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~ SUMM~R~ 

The first quarter objectives have been c~ple~.ed on the Air Pra~ucts an~ 

(3wmi~is, Inc./United States D e ~  of Emer~ ccm~'act, " ~  

Fischer-Tropsch Slurry Catals~T_s and Process ~ far Selec~i~ 

Transportation Fuel Production =. The ~etailed project ~ plan has 

completed as Task l and suba~tted under sel~rate cover. ~ 2 work has 

begun and includes ten, alu~/ma-su~ ~talyst Im~ti~ms, nine gm~ 

phase tests and a baseline slurry run in the modified reactor. Catml~ 

preparation and slurry performance ~s ~mmcostra~ed to be %~zy 

reproducible. 

Task I -- Pro~ect Work Plan 

The detailed project w~rk plan %~s submitted in complianoe with Task 1 cf 

the work stat~ent in the DOE-AK:I c=~.mct ~ FilC~er-Tr~h Sl~ 

Catalysts and Process Concepts for Select/re ~ t i c m  P%lel 

Production". The objective of this program is to ~ ~ ~msma~ 

catalysts a~ pzo~ss ~ for t~ selecti~ ~ of l~lu~ 

transportatioo fuels fr~n synthesis ~as. T~e prod-am will em~asL~e t/~ 

development of highly acrid, se lect ive  and reprceuclble supp{E~ed 

catalyst ~itioas. ~e 9to,ram covers ~ mm~d~s and is 

divided into four tasks .  During ~ of the work plan, zLLI;~ 

through ~ r,.ms. 

Task 2 -- DeveL~r-~-t of T ~_t"L'~39K] ~.~___~e'l CB_1"~lyst f ' y ~ .  4'I'{~ii~ 

Catmlys~s prepare~ c%urimg the first quarter all used a gmmmm-~l--~ 

~rt. ~ i l i t T  of mtaly~ ~epazat/o,, i.e. mmL%s l~a~, 

was examined by Im~rL~ four se~xate ~at~s of the ~ c d ~ l t  on 

~ l ~ l y s t .  Different ba~ sizes ~ prepmre~ 

reproducibility ~s (~0tai~ by keeping the metal pre=urso~ to s ~  

mass r a t i o  cml~nt. Catalyst r~-~r-~-J~Llity %~s f~ to be ~ .  



Se~ral bi=~tallic Co/Fe catalysts w~re prepared either to ino0rporate 

water-gas shift ac~/vity or to improve Fisch~-Trcpsch activi%y and 

selectivity. None of the catalysts showed enhanced water-gas shift 

actlvity in gas phase testing. ~c~ver, both Co/Fe catalysts showed high 

specific activities in the gas phase runs. 

A slurry test of the staled-up basemse cobalt derived catalyst ~as 

initia~ t h i s  quarter. The perfom~e of this catalyst at two 

temperature levels, 220 and 250°C, showed both stable activity and 

hydrocarbon selectivity over 102 and 220 hours on stream, respectively. 

The plans for the ~ r  of this test are to detennine the role of mass 

transfer resistance in the o~erall rate of reaction and subsequently, to 

obtain kinetic rate data for this ~talyst. 
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i. 0 INZK~TION 

The future use of ooal as a ~ t i o n  fuel will depend on the 

~e~lo~ment of an economical and erergy efficient liquefaction process. 

The two most aduancsd processes are the direct liquefa.~cion route 

involving the solution of coal in a sol%~m~t aicTe~ by a mild h~Irogenat/on 

and the indirect route in which coal is first gasified to syrP_hesis gas 

follo~ed by the Fischer-Trcpsch reaction. Tae indirect liquefaction 

process is the only o~e currently practice~ co, merci ~a!!y and, in this 

~ ,  has a £izm data base of prac~iml experience. 

