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EXECUTIVE SUMMARY 

In the sixth quarter of the Air Products and Chemicals, Inc./United States 
Department of Energy Contract, "Novel Fischer-Tropsch Slurry Catalysts and 
Process Concepts for Selective Transportation Fuel Production = , work continued 
on the three ma~or tasks: Task 2 --  Development of Improved Supported Catalyst 
Compositions, Task 3 --  Slurry Reactor Kinetic Studies, and Task 4 - -  Fuel 
Product Characterization. 

To study the effect of Co-to-promoter rat io on the performance of the 
silica-supported catalysts, four Co/Zr/silica catalysis were prepared by 
varying the Zr loading, with the Co loading held at 4%. This gave a series of 
catalysts, including the basecase Co/Zr/silica catalyst, having Co/Zr ratios of 
0.53, 0.83, 1.9, 6.6 and a composition having no promoter. 

Gas phase testing of th is  series of catalysta was completed th is quarter. 
The results indicated that  for  optimum bulk ac t i v i t y ,  the Co/Zr ra t io  should be 
closer to 1 than to the basecase value of 0.5. Specific ac t i v i t y ,  however, was 
best for the basecase catalyst .  Total fuels se lec t i v i t y  (C5_23) was also 
best for the basecase catalyst ,  especially i f  s t ra ight  run l iqu id fuels 
.=~C 18)was desired. Overall, i t  then appears that  the optima, Co/It ra t io  

5n 0.5 for gas phase performance, although lower rat ios were not 
i nvesti gated. 

One other Co/Zr/si l ica catalyst  was prepared th is  quarter. I t  had a surface 
area analogous to that of the basecase C o / I t / a l p i n e  catalyst  so that  an 
a c t i v i t y  comparison could be made bel;ween them without the influence of surface 
area ef fects.  

The Fe3(CO)lz/Zr(OPr)4/siltca catalyst was gas phase tested to 
determine the inherent water-gas sh i f t  ac t i v i t y ,  since iron carbonyl was being 
added to the cobalt catalysts in an attempt to improve water-gas s h i f t  
ac¢iv i ty .  This catalyst showed very l i t t l e  Fischer-Tropsch ac t i v i t y  over the 
ent i re 220°C to 280Oc temperature range (<6% syngas conversion at 
280°C). Loss of iron from the catalyst did not occur. The cause of the low 
a c t i v i t y  may be due to formation of very =mall Fe par t ic les  which are known 1:o 
exhib i t  low Fischer-Tropsch ac t i v i t y .  

Slurry screening tests were performed on two catalysts.  One was a Zr - 
promoted ruthenium catalyst supported on s i l i ca .  This catalyst  gave good 
resul ts in the gas phase tests but proved to be a poor performer in the s lur ry  
phase tests.  The catalyst  deactivated rapidly and Was found to be covered with 
coke at the end of the run. The other screening tes t  ~as on a Zr - promoted, 
cobalt catalyst supported on s i l i ca .  This catxllyst had less Zr than the 
previously tested catalyst  of th is  type. The test  showed that the specif ic 
ac t i v i t ywas  lower with the reduced Zr loading. 

The extended slurry test  which was begun last  quarter continued th is  
quarter. The same load of catalyst was run at 240oc for  1000 hours and then 
at 260°C for an additional 1200 hours. At each temperature, the catalyst 
underwent a gradual decline in ac t i v i t y .  



All liquid organic and wax p r o d u c ~  were  collected durfug the  initial 1009 
hours of operation of the Co2(CO)8/gr(oI~)4/SiO 2 ~ ta l ys t  in  the 
extended ShL-'ry test #8862-1-31, in orde~ to isolate and characterize the 
die~ l  fuel f l ~ : l .  The diesel fuel p roduced  d ~  t h ~  pel-iod of OlSemSon 
had a f a t t y  high flash point, essentially no water  or sediment, low sulful ' ,  
a n d  negfigible a sh  and carbon res idue.  I t  showed v e r y  low co~-rosiveness and 
had an outs tanding eemne index. As a resu l t  it met all specifications for  the 

qualit 7 d i u e l  fuel oil (ASTM No. I-D) except for  ve~ small variations 
from v i s c ~ i t y ,  cloud poiut and 90% ~ point. 
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1.0 INTRODUCTION 

The fu tu re  use of coal as a transportat ion fuel ~ depend 
on the development of an economical and ene rgy  e~ieient  
liquefaction process.  The two most advanced p~ocesses a~e the 
direct lique~action z~ute ~uvolv~ug the dissolul~on of coel in a 

• solvent reded by  a mild hydrogenation and the i n ~ t  ~oute in 
which coal is f i rs t  gasified 1:o synthesis gas followed b y  the 
Flacher-Tropsch reaction. The indirect liquefaction process is 
the only one ~ t l y  prant:kmd commatwta]ly and, in this 
z~espect, has a firm dam base of pzmctical experience.  

The Fische~-T~opsch reae~on,  in which ~ b o n  monoxide is 
reduced b y  h ~  and polymerized, pr~du~e~ hyd_~o~bons with a 
broad range of molecular wei~hm, from methane to ! m i n i m  waxes. 
This creates the need for  f u r t he r  downstneam p~o~essinE such as 
hydmcracking  and light oleflu o l t ~ o m ~ i o n  ~o ~ the 
yield of liquid fuel product .  Since the discovew 3- of the 
Fmchez-Tz~psch ~ e t i o n ,  extensive res~ has been aimed at  
oontrolHng the produc~ sele~'v',~ty in o rde r  to ~ s  
downstream ~_ming and still ~mains a p~Ime ~ t  for 
innovation. P~-ev~ous ~ has shown that selectivity is 
,rainy controlled by c~talyst composition and process conditions. 
Despite the vast effort in calalyst l~sea_~, no oatelyst has 
been developed that yields a nm-mw p~xiu~= dist~'bution of only 
gasoline or d~esel fuel.  Because of this, produc~ selecl~.viW 
has been more successfully eonl~olled b y  n~mipulating process 
conditions. 

Since the Fischez~-Tropseh ~ e t i o n  is ~ . ~ o ~ c ,  conl~ol of 
the ~eaction heat plays, a major ~ole in detemnining product  
selectivity. Suspending the ~atJalyst in a liquid medium affers 
the bes t  meens of heat  l~ansfme and tenrpez~ttu, e control. Thus 
s lu r ry  ~hase operation ]ms been shown to give improved liquid 
product  selectivity mainly b y  l o w ~  the light gas yield. The 
amount of data fTom slmwy phase operation, howevel% is l~ i ted  
to only a few studies and ~ t  d i f l ~ e e s  have been 
repor ted in yields,  catalyst life and ease o£ o p e ~ o n .  One 
consistent obsez-vation is the lower gas yields snd Jmpz~:)ved 
gasoline and diesel pz~due~ selectivity. The hnproved 
~.mpemture control has allowed this technoloEy to be useful  in 
convert ing carbon monoxide-:~.~h ~/nthesis  gas from the latest  
coal  Easifiers. 

