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I ntroducti on 
During the past four years the BYU Catalysis Laboratory has been involved 

in an investigation of the interactions of cobalt (and to a lesser extent 

iron) metal(s) with alumina, sil ica, t i tania, magnesia, and carbon supports. 

The results of the f i r s t  three years of investigation were summarized in a 

previously submitted final technical report [1] and in recently published 

papers [2-6]. Our contract was renewed for an additional three years starting 

April 1, 1984. 

This work involves a comprehensive, quantitative investigation of the 

effects of metal-support interactions on the adsorptlon~ catalytic, and 

electronic properties of cobalt (and to a lesser extent iron), the objectives 

of which are to determine: (i) effects of cobalt-support interactions and 

cobalt dispersion on the binding states, binding energies and species 

distribution of CO adsorbed on cobalt, ( i i )  the relation of dispersion and 

chemical state of cobalt te i ts activity/selectivity properties in CO 

hydrogenation, and { i i i )  the extent of electronic interaction of cobalt B~d 

iron with various supports. 

This report briefly summarizes accomplishments during the fourth year 

( f i rs t  year of the renewal contract) of this study. 

A~complishments and Results 

Effects of Dispersion, Percent Reduction, and Preparation on the 

Activity/Selectivity Properties of Cobalt. The effects of dispersion, extent 

of reduction, and preparation on activity/se3 ectivity behavior ~f 

cobalt/alumina was investigated by Mr. Liu Fu, a visiting scholar from the 

Peoples Republic of China. Catalysts varying in loading frem 3 to 2B~ were 

prepared by impregnation, while three 3~ Co/alumina catalysts were prepared by 

impregnation, controlled-pH precipitation, and decomposition of a cobalt metal 

carbonyl. Specific activities and average carbon numbers of the hydrocarbon 

product were found to vaw significantly with metal loading, reduction 

temperature and preparation. These changes were found to be linearly 

correlated with changes in dispersion indicating that CO hydrogenation on 

Co/alumina is structure-sensitive. The changes in specific activity with 

dispersion can be explained by variations in the distribution of low and high 

coord, nation sites and by changes in the nature of adsorbed CO species 
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avai lable for  reaction. High specif ic ac t i v i t y  i s  apparently favored on si tes 

to which CO is  strongly coordinated. Variations in the average carbon number 

of the product can be explained by changes in the rate of termination relative 

to the rate of propagation. High molecular weight products are favored by 

catalysts having high rates of propagation and low rates of termination. 

The resul ts of th is  investigation have been wri t ten up in two papers, 

which have been accepted by the Journal of Catalysis [7]  and the Journal of C 1 

Chemistry [8] (see attached preprints).  

Effects of Support and Dispersion on the Activity/Selectivity Properties 
, , ,  , , , , . .  

of Iron. A study of the effects of support, metal loading, and dispersion on 

the CO hydrogenation activlty/selectivity behavior of iron ~s conducted by 

Mr. Val Jones, H.S. Candidate in Chemical Engineering. Highly dispersed 1, 3, 

ane ~_0 wt.% Fe/carbon and Fe/titanla catalysts were prepared by nonaqueous 

evaporati ve deposi t i  on and decomposi t i  on of iron metal carbonyl s 

respectively. Specific activities of these catalysts were found to increase 

With increasing metal l oading or decreasi ng di spersion. The speci f ic 

activities of 10~ Fe/carbon and Fe/titania were about the same and comparable 

with values reported previously for Fe/silica and Fe/carbon catalysts [9,10]; 

however, the observed activities for Fe/titania from this study were 

significantly greater than reported earlier by Vannice for Fe/titania [11]. 

Interesti ngly enough, the specific activities of Fe/ti tani a(LTR) and 

Fe/titania(HTR) were the same within experimental error. Selectivities for CO 

hydrogenation were in accordance with the Anderson-Schultz-Flory model (alpha 

= 0.65-0.70) and were independent of metal loading and dispersion. 

The results of this study provide evidence that structure sensitivity and 

possibly the support affect the activity of iron in CO hydrogenation. The 

results of these measurements are being written up in an M.S. thesis and in 

two papers to which ~i l l  be added the results of Moessbauer runs of the 

reduced catalysts, experiments which are currently in progress. 

Effects of Support " and Dispersion on the Bindin.g States and Binding 

Energies of CO on Cobalt. The invest igat ion by ten~erature-programmed 

desor~tion of  the effects of  support and dispersion on the binding states and 

binding energies of CO on cobalt i s  presently being conducted by Hr. Won Xo 

Lee, a Ph.D. Candidate in Chemical Engineering. During the past year Hr. Lee 

redesigned and rebu i l t  our TPD system, incorporating an improved reactor 
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design; he is presently designing necessary hardware and software to comp,Jter 

automate the mass spectrometer data collection system. I~r~ Lee also devised a 

new general method for determining kinetic parameters from TPD spectra, which 

unlike previously reported ~ethods [12,13], does not require the assumption 

that activation enerqy and preexponential factor for adsorption are 

independent of coverage. 

During the past year an experimental plan for investigating the effects 

of support and dispersion on the kinetics of CO adsorption on cobalt was 

devised. TPD spectra for CO on Co/alumina, Co/silica, and Co/titania were 

cbtained as a function of adsorption temperature and in the case of Co/titania 

as a function of reduction temperature. The results indicate that adso,~ption 

states and binding energies for CO on cobalt vary slgnificantly with support; 

the spectra for Co/silica, consisting of one or two CO peaks and one C02 peak, 

are relatively simple, whi le those for Co/alumina and Co/titania are 

relatively more complex. Tne amount of CO desorbed from Co/titania decreases 

with increasing reduction temperature; after reduction at high temperatures 

(HTR state), no C02 desorption is observed, suggesting that the rate of C0 

dissociation is decreased. Trea~ent in oxygen, which reportedly destroys the 

HTR state [14], restores the CO desorption peaks; however~ the CO 2 desorption 
peaks do not reappear t. 

During the coming year infrared experiments .~ll be conducted on the sa~e 

catalysts to determine the different kinds of CO species adsorbed as a 

function of support and reduction temperature. Both TPD and IR experiments 

will be conducted on a series of cobalt -.=talysts prepared from deco~os~tion 

of metal carbonyls in which dispersion ~s varied over a wide range. 

Investigation of the Effects of Support on the Electronic Properties of 

Cobalt and Iron. Me study of cobalt catalysts by I~oessbauer spectroscopy is 

being conducted by t~r. Loren ~leubauer, a Ph.D. C~ndidate in Chemical 

Engineering. The study of iron catalysts was initiated by Mr. Val Jones and 

will be continued by Mr. Richard Jones, a senior in Chemical Engineering. 

During the past year well-dispersed 1% Fe/carbon and 1~ Fe/titania 

catalysts containing iron enriched to g0% in Fe ~7 were prepared. The 

faci l i t ies for preparing catalysts containing radioactive Co 57 were des ig~,  

approved, and utilized in the preparation of a I% Co/carbon. A special drive 

and optical bench for conducting cobalt Moessbauer were designed and 
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constructed. Preliminary runs indicate that this equipment is working 

satisfactorily. During the coming year, Moessbauer spectra of the enriched 

iron and radioactive cobalt catalysts in the reduced state will be obtained to 

determine i f  electronic changes occur in the metal crystall ites in these well- 

dispersed catalysts. Preparation and characterization by Moessbauer of 

additional cobalt catalysts on alumina and titania supports is planned. 

References 

. C. H. Bartholomew, "Metal-Support Interactons: Their Effects upon 
Adsorption, Electronic, and Activity/Selectivity Properties of Cobalt in 
CO Hydrogenation," Final Progress Report, DOE/ER/I0855-3, October 1, 1983. 

2. J.M. Zowtiak, G. D. Weatherbee, and C. H. Bartholomew, "Activated 
Adsorption of H 2 on Cobalt and EFfects of Support Thereon," J. Catal. 82, 
230 (1983). 

3. O. M. Zowtiak and C. H. Bartholomew, "The Kinetics of Hp Adsorption on and 
Desorption from Cobalt and The effects of Support Thereon," O. Catal. 83, 
107 {1983]. 

. R. C. Reuel and C. H. Bartholomew, "The Stoichiometries o f  H 2 and CO 
Adsorptions on Cobalt: Effects of Support and Preparation, "J C~tal. 85~ 
53 (1984). 

5. R. C. Reuel and C. H. Bartholomew, "Effects of Support and Dispersion on 
the CO Hydrogenation Activity/Selectivity Properties of Cobalt, J. Catal. 
85___, 78 (1984). 

6. C. H. Bartholomew, and R. C. Reuel, "Cobalt-Support Interactions: Their 
Effects on Adsorption and CO Hydrogenation Activity and Selectivity 
Properties, m Ind. Eng. Chem. Prod. Res. and Develop., Accepted, 1984. 

. L. Fu and C. H. Bartholomew, "Structure Sensitivity and Its Effects on 
Product Distribution in CO Hydrogenation on Cobalt/Alumina," J. Catal. in 
press, 1984. 

. L. Fu, J .  L. Rankin, and C. H. Bartholomew, "Application of the Anderson- 
Schulz-Flory Distribution to the Fischer-Tropsch Synthesis: Direct 
Calculation of Propagation and Termination Rates," Accepted by C1 
Molecule Chemistry, 1984. 

9. J. A. Amelse, L. H. Schwartz, and J. B. Butt, "Iron Alloy Fischer-Tropsch 
Catalysts," J. Catal. 72__, 95 (1981). 

10. H~. Jung, P.L. Walker, Or., and M. A. Vannice, "CO Hydrogenation ov--..r 
Well-Dlspersed Carbon-Supported Iron Catalysts," J. Catal. 75_, 416 (1982). 

11. M.A. Vannice, "Titania-Supported Metals as CO Hydrogenation Cata lysts , "  ~. 
Catal. 74___, 199 (1982]. 



12. R. J. Cvetanovic and Y. ~enomiya, Catal. Rev. 6_~ 21 (1972}. 

13. J. L. Falconer and R. J. Hadix, ~. Carat., 48___, 262 (1977~. 

14. S. J. Tauster, S. C. Fung, and R. L. Garten, J. A~. Chem. 
(1978). 

Soc. 1~___~0., 170 

DISCLAIMER 

C-over~m~au N ~ h c r  t~c U ~ t  S ~ t ~  C - ~ m m ~ t  uor a~y a g ~ F  ~ c ~ r .  na~ a~, o~ Lh~r 
employc~s, mak~ any ~v:~ca~.. ~ or ir~pl]~d, or ~ any ]eg~ 1~bili~ oc r~ov.s~- 
b ~ y  for th~ a~cum~yo ~ m ~ k ~ c ~  ~r ~e~ 'u la~  o~' a~y mforma~on, a p p a r a ~  p ' o ~ u ~  or 

m z ~ u f a ~ - . r ,  or o ~ ' ~  ~ co: n ~ y  c o n . ~ I ~  or i~p~y i~  ~ d ~ ,  rex~m. 
m~da~io~, cr f~.~Hng ~y the U~i~d Sta~s C, ov~'nmcn~ or an}. ag~o~, Zher~_ ~c ~ 



• - :t 
| m m  

I - -  ~} 

,! 

 J,s, - 

~ , .  l i b  BII 

t a n _  

N e  e 

; ; 
m 

e 

Reproduced by N T / S  
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. 

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 
htt p ://www.nti s.(jov. 

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



U.S. DEBRTMEIIT OF COM~,'~ERCE 
T~c~olo~y AdmTnis~a~on 

ttaJ~J, oI Tahnt,.el tnformaHon Service 
Sprin~f]~l~, V,~ 22161 (703) 605-6000 