The Fiso~e:-To~sch reaction, in which aubon mmoxi~e is reduced by 

hydrogen and polym~rized, produces hy~r~rbons with a broad range of 

molecalaz weights, from methane to paraffin ~m~s. This creates the need 

for further downst_ream processing such as hl~Irocracking and light olefin 

oli~m~rization to maximize the yield of liquid fuel p ~ .  Sir~-e the 

discov~ of the Fischer-Tropsch reaction, extensive research has 

aim~ at o~tzoLling the proa~t selec~vity in order to minimize 

~ownstream refining and still remains a prim~ target for innovation. 

Previou~ researc~ has shown t_hat selectivity is ~ainly co~trolled by 

~alys~ c0mposi~iom and process conditions. Despi~ the vast effort in 

m~lys~ reseatS, no ~talyst has been ~alo~d that yie/~ a ~rr~w 

product ~istribution of only gasoline or diesel fuel. B~muse of this, 

pz'edu~ s e l e c - ~ v i ~  ~ been ==e s ~ c e s s ~  o:m~o~.ec~ by m..-'d.pa.lat.i,g 
p ~ o ~  concli . t iorm. 

Sim~ the Fis~er-Trcps~ reaction is exmtherm/c, om~crol of the 

rea¢~ioa beat plays a major role in ~et~m{n~ng ~ selectivity. 

the oat~lyst in a liquid mediun offers the best means of heat 

transfer and temperature control. ~his slurry ~ase operation thus has 

shown ~ ~_ ~ 1~uia ~ seze~i~t7 mi~y by 1o~ering 

the light gas yield. ~he amount of ~ata from slurry phase operation, 

huwt-~_r, is limited to only a fe~ studies and significant differences have 

bees reported in yielzls, catalyst life and ease of oE~rat/on. One 

o~sistest dmN~ation is the lowe~ gas yi~ a~ improved 9~soline ar~ 

a i e s e l  ~ s e l e c ~ v i ~ .  ~,e ~ t,m~:,ezatnre ~ has a . U ~  



this technology to be useful in ~ uarb~n mu~m~i¢]z-zi~h 

gas fm the latest c~al ~sifiers. Slurry ~ g:~rat/~n also 

to be more amenable to scale-up. F~ch research remmims to ~ ~ 

fully ~eter~{me the pct.ential of slurry phase Fi.~er-T~ 

and its fu~ c~elcsm~mt is an important part in our ¢~xy's 

to establi~ viable ~echn~lo~y for c ~  coal to ( ~  

hydrocaz~on ~ .  

UnS~r prior oo~t.ta~: n~be r  ~-~22-~0~:3007~ ~ t h  the ~ ¢x[ 

Ener~j, ~ r  P : c ~ c ~  and C l ~ e ~ L s ,  Inc. ~ ~ 

s lu r ry-~ t~se  F i ~ - ~ q p s c ~  c~ta~yst s y s ~  tha t  wc~iclml 

s e l e ~ i v i ~ -  to l~juid ~ p r ~ .  O~ g r c ~  of t h u e  ¢ l ~ y ~ J  

particularly novel in that it ~as prepared by supporting ~ ca~l 

clusters on alumina Which had been molified by pr=.oters. To furthez 

develop an~ imEzove these catalyst systm~, Air Pro:]L1cts, by the 

contract to ~OE, has begun a ~ to ~ ,  eealu~te aria 

characterize these oatalys-ts in ~Dtail. E~ninati~ of the ~tal~ 

kinetics in the slurry ~-ase, aloog with fuel ~ ~ i z a ~  

will be used to improve prooess aesign. ~cwle~ gained f~ tl~m 

soxlies will provide a basis f= the ~ of ~ 

=talysts a~sa process c~scet:~ f= the ~ective ~ of ~i~ 

transportatio~ fuels £rQ~ synthesis gas. Work a c ~ i ~  in the first 

quarter is de~:ribed in this report. 