S I ~  phase operation also a p ~  to be more amenable to 
scale-up.  Much r e s ~  renmius to be done to ful ly  detez~ninG 
the potential of s lu r ry  phase Fischer-Tropsch pl~oeessin E and its 
~J_~t~er development is an hnpormnt ~ in  our countryls progz~m 
to establish viable technology, fo r  convez-tiug coal to 
convenl:ional h ~ b o n  fuels.  

-1-  



Undal, p ~ n .  eon~,aet  numbel.  DE-AC~-80PC~K)21 wi th  the  
D e ~ t  of  Energ'y, Air  l~wclucm and  Chemicals, Inc .  d ~  
severn] new slm.t .y-pbase R s c h e r - ~  catalyst systems that 
pro- , ided enhanced  s e ] ec~ r i t 7  to l iquid fuel  p r o d u c t s .  One g roup  
of  these  c a ~ l y s ~  inc luded  Co o r  Ru carbonyls  on a special ly  
p l - o m o ~ d l ~  l m p l x ~ .  To fm ' thae  deva~-p a n d  tmpL, ove t b e ~  
catalyst s y s ~ ,  Air  P r o d u c t s ,  b y  the  current c o n t r a c t  to  DOE, 
has  begun  a p l a n . a m  to ~p lwc luce ,  evaluate and  ~ 
caml'yw~ in del~tl.  Rzmmination of the  c~ t a ly~  ~ in t h e  
s l u r r y  p h a s e ,  a long wi th  fuel  In 'oduct  ~ l ~ i o n  will be 
u s ~  to i m p u r e  p e o e e ~  design.  ~ o w l e d ~  ~ f~.om these 
s tud ie s  will p rov ide  a basis  for the de~iopment of novel  
improved  c a m l y ~ s  a n d  p roces s  concep ts  fo r  the  e~lec~ve 
p~-oduction of  l iquid U'auspoz~a~on fuels from s y n t h u i s  gas .  
Work accomplished in the  ~ x t h  qua.---ter is desc r ibed  in  thin 
r e p o r t .  

-2- 



2.0 OBJECTIVE 

The mjon ~ of th~ p~o~ec~ is to thoroughly ~nvesligute 
p~epe.ration, ~ e z ~ z a t i o n  and pe~ozmance of metel 

carbonyl cluster-rinsed catalysts fo~ use in slu~r~ phase 
FJscher-Tropsch technology. As this understauding o£ catalyst 
behavior ~ ,  ~mp~oved catalysts will be designed and 
process concepts developed t o w a ~  i n ~  catalyst activity,  
l ife.me and selective production of liqu/d fuel p~)duct.  The 
objectives will be add.w~ed by" the follow'Lug fou~ rusks: 

Task 1 - -  Develop a project work plan which presents the 
dett i lad a~-~vil:ies to be pe_~o~ed in ach ie~ug  the objectives 
of this p~ jec t .  Tiffs rusk has been completed in the f i rs t  
quar ter .  

Task 2 --  Develop improved supported cobalt and ruthenium 
carbonyl c lus te~based catalysts by utilizing the promising leads 
ods~ve~ed dm-lng l~ior  work at Air Products unde~ DOE contract 
numtm~ DE-AC22-80PC30021, which has shown that  metal ca~honyls 
s u p p o r ~ i  on modified ~ . ~  exh~ i t  high ~ ,  stability.  
and good selectivity to liquid fuels m the ~ phase 
Fisvhe.~-Tropsc~ p ~ s s .  New catalyst comlx~tions designed to 
give en]mnced selectivity to liquid fuels wK1 also be developed. 

In this ~ ,  camtys~ w~l be evaluated and  tested for 
thei~ potential to eonvel.t synthesis gas into liquid hydrocm~bon 
fuels.  Camly~m w~l be studied by  a combhmtion of tests  in 

and fixed-bed ~ . t o ~  and will be evaluated on the basis 
of activity,  selec~viW, smbKity end aging. In addition, 
caUdys~ w~l be chsnaete_-4zed by  surface end bulk analyses. 

Imp~vemen~s in these catalysts will focus predomizantly upon: 

• I n c ~  catalyst ~-dvity 

• improving product select£vity for  liquid fuels and 
reducing the yield of methsne 

• Develop~ug catalyst systems active a t  ~ h  CO:it 2 ratios 

• Ineoeporating water-gas shift  activity,  eithen dizectly 
in the catalyst or uUlizh~ a mixture of catalysts in the  
s l u r ~  

-3- 



Task 3 - -  The  baseline ca ta lys t  compositions der ived from 
both cobelt and  ru then ium carbonyl  c lus te rs  will be used  ~o 
es tabl ish  beaeltne $1u~'y Fischet.-Tropsch rste constants and  
ael:lvation e ~ t ,  g les .  Then the mo~e act ive and  select/ve s lua-~  
ca ta lys t  ccmpesitio,m, ident if ied u n d e r  Task 2, will also be used  
in der iving sinrt-y FT kinetic p a r a ~ t e r s .  An existing 
CSTR model will be used  in f l t~nR the  kinet ic  patwmtees. The 
k lnedc  I ~ m m e t e ~  obtained will then  be inpu t  to a t h r ~ - p h a s e  
bubble column ecmptrte~ model in ow~F to p red ic t  ~ and  
space time Fields i n  ~ scale bubble column un i t s  u n d e r  a 
range  of ope ra~ng  contritions. 

An at tampt will be made to determine kinet ic  ~ s i o n s  
tha t  desctn'be the  la te of foz~at ion of  individual  p ~ t u c t s  or  
p roduc t  f~aebons.  This  will be used  to p~Kliet  space t r ee  
yields of individual  pmJduct eomlxments or  fuel  reactions in a 

scale bubble  column. 

Finally,  - .~-~mei~ic concepts will be examined,  such  as  
o k ~ u  e~oeoepoea~on into growing cha/ns,  b y  a d d i n g m a n  
amounts of oleflns to the  feed and  determining the  effect  on 
p roduc t  select ivi t ies .  

T ~ k  4 - -  In  th is  t a sk ,  hydz~x~wbon ~ e t  f~aeUoas, 
accumulated from some of tim ~ slm, e y  t e s t s  or the iwl~oved 
ca ta lys t s ,  w~t be collected unde~- cons tan t  prxx:em eondil~un~ 
and  sub'~ected to a se~-les d tes t s  to evelua~e theie  p~o~.t~les 
as  specifieatio~ fue l .  

- 4 -  



3.0  

3.1 

3.2 

RESULTS AND DISCUSSION 

Task_...__!1 - -  lh-oject Work P lsn 

This t ask  was cx~pleted and  reported on in the f i rs t  q ~ e r  report .  

Task 2 --  Development of Improved Supported Catalyst  Compositions 

Ca) Catalyst P~epL~ation 

(i) c~(co).IZr[OPr)~ 

To study the effect of Co-te-pz~moter ratio on the 
performance of the silica-supported catalysts, the following 
four Co/Zr/sflica catalysts were pre~. The cobalt loading 
was kept  at  4 wt%, while the zi~--onium loadiuE was. 
pror~msively  lowered. This gave a se~es  of ~ t a l y s t s ,  
iucludinE the  basecase ~alalyst,  having Co-to-Zr ratios of 
0.53, 0.83, 1.9, 6.6 and a final cata lys t  havinE no added 
promoter. A l i  fou~ catalysts wel-e prepaz~d using the sta~dalwl 
impregnal~on p~-oeedttm. 

