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EXECUTIVE SUMl%IAR Y 

In the four th  quartet- of the Air Pt-oducts and Chemicals,  
Inc./United States Department of Energv contract, "Novel 
Fischer-Tr~psch Slurt-y Catalysts and Process Concepts for 
Selective Transportation Fuel Production", work continued on the 
two major tasks: Task 2 -- Development of Improved Supported 
Catalyst Compositions and Task 3 -- Slurry Reactor Kinetic 
Studies. 

Four catalysts were prepared during this quarter. Silica 
was Qxamined as a suppor t  for the  st=mctard 
Co2(CO)81Zr(OPr) 4 composition, A mixed Co/Fe catalyst  on 
z i reona tea  silica was pt.eparod from Co2(CO)8 and  
Fe3(CO)12, r a the r  than from the  [FeCo3(CO)12 ]" anion.  
The use of Ti in place of Zr as the pt-omoter was examined with 
the siUea suppor t .  Fu r the r  work on a l te rna te  suppor t s  was 
completed with the prepara t ion  of Co2(CO) 8 and  Zr(OPr)  4 on 
MgO 3.6SIO 2. 

Gas -phase  act.caning was completed on tht.ee ca ta lys t s  d u r i n g  
the  q u a r t e r ,  The effect  of inct~msing the eolmdt loading from 4 
to 11 wt~ for  the  ColZr /AI203  composition was to improve the 
bulk ac t iv i ty  but lower the specific ac t iv i ty  and  to s l igh t ly  
shif t  the  hydroca rbon  se lec t iv i ty  to h ighe r  molecular weight  
p roduc t s .  Using silica as the  suppor t  for the s t anda rd  Co/Zr 
composition t 'esulted in the h ighes t  bulk and specif ic  act ivi t ies  
obse rved  thus  far  in this cont rac t .  Select ivi ty  to liquid fuels 
also improved, The use of silica as a support for the mixed 
Co/Fe catalyst also p~Jvided an improvement in the 
Fischer-TPopsch act iv i ty  but did not enhance the water-gas shi f t  
act iv i ty .  

The fol lowing three catalysts were screened in the s lu r r y  
reactor this quarter :  

O Co(NO3)21Zr(OPr)4/Al20 3 - To determine the ef fec t  
of metal p r ecu r so r ,  this ca ta lys t  was p r epa red  from 
Co(NO3) 2 in place of the usual Co2(CO) 8. This 
cata lyst  did not perform as well as its caebonyl  de r ived  
coun t e rpa r t .  A subs tant ia l ly  lower bulk ac t iv i ty  was 
obse rved  at all t empera tu res ,  and in genera l ,  h igh yields  of 
C24+ oroduc ts  were obtained.  



O 

Co2(CO)81Zr(OPt ' )4/AI20 3 - The Co and Zr loading1; 
of this catalyst were increased to 10.8 and 8.5 wt~, 
respect ively (from 3.8 wt~ Co and 6.8 wt~, Z r  nf the 
baaecase). The bulk activi t ies at 240 and 260°C wef t  10 - 
1596 lower than the beset'see catalyst results; at 280°C, 
however, activity was 20 -25~ greater. The fuels 
se l ec t iv i ty  (C5-C23) was less thsn  60 wt~ at all 
condi t ions  t e s t ed  compared with the maximum of 65 wt~ of the 
basecase .  A subs t an t i a l  inc rease  in bulk  a c t i v i t y  was 
o b s e r v e d  d u r i n g  the  two days  when the  CO/H 2 ratio was 
reduced to O. 5. Exposure to high Ho did not cause any 
appreciable i r revers ib i l i t y  in ac t i v i t y "and  product  
se l ec t i v i t y .  This is important  if r e g u l a r  H 2 reac t iva t ion  
is n e c e s s a r y .  Ne i the r  ac t iv i ty  nