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TRIFUNCTIONAL CATALYSTS
FOR COWVERSION OF SYNGAS TO ALCOHOLS

SSTRACT

Emphasis was placed on structure characterization of
catalysts previously prepared and tested for activity and
selectivity for hydrogenation of CO. Two series of Rh/ALZ03
catalysts were examined - those modified by adéition oif Na
or by addition of rio.

Examination of Rh/¥a/Al1203 catalysts by transmission
electron microscopy confirms the size of Rh particles, about
70 Angstrom units, and EDAX measurements, the presence of
Al, Rh and Ka when applicable.

Infrared measurements of CO chemisorbed on RhR/AL1203
linear and bridged complexes. Vith addition of Na, the
stretching frequency decreases, implying a stromnger C - Lh
bonding. The implications of this on the catalytic activity
and selectivity are discussed.

Temperature programmed reduction (TPE) measurements show
broad peaks consistent with well-dispersed Rh. The amount of
hydrogen uptake indicates the reduction of Rh £from 3+ TO O,
within the accuracy of the test. Furthar work will be
reported later.

In regard to Rh/Mo/41203 catalysts, a more detailed
examination of the products distribution shows that the
percentaze C2 oxygenates stays the same as for Rh/A1203,
even though the activity-.-of the catalyst has increased ten
fold. The Cl oxygenates have been greatly increased, at the
expense of decreased CH4. This implies that CH4 and CH3OI
cone from the same intermediate. :

The energy of activation was estimated to be 22,000 cal
per mole for both Rh/A1203 rand Rh/Mo/A1203. This leads to
the important conclusion that the increased activity of Mo
modified catalysts is not due to a lowering of the
activation energy but to more efficiemnt site utilization,
possibly by more-effective activation of hydrogen by to.

how

~
-

Yy in



1
- TRIFUNCTIONAL CATALYSTS FOR CONVERSION OF SYNGAS TO ALCOHOLS
IHTRODUCTION

Previously, emphasis was placed on the preparation of
chemically modified Rh/A1203 catalysts and testing them for
activity and selectivity for syngas conversion. Now,

emphasis has been placed on characterization of these

o

catalysts, espécially two series, namely those modifi=ad
additioﬁ'of Fa or by Mo.

This is a progress report. Some resudlts provide
important conclusions, while other lines of investigation

require more data to draw firm conclusions,.

IKFQARED MZASUREMERT

The infrared speéfra of CO on Rh/A1203 and.on Rn/Ha/41203
are illustrated ip‘Fig. 1. Bo;h bridged and linear species
are identified throﬁgh referenﬁe spéctra estéﬁlished by
Yates and others, Fig. 2.Significantly, the C-0 stretching
frequency is shifted to lower values for catalysts
containing Na.This indicates .a weaker .C -0 bonding'ané
implies a stroﬁger C - Rh bondiﬁg.The Na-containing
catalysts are much less actlve than unmodlfled Rh/A1203
catlaysts.There are dlfferent possible exnlanatlons. (a) Due
"to increased back-donation of electrons into the antibonding
orbitals of the aisorbed CO molecule, stronger Rh- CO bonding
and weaker'C—O bonding results. As a consequence;
als;0c1at10n of CO becomes more fac11e, leav1no more C on

the alkall doped catalysts compared to undoped catalysts.



A
This C results in lower catalytic activity.(b) Na blocks the
Rh ensemble sites that dissociatively chemisorb CO ( one Na
atom/ion can effect 23 Rﬁ atoms according to Wayne Goodman.)
The catalytic activity decreéses as a result. Since methanol
formation does nmot require the CO dissociation step, ité
formation is not affected by Ha doping. (c) An aiternative
explanation is that the tighter bonding of the {0 precludes
i12 from being activatad and hence decreases the

hydrogenation reaction rate. It is known for Rh/S5i02

catalvsts that CO inhibits the reaction rate , the rate
1 to A ( -24,000/3T) $0% =+ DALY
is =qual to A exp -24,000/5 n. p [“i.A.Vannice
1 L 1 _hg ICO s

ELECTRON MICROSCOPY -~ EDAX

The texture of a Rh/A1203 catalfst ( used) is shown in
the transmission electron micrograph, reproduced as Fig. 3.
Several dark particles can be seen of a size, about 70
Engstrom units, consistent with a rhodium crystallite size
deduced from CO chemisorption measurements reported
previously. X-ray diffraction patterns confirm small
crystallite size.

An EDAX examination of this same sample is shown in Fig.
4. As expected, the elemental analysis provided shows major
Al, a lesser Rh peak and little or no Na. .

Similar electron microscope studies for Rh/Na/A1203

catalysts are underway.More data is needed to interpret

preliminary results obtained.



TEMPERATURE PROGRAMMED REDUCTION /DESORPTION (TPR/TPD)

The TPR/TPD data was provided by S.B.Ziemecki‘df the DuPont
Company without charge, as arranged by W.H.Manoguéé Thesé
.experiments were carried out as a feasibility étudy for
future experimenté to be carried out ét Lhé ﬁniferéity,§f
Delavare.

The objective is to_deiermine‘if heating at aVlinéar rat
in 3% H2 iﬁ ¥2 while monitoring hydrogen uptake by thermal
conauct1v1ty can distinguish between 3%Rh/A1203 catalysts
containing da in atom ratios of ﬁa/Rh of 0, iiand 3.