Catalyst # Nt~ Co Nt~ Z~ Co/Zr 

8466-45 ~-. 0 4 .8  0.83 

8466-46 4.4 2 .3  1.9 

8466-47 4.6 0.7 6.6 

8466-49 4.2 0 = 

(~) c~_(co)~tzz(oz~)d/sio? (ogalvst #84ss-ss) 

An ihc~ease in activity was observed for the ColZr catalyst 
when silica was used as the support in place of alumina. Since 
the sJ l t~  su~axm az, ea was 50% ]az, ge~ than that of the 
a l - ~ n ~ ,  i t  was o~ interest  to detex~ine E ~ ~ su~ace 
area was ~-~ponsfble for  the enehanced ac t i v i t y .  Thus a 
Co lZ r l s~ , ' -  catalyst was !0re~ which had a re--'7 s'm~Is~ 
su~ace az~a as the alumina-supported catalyst. The metal 
Ioadings we~ anelogous as well. The low surface ~ silica 
was l~m~ f~om the smnda1~ hiEh su~ace  silica by 
calcisation at 900°C. 

(b) Gas P~ue Sc~min~ 

Al l  of the catalysts screened in  the f ixed-bed z~aetor ~ qus_wte~ 
were activated using a pure H 2 l~rOcedu~e as desex'bed in Section 
4.1(b). Specific run conditions did ~ somewhat and are documented 
acco~lingly. Gas phase performance data is s ~ e d  in Table 1. 



(i) Fe~(CO)1~IZz'(O-~h-)___~_/SiO~ - - Run #8413-88-40~ catalyst #8466-40 

(it) 

This ca ta lys t ,  which was p repa red  last  quaz'ter,  was t e s t e d  
in the FLx~d-bed z, eaeto~ to examine the  behavioe of an Fe-only  
catalyst  on ziz~onated silica. Of p a ~ c u l a z ,  in te res t  was the 
inheren t  w a t e ~ g a s  shi f t  (WGS) ac t iv i ty ,  s ince i ron carbonyl  
was being added  to the cobalt catalFsts in an attempt to 
improve WGS ac t iv i ty .  The test was performed in the usual  
manner with mass balances at 2 ~ ° C ,  240°C and  ~O°C. The 
fz~sh cata lys t  contained 2 .4 t  Fe and  7 . ~  Zr.  

This ca ta lys t  showed ve ry  little ac t fv i ty  oveP the entil, e 
220°C to 280°C tempera ture  m ~ e .  Even a t  ~ 0 ° C  the 
total synLeas eonvers ion  was less than  6~. This su~ t - i s l ng ly  
low act ivi ty  was Faz~t thouffht to have been  caused  b y  loss of 
iron from the  catalywt as volatile Fe(CO)5". Analysis of the 
used  cata lys t ,  however ,  showed tha t  it  s1~ll contained 2.5~ Fe,  
indicat ing that something else was z'esponsible for  the poor 
pe~orl~llce. 

The low ac t iv i ty  may be rdlated to the  parffcle size of the  
Fe on the ca ta lys t .  The_.~ are  many l i t e ra tu re  repol, ts 
eoneeraJng the s w u e t u m  sensitivity of cm-bon monoxide 
h ~ ~  (1) .  I t  has been shown that  the act iv i ty  of 
Fe-based cata lys ts  i n ~  with ~ ~ p81q~clo 
(2). It is also known that very small Imx-tide S can be 
obtained by us ing  Fe3(CO)l s to prepare supported mtalysl~ 
(Z, 4). .  Since otw shim suppom had a high ~ a=~ 
(:Z39 m~lg) a n d  the  iz,cm loading was ~i-- ly low, ou~ catalyst  
Nay have had  v e r y  smell part icles which  limited the  ac t iv i ty .  
For wbateve~ t~ason ,  it  is obwious w h y  the  addi t ion of Fe,  as  
iron ca~bonyl,  to t h e  cobalt cavbonyt-based catalyst  had no 
effect on the NGS act iv i ty .  

C (CO) /Zz,(OPr) I, IO  - -  Run  IS4.13-gs-   Catat t # .8 6-45 

This was the  f i r s t  catalyst  t e s ted  in the  s e ~ e s  of 
catalysts  where  the  cobalt  to promoter  ra t io  was var ied .  This 
catalyst  contained 4.0~  Co stud 4.8~ Zr wi th  a ColZ~ ratio of 
0.83. This compares to 3.5~ Co, 6.6~k Zx. and  a Co/Zr radio of 
0.53 for  the  baseease  catalyst  eomlmsition. For c o m ~  the  
resu l t s  ~ the  beseesse  catalyst  tes t  (4t8413-28-18) m found  
at  the bottom of Table I .  Lowez-ing the  amount of z/x~on/um 
gave a s l ight ly  mo~e act ive  catalyst  as ~ b y  the 11 - 
12t i n c e e a ~  in bu lk  ac t iv i ty  ove~ the  b a s e m s e  catalyst  at  
240°C and 260°C. Specific a e t i ~ t y  was somewhat lower tban 
the  basecase because  caz, bon monoxide utz3Jzation was not as  
good. 



( iv)  

Coml~cTed to the basecase tots/fuels seIect/vi~ (C5_23) 
de<ceased and methane seJect~vity incz~sed as the amount of 
p~omoter was l o w e ~ ,  e s p y  at 2~0°C and 240°C. AI: 
220°C and 260°C there was a Eenezml shift toemz-d l ighter 
lO1~duets, while at 2400C, the product distm'bution became 
b r o e d  with the lemgest wax (C24+) selectivity o c ~  at 

~empe~atu~.  This  t~end  bf iucTsasing b u l k  ac t iv i ty  and 
d ~ g  liquid fuels se l ec t iv i ty  as the CoJZr ratio 
iuc~msed was also observed for the gas phase tests of the 
Co/Z~IA]20 3 ca ta lys t ,  

Co~(CO)qlZr(Ol~)~ISiO? -- Run #8413-99-46~ Catalyst #84..66-46 

This was the second in the series and contained 4.4% Co and 
2.3% Z~ with a ColZr ~a1~o of l.g. This time as the zL~-oniom 
load.i.ug was decz, e a sed  t h e r e  was a drop in b o t h  b u l k  and  
specif ic  ac t iv i ty  a t  220°C and 240°C. This amounted  to a 
16% decline iu bulk activity at 240°C and over 50% decline at 
220oc. At 2600C, howeveP, thePe was a s]iEht 7% i~¢:~ease 
in bulk activity with only a minor diffez~uce in spe~fie 
aclJ.vity. 

