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SUHMARY

The objective of this research is to elucidate the role
of additives on the methanol 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
electronegativities. The effect of additives on the surface
state of the catalysts, he#t oi adsorption of reactant molecules,
reaction intermediates, reaction pathways, reaction kinetics, and
product distributions is/will be investigated by a series of
experimental studies of NO adsorption, reaction probing, study
state rate measurement, and tramnsient kinetic study.

A better understanding of the role of additive on the
synthesis reaction may allow us to use chemical additives to
manipulate the catalytic properties of Rh- and Ni- based catalysts

for producing high yields of ethanol from syngas.

RESULT TO DATE
During the first quarter of 1991, the effect of Cu on the
adsorption properties of Rh/Si0, catalysts was studied by

temperature progzammed desorption of hydrogen.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completencss, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
cnce herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



The presence of Cu on Rh/SiD, inhibited H; chemisorption at
303 X and suppressed C0 hydrogenation. TPD study shows that
chemisorption of H, on Cu-Rh/Si0; is an activated process.
INTRODUCTION

There have been numerous studies on supported group VIII
metals, alloyed with group IB metals such as Cu, Ag and An
[1-5]. The group IB metals which have electromegativities
similar to those of group VIII metals, are inactive compcnents
of catalysts for the Fischer- Tropsch {F-T) synthesis and
alkane hydrogenolysis. These bimetallic catalysts have been
employed for investigating geometric requirements of sites for
specific reactions such as the F-T and alkane hydrogenolyéis
reactions [3-5]. Extensive studies have focused on the
effects of alloying on the adsorptive and catalytic properties
of Cu-Ni, Cu-Ru, and Cu-Fe [1-9]. Little is known about the
effect of Cu on the the adsorptive property of Rh catalysts
which are known to be active for O, oxygenate symthesis [5].
The purpose of this study is to examine adsorptive properties
of Cu-Bh/Si0; using temperature- programmed desorption of
_ hydrogen. ' ' '
EXPERTMENTAL

Cu- Rh/Si0, containing 3 wt’% Bh was prepared by
coimpregnation of silica (Strem Chemicals, surface area: 350
m? /g) using Cu and Bh nitrate solutiomn. The molar ratios of
Cu to Rh were O, 0.25, and 1. After impregmatiomn, the sample
was dried overnight in air at 303 K, then reduced in flowing
hydrogen at 673 K for 16 hours. - The crystallite size of the
resulting Cu and Rh metals was determined to be less than 30
®) by an X-ray diffraction (XRD) line-broadening technique.
Details of temperature programmed desorption techniques and
reaction studies have been reported elsewhere [10,11].
Following exposure of the catalyst to H,, TPD experiments were
carried out in an Altamira (AMI—l) TPD unit in flowing Ar from
303 K to 673 K at 20 K/min, and then maintained at 673 K for
15 min.



RESULTS AND DISCUSSION

Two types of spectra for hydrogen desorption were
cbtained. One following exposure of the catalysts to hydrogen
during cocling of the reduced catalysts from 673 to 303 K is
designated to TPD spectra (673-303); the other following
exposure to hydrogen at 303 K is shown in TPD spectra (303).
Fig. 1 shows various TPD spectra of hydrogen for BRh/Sil;.
Hydrogen desorbes from BRh/Sil, as a broad peak at 355 K
followed by a wide shoulder ranging from 373 to 493 K. No
distinct differences between TPD spectra (673-303) and (303)
were observed except for a slightly smaller intensity for the
spectra (303). All the repeated rums exhibited similar TPD
spectra.

Figs. 2 and 3 show TPD spectra of Hy for Cu- Rh/SiD,
(Cu:Bh = 0.25:1) and Cu-Rh/Si0, (Cu:Rh = 1:1). TPD spectra
(673-303) for the Cu-Rh/Sil, (0.25:1) comsist of twe low
temperature peaks at 340 and 380 K and a high temperature peak
at 668 while IPD spectra (303) show two low-temperature peaks
with a slightly lower intensity relative to spectra (673-303).

TPD spectra (673-303) for Cu-BRh/Si0; (Cu:Bh=1:1) consist
of a peak at 358 K with a higher temperature shoulder and a
high- temperature peak at 653 K; the spectra (303) include two
small bands at 343 and 417 K. The area under the TPD profile
is equivalent to the total amount of hydrogen adsorbed before
desorption. The area under the profile of spectra (673-303j
is larger than that of spectra (303), indicating that the
amount of hydrogen adsorbed in cooling from 673 K to 303 K is
significantly greater than the quantity adsorbed at 303 K.
The results suggest that hydrogen adsorption on Cu-Rh/Si0,
(Cu:Rh=1:1) is highly activated.

Comparison of TPD spectra for Rh/Si0; and Cu-Rh/Si0,
shows that the presence of Cu on the BRh/Sil, produced an
additional peak in 653- 668 K. This high temperature peak is
probably due to hydrogen desorbed from spillover sites. Cu
has been found to promote spillover of hydrogen from Ru to Cu



[3]. These spillover sites on Cu- Rh/Si0; (0.25:1) were
eliminated by by repeating the TPD runs following by H,
reduction at 676 K as indicated by the disappearance of the
high temperature peak as shown in Fig. 2 and 3. The spectra
of repeated runs appear to resemble to_thbse of Rh/SiOz.