2.0 

The major goal of this project is to thoroushly investigate the 

preparation, characterization and performance of metal carbonyl cluster- 

based =atalysts for use in slurry ~ Fiscber-Trq~h tedu~logy. As 

this unaersta~i~ of ~-~talyst behavior increases, improved catalysts wiLl 

be desigaed and process ~ developed toward increasing catalyst 

activity, lifetime and selective ~ / o n  of liquid fuel product. The 

objec~.iues will be a~Iressed by the following four tasks: 

Task i -- Develop a project work plan which presents the detailed 

activities to be performed in achieving the objectives of this project. 

This task has been oompleted in the first quarter. 

Task 2 -- De~o~ improved supported cobalt and mztbeni~ carbonyl 

cluster-bar~d catalysts by utilizing the promising leads discovered during 

prior work at Air ~ ~ DOE contract number DE-AC22-80PC30021, 

which has shown that metal clusters supported on modified ~ ~.~dbit 

high activity, stability, and 9~od selectivity .to liq%~id fuels in the 

slurry phase Fischer-Tropsch prooess. ~w o~lyst ccm~z~sitiocs aesignea 

to gi~ enhanced select/vity to liquid fuels will also be ~veloped. 

Xn this task, catalysts "will he evaluated and tested for their 

zo commrt synthesis gas into liquid ~rbon ~mls. 

Catalysts  w i l l  be si:~:liecl by a combination of tests in stirred and 

fixmS-bed reactors and will be evaluated on the basis of act!vity, 

selectivity, stability and aging. In a~/tio,, catalysts will be 

chazacterized by surface and bulk amlyses. 



Improvements in these catalysts will focus ~ y  upon: 

• Increasing ~talyst activity 

• Im~ovin~ prc~uc~ selectivity for I/quid fuels and redoclng the 

yield of 

• Developing c~talyst sTsts~ ac t /~  at hi~ CO:~ r~ t i~  

• Incorporating ~.r--gas shift activity, either directly in the 

~talyst or util izing a miru=e of ca~13,~.s in the slurry 

Task 3 -- The has.line catalyst cum[x~it/ons derived fz~ both mmtal 

be used to establish baseline slurry F i ~  rate ~ al~ 

activation energies. Then the more active and selective slurry (mTalyst 

ccm%:~sitions, identified ~mder Task 2, will also he Dsed in 68,Eivil~ 
slcrry F~ kinetic psz-amters. An e ~  back~L~e~ C~ ~ ~ he 

used in fitting the kinetic paz-8~rs. The kinetic ~ 

will then be in~t to a tl'~ee-1:base I x t ~ e  ~ cc~L:~e~ ~ in  oxdsr 

to predict: com~n~icns and slmce tim yields in cm~zcial scale bubble 

~iumn units under a ~ of oparat/ng c~1~%it.icms. 

An attenpt will be --de to detemine kinetic ~ that 

describe u~e rate of f~mtion of inltv/dual pr~.c~ cr 

fract/ons. This will be used to predict Sl~Ce ~ yields of Imdiwldmsl 

prock~t cm~m~mts or fuel fzact/mcs in a om~ercial s(mle bubble column. 

FinaLly, mechanistic cuncep~ will be exm~med, such as olefin 

reincorpozation into gnmring chains, by adding stall ammm~ of olefins to 

the feed and de~-~.ing the affect on ~ salecttvittes. 

Task 4 -- Xn Uhis Cask, h~az~m ~ f=~.i=~, acc=mlatea 

from s~mm of the ic~ger slurry ~ of the ~ ~tmLlysTJs, ~ 

c~11~ under constant pzc~s c~diticcs and subjected to a ~r/es of 

tests to evaluate ~ir ~ as sp~fi~tio, fuel. 
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3.0 ~ AND D ~ C ~  

This section contains potentially patentable material and has, 

therefore, been issued in a suppl(~entary report marked "not for 

publiGatian". 



4.0 ID~~TAL 

This section contains p~entially p a ~ e  material a~ has, 

therefore, been issued in a sup~lemantary report marked "~M~ far 

publi~tion". 



5.0 

The fJill(~l technical assistance of P. A. Dotta, G. W. Ix~ng, 

M. Louie and L. E. Schaefer is gratefully acknowledged. 
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