T]~e~e was no zeal  t r e n d  es tab l i shed  f o r  the h y d z w < ~ b o n  
se lec t iv i ty .  At 220°C, a sh i f t  toward  l ~ h t  p ~ x i u e t s  
predominated  with CH 4 s e l e c ~ v i t y  a t  a ~ather  h i g h  value  of 
25 wt%. Inc~msin E tO 240°C caused  a b r o a d e n i n g  o f  the  
h y d ~ c a ~ b o n  p r o d u c t  s la te  simflsm to the  p~evious  c a Z a l ~ t .  
Liquid  fuels  se lec t iv i ty  was 69 wt% e o ~  to  72 wt% fo r  the  
base~se,  however, the CH 4 s e ] e ~ v i ~  . a s  the s ~ e  t o t  ~oth 
~-tslysts. At 260°C, both this ~ ta lys t  and the ~aseease 
catalyst gave very siad]ar hydzomrbon selectiviCies. 

Co?(CO)?iZr(OPr)alSiO? -- Run #7743-2-47~ Catalyst #8466-47 

The ~ catal3~-t in this se~es had a CoIZ~ l-atio of 6.6 
with 4.6% Co and 0.T% Zr. At 220°C and 240°C the 1~end of 
decl in ing  ac t iv i ty  wi th  d e c r e a s i n g  z i1~nium loedlnE con~nuecl 
with bulk ac~v/l:ies of 9 and 36 mo]s synEasJE E cat/h~, 
~1~-tively. At 260°C, however, the bulk ac~dvity showed a 
d_~amatie increase to 98 tools synEaslkg catJhr. This Isz~e 
incz~ase m y  have  b e e n  due  more to local h o t s p o t s  on the  
catalyst than to J n ~ c  catatyst activity since tempe~tu~e 
control was ve_--y dif~eu/¢ a¢ 260°C. 

Hydz~<m~hon se/ecfivity continued to sh~ft t o w a ~  l ighter 
ply>ducts as the zL~nium loading was d e c r e a s e d .  A t  220°C 
and 260°C the methane se/~vity was 22 az~d 36%, 
l-es~vely, and the total liquid fuels selec~vity was never 
EJL~sater than 50%. As wi th the prevS~us ,~talysts in this 
smdes, the best selecl~vity was obtained at  240°C, whe re  
C5_23 was 63% and methane was 15%. This c o ~  to 72 and 
10% respectively, foz" the basecase catalyst at 240°C. 



(v)  Co?(CO).IZr(OPt')~/SIO ~ -- Run /V~43-8-49, Catal~mt #8466-.49 

The final catalyst  in this  ser ies  was p ~ ~  without  a n y  
p romote r  and contained 4.2% Co. This catalyst  showed the  
lowest acl~vity of all the  ca ta lys ts  m s M  in this se r i e s .  At 
260°C the buIk ac~viW was only 33 mo]s s'Fnges/]r,R catlhlr 
compared to 74 tools syngaslkg catl]~ for  the  tmsecase.  At 
240°C the  bulk ac1~vi1:y was 50~ Iowe~ than the tmsecase.  
Specific act ivi ty  showed an Cgreat even  e r  decline and  w~s only  
0.20 tools CO/tool Colmi~ at  260 ° 

The hydrocarbon  se lec t iv i ty  con/~nued the  tz~and towm~ 
l igh te r  p roduc ts  with the bes t  total fuels seleetiwity obta ined 
a t  240°C as usual .  What was unztsmal w u  tha t  at  240°C the  

~ 5-23 fram;ion contained an abnormally lm-ge amount of 
1 9 - 2 3  m ~  (21%) and the  wax (C24 +) select iv i ty  was 
b bat 18%. 

The ef~e~ of CoiZr rat io on gas phase bulk  and 
ac t iv i ty  for this  series of s / l tca-supported catatysm is 
p lo t ted  in Fikmres 1 and  2. For opl~nnzm bulk ~ y  it  
a p p e a ~  that  the Co/Zr ratio should  be ~ to 1 than  to the  
basecase  value of 0.5.  Spec/fic ac t iv i ty ,  however ,  was bes t  
fo r  thA ~ ~ t .  The ~ m ~ 0  followed a 
toward  ~ values as the ~ u m  content  i n m ~ d .  Totat 
fuels  se lect iv i ty  was also bes t  for  the  bmecase  catalyst, 
espects l ty  if ~ t  ~ liquid fuels (Cs_lS) was des / r ed .  
Overal l ,  i1: then  a p p m ~  tha t  the  o p l ~ u m  Co/Zr rat io is qui~e 
nea r  0 .5 ,  a l though lower ra t ios  were  not i n v e s t ~ a t e d .  

(c) S lur ry  Reactor  Tests  

th is  q u a r t e r ,  s l u r ~  sceeen ing  tes ts  were performed on two 
catalysts .  Also, the extm~ded tes t  t ha t  was begun last  q ~ r  w~s 
continued.  All of the  tests  were  conduc ted  in 1-1ite~ ~eaetors .  In  the  
sc reen ing  t e s t s ,  the  opera t ing p a m ~ t e r s  were  var ied  to de te rzdne  the  
conditions n e c e s s a r y  for  op~z~un cata lys t  p e r f - - .  The p ~  
objectives of the  ex tended  t es t  w e ~  to examine pe_~ormanee s t ab fd ty  a t  
constant  ope ra t i ng  ~nd i t i ons  and  to obtain samples for  fue l  
~ ~ n  s tudies .  The two ca ta lys ts  used  in the  sc twening t es t s  
w e l - e :  

O A ZI- - Ireomoted, m t l ~ n i ~  catalyst  suppox, ted on sil ica.  As 
r epom~d  in the  O c t o b e r -  December ISSS q u a r t e r l y  Repor t ,  this  
ca ta lys t  gave the  h ighes t  bu lk  and  specific act ivi t ies  of a n y  
ca ta lys t  t es ted  to tha t  time in the  gas phase  reac to r  (Run  
#8413-73-37). For this  r eason ,  the  r~ t .h~u im on silica 
ca ta lys t  was chosen as a candida te  for  the slu_w-y r eac to r .  

A Zr - promoted,  cobalz ca ta lys t  suppor ted  on silica with a 
Col Zr rat io of 1.9. This eomlmuws to the $ ~  ~ t o r  t e s t  
(~6T0-11-18)  where the  Co/Zr  ratio was 0.5.  The gas phase  
tes ts  showed a h igher  specific ac t iv i ty  with more Zr and  it  was 
d ~  to see whe ther  ~ was also t rue  in the s l u r ~  
M c ~ o r ~ .  



Selected resul1~ for the slurry tests are ]isted in Table 2, along 
with representative results of all pzevious slurry tests from this 
contract for comparison. 

(i) Ru~(CO)I~IZr{OPT)AISiO ? -- Tes t .#8862-16-37, Catalyst #8466-37 

Since the gas p h a s e  tests fo r  this  cam/ys~  were  so 
success fu l ,  R was  decided to examine the  catalyst  in the 
sluzTy zeactor. In  summing, the cata lyst  per formed poor ly.  I t  
deactivated r a p i d l y  which  was probably caused b y  coIdug of  t h e  
ca ta lys t  tha t  was o b s e r v e d  a t  t he  completion of  the run. The 
catalyst contained 4.1% Ru and 4.7% Zr. The aetival~on 
procedure is descsu'bed in Section 4.1 (c) and the acfivi_ty, 
convers ion and  s e l ec t i v i t y  da1~ of this  c a t a l y s t  aze summarized 
in Table 3. The  d a m  fo r  each mass ba lance  sample are  l is ted 
in Tables 4 - 23 and hydroc~bon cUstrfbutions a~e illustea'ced 
in Figuras 3 - IZ. 

