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Brief summary of progress, .

During the past quarter two-tasks were accomplished: i) a high pressure
infrared reactor was built, tested, aﬁd modified accordingly, and ii)} the
Pd/ZSM5 catalyst was prepared and characterized, and the low pressure spectfum
of CO on this and other catalysts was obtained.

Summary of progress. !

Equipment. Our initial task has been the construction of an infrared
reactor capable of high pressure and high temperature operation and capability
for concentration and temperature programming. Our initial design was based
on the use of saphire windows brazed into metal sleeves welded to the reactor
body. This design, shown in fig. 1, had been successfully used in our group
in high temperature~low pressure studies(1,2). Unfortunately the windows were
not capable of standing the high temperature and pressure condi tions although
they were sized for high pressure operation. Leaks developed consistenly
through the saphire-metal joint.and the design was modified to the new ver-
sion, which uses Can windows attached to the reactor by a retainer compressed
by‘a graphite foil inert gasket. It is expected that this new design, now
unzér construction, using a conventional seal, will be able to widthstand high
pressures’and temperatures. The rest of the high pressure components
including the flow controllers.for concentration programming have operated
successfully.

Another task that was initiated was the construction of a high pressure
small volume flow reactor which could be operated 1ﬁupara]1e1 to the IR reac-
tor, but at steady state conditions and for longer periods of time to study
the catalyst stability. This reactor is now partially completed and it will

be tested soon.

Catalyst preparation. Hhi1e building and testing the high pressure
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equipment studiés of the effect of catalyst preparation were conducted by
varying the method of incorporating the metal into the support and usihg
several supports. The H-ZSM5 catalyst, supplied to us by AMOCO Res. Dev.
'Lab., was first conditioned in the H-ZSM5 or Na-ZSMS form by contacting it
with 0,21 NH4C1 or Nac1‘501utions for four hours at 60°C. After conditioning,
the supports were thoroughly washed with water and dried overnigh£ at 100°C.
Commercial high surface area silica was used in the preparation of the

Pd/SiO2 catalyst.

Pd was incorporated into the supports by wet impfegnation and ion
exchange. However tﬁe wet impéegnation Ifechnique produced catalysts with the
highest methanation activity(3), consequently, this technique was used in sub-’
sequent preparations. It was also found that the best activity results were
obtained using an organic Pd acetylacetonate solution in methyl chloride. The
solution was contacted with the support for 16 hoursqat room temperature under
constant stirring. The solvent was then evaporéted by heating it at 40°C for _
2 hours. The solids thus obtained were dried overnight at 100°C and stored in
NZ' The catalysts were caicined in flowing N2 for two hours at 400°C and then
reduced in H, for four hours at 250°CL_‘

Infrared Results, Thé infrared spectra of CO adsorbed 5n the Pd sup-
ported cata]ystsvwere obtained at .low pressure using a reactor-cell similar to
the one shown in fig. la. The catalysts were pressed in the form of a thin
wafer which was placed in the reactor catalyst holder. Spectra was collected
after exposure to a 54 CO in He stream at room temperature and then flushing
the reactor with He. 10 single scan spectra were coadded and ratiﬂed out
against a reference 'spectrum collected in a pure He stream. '

The infrared spectra of CO on Pt/SiO2 and Pd/SiO2 are shown in fig. 2.
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€0 adsdrped on Pt has a linear bonded structure with'adserbance at 2075 cm-l.

tD adsorbed on Pd has two bands: a linear CO structure with a band located at

1 1

2090 cm —, and a more intense band at 1980 cm *, corresponding to the bridge

bonded structure,

The 1nfrared§;peﬁérum of C0 adsorbed on the Pd-ZSM5 catalyst, shown in
Fig.3, appears muéﬁ different than the spectrum of Pd supported on silica pre-
viously discussed. 1In the ZSM5 support, the bridge bonded species is the main
band with the 1inear‘structure.reduced to a small shoulder in the spectrum.
furthermore, the frequency of the bridge bonded structure is significantly