Recent studies [10] have shown that the presence of Cu on
Rh/Si0, resulted in a marked reduction in the CO hydrogenation
activity of the catalysts and only slight difference in G
oxygenate selectivity. The decrease in CO hydrogenation
activity brought about by Cu may relate to the activated
chemisorption of Hy on Cu-Rh/Sil,.

ACENOWLEDGEMENTS

S.C. Chuang is grateful for the ORAU faculty fellowship
from the U.S. Department of Emergy.

BREFEREKCES

1. V. Pomec: Adv. Catal., 32, 149 (1983).

2. V. A. A. van Barneveld, V. Ponec: J. Catal., 89, b42
(1984).

3. C. H. F. Peden, D. ¥W. Goodman: Ind. Eng. Chem. Fundam.,
25, 58 (1986).

4. J. H. Sinfelt: Bimetallic Catalysts: Discoveries,
Concepts, and Applicatioms, Wiley, New York, 1983.

5. S. S. C. Chuang, S. I. Pien, R. Narayanan: Appl. Catal.,
57, 241 (1990).

6. A. J. Rouco, G. L. Haller: J. Catal., 72, 246 (1981).

7. A. J. Rouco, G. L. Haller, J. A. Ul1ver,‘C Kemball J.
Catal., 84, 279 (1983).

8. S. Y. Lal, J. C. Vickerman: J. Catal., 90, 237 (1984).

9. E. Isreal, D. J. Dwyer, E. Iglesia: Appl. Catal., 12, 201
(1984) .

10. K. Ghosal: M. §. Thesis, Univ. of Akron, Ohio, 1990.



LIST OF FIGURES

1. Hydrogen TFD spectra for 3 wtZ% Rh/Sil,.
a, ¢, and e fecllowing exposure of the catalysts to
hydrogen during cooling of the reduced catalysts from 673

to 303 K ; b, d, and f following exposure to hydrogen at
303 K.

2. Hydrogen TPD spectra for 3 wtZ Rh/Si0,.
a, ¢, and e following exposure of the catalysts to
hydrogen during cooling of the reduced catalysts from 673

to 303 X ; b, d, and £ following exposure to hydrogen at
303 K.

3. Hydrogen IPD spectra for 3 wt% Rh/Sil,.
a and c following exposure of the catalysts to hydrogen
during cooling of the reduced catalysts from 673 to 303 K
; b and d following exposure to hydrogen at 303 K.




SEG'6L/ON

(- ‘aUNLYHIdINAL

oc

599 VES vey o 208

syun Aleniqie ‘NOIL3dHOS=0 20 2LYH




S£6'617ON

1) ‘q4nLydadinaL

ov

0¢

09
08
oot

0cl

)4

091

‘NOILdBOS30 40 3LVH

siun Aieniqgle



266'6LON

() ‘FUNLvd3adiNaL

19 29 LEV 00e
S BT e T — — — ON

syun Aiesyigqle ‘NOILdHOS3A 40 3lvd




SATISFACTION GUARANTEED

Reproduced by N

National Technical Information Service
Springfield, VA 22161

This report was printed specifically for your order
from nearly 3 million titles available in our collection.

For economy and efficiency, NTIS does not maintain stock of its
vast collection of technical reports. Rather, most documents are
custom reproduced for each order. Documents that are not in
electronic format are reproduced from master archival copies
and are the best possible reproductions available.
Occasionally, older master materials may reproduce portions of
documents that are not fully legible. If you have questions
concerning this document or any order you have placed with
NTIS, please call our Customer Service Department at (703)
-+605-6050.

filling your order.

About NTIS

NTIS collects scientific, technical, engineering, and related
business information — then organizes, maintains, and
disseminates that information in a variety of formats —including
electronic download, online access, CD-ROM, magnetic tape,
diskette, multimedia, microfiche and paper.

is.gov

1-888-584-8332 or (703)605-6050

info@nt

The NTIS collection of nearly 3 million titles includes reports
describing research conducted or sponsored by federal
agencies and their contractors; statistical and business
information; U.S. military publications; multimedia training
products; computer software and electronic databases
developed by federal agencies; and technical reports prepared
by research organizations worldwide.

}Phone

f we have made an error
P E-ma

ive ori

For more information about NTIS, visit our Web site at

_ hitp://www.ntis.gov.

Ensuring Permanent, Easy Access to
U.S. Government Information Assets

Please contact us for a replacement within 30 days if the item you receive
defect

NTIS strives to provide quality products, reliable service, and fast delivery.

IS



NT OF
& %%“

¢

Sares o ¥

U.S. DEPARTMENT OF COMMERCE
Technology Administration

National Technical Information Service
Springfield, VA 22161  (703) 605-6000

bz,
A

M