The first set of runs was conducted at 240°C and 300 
1~stg. A summary of the results is presented below: 

Sample # SV COIH 2 . Conversion 
CL/g cat/hr) (mol ratio) (% H2+CO ) 

Bul k Activity 
Cmol syngas/kg cat/hr) 

3 2.0 0.5 "J,2:7 
6 1.0 0.s 36.8 16.4 
9 1.o z.o zo .8  9.3 

z.0 5.s s.z 

The most notable feature of this catalyst was the rapid 
deactivation that ~ .  This can be seen readily by 
e x a m h ~ g  ~ f z ~ t  two mass "balance p o i n ~  wb.ich were m.l~en 
after 44 and 116 hours of operation. Normally, the conversion 
as  a p e ~ n m g e  o f  r e a c t a n m  fed  would  b e  e x p e c t e d  to be h i g h e r  
with a lower s p a c e  v e ] o c i ~  due  to the  i n c r e a s e d  res idence  
time. However ,  in  t l ~  case ,  convere ion  d~opped  b y  23%. 
S'mdlarly, bu lk  a c t i v i t y  dec reased  s ign i f i can t ly  be tween  
Samples 9 and  12 which  would no t  b e  t h e  logical r e su l t  when t he  
only  ~ was  all :i~o.cz'ease in space v e I o ~ t y .  

The n e x t  s e t  of  lqms was c o n d u c t e d  a t  260°C and  300 !~sig. 

Sample # SV CO/H 2 Conversion C1 
(L/g cat/hr) {mol ratio) (% H2+CO) (Wt%) "" 

15 2.0 1.0 9.3 19.4 
18 1.0 1.0 6.8 25.4 
21 1.0 0.5 19.5 45.6 
24 2.0 0.55 10.4 51.3 



Bulk activity did incz~mse between Samples. 12 and 15 when 
the tempemnme was mdsed from 240°C to 260°C with all 
otheJ~ condil:ions being held comslant. This would be expectS. 
Compaz~g Sample 9 with 18 for width tempm-atuze was also the 
only  e.hange, shows a l o w ~  convatwion at  the  h i ~ h e r  
t empera tu re .  The phenomena  is also t r u e  w h e n  one makes a 

compazCson b e t w e e n  Sample pah-s 6 - 21 a n d  3 - 2 4 .  

This  indicates tha t  the  deact ivat ion is conl:inuJng. 

Note also that a digtinc~ shift t o w ~  l o ~  a l o ~  
weight p~xiuc~s is o ~ T i n g .  The methane s e ~ v i t y  
shown above for 260°C operation ~ with an ave,-aEe 
selectivity for methane of 8.0 wt% when o p e m l ~  at 240°C. 

Afte r  689 hour s  of  opm-adon,  Sample 27 was  t a k e n  a t  feed  
condit ions Identical  to ~ for  Sample 6. T h e  deact ivat ion  
a n d  the  shift  to l i gh t e r  p r o d u c t s  is ev ident  M o w :  

Sample # 6 27 
Convers ion (% [ Hz+c°)wt%) 36.8 11. i 
Seleetlvity 

C1 6.5 33.8 
C - C 4 2 3.8 12.8 
C5 " C l l  13.0 15.5 
C12 - C18 26.8 16.5 
C19 " C23 Z2.0 10.2 
C24+ 28.0 11.3 

For the last mm (Sample 30) with this ~ ta lys t .  the 
t e m p e m m  ,as mised to 2~°C.  PWssuze m m m d  300 p q  
with SV=I.0 LIE. cat lhr ,  and COPH£--0.5 tool. rat io. O v e M  
co, v e ~ ,  (Hz~CO) ,ms ~.~%. mU~W~ tins is ~ U~u 
the pmeced~ run (11.1%) at 240°C, i t  is slz%l less than the 
c o n ~  anldeved a t  240°C pz~.o~ to ¢kmctivation. 

When the ~ c a  s u p p o ~  m t h e m m  ~ t a l y s t  was ,~moved 
from the reactor, a heavy coke f o ~ t i o n  was noticed. Active 
~ b < m  spedw aze impo,q~ut i n - - m s  iu the 
F i s e . ~ T r o p s e h  s y n t h e s i s  wi th  Ru ca ta lys ts ,  h o w e v e r ,  
m m s f o r m a t i o n  of t he se  ac t i ve  species to gmphi l~c  c a r b o n  
causes  d e ~ d v a t i o n .  T I ~  ca rbon  d e p r i v a t i o n  ~ for  Ru 
ca t a lys t s  has been  well documented  in the l i t e ~ - a ~ e  (5 ) .  

A ruthemium catalyst s u p p o z ~  on alumima ( ~  zqm 
7887-36-4?8) was also tesZed d t u , ~  this eont~ac-t. The mmYcs 
ame ~ in Table 35 of the J a n u ~  to ~ 1985 
~ m t e r l y  Report. When the alumina suppo,-ted and sdlica 
suppm. ted  cata lys ts  a r e  e o m p a ~ ,  i t  mm be seen that the 
lattm, is i u i t ~ y  morn active. However, the s ~  suppo**ued 
catalyst deactivated so rapidly,  that i t  became the cata~st 
with lesser activity. 

Pimm]ly, note that the comparative catalyst test data 
(Table 2) shows that this catalyst produced ~ t l y  mome 
wax than any of the othem calmlysts tested up 1:o this time. 

10 



(i i) C_~(CO)8/Z~(Ol%.)4lSiO ? - -  Test #8862-41-46,  cstslFst #8466-46 

Tim catalyst for Slurry run 8670-11-18 contained 4.9% Co 
and 9.3% Zr. The =talyst for the c~Rnt slu1"~7 run eontain~ 
4.8% Co a n d  2.7% Zr. It  was desL-~t  to see  if  t he  gas  p h a s e  
l~'end of  loweP s p e c i e  ae~viTy w~th lowe~" Z~" loadinEs was  
tmue in the slu~,y ~-eaetors. In summary, the results show that 
the answer is yes and tha t  the selectivity for liquid fuels is 
simaqa~ fo~ both catalysts. The activaldon procedure is 
desc_~-bed in Section 4.1 (c) and the activity, conversion and 
sele~l;J.vity data. of this s~eenin~ test ame summezdzed in 
Table 24. T h e  da ta  fo~ each  mass bs lan~e  sample a ~  listed in 
Tables 25 - 46 and h y d r o c a r b o n  dist~budons are illust~ated in 
Figures 13 - $3. 

The initis/ operaldn E zempez~nn~ (Samples 3 - 12) for this 
catalyst was 240°C. The pressu_Te was held constant for all 
runs at 300 psiE. The FL~t foul- mass balances were taken at 
the followinE conditions: 

Sample # COIH2 SV 
(mol ratio) (Llg cat/hr) 

3 0.5 2.0 
6 0.5 1.0 
9 1.0 1.0 

12 1.0 Z.O 

The  West se lec t iv i ty  to l iqu id  fue l s  (C 5 - C23), 
68.9%, ~ du_~ng Sample 9. Unfo r tuna te ly ,  this  was  a lso  
the  s e t  of  condi t ions  tha t  p r o d u c e d  t h e  lowest  bu lk  a~civi ty ,  
15.8 tool. ~ l k g .  c~tlb~. Smnple 9 also px~duc~d the 
kighest wax and lowest methane selectiviCies, 11.L~ and 9.8~ 
respec~vely. 

