T o
O AR R

One Source. One Search. One Solution,

EFFECTS OF POTASSIUM ON CARBON MONOXIDE
METHANATION OVER SUPPORTED RHODIUM FILMS

AUCKLAND UNIV. (NEW ZEALAND). DEPT. OF
CHEMISTRY '

22 MAY 1986

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




UL RESEARC « ADA171535
OFFICE OF NAUAL RESEARCH R

CONTRACT NOOO14-K-0537

_TASK MO. NR &24-844

TECHNICEL REPORT NO. B
THE EFFECTS oF PaTécs:uw OM CAREON MONDXIDE
METHHN#TIDH OVER SURPURTED RHODIUM FILMS

BY
. ¢. H. Dai and S. D. Worley
- Department of Chemistry

Auburn University
Huburn Uniwversity, AL 56°4?

Prepdred for pub?xcat:an in the Journal of Physical
Chemistry : :
May 22, 1788

Reproduction in whole or in ﬁart is permitted foﬁ'an?'
purpose of the United States Government.

This document has been enprmued for public rule se and saleg
its dastrsbutxon lS unllmlted.



Unclassified

P —

SéCURlTY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

AVAITIESS

{12 AEPORT SECURITY CLASSIFICATION

Tnelacsified

1b. RESTRICTIVE MARKINGS

8 2a. SECURITY CLASSIFICATION AUTHORITY

{ 20. DECLASSIFICATION/DOWNGRADING SCHEDULE

3. DISTRIBUTION/AVAILABILITY QF REPQRT

Unlimited

{4, PERFORMING AQRGANIZATION REFORT NUMBER(S)

g

5. MONITORING ORGANIZATION REPORT NUMBER(S) -~

Sb, OFFICE SYMBOL

Ga. NAME OF PERFORMING ORBGANIZATION
. . ¢1f applicable)

Aubuin University.‘ )

7a. NAME OF MONITORING ORGANIZATION

Office lo.f Naval Researcﬁ - Code‘ 413

6. ADDRESS (City, State and ZIP Code)
Department of Chemistry. (Dz..S. D. Worley)
Auburn University, AL 36849 - )

7b. ADDHESS (City, State and ZIP Cade)
800 N. Quincy Street
Arlington, VA 22217

83. NAME OF FUNDING/SPONSORING -
ORGANIZATION

8b. OFFICE SYMBOL
(1f applicable) -

9. PROCUREMENT INSTRUMENT IQENTIFICATION NUMSER

NOOO14~83-K~0637

ONR Code 413
ac. ADDRESS (City, State and ZIP Cadz) : 10, SOURCE QF FUNDING NAS. -
See 7b PROGRAM PROJECT TASK WOHRK UNIT
ELEMENT NQ. NO. NO. NO.
- ‘NR 634-844

11. TITLE (Include Security Classification) * .
The Effects of Potassium on Carbon Monoxide

ethanation’ over Suppori:ed Rhodium Films

12, PERSONAL AU.THOH(S)
C. H. Dai and S. D. Worley*

13a. TYPE OF REPORT 13b, TIME COVERED
Technical EROM

TQ

14. D§TE OF REPORT (Yr., Mo., Day) -

6 May 27 15. FAGE]_%.OUNT

16. SUPFLEMENTARY NOTATION

Accepted for publication in'J. Phys. Chem.
17, - COSATI CODES )
FIELD GCROUP

SUB. GR.

18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

presence of potassium caused the

‘ Infrared Spectroscopy, Methanation, CO, potassium
18. hg‘S‘TRACT {Cantinye on reverse if necessary end identify by block nurmber) .

’E‘k".‘f. '.- . . . .
*The reaction of hydrogen with.carbon monoxide

£ilms, some of which contained potassium as an additive, has been investigated.
usual gem dicarbonyl and limear CO species on supported

A i myrad) .
over Rh/A1503 and Rh/TiO; catalytic
The

rhodium to dissociate at iower ‘temperature than for catalysts containing no potassium.
On the other hand, the bridged carbonyl species was significantly enhanced by the presence

o]

of potassium. ‘The Rh/TiO04 films to

of significant amounts of acetone and acetaldehyde as oxygenated products.
that the bridged carbonyl species is the precursor to oxygenated px;_oducts.

which potassium was added catalyzed the production

It is likely

20. DISTRIBUTION/AVALILABILITY QF ABSTRACT

uncLassiFiep/unuimTed §1 same as reT. (O omicuseas O

21. ABSTRACT SECURITY CLASSIFICATION

Unclassified'

22a. NAME OF RESPONSIBLE INDIVIDUAL

S. ‘D, Worley

22b. TELEPHONE NUMBER
‘{Include Area Code}

(205)826~4043

22¢c. OFFICE SYMBOL

M

DD FORM 1473, 83 APR

EDITION OF 1 JAN 73 IS OBSOLETE.

