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ABSTRACT

An investigation of the etfects of surface structure. dispersion, and support on the adsorption,
catalytic, and electronic properties of cobatalumina is described, the objectives of which are 10 determine
(1} the effects of surface structure and metal dispersion on the adsorption and catatytic properties of cobakt
and (2) the efiects of decoraling support species on netal crystailites and of direct electronic interactions
petween metal clusters and support, on the adsorption. catalytic and electronic properties of cobalt
supported on alymina. During the first year etfects of surface structure and dispersion on the adsorption.
activity/selectivity. and electronic properlies of Co/W single crystal surfaces and ah.tmina-supported cobalt
were investigated in a suriace science investigation, lab reactor studies. TPD/TPSR studies, and a
Moessbauer speclioscapy study. The structure, stability. surtace elecironic properties, and chemisorplive
properties of ‘rapor-deposited cobalt overlayers {0-4 ML) on W(110) and W(100} were studied by Auger
etectron spectroscopy. low energy electron ditfraction. work function changes. and temperature
prograrnmed desorption (TPD) of cobalt, hydrogen. and carbon monoxide. The CO chemisorplive
properties of the two cobalt overlayers are quite different, O adsorption being dissociative on the W(100)
surface and nondissociative on the W(110) surface; comparison of the results wilh those for NYW(100)
indicate that Co/W(100) dissociates CO as @ result of electronic interaction with 1he tungsten substrate.
Activities and selectivities of cobalalumina catalysts for CcC hydrogenalion prepared by decomposilion of
Co4{CO)y2 were determined 35 functions ot metat loading, disparsion, and extent of reduction.
Steady-siate activity and product molecular weight were found to increase wilh increasing metal loading
(decreasing dispersion and increasing extent of reduction}. TPD/TPSR studies of supporec cobalt
catalysts prepared by conventional means were written up in a Ph.D. dissertation while new studies of
carbonyi-derived catalysis were initiated. Moessbauver spectroscopy study of metal support ellects 0
alumina-supported cobalt and iron catalysts were aiso inttiated. '

L INTRODUCTION

Cobalt, iron and nickel catalysts find wide application in the fuels and chemical industries.
particutarly in hydrogenation and hydrotrealing reactions. Most commercial catalysts containing these
metals consist ot a metal or metal oxide phase dispersed throughout @ high surface area ceramic carrier or
»gupport.” The pumpose of the suppon is$ pasically twolold: {i} 10 1acilitate ihe preparation ol a
well-gispersed, high surface area catatytic phase and (i} 1o stabilize the active phase against ioss of surface
area. The effecls of surlace struclure, dispersion and support on activity and selectivity of the active
calalytic phase were assumed until recent times 1o be of secondary imponiance. However, evidence
publ‘tshed mostly in the past decade provides evidence that surface stmctureldispersion 11-4) and
metal-support interactions [5-8] can dramaticatly influence the adsorption and activity/selectivity properties
of thee metals in a number of reactions. While it is desirable to study separately the effects of surface
structure, dispersion and metak-support interactions, # is experimentally ditficult to achieve since these
affects are often interrelated. During the past seven years, the BYU Catalysis Laboratory has been




Il. RESEARCH SCOPE AND OBJECTIVES
An investigation of the effects of surface Structure, dispersion, and support on the adsorption

determine the effects of surace structyre and metal dispersion on the adsorptior and calalytic properties
of cobalt ang (2) determine the eflects of decoraiing support species on me:al crystallites and of direct
electronic interactions betwean meta) cluslers and Support, an the ads=yrption, catalytic ang electronic
Properties of cobat Supported on aluming.

To accomplish the above-listed objectives the Proposed wori has been divided into three areas
of investigation- (1) study of tha etfects of surface structure and support decoration on the adsorption ang
catalytic properties of cobalt Monolayers deposited on W(100) 2,14 W(110) using TPD, LEED and AES
Spectroscopies, and in sity co hydrogenation reaction mieasurements, (2) study of the effects of
dispersion ang Support decoration on the CO adsorplion/desorption and catalytic Properties of
well-dispersed cobait/aiuming ana cobalt-tungslen/alumina using TPD and IR Spectroscopies gng lab



pseudornorphic monotayer of ColWw(100) has a positive work funclion change (+155 mV). indicating a nel
electronic charge tcanster trom the tungstén 1o the cobalt. The chemisorplive properties of the cobalt
overiayers are quite ditferent from those of planer cobalt surtaces, the former having two New binding
states for hydrogen chemisorption and two sites fof carbon monoxide dissociation. O dissociates on
cobali-tungsten interfacial sites and on the pseudormrphic manotayer of Co/wW(100). The pseudornor;ihic
monotayer of Co/W(100) dissociates CO as a resuit of elecironic imeraction with the fungsten substrate,
not because of geometric strain.