~ l e  12 f~om the  c u n ~ n t  s l u r F y  r~m was collL~ted while 
opere t ta  E a t  t h e  same conditions a s  Sample 9 in the  h i ~ e ~  Z~ 
t e s t .  The  spec i f ic  ac t iv i ty  (tool CO/tool Co/rain) fol- t he  lowen 
Zr  camlys~ was  57% of ~ e  s p e c i e  a c t i v i t y  fo r  the  p r io r  
sltUTy ~an .  This  confirms the  t ~ e n d  shown in the  gas  p h a s e  
~ s t ~ .  The  selec~civity to l iquid f u e l s  was only  5.7% lower f o r  
the  ~ t  ca t a lys t .  

The next four runs were conducted at 280°C: 

Sample # CO/H) $V 
(mol ral=.io) (Llg catlhr) 

15 0.96 2.0 
18 1.0 1.0 
21 0.49 1.0 
24 0.49 2.0 
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As expected, the increased tempemtu~  resulted in an 
inc~ase in ac t iv i ty .  Select /vi ty to ]/quid fuel~ ~mm/ned 
above 6096 unt i l  t h e  CO/H 2 ratio was r e d u c e d  to 0.49. For 
Samples 21 a n d  24, the  se lec t iv i ty  to l iquid fue ls  r educed  to 
54.8~ and  44.8~ r e spec t ive ly .  The re  was a co r r~ tx~nd ing  
increase  in the  s e l e c ~v i t y  to methane.  

At 260°C, Sample 15 of the  ¢uz-rent z.un corTesponds to 
Sample 39 of t he  h / g h e r  Zr test. The t r e n d  to lewev spec/~c  
ac t iv i ty  with lower Zr  cont inued,  a l t lmugh  the  reduc t ion  was 
onty 2st. Liqu/d ~ e t s  se~z~vity was a e t u a ~  5.2t h~ne r  
with the c ~ . ~ n t  ~ m t y ~ t .  

After 720 h o u r s  of  operat ion with th i s  catalyst,  Sample 27 
was r u n  at  t he  same conditions as Sample 6 ~o check  for  
deact ivat ion.  The  bu lk  ~ bad dec l ined  f rom 20.6 to 13.4 
(tool syngaslk.g; ca t /h r ) ,  a 35t r~duccion.  Select ivi ty  to 
Liquid fuels  h a d  also decl /ned from 63.7~ to 49.4~. 

For the  las t  two r u n s  (Samples 30, 33), the  temperaCum was 
inc t~msed to  2SoOc. The  condit ions ret ted were:  

Sample # CO/H 2 SV 

(mol ratio) (L/g cat/hr) 

30 0.49 2.0 
33 1.0 2.0 

Sanrple 30 was ~an  a t  the  same conditicnm as  Sm~ple 3 e x c e p t  
for  the ~ in  ~ t t u ~  fToe 240°C to 280°C. The 
increase  in  t e m p e m m r e  a ~ t l y  compensa ted  f o r  the  
desct /vat ion s /nee  bu lk  ac t iv i ty  was 41.2 tool s y ' n l ~ / k g .  
c a t / h r ,  comlmre d to +10.8 for  Sample 3. Se lec t ivf ly  to l iquid 
fuels  was much lower a t  32.0~ vs .  61.7~. S e l e c t i v ~  to Hqtdd 
fuels Jnrproved to 52.T~ when the  CO con ten t  of  the  feed  was 
r a /m~  for  Sample 33. However,  s3peci~c ~ also decl ined 
from 0.244 to 0.168 tool COimol Colmin. 

At 280°C,  Sample 33 of  the  ~ t  r u n  was  conducted  at  
the same e o n d / ~ o n s  as  Sample 42 of  the  h i g h e r  Zz l ~ ¢ t i n g  
caudys t .  Lower specif ic  ac t iv i ty  a t  lower Zz was also t r u e  
he re  with values  of 0.168 and  0.375 tool CO/tool Colm/n. fo r  the  
low and h igh  L ~ o s  z 'upect~vely.  Liquid fue l s  selecci~t~es 
were  ~ aga in  wi th  the  lower loading showing  9~ lower 
walues. 
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(iii) Cog(CO)qlZ~(OP'e)41SiO ~ -- Extended Test  #8862-1-31 

The extended sIulTy phase test z, un was Begun in December 
1985 (see page 20 from the October - December 1985 ¢~mz, te r ly  
Repot-t). The si~ supported, Co/Zr ~ta lys t  was chosen for 
the ex tended  slurry test because  it h a d  shown the best 
10erformance in the lorevious sluzTy scceening s tud i e s .  A 
summaey of the pe~fommanee data obtained d ~ g  th is  ¢luazCer is 
found in Table 47 along with the  lw~-~ults fl, om the Iast  
quarter. Tables 48 - 95 list the mass balance pmscess 
concUldons and hydzoca~bon 1oroduc~t dis1=-.'bulions fop eae.h 
sample looint taken this quaz~er. The weight distrz'buldoms for 
the same samples ate shown ETaphi(m]ly in FiEumes 24 - 49. 

o . 

For the  f i r s t  1012 h o u r s  of  the  slu_wry t e s t ,  the  ~eactor  
was r u n  with the  following condi t ions:  t empemnn~-~40°C,  
pz~.ssure=300 psig, COIH2=0.5 moI ratio, and space 
velodtT=l.8 L / g  catlhr. ~ the course of the r u n ,  the  
bulk  ac t iv i t y  declined from 52.7 to 46.9 moI s y n g a s / k g  ca t lh~ .  
This g radua l  loss of a c t i v i t y  is shown graphical ly  in  
F ~  48. Figume 49 depicts the conve~-sions of H2, CO, and 
H2+CO. The selectivity to the va~ous hy~bon fractions 
is-shown to be stable in F/Em~ 50. 

During this 10e,dod, a power outage occun~ afte~ operating 
for appzoximate/y 420 hours. The automatic safety featuz-es 
built into the MeCor system ,,ause the feed gas and heater to 
shutoff, a m/tmoEen purge to be inlmoduced into the z~actor, 
and water to flow th~ouEh the ~ctor cooling cobs. Duzdng 
the next schechded shift, the z~tor heater was resTazted and 
sysgas was me-inlmodu~d into the z~ac~or. Nominal opemt/on 
was z~stoEed about 22 hoo/~ a.~te~ the powel, fsilol, e. It is 
ap~t that the eatslyst suffemed no s i E n i ~ n t  hsa-m clue to 
th is  process  Ul~Set. All of t h e  character is t ics  s u c h  as  
ac t iv i ty  and  select ivf ty  h a d  r e T u ~ e d  to the r m n d  l ine.  