L.
Unclassified '
e, SECURITY CLASSIFICATION OF THIS P




The Effects of fotaesiug on Carbon Monmoxide Methanation over Supported
Rhoditm Films |
.G.H. Dai and S;b. Worley®
- Department of Chemlstry, Auburn University -

Auburn, Alabama 36849

" Abstract

The'reectibn of'hfdcogen'with carboe monoxide over Rh/A1203'end
Rh/TlQZ catalytlc fllms, some of which contained potassium as an addlt:ve,
has been Investlgated The presence of potassium caused the usual gem
dicarbonyl and llnear 'CO0 species on supported rhodlum to dissociate at
lower temperature than for catalysts containing no potassium. On the other
- hand, the brldged carbonyl species was significantly. enhanced by the
presence of pot3531um. The Rh/TlO ' films to which potassium was- added
: catalyzed the productlon of significant amounts of acetone and acetaldehyde
as oxygenated products. Tt is likely that the bridged carbonyl spec1es is

the precu:sor-to oxygenated products.

- %*Author to whom correspondence should be addressed



Introduction

There has been considerable interest in the effects of alklai metal
promotors in catalytic reactions.1 Solymosi and coworkers have suggested
that the additives electronically affect metal-support interaction and thus
influence catalytic activity.2 Althouéh generally hydrogenation of carbon
monoxide and especially carbon dioxide over supported rhodium catalysts
produces methane as the'primary product,3 the selectivity at least for CO
hydrogenation can be altered toward enhanced yields of oxygenated products
by using alkali promotors.4 Goodwin and coworkers have shown recently that
added potassium causes the selectivity for CO hydrogenation of a 3% Rh/TiO2
catalyst to shift toward oxygenated products with acetaldehyde and acetone
being present in significant quantities.5 It is the purpose of this letter
to report preliminary data from these laboratories concerning the
hydrogenation of CO over Rh/A1203 and Rh/TiOz catalytic films containing

potassium as an additive.

Experimental Section

The Rh/A1203 and Rh/TiOz catalysts used in this study were prepared in

3,6 Briefly,

a manner similar to those studied previously here.
agetone/water solutions containing appropriate amounts of RhCl3'3H20, KC1,
and alumina (Degussa Aluminum Oxide C, 100 ng_l) were carefully sprayed
using a specially designéd atomizer onto a heated 20 mm.CaF2 infrared
window. Evaporation of the solvents left a uniform thin film (typically
4,3 mg cm—z) of the mi#éd solid materials adhered to the window. The
‘window containing the film was mounted inside an infrared cell.r'eactor3
which was evacuated ovérnight. The sample film was then evacuated at 470K
for 1 h, reduced at 480 X by 85 Torr doses of hydrogen for 5, 5, 10, and 20

min periods (each period followed by evacuation to ca. 1077 Torr), and then




evacuated for an addltlonal hour at 480 K to a base pressure of.lO 6 Torr.
For a typical experlment the cell was them exposed to a CO: H2 mixture (1:4)
‘at ca. 82.5 Torr total pressure and heated rapidly to some prescslbed
ftempe:ature. Methanevgas and surface iﬁtermediase formations-duriné the
reaction were mositored by iﬁfrsred”spectroscopy (Perkin Elmer 983 with J
data system);3 product distributiens at the eed of‘the experiﬁenf_were
 measured by gas chromatsgraphy‘(Carle 400). Psessure measurements'were-

made with an MKS Baratron capacitance manometer (+0.0l Torz).
Results and Discussion ' .

~ The interazction of CO with sﬁpported Rh catalys;s'has.been the subject
of quite a fey infrared studies.7' Primarily three surface species have

been generally identified_asvshown below. 'Species I, commonly referred to

& ¢ g
AN AR
Rh - =Rh~ —Rh—Rh—
I o i
as the "gem dicarbonyl" species, exhibits two sharp infrared banés near
2030 and 2100 en! Whicﬁ do mot shift in wavenumber %ith coyerage:_ This
fact in conjunction with the fact ehat this is the only CO species observed
for cstaljsts having very low Rh 1oadieg (eg. 0.5%) has ied.some'soikers to
— postulaee that species I refers te Rh in a highly.diSPersed sfate, possibiy
even 1solated Rh atoms. However, it is now appafent that £he preSeﬁce of
€O 1tse1f may be necessary to cause the highly dlspersed state of Rh
necessary to produce species 1.8 9 Work in these’ labo:_:ator:.es6 and
'elseﬁhefelc hasqdempnstrated that speeies.l contains Rb in the +1 oxidation
gtate. Species II, the "linear CO" species and species III,.the "bsidged
-1

carbonyl” species,'exhibit>infrared bands in the regibqs 2040-2080 cm * and



1840-1920 cm_l, respectively; these bands do shift to higher frequency as
CO coverage is increased and occur only for catalysts of higher Rh loading
(>1%). Species II and III contain clusters of Rh atoms in the zero
oxidation state. It has been of interest in these laboratories to observe
changes in these surface species upon perturbation of the system. For
example, it has been shown that when CO is hydrogenated at 483 K, species 1
and I1 are lost, and a carbonyl hydride species exhibiting an infrared band
near 2040 "