The CO hydrogenation activity of the Co/W(100) suriace was measured in the range of 100-500
Torr 1otal pressure and 453-523K ata Ho/CO ratio of 211. The specific activity per site was found to be an
order of magnitude higher than that fof po!ycrysrauine cobalt [2]. This unusual result stimulated
investigation of supponed CoWralumna catalysts discussed below.
B. Task 2: Study of Effects of Disperslon and Support Decoration on the CO
Adsorpllonmesorption and Catalytic properties of Cobalt/alumina and CoW/alumina.

Lab Reactor Study of the Eftects of Dispersion and Extent of Reduction on co
Hydrogenatlon ActlvltylSelecuvny ol Co/alumina and CoW/alumina. Activities and
gelectivities of cobalralumina catalysts for coO hydrogenaﬁon prepared by decomposition of Cos{CONz2

were determined as functions of metal loading (1-5%). dispersion (5-20%), and extent of reduction
{38-95%). Steady-state activity and product molecular weight were found to increase with increasing metal
loading (decreasing dispersion and increasing extent of reduction). These changes in specific activity may
be due to either primary of secondary structure sensitivity [1] Discrirnination petween these two effects
will be attempted by varnying dispersion while holding the exient of reduction constant.

TPD/TPSRIIR Swdy of the Effects of Support, Metal Loadind. and Extent of
Reduction on CO Adsorption Kinetics and Energetics of Cobalt. TPD/TPSR studies of CO
and CO hydrogenaﬁon on cobalt catalysts supported on alumina, silica. titamia, and magnesia prepared by
conventional means \sere written up in @ Ph.D. dissertation by Dr. Won Ho Lee [10] and 45 associated
publicalions are in preparation. The TPD results indicate that GO is more strongly adsorped and
dissociates more readily (forming CO2) on catatysts of wigher loading and of higher yeduction temperature.
The corresponding Ho-CO TPSR spectra for the same Co/alumina catalysts contain two peaks indicative ot
two kinds of sites of dittering binding energies for reaction inermediates. One of these sites is thought to
pe associated with large metal crystaliites, the other with small metal clusters surrounded by cobalt
alminate or suppott gpecies. The TPSR data also show a lrend of increasing CO hydrogenation activity
with increasing metal loading (and decreasing dispersion). Thus there s a comrelation of higher activity for
the catatysts which bind CO more strongly and on which CO dissociates more readily.

The adsorption!desorpt‘ron kinetics and energetics of carbon monoxide on carbonyl-derived
cobaht catalysts supported on alymina are being studied by ternperaiure programmed desorption (T PD).
white CO hydrogenation on these same catalysts are being studied py temperature programmed syurtace
reaction (TPSR) as functions of dispersion and extent of reduction as a continuation of our previous study
[10). Thus tar, a graduate student has been hired and trained in to operate the TPD/TPSR systen several
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c
dehydroxylated alumina, and the TPD System has been Upgraded with a new Macintosh computer,

C. Task 3: Study of the Effects of Metal-Support Interactions ang Decoration on the
Electronic Properties of Weil-Dispersed Cobalt/Alumina and lronvAtumina. A Moessbauer
Spectroscopy study of melal-support interactions in alumina-supporeg <obalt ang =on catalysts (1-5 wi.%)
Prepared by decomposition of the metal chiorides on partially dehydroxylated alumina and reduced at high
lemperatures to obtain well-reduced, highly dispersed melats is in progress. Thus far, a new graduate
Student has been hired and trained in the preparation of catalysts and the operation of the Moessbauer
specirometer. Severai honradioactive coebalt/aluming calalysts of varying dispersion and extent of
reduction have been pPrepared and characterized by hydrogen adsorption ang Oxygen titration; radioactive
Co57 chioride ang isolopic FeS7 chloride have been ordered for the Preparation ot catalysts 1o be used in
the emissions ang transmission Moessbauer experiments,
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