The  average  z ~ u l t s  f o r  the  operat ion a t  240°C a re  
s u m m a ~ e d  below: 

Conve,~on (% Hz~CO) .... 
Bulk Ac~vity (Mol synEas,~4~ --tlhr) 
Specific Activity (Mol COlmol Colmin) 
sel~vity (wt%) 

61.3 
49.2 
0.29 

C1 19.5 
C5. CL 1 39.1 

11.2 
C12- C18 3.0 
C19 - C23 
Cz4+ 1.8 

The  organic ]iquid and  wax pz~ luc t s  wez, e collected a n d  
saved for  auatysis  as  a su i tab le  diesel  fuel as d~c~-oed in 
Sec~don 3.4.  
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Next,  the  catalyst  tempez-aUzre was x~dsed to 260°C. The 
following o p e ~ l ~ g  conditions w e ~  then  held constant  from 
1012 - 2188 hours of operation: pressuee=300 psig, COIH2=I.O 
tool. ml~o, SV---2.O LIE. cat/hr. 

The results of this portion of the test were aimfla~ to 
those at 240°C. Specifically, there was a gradual -decline in 
catalyst act iv i ty  which is shown ffmphically in Figure 51. 
Conversion data  from H2, CO, and H ~ O  is ~ in 
Figtttw 52. The seleeti~rity to the h y ~ o c ~ b o n  fract ions is also 
shown in  Figure  53. The s e l e c t i ~ t y  data  a~e somswhat 
s c a t t e r S ,  bu t  the re  appears  to be a s l ight  Wend toward more 
methane and  less wax which did  not  occur  at  240°C. The 
liquid fuels  - C23 was Mttle e2mnged. The arm-age 
zesults for  t ]~  ex tended  tes t  ~ t i o n  a t  260°C ewe shown 
] 31~ tOW.  • 

Conversion (% Hv+CO) 
Bulk Act iv i ty  (]~31 ~Ikg catlh~) 
Specific Act iv i ty  (Mol COImol Colmin) 

52.6 
46.9 
0.30 

seec~vity (wt~) 
C1 12.5 
cs - C l z  4z .6  
C12 - C18 18.5 
cC~9+ C~3 6.9¢.7 

All of the  orgmfic ]iqnJ.d and  wax p roduc t s  we.we co]Jeered 
from th is  por t ion of the ex tended  tes t  as was done a t  240°C. 

At t h ~  point ,  it  was decided to at tempt to obtain ¢bata 
that  could be u s e d  for  k inet ic  stndLies from this z~aeto~. The 
catalyst  s tabi l i ty  t e s t  cont inued c o n ~ t l y .  Init ial ly,  the  
temperal:ume was kept  at £60°C, but feed conditions such as 
space veloci ty  and  CO/H 2 feed rat io r ~  var ied .  The major 
di f ference lmtween this test send the  ShUTy sct 'eening tes ts  was 
that each new opera t ing  condition would be allowed time to 
stabilize between sampling times. F u r t h e r ,  if a mess balance 
closure was not  aeeeptable ,  ano the r  sample ~ could be  taken 
before operat~ag conditions were changed  for  the  nex t  t e s t  Jn 
the sequence .  

The kinet ic  r uns  w e ~  begun late in this q ~  and  will 
continue nex t  q ~ .  The ~ a l t s  ~ this  ~ ' s  ~ n s  
aze inc luded  in the Tables and Figtwes for  the ex tended  slm-tw 
test  fo r  completeness.  A full discussion of the tes t s  will 
await the  Apt-iI - June  1986 Quar te r ly  Repox-t when t h e y  a re  
f inished.  
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3.3 Task 3 -- SluITy, Reactor Kinetic Studies 

As r e p o r t e d  :in Sect ion 3.2 ( e ) ,  nes~ the  end of t h i s  q ~  the  foous of  
the  e x t e n d e d  s l u t ~  3, r u n  sh i f t ed  fz~m s t ab i l i t y  t e s t i n g  to  developJz~ d a m  fo~ 
use  in  kdneCic s t u d i e s .  These  exper iments  a r e  not  y e t  complete.  A d i scuss ion  
of the  r e s u l t s  will ~e  p z ~ e n t e d  in  t he  Apr i l  - June  Q u a r t e r l y  Repol, t .  



3.4  T a s k  4 - -  Fuel P r o d u c t  C h a ~ c t e r i z a t i o n  

All l iquid  ~ a n d  wax p r o d u c t s  were  col lec ted  duF/Dg the  /niUgl 1000 
hours of opera t ion  of  the  Co~(CO)8!Zr(OPr)41S/O 2 catalyst in the 
e x t e n d e d  s l ~  test #8862-1-31. The reector was at the same eondiUoms of 
240°C, COIH2=0.5, SV=I.8, L l g  ¢at lhr  and 300 ~ dur ing a t  enUm 
pe.Hod. These  p r o d u c t s  were  col lec ted  in o r d ~  to isolate and ~ the 
diesel  fue l  f r ac t ion .  The  d iese l  r a n g e  p r o d u c t  con ta ined  in t he  wax was 
i s~ la led  b y  vacuum d i s ~ J a t i o n  in a Kugeh .ohr  ( t~ap - to - l z~p )  a p p m . a t ~  a n d  
combined  wi th  t h e  one  gal lon of  l iquid  o r 1 ~ e  pr~x:lUL't. T h e  wax conl:ldlmd 9 
wt~ d iese l  p r o d u c t .  T h e  combined  sample was t h e n  f r a c t i o n a t e d  b y  vacuum 
dis t i l l a t ion  wi th  the  diesel  p r o d u c t  boi l ing r a n g e  d ~ m e d  as  190°C to 
338°(3 a t  760 mm Hg (ASTM s t a n d a z d ) .  The  pot temperatmw was mainlalned below 
940°C to prevent decomposition. 1.06 k~ of diesel rsnge px, oduct was 
obtained. 

T h e  diesel  fue l  p r o p e r t i e s  were  de t e rmined  bY E. W. Saybol t  a n d  Company  
(Ph i l ade lph ia ,  PA) u s i n g  11 s t andaz~  ASTM t e s t s .  T h e  r e s u l t s  a~e shown  in  
Table  96,  a long  wi th  t h e  ASTM r ~ q ~ t s  f o r  No. 1-D diesel  fue l  oil, w ~  
is t h e  h i ~ t  qua l i ty  diesel  fue l  a n d  i n t e n d e d  f o r  u se  m q u ~  f ~ l u e n t  
s p e e d  a n d  load c h a n g e s .  O ur  diesel  p r o d u c t  f ans  wi th in  all  t h e  s ~ n s  
e x c e p t  f o r  v i ~ o ~ t y ,  a loud p o i n t  a n d  the  90~ ~ ]ptz~t. High  v a t a u  for- 
t h e s e  t h r ~  p r o p e r t i e s  tnd iaa te  t h a t  o u r  d iesel  ] ~ c t  con t a in  a h i t  m o ~  
h e a v ~ -  h ! ~ ' ~ a r b o n s .  Out" d iese l  fuel  falls well  w ~ d n  all  t he  s p e d f i m t i o m  
for  the No. 2-D g r a d e  d iese l  fue l  off. This diesel fuel has a f a i r l y  high flash 
point, essen~i ly  no water or sediment, low s u l f a ,  and nql:l~'b]e ash and 

r e s i d u e .  As a ~ of  b e i n g  th i s  "c lean" ,  i t  i s  n o t  COrTOS/Ve. One 
o u ~ t a n d i n c  p r o p a r ~  of  o u r  d iese l  fuel  p ~ t u c t  is  t h e  h i g h  oe tane  vabae. For  
refe_-,enae, the ASTM mqu:h, sments f¢~ all 3 ~ of ~ f~zel oil aim ]lfumK1 
in  Tab le  97, a s  well a s  t he  ASTM coptm"  s~, tp  ~ t e s t  ~ ,  
wh ich  a r e  ~ in  Table  98. 
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4.0 

4.1 

EXPERIMENTAL 

T a s k 2  -- Development of Imp~,oved Supported CatalTst Compositions 

(a) Catalyst Preparation 

Unless othe~sise noted, all  catalyst  preparations were cvx~ed out 
under a N 2 a1~nosphe~e using smnda1~ Schlenk techniques and a Vacuum 
Atmospheres d~y box. 

