables I and
II1. For unpoisoned catalyst, r;action products include mostly

hydrocarbons and a small amount of acetaldehyde in the tempera-



ture range of 250 - 300 oC. The catalyst is not active for the
synthesis of acetaldehyde and ethanol compared to our previous
Rh/Si0z. The difference in catalyst selectivity between two
Rh/Si02 could be due to the difference_in the property of - 8i0z.
The -property of Si0z will be carefully investigaﬁed. After
sulfur poisoning only a small amount of methane was produced.
The significant decrease in rate of product formation indicates
that sulfur strongly inhibits an othBrWise' relatively active
reaction.

Figure 2 . shows the Arrhenius plot of the CO hydrogenation
reactions before and after sulfuf addition. Activation eneréies
for the CO hydrogenégion reactions are derived from the slopes.
The stéep slope for the reaction before HzS .addition sﬁggestS'
that the CO hydrogenation reaction is highly temperature sensi-
tive whereas the correspon@ing reaction after H2S addition be-
comes relatively temperature insensitive. The activation energy
of the’;npoisoned reaction is. 28.5 kcal/gmol while that for the
H2zS poisoned catalyst is ‘only 2.4 kecal/gmol. Howevertﬂ Hés not
only decreases the activation energy of reaction but alsb feduces%
the overall reaction rate. A similar trend was also' observed
for the activation energy for the rate of formaéion of methane.

The decrease in activation” energy and overall rate of CO
hydrogenatiqn broﬁght about by sulfur poisoning has been observed
on Ni catalysts. Goodman ﬁnd Kiﬁiinova (1) have reported <that

the Arrhenius plot for the 4§4action on cleaned Ni surface

1
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catalyst is asually linear over a wide range of +temperature but
it " flattens out iﬁ the high temperature region (> 800°K) result-
ing in a low value of reaction rate and activation energy when
the catalyst 1is poisoned by Hz28. The diversgence of rate from
linearity at high temperatures may be due to low concentration of
adsorbed hydrogen as a result of sulfur poisoning. Apesteguia et
al. (2) observed that most of the H2S added is adsorbed strongly
on the catalyst metal surface resulting in the suppression of Hz
chemisorption. . =~ H¢ chemisorption suppression causes & con-
siderable lossx of activity and decreases selectivity towards
hydrogenation products.

Tables III and IV show the rate of product formation <£from
ethylene in C2Ha addition study. ' Figure 3 shows the Arrhenius
plot for +the overall conversion of ethylene in CO/H2/C2H4
reaction. The activation energies for the overall conversion of
ethylene are 20.8 kecal/gmol and 7.2 kcal/gmol, respectively,
before and after H2S poison. Figure 4 shows the Arrhenius plot
for +the rate of production of hydroformylation products
(propionaldehydé). The almost horizontal plot for"propiogal-
dehyde formation over sulfur-poisoned catalyst indicates that
hydroformylation over sulfur—ﬁoisoned catalyst is relatively tem-
perature insensitive. As a result, the rate of propionaldehyde
formation on the sulfur-poisoned Rh catalyst is higher than +that
on the unpoisoned catalyst at 1ow‘;emperature. This observation

agrees with the study by Kopishi et al. (3). Their study showed



that hydroformylation over Rh catalyst is not subject +to sulfur
poisoning. + is speculated that the active center for CO inser-
tion might be Rhr* (4) which may not be poisoned by sulfur. Sul-
fur might even enhance the CO insexrtion.
FUTURE PLAN FOR THE NEXT QUARTER

A temperature programmed desorption system will be\completed
and tested. Ethanol synthesis over Ag-Rh/Si02 catalyst will be
performed to determine the structure sensitivity of the synthesis

reaction.
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‘ TABLE I
G0 Hydrogenation Before H2S Addition

Compound CHa C2+HC CHa CHO C30X
Rate
(gmol/kg-hr)
© 3000C 1.964 0.692 0.014 0.0126
275eC 0.672 0.227 * *
2500C 0.248 0.044 * *

* A very small quantity is observed
Only a small amount of EtOH is observed

TABLE II1
CO Hydrogenation After Hz2S Addition
Compound CHa Cz2+HC CHaCHO Ca0X
Rate .
(gmol/kg-hr) :
3000C 0.036 ' - ) roa -
275°C 0.030- - - -

2500C 0.029 - - -

-~ No product is observed

TABLE III
CO/H2 /C2Hs Reaction Before HzS Addition
Compound - OVERALL Gz+HC CHa CHO C30X
Rate '
(gmol/kg-hr)
3006eC . 16.75 ' 6.151 0.002 0.866
2750C _ 7.86 2.754 * 0.478
2500 0 2.92 0.936 * 0.248

X A very small quantity is observed
Only a small amount of EtOE is observed

TABLE 1V
CO/Hz/6234 Reaction After HzS Additiom
Compound OVERALL C2+BC CHs CHO Cs0X
Rate o’
(gmol/kg-hr)
3000C 2.89 1.079 - 0.217
2750C kS 2.15 .. 0.8685 - 0.234
25000 Ky 1.58 0.412 . - 0.225

- No pro&uct is observed.

- 030X includes C3H70H and CZHSCHO’




Figure 1

Hydrogen TPD Profile for Rh/Si0, and S-Rh75102

Heating Rate : 30 C/min
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