@

Q
Ny

e ! is formed which seems to be a precursor to the production of

11

methane. 84 Solymosi and coworkers first identified this species,” = and we

have proved its existence using isotopic 1abeling.6f

Figure 1 shows the result of reaction of Hz and CO over a 2.2%
Rh/A1203 catalyst film as a function of temperature. It is apparent that
species I completely disappears between 390 and 430 K before the 1304 and
3015 cm-1 bands for methane gas are observed. At 480 K the identifiable
surface species present during the production of methane are the carbonyl
hydride species (2047 em~ 1) and bridged species III. Figure 2 shows the
effects of potassium as an additive. Species I disappears at lower
temperature, the carbonyl hydride species appears to be present in lower
concentration, the concentration of species III appears to be greatly
enhanced, and the methanation reaction is poisomed. Even at 300X all
infrared bands except the bridged carbonyl band are decreasedin intensity.
Also the species III band shifts to lower wavenumber as the temperature is

increased even though it does not decline in intensity. We have observed




that for a 0.5% Rh/A1203 film, for which only species I is observed, that
at a CO background pressure of 1 x 1073 Torr with mo hydrogen present the
gem dicarbonyl infrared bands disappear between 430 and 460 K without
potassium present, but between 380 and 4301K when potassiﬁm'is preseant. Of
course, without EZ present ‘1O carhonyl hydrlde 1nfrared band is observed in
. this case. The fact that species 1 is ‘lost at lower temperature When :
pot3351um is present probably indicates that am electromic effect is
operable cau51ng an enhanced dissociation of CO in thls sgec1es. On the

'~ other hand, the enhanced concentratlon of species TII in the presence of
potassivm probably is due to a steric effect, ie. pota551um blocks linear .
species II sites ﬁopcing GO0 to adopt muitiple Rh sites, and hence leads to
an increase in intemsity of the species ;II infraced band. Insignificant
amouﬁts of oxygenated products were'detected for H /co ofer’potassium;doped
Rh/A1203 as expected, select1v1ty for oxygenated products in this reaction
is favored by higher basicity xn the support material than that exhibited
by A1,05.% | -

Figure 3 shows z comparlson of CO hydrogenatlon over z 2.2% R.h/'IJ.O2

" £ilm with and without the presence of potassium. The results are similar
to the Rh/A1203 experiments in that potassium causes a declime in intensity
of a1l infrared bands except the broad -species III band. -Cleezly.:he
methanation reaction is poisooed, but oxygenated products ere now observed.

In spectrum 34 the bands at 1743, 1350, and 1220 emt

Whico disappear upon
evacuation are due to acetone. Gas chromatographic amalyses of tbe |
products produced in the infrared cell showed acetone (12.2%) and
acetaldehyde (10.8%) as prlmary o&ygenated products; both of these products

were produced in hlgher yleld vhen potassium was present (other products

were methane 42.8%, ethane 8.6%, and carbon dioxide 25. 7/) Goodwin and
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coworkers” have also observed these products for CO hydrogenatiom over

potassium—doped Rh/TiOZ, (K:Rh=1:2), although they found slightly more
acetaldehyde (12.4%) than acetone (10.4%); their reaction conditioms (1-10
atm, 523-708 K, CO:H, = 2:1) were quite different from those employed in
this study, but the results of the two studies are very similar. It is
generally believed that oxygenated products in the CO hydrogenation
reaction result from reaction of undissociated CO with hydrocarbon
fragments.5 Since the presence of potassium enhances the formation of the
bridged carbonyl species at the expense of the other CO species, it is
probable that the bridged species is the precursér to the oxygenated
products. The gem dicarbonyl and linear CO species most likely dissociate
at low temperature to form carbon, and the carbonyl hydride species when
hydrogen is present. At slightly higher temperature the active carbon is
hydrogenated to methane and higher hydrocarbons. The hydride moiety also
enhances the dissociation of the CO moiety in the carbonyl hydride species
leading to further production of hydrocarboms.

The potassium probably functions in several roles. It enhances CO
dissociation through an electronic effect which should lead to an increased
production of methane and higher hydrocarbons unless inactive carbon is
produced. It sterically blocks active methanation sites and causes the
formation of an increased amount of bridged carbonyl species which is most
probably the precursor to oxygenated products. Finally, there is
increasing evidence that potassium may form cluster complexes with CO or
exhibit short or long-range interactions with CO on tramsition,me.tals;lz"17
this could also lead to ultimate dissociation to inactive carbon and to

steric blockage of active Rh sites. Further work is in progress regarding



co 334 C0, hydrogenation kinetics over potassium—doped supportgd rhodium

catalysts.
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Figure Captioms

Figure 1. Infrared spectra for the interaction of H,; and CO over a 2.2%
Rh/Al,04 film (4.3 mg en2) at a total pressure of 82.5 Torr as a function

of temperature. : _' -

Figure 2. Infrared spectra for the interaction of H, and CO over a 2.2% :
Rh/AIZOB film (4.3 mg cm %) to which potassium has been added at a total

pressure of 82.5 Torr as a function of temperature. -

Figure 3. Infrared spectra for the interaction of E, and €O over 2.2%
Rh/TiOz films (4.3 mg cm_z) with or without potassium added as indicated;

total pressure was 82.5 Torr.
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