( i)  Coo(CO)a/Zl"(OPT)a/SiO~ (Cata].~ ~466-45) 

The s ~ c a  (110.7E, D a y ,  on 952) was p r ehea t ed  usiug the 
s tandard  method. A 370-~ hexane solution containing 
Zr(OC3H7)4"XC3H7OH (33.9E, 6.0g Zr) was impregnm~t 
onto the silica. After  thorough mixing, the hexaue was 
evaporated off in vacuo. A solution containing Co2(CO)8 
(17.76E, 6.0g Co) in 180-cc toluene and 120-vc hexane was then 
added to the support  and the solvent removed in vacuo. This 
gave 148.5g of b~--ownish, black solid that c o n f i n e d  4.0% Co and 
4.8% Zr (ColZr=O.SS). 

Cog(CO)~iZr(OPr)dlSiO9 ( C a t a l ~ t  #~4~S-46) 

This catalyst  was prepared using the same procedure as the 
previous c a t a l ~ t  with the following m a t ~ :  

SiO 2 
~(OC~HT)4"XC3ETOH 
~(CO)s 

121.5g 
16.95g, 3.0g Zr 
17.76g, 6.0g Co 

148.3¢ of catalyst was obtained and analysis showed i t  to 
contain 4.4% Co and 2.3% Z~ (CoiZ~=-1.9). 

( ~  ~(co)~l~(O~T)~l~9.? (cat~ ~-47) 

Using the same p~x~duz.e as  "the two previous catalysts ,  
this catalyst was p r e ~  from the following mte_--ds]s: 

 =  C3 7>4"XC3H H 
co~(co)8 

129.6g 
4.24g, 0.75g Zr 

17.76g, 6.0g Co 

150.1g of  catalyst was obtained and had the following analysis: 
4.~ Co and 0.~ ~ (COI~.6). 

(iv) Co?( CO).IZr(OPr)41$iO ? ( Catalpt ~ - 4 9 )  

Using the same procedure as above,  t h i s ca t a ly s t  was 
p r e l m r ~  from 132.2g of SiO 2 and 17.76g of Co2(CO) 8 (6.0g 
Co) to give 147.3g o£ catalyst. The catalyst contained 4.~% Co 
with no prvmoter. 
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(v) _C~9_(CO)8/Zr(OPr)4/SiO 2 (Catalyst #8466-55) 

To lower 1;he surface area of the Davison 952 s i l i c a  i t  was 
calcined at 900°C in s ta t ic  a i r  for 16 ~ours. The surface 
area of the calcined material was 196n~/g. This s i l i ca  
(83.6g) was impregnated with a 130-cc hexane solution 
containing 55.68g Zr(OC3HT)4-XC3HTOH (9.86g Zr). 
After removal of the solvent, the support was impregnated wtth 
a 130-cc toluene (90%)/hexane (10%) solution containing 15.gPg 
Co2(C0) 8 (5.4g Co). Upon removal of the solvent, 134.9g of 
greenish black ¢al;alys1; was obtained, having the following 
elemental analysis: 4.1% Co and 6.8~ Z~ (Co/Zr--l].60). The 
surface area of the ca1;alys1; was 210 m~/g. 

(b) Gas Phase Screentnq 

A de1;ailed description of the gas phase screening reactor and 
procedure can be found in the Project Work Plan. The catalyst charge 
was 10 cc for each test.  Generally, only reac1;or 1;emperature and CO 1:o 
H 2 feed rat io  were varied while pressure and space veloci ty were kept 
at 300 psig and 1000 h ' ~ ( v / v ) ,  respectively, for a l l  the runs. 
Hydrogen act ivat ion was used for  a l l  the tests as follows: Hydrogen at 
1000 to 3000 hr -z and 0-70 psig wLs passed over the catalyst as t t ~ s  
heated to 300°C at 3°/min and maintained there for 16 hours. The 
temperature was then reduced 1:o the desired reaction t~mperature, CO 
was introduced to give 1:1CO/H 2 at 2000 hr "1 and f i n a l l y  the to l~ l  
pressure was increased to 300 psig. 

(c) Slurr~ Reactor Tests 

Ci) Ru__?(CO)l?/Zr(OPr)a/SiO 2 - -  Test #886Z-16-37 

This ca1~lys1; was activated in the 150-cc fixed-bed, 
l~bular reactor using pure H 2 as follows: The reactor ~ube 
was charged urith catalyst in a dry box 1:o give approximately a 
110-cc bed voltmm and transferred 1;o the reactor manifold 
sealed under N 2. The reactor was heated at 0 psig to 300°C 
at a rate of 1a/rain wril:h a H 2 t-loun-ate of 1000 sccm. The 
temperature urns maintained at 300oC for 8 hours. After 
cooling, the reacter ~ms flushed mtJ~ ti2, sealed and 
transferred to the dry box for  catalyst removal. Zn the dry 
box the reduced/activated catalyst  was s lur r ied in deoxygenated 
Fisher I~lraffin o i l  and transferred to the s lurry autoclave 
reac-~or under a N Z purge. 

For th is s lurry test ,  83.1g of reduced ci l~l lyst in a 4SO-cc 
s lurry  volume was charged to the one- l i ter  reactor giving a 
1g.2 ~ catalyst concentration. The metal loadings before and 
af ter  activation were as follows: 

Fres.__..hh Activated 

Ru 4.0 ~ 4.1 
Zr 3.3 4.7 
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( i i )  ~(CO)~IZr{OPr)41SiO 2 -- Test #8862-41-46 

This catalyst was activated and slurried in the same manner 
as above. The reactor charge was 450-cc of a 20.0 wt% slurry 
containing B3.7g of activated catalyst. Elemental analysis of 
the catalyst was as follows: 

Fresh Activated 

Co 4 .4  ~ 4 .8  wL'% 
Zr 2.3 2.7 

( i i i )  C~{CO)~/Zr(OPr)dSiO~ --  Extended Test #8862-1-31 

The activation and s lur ry  charge for  th is  test  was 
described in ~he previous quarterly report. 

(d) Catalyst Charalcterization 

B.E.T. surface areas were obtained using a Micromaritics Digisorb 
2500. 

,o 
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