I '
DE91014721 NTls

' One Source. One Search. One Solution.

PROBE MOLECULE STUDIES: ACTIVE SPECIES IN
ALCOHOL SYNTHESIS. QUARTERLY REPORT NO. 2,
JANUARY 1991-MARCH 1991

PITTSBURGH UNIV., PA. DEPT. OF CHEMICAL
AND PETROLEUM ENGINEERING )

APR 1991

U.S. Department of Commerce
, National Technical Information Service




Providing Permanent, Easy Access
to U.S. Government Information

National Technical Information Service is the nation’s
largest repository and disseminator of government-
initiated scientific, technical, engineering, and related
business information. The NTIS collection includes

almost 3,000,000 information products in a variety of
formats: electronic download, online access, CD-
ROM, magnetic tape, diskette, multimedia, microfiche

and paper.

Search the NTIS Database from 1990 forward
NTIS has upgraded its bibliographic database system and has made all entries since
1990 searchable on www.ntis.gov. You now have access to information on more than
600,000 government research information products from this web site.

Link to Full Text Documents at Government Web Sites -
Because many Government agencies have their most recent reports available on their
own web site, we have added links directly to these reports. When available, you will
see a link on the right side of the bibliographic screen.

Download Publications (1997 - Present)
NTIS can now provides the full text of reports as downloadable PDF files. This means
that when an agency stops maintaining a report on the web, NTIS will offer a
downloadable version. There is a nominal fee for each download for most publications.

For more information visit our website:

www.ntis.gov

& % U.S. DEPARTMENT OF COMMERCE
. + % Technology Administration
% fg National Technical Information Service
: : Springfield, VA 22161

By



&

Do E:/’o 90305 2

PROBE MOLECULE STUDIES:

DOE/PC/90305--T2

ACTIVE SPECTES IN ALCOHOL SYNTHESIS ‘ e
: X . : DE91 014721

2nd Quarterly Repott

Jahuary 1991 - March 1991

Donna G.” Blackmond (PI)

Irving Wender (Co-PI)

University of Pittsburgh
Department of Chemical and Petroleum Engineering

Pittsburgh, PA 15261

W

April 1991

Prepared for the U.S. Department of Enerqgy

under Grant No. DE-FGZZ- 90PC-920305
DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. INeither 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, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manulacturer, or otherwise does nol 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 cxpressed hercin do not necessarily state or rellect thosc of the
United States Government or any agency thereol.



TABLE OF CONTENT

QOBJECTIVE AND PLAN OF WORK

s

SUMMARY OF PROGRESS

DETAILED DESCRIPTION OF TECHNICAL PROGRESS

PLANS FOR THE NEXT REPORTING PERIOD



1. OBJECTIV? AND PLAN OF WORK

The éoal of this research is to develop?a better
:ﬁnderstanding of the ;echanisms of formation of alcohols and
other oxygenates from synthesis gas. Various probé molecules will
be added in situ during the reaction to help delineate reaction
pafhways and identify reaction intermediate species. We will be
specifically looking at how the species generated‘by these probe
molecules interéct with surface species present during oxygenate
formation. Following the incorporation of these species in the
reaction products will help us to understand issues.including the
role of promoﬁer species, the nature of intermediates, the CO
insertion reaction, and the apparent A—SLF product distribution
of oxygenates over supported metals.

CO hydrogenation reactions will be carried out both in the
presence and absence of the probe molecule under conditions which
favor the formation of oxygenated products (ﬁreésure 1;10 atm,
temperature 423-523 K). A reaction and analfsis:sy;tem capable of
carrying out the experiments for this research has been set up.

Catalyst studied will include silica-supported Pd and Rh
with and withoﬁt alkali or oxide prom&ters. The commercially
important Cu/Zn0O system for methanol“synthesis will also be
studied for comparison and to see what probe molecule addition
can reveal about this type of catalyst.

Nitromethane will be one of the probe molecules which will
be stqdied since it was demonstrated in a previous study that it
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is effective:as a source of §H2 groups. Changes in the product
distribution of CO hydrogenation brought about by CH;NO, addition
to?k place without any significant disturbance of the main
réact;on“pathways leading to hydrocarbon formation. Furthermore,
- the fragments generated by the decbmposition of this probe
molecule did not poison the catalyst.

other probe moiecules such some acetylenic compounds will
also be used. These compound have been shown by other workers to

be effective as a source of chain initiators.