i§hifted to a lower value at 1867 cm-l. The other band shown in fig. 3 at 2353

i
;cm"l corresponds %o CO2 since this particular spectrum was co]Tegied during
f reaction with oxygen. The spectrum in the absence of oxygen, retains it
Z bridge bond chgracteristic as shown in fig. 4. The conclusions to be drawn'
from this preliminary .data is that, indeed as previously shown fgr the €O
methanation reaction (3), the ZSM5 zeolite provides a metal suppport interac-
-tion which affects the state of the Pd surface and shifts the CO bond to a
lower frequency. As expected CO0 in the presence of low pressure Hz yields
mainly methane(i). l
Future work aim at reproducing the previous data at high pressure to
ascertain the hypothesis of this work concerning the dual function mechanism
on the Pd-ZSM5 catalyst comprising methanol formation on Pd followed by metha-

nol to gasoline conversion on the ZSM5 catalysts.



References
.

1. Kaul D, J. and E. E. Wolf, J. Catalysis 89, 348 1984,
2. Kaul D. . and E. E. Wolf, J. Catalysis, in press.
3. Saha and E. E. Wolf, Applied Catalysis, 13, 101 (1984).



' 1 @4nbL4

(q) (o)
N 314n0o .
OWYIHL 3JTdnOD
13NSVO HOLOVAY
IVTANOD 3SYHd OWYHAIHL JVd
NV 1H0ddNS HIJVM NVISVA-\SV9  FOV4HNS H3dd02
. _.mh.ml/ \
..:....."..........\."... 31 A MOONIN
: /\/ |~ 3UlHddvs
HIAVM N ,V 4 H
1SXIVIVD 01 ~ - |,9850
. abuoiy
L2 F
LIANSYD—{% e~ I AVM
WNNIWNTY 1SAvlvO
62 £€0
5 VAUV LS {3 v3H
I1dNODOWYIHL. 21V 1d NOLLYINSNI
1311n0 13N

H3NIVL3Y 1vid

Y34vM




e — — &

ABSORBANCE

ABSORBANCE

ABSORBED ON P1/Si0O, AND Pd/SiO;
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‘FTIR: SPECTRA OF CO

0.50 VS S —
003 . E o0 o0
0.43 - S om Mmoo
. -C C
0.36 - | | -
Pt P
0.29 | toRt
0.21 | ]
0.14
007
S o N o0 ¢ N = O
o o ©~ © o g 8 N = O
e ¥ 0 8 & & =.2 - ¢
 WAVENUMBER
0.10 . — ™S 1 T
0.09+ 24 o} -
S
" coTh C
0.06| 9 . d Pd
i C o
0.04F - | < -
Pd '
0.03 | | ]
0.01 } -
O { 1 I h 1 [}
88 % 5§ 32 & = 8
0 ¢ m N = o o o ~
N (3] o (4V] [4V} oJ — — - —
WAVENUMBER

. Fig. 2



pr w=ldAd ]

o T .
JL11032 SHSZ-Ad NO NOILYaIX0 0D . 8Y =Y 4d
. SYAGUNNIAYM . - .
' : ’ - ‘ “hhld *gg22 “gaez ‘1Ihe 00S2
Q0oL mmwﬁ mnwﬂ pmmd. wmmm i ~ =2 : 0 w
o w ﬁ..t.
5 g o
t
e
=
=
=)
s
@
=
o
N g
=
lE
[4%)
| &
. | -
_& : | o
oAl

3ONYEYH0SHY



ARBITRARY UNITS

49

s : + : : : } u
NOTRE OAME -

34,5 1 1
29 L ' 1
?3.5 L : J

18 A L

12,5 1 1

7 4 1

1.9 _L 4
(.

-4, ' A L
-9.5 1 1
~15 . . — — F —

oopR  24DP 20 2308 20 2299 0 2188 2 200 4999 1888 0 1790
- p , WAVENUMBERS. -
i : -
SFL=A3 |
NSCANS:= i@ RES=8  SP
P|_M=5
Fig. 4



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

SATISFACTION GUARANTEED

f we have made an error i

ive or i

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

IS

filling your order.

is.gov

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

info@nt

P E-ma
D Phone

Reproduced by NI

National Technical Inforvmation 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

eelectronic 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. '

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.

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. :

For more information about NTIS, visit our Web site at
http://www.ntis.gov.

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




f’“ OF
g %,
§ Y%
[ X
%
D/
U.S. DEPARTMENT OF COMMERCE
Technology Administration

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




