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TRIFUNCTIONAL CATALYSTS 
FOR CONVERSION OF SYNGAS TO ALCOHOLS 

ABSTRACT 

Emphasis was placed on structure characterization of 
catalysts previously prepared and tested for activity and 
selectivity for hydrogenation of CO. Two series of 2h/Ai203 
catalysts were examined - those modified by addition of Na 
or by addition of ~io. 

Examinanion of Rh/Ea/A!203 catalysts bY transmission 
electron microscopy confirms the size of Rh particles, about 

J 70 ~n=strom units, and EDAX measurements, the presence of 
AI, Rh and Na when applicable. 

Infrared measurements of CO chemisorbed on Rh/AI203 show 
linear and bridged complexes. Uith addition of Na, the C - 0 
stretching frequency decreases, implying a stronger C - Rh 
bonding. The implications of this on the catalytic activity 
and selectivity are discussed. 

~P~) measurements show Temperature programmed reduction t~ 7, 
broad peaks consistent with well-dispersed Rh. The amount of 
hydrogen uptake indicates the reduction of Rh from 3+ TO 0, 
within the accuracy of the test. Further work will be 
reported later. 

In regard to Rh/~io/A!203 catalysts, a more detailed 
examination of the products distribution shows that the 
percentage C2 oxygenates stays the same as for Rh/A!203, 
even though the activity.of the catalyst has increased ten 
fold. The C1 oxygenates have been greatly increased, at the 
expense of decreased CH4. This implies that CH4 and CE30il 
come from the same intermediate. 

The energy of activation was estimated to be 22,000 cal 
per mole for both Rh/Al203~and Rh/Mo/AI203. This leads to 
the important conclusion that the increased activity of Ho 
modified catalysts is not due to a lowering of the 
activation energy but to more efficient site utilization, 
possibly by moreeffective activation of hydrogen by Ho, 

| ! 
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TRIFUNCT!ONAL CATALYSTS FOR CONVERSION OF SYNGAS TO ALCOHOLS 

INTRODUCTION 

Previously, emphasis Was placed on the •Drenaration of 

chemically modified Rh/AI203 catalysts and testing them for 

activity and selectivity for syngas conversion. Now, 

emphasis has been placed on characterization of these 

catalysts, especially two Series, namely those modified by 

addition of ~a or by Mo. 

This is a progress report. Some results provide 

important conclusions, while other lines of investigation 

require more data to draw firm conclusions. 

INFRARED MEASUREMENTS 

The infrared spectra of CO on Rh/AI203 and on Rh/Na/AI203 

are illustrated in Fig. I. Both bridged and linear species 

are identified through reference spectra estaSlished by 

Yates and others, Fig. 2.Significantly, the C-O stretching 

frequency is shifted to lower values for cataiysts 

containing Na._hls indicates a weaker C -0 bonding and 

implies a stronger C - Rh bonding.The Na-containing 

catalysts are much less active than unmodified Rh/AI203 

catlaysts.There are different possible expianations. (a) Due 

to increased •back-donation of electrons into the antihonding 

orbitais of the adsorbed CO molecule, stronger Rh-CO bonding 

and ~eaker C-O bonding results. As a consequence, 

dissociatibn of CO becomes more facile, leaving~more C on 

the alkali doped catalysts compared to undoped catalysts. 
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This C results in lower catalytic activity.(b) Na blocks the 

Rh ensemble sites that dissociatively chemisorb CO ( one Na 

atom/ion can effect 25 Rh atoms according to Wayne Goodman.) 

The catalytic activity decreases as a result. Since methanol 

formation does not require the CO dissociation step, its 

formation is not affected by Na doping. (c) An alternative 

explanation is that the tighter bonding of the CO precludes 

i12 from being activated and hence decreases the 

hydrogenation reaction rate. it is known for Rh/Si02 

catalysts that CO inhibits the reaction rate , the rate 

.~4 -.33 
is eaual to A ex~ ( o~ 0OO/RT) n [7[.A.Vannice, 

" " -~' ~H2 PCO " 

J.Catal. 37,p449,462 (1975)]. 

=T~n~ ~[ICROSCOPY EDAX 

The texture of a Rh/AI203 catalyst (used) is shown in 

the transmission electron micrograph, reproduced as Fig. 3. 

Several dark particles can be seen of a size, about 70 

Angstrom units, consistent with a rhodium crystallite size 

deduced from CO chemisorption measurements reported 

previously. X-ray diffraction patterns confirm small 

crystal!ire size. 

An EDAX examination of this same sample is shown in Fig. 

4. As expected, the elemental analysis provided shows major 

AI, a lesser Rh peak and little or no Na. 

Similar electron microscope studies for Rh/Na/AI203 

catalysts are underway.More data is needed to interpret 

preliminary results obtained. 
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TEHPERATURE PROGRAMMED REDUCTION/DESORPTiON (TPR/TPD) 

The TPR/TPD data was provided by S.B.Ziemecki Of the DuPont 

Company without charge, as arranged by W.H.Manogue~ These 

experiments were carried out as a feasibility study for 

future experiments to be carried out at the University O f 

Delaware. 

The objective is to determine if heating at a linear rate 

in D~-~ H2 in N2 while monitoring hydrogen uptake. ~y thermal 

conductivity can distinguish between 3~,h/.~1203 catalysts 

"" ~" ~ i and 3 contsining ~a in atom ratios of ~a/~,h of 0, 

The TPR procedure involves heating a sample at a linear 

rate in flowing gas with the inlet and outlet gas 

composition compared in two sides of a thermal conductivity 

detector. The outlet gas is dried in a dry ice/acetone cold 

trap before analysis. The difference signal from the 

detector is stored on a time-sharing computer as a function 

of time at a sampling rate Of I0 points per second. The 

output of the furnace thermocoup!e is similarly recorded to 

insure that a linear heating rate is maintained. The 

combined output has a resolution of 3 points per second. 