The TPR procedure involves heating a Sample ét a linear
rate in flowing gas with the inlet and outlet gas
composition compared in two sides of a_thermal coﬁduétivity
detector. The ouﬁlet gas is dried in a dry ice/gcetoné cold

“trap before analysis. The difference signal from the

detector is stored on a time-sharing computer as azfunction
of time at a sampling rate of lb points per second: The
output of the furnace thermocouple is similgrly recorded to
insure that a linear heating rafe is maintained.vThe
combined output has a resolution of 3 points per sécond.
Hydrogen consumption is quantltated by callbratlon from the
area,.ln nllllvolt minutes, under the time trace of the
thermal conduct1v1ty detector output. For comvenience in
interpreting the data, time has been replaced by temperature
in the graphs of the results.

A sample of 75 ﬁg.of catalyst (22 micromoles of Rh) was

heated at 40 deg C/min in 60 cc/min of 5% H2 in N2 from room

'tempe:ature to about 6606 C. The sample was cooled down

within 5 minutes to about -40° C in the same stream. The



fiow was switched to pure nitrogen at the same flow rate for
temperature programmed desorptionm which was carried out at

i 1
the same heating rate. This rate was chosen for convenience

after earlier studies in this equipment with Pd/A1203 had

shown only minor changes from varying the hezting rate from

(2]

5 to 50 deg C /min. The peak area which represents hydrogen

;ptaxe were accurate to 5-7Z. At higher rates the pesks were

sharper and the maxipum temperature was slightly shifted.
ror oxidation rums tge catalyst after TPD was cooled to

room temperature in ¥2 stream and the flow switched to

le.

[yl

50 cc/min of 2% Q2 in

Results

The reproducibility of TPR is quite good as is shown in
fig. 5 for two runs with fresh 3%Rh/0.67%Na/A1203
samples. Fig, 6 shows significant. differences between
catalysts. The 37 Rh,0.67%Na/A1203 catalyst whose TPD was
different from that of other catalysts was made from a 'bad'

Rh supply ( thought to be contaminated with sulfur ).

X

¥

‘hodium seems to be well dispersed in all cases as
_manifested by the broad appearance of the TPR profiles.

Hydrogen coﬁsumption for the Na- free catalyst is 31 mv-min
corresponding to 3H/Rh. A repeat ruﬁ ( not shown) with this
material gave 32, The data suggest the rhodium is present as

Rh203 before reduction.

A number of additional samples have been tested and the

data are being analysed.




Rh/Mo/A1203 CATALYSTS - PRODUCTS DISTQIBULIO

The products dlstrlbutlon obtalned with ?n/WO/A12F3
catalysts was presented in tne last quarte;ly repq;t. A more
‘detailed examination reveals further insight in;o the
reaction mechanism as influenced by the Ho. Table i‘presentg
the results of such calculatﬂons (CO2-free basis)’ ks‘showﬁ
.

in the table with increasing iio concentration (a) the total

(n) T 02+ suwvyvenates decrassed

-oxygenates formed increased

(c) CHL4 formation decreased and (4) the_aétivity of the
catalyst increased significgntly. Cloéef observatibn-df the
oxygenates products distribution shows tlat tha = C2-
oxygenates formation stayed remarkably constant, even tnough
the activity of the catalyst increased more than 10 times:.on
Mo addition.The right hand column of this table is the total
Cl product, ie Cl oxygenates plus C1 hyd:ocarbons formed.The
Z total is almost constant,even though the total aCtivity
changes by an o;der.of magnitude.These data .are consisteﬁt
with the hypothesis thaﬁ'both CH3OH.and CH4 are.fbfmed_from
the same intérﬁediate.The greatly-increased Cl oxygenétes
for Mo containing catalysﬁs can be as due to the decrease in

formation of CH4 from this intermediate, with formation of

‘C2 oxygenates remaining constant.

" Rh/Mo/A1203 CATALYSTS - KINETICS

The kinetic expression for CO hydroéenatioﬁ'to all
products over Rh cdtalysts supported on Si02 has been

formulated as

.64

te = -24,0C = hi :
rate exp ( -24,000/RT) 3H2 IEOBB . This is consistent

with high coverage of the Rh'by Co.



In the present research, Eact. for both Rh/A1203 and
Rh/¥o/A1203 was found to be about 22 Kcal per mole, Fig 7. A
slightly lower value (17,000) has also been reported, for
Ri/Mo/A1203 catalysts which werean order of magnitude less
active. (H.C.Foley, 'Bimetallic Catalysts Comprised of

Dissimilar Hetals for Reduction of CO with H2', Seminar, U.

-{

of Delaware, #arch 1986). It is significant that the value
of the activation energy is not lowered by the addition of
m0. Therefor, the important deduction is that the major

increasein activity engendered by Mo is due to increased

Hh

effective site availahility.

4]

Thus, .1f the concentration of surface hydrogenm atoms is
limiting because of stromg chemisorption of CO, then an
increase in the available H by Mo would enhance the rate of
reaction., This might occur by a 'weakenimng' of CO
chemisorption on the Rh, or what seemnms more likely, by the
activation of H2Z on the Mo03 adjacent to Rh with a2 sort of
'reverse spillover' to the Rh active site where CO is
chemisorbed. Thus the ensemble would be a dual metal-metal
oxide ensemble ( Rh-Mo03). Aiso, the effect of Rh.may be to

assist partial reduction of Mo0O3, thereby imparting

increased activity, The great increase in oxygenates
selectivity can be explained by the rapid hydrogenation of
the oxygenate surfgce intermediate which is.commcn for
formation of both methane and methanol. These considerations

can lead to experiments to determine the altermative

possibilities.



INFRARED SPECTRA OF 3%RH/ALUMI
AT 200C AND 1 ATM
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PROPOSED CO SPECIES O Rh/Alzo3 and TE;ER FREQUERCIES.
(Yates et al)
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FIG. 3 TRANSMISSION ELECTRON MICROGRAPH

3 '% Rhodium on gamma Alumina
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