"

2. SUMMARY OF PROGRESS

A well characterized commercial methanol synthesis catalyst
has been selected. CO hydrogenation reaction was carried out over
this catalyst under various conditions of pressure and
temperature in order to determine the optimum conditions for our

fl
experiments.

A silica-supported Pd catalyst for methanol synthesis was

also prepared.

3. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

Catalyst Selection and Preparation
Cu/Zn0 has been extensively studied for both methanol and

higher alcohol formation. The addition of prbbe molecules may



provide a better understanding of a number of issues including
the type of active sites and the role of CO,.
A well characterized Cu/Zn0 methanol synthesis catalyst was

selected for this study. Its characteristics are as follows:

Properties the Commercial Methanol Synthesis Catalyst

Manufacturer : United Cétalysts, Inc.

Composition : Cuo : 55%
- 2Zno : 36%
Al,0 : 8%
23
510, : 1%

Specific Area : 92 mz/g
Pore Volume T 0.43 cm3/g,

Particle size : sieved to -140 mesh

The second methanol synthesis catalyst to be used in this
study'is a Si0,~supported Pd catalyst. Reaction conditions will
be adjusted so that the catalyst selectively produces methanol.

: sio2 was used'as a support. A 10 g batch of supported Pd
catalyst was prepared by incipient wetness impregnation using an
aqueoﬁs solution of Palladium .(II) nitrate hydrate (PA(NOg) 4
®H,0) (Aldrich). A nominal 3 weight % Pd loading was used. The
catalyst precursor was then dried overnight in air at 8o0°cC.
Finally, the catalyst is reduced in flowing hydrogen at 400°C for
16 h.

The catalyst will be characterized by hydrcgen and CO static
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chemisorption to determine the metal dispersion. Depending on the
reaction results which will be obtained with this catalyst, a
small batch will be promoted with an alkaii or a rare earth oxide

to .improve its catalytic properties for methanol synthesis.

Reaction Studies

During this quarter, much of the time spent on the reaction
system wa; used to calibrate the gas chromatograph and develop a
procedure for reaction product analysis.

Some preliminary CO hydrogenation reactions were carried out
over the Cu/Zn0 catalyst in order to determine.optimﬁm conditions
for this study. 0.5 g of catalyst was used for this reaction.

First, the catalyst which was obtained in its unreduced form
had to be reduced to its active state before reaction. Since the
reduction process is highly exothefmic, the catalyst is reduced
at 4 atm very slowly with .a dilute mixture of hydrogen (5%) in
helium flowing at 100cc/min to avoid local hot spots and
sintering. The temperature is raised slowly (0.5°C/min) to 400°C,
between each 100°C step at which it was held for 30 min. After-
the laét 30 min step at 400°C the catalyst was cooled down to
reaction temperature.

In order to obtain a satisfactory methanol yield under
moderate temperature and pressure conditions different from those
used in industrial épplication, CO hydrogenation reaction was
carried at 25 atm pressure and temperatures Eanging from 200 to

”~

250°C. A CO/H, ratio of 1:1 and a total reactqﬁt flow rate of 180

5




cc/min Qere used. Preliminary results indicate that CO convérsion
between 0.5-1% may be obtained under these conditions; More
reaction expériments are being run fo optimize these conditions
and check for reproducibility before addition of probe molecules.
Detailé of the reaction results will be reported in the next

guarterly report.
4. PLANS FOR THE NEXT REPORTING PERIOD

.In the next. quarter,. moreﬁmgthanal_synthesis.reacticns;oyena
the commercial Cu/Zn0O catalyst will be carried out to determine
the optimum éonditions for a satisfactory yield of methanol.

1-Hexyne will be used as a probe molecule in the first
stages of ﬁhis study. The probe molecule will be added to the
reactant flow after. optimum conditions were established with just
CO and H,.

The Pd/Sio, catalysﬁ will be characterized by H, and CO
chemisorption.

CO hydrogenation will be carried out over the latter

catalyst to adjust the conditions for methancl synthesis.
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