Hydrogen consumption is quantitated by calibration from the 

area, in millivolt minutes, under the time trace O f the 

thermal Conductivity detector output. For convenience in 

interpreting the data, time has been replaced by temperature 

in the graphs of the results. 

A sample of 75 mg of catalyst (22 micromoies of Rh) was 

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

o 

temperature to about 660 C. The sample was cooled down 

Within 5 minutes to about -40 ~ C in the same stream. The 
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flow was switched to pure nitrogen at the same flow rate for 

temperature programmed desorption which was carried out at 
t 

the same heating rate. This rate was chosen for convenience 

after earlier studies in this equipment with Pd/AI203 had 

shown only minor changes from varying the heating rate from 

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

uptake were accurate to 5-7%. At higher rates the peaks were 

sharner and the maximum temperature was slightly shifted. 

For oxidation runs the catalyst after YPD was cooled to 

room temperature in ~2 stream and the flow switched to 

60 cc/min of 2% 02 in He. 

Results 

The reproducibility of TPR is quite good as is shown in 

2 .  

~lg. 5 for two runs with fresh 3~Rh/0.67%Na/AI203 

samples. Fig. 6 shows significant, differences between 

catalysts. The 3% Rh,0.67%Na/AI203 catalyst whose TPD was 

different from that of other catalysts was made from a 'bad' 

Rh supply ( thought to be contaminated with sulfur ). 

Rhodium seems to be well dispersed in all cases as 

manifested by the broad appearance of the TPR profiles. 

Hydrogen comsumption for the Na- free catalyst is 31 mv-min 

corresponding to 3~/Rh. A repeat run ( 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. 
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Rh/Mo/AI203 CATALYSTS - PRODUCTS DISTRIBUTION • 
i i, , i , 

The products distribution obtained with Rh/Mo/AI203 

catalysts was •presented in the last quarterly reoort. A more 

detailed examination reveals further insight into the 

reaction mechanism as influenced by the Mo. Table I presents 

the results of such calculations,(CO2-free basis). As shown 

in the table with increasing i lo concentration (a) the total 

oxygenates formed increased ( h ~ .  ~ :% C9~._. O~:y-=-a~=s~ ..... decreased 

(c) CH4 formation decreased and (d) the activity of the 

catalyst increased significantly. Closer observation•of the 

oxygenates products distribution shows that the % C2 

oxygenates formation stayed remarkably constant, even though 

the activity of the catalyst increased more than !0 times on 

~1o addition.The right hand column of this table is the total 

C! product, ie C! oxygenates plus Cl•hydrocarbons formed.The 

% total is almost constant,even though the total activity 

changes by an order of magnitude.These dataare consistent 

with the hypothesis that both CH30K and CH4 are formed from 

the same intermediate.The greatly increased C1 oxygenates 

for ~Io containing catalysts can be as due to the decrease in 

formation of CH4 from this intermediate, with formation of 

C2 oxygenates remaining constant. 

Rh/Mo/AI203 CATALYSTS - KINETICS 

The kinetic expression for CO hydrogenation to all 

products over Rh catalysts supported on Si02 has been 

formulated as 

.6$ • 

rate = exp (-24,000/RT) p% 33 . This is consistent 

with high coverage of the Rh by CO. 

5 



in the present research, Eact. for both Rh/AI203 and 

Rh/Ho/AI203 was found to be about 22 Kcal per mole, Fig 7. A 

slightly lower value (17,000) has also been reported, for 

Rh/~[o/Al203 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, Harch 1986). It is significant that the value 

of the activation energy is not lowered by the addition of 

~o. ~here_or,~ the imnortant, deduction is that the major 

increasein activity engendered by Ho is due to increased 

effective site availability. 

Thus, if the concentration of surface hydrogen atoms is 

limiting because of strong chemisorption of CO, then an 

increase in the available }I by Ho would enhance the rate of 

reaction. This might occur by a 'weakening' of CO 

chemisorption on the Rh, or what seems more likely, by the 

activation of ~i2 on the HoO3 adjacent to Rh with a sort of 

! 
reverse spi!lover' to the Rh active site where CO is 

chemisorbed. Thus the ensemble would be a dual metal-metal 

oxide ensemble (Rh-Ho03). Also, the effect of Rh may be to 

assist partial reduction of Mo03, thereby imparting 

increased activity. The great increase in oxygenates 

selectivity can be explained by the rapid hydrogenation of 

the oxygenate surface intermediate which is common for 

formation of both methane and methanol. These considerations 

can lead to experiments to determine the alternative 

possibilities. 



.INFRARED SPECTRA OF 3%RH/ALUM1NA 
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FIG, 2 

PROPOSED CO SPECIES ON RhlA!203 and TEEIE FREQUENCIES. 

(Yates et a l )  
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LEGmB LITY NOTICE 

A major purpose of the Technical Infor- 
mation Center is to provide the broadest 
possible dissemination of informatbn con- 
tained in DOE's Research and Develop- 
:ment Reports to business, industry, the 
academic community, and federal, state, 
and local governments. Non-DOE originated 
information is also disseminated by the 
Technical Information Center to support 
ongoing DOE programs. 

Although large POrtions of this .report 
are not reproducible, it is  being made avail- 
able only in paper copy form to facilitate 
the availability of those parts of the docu- 
ment which are legible. Copies may be 
obtained from the National Technical Infor- 
mation Service. Authorized recipients may 
obtain a copy directly from the Department 
of Energy's Technical Information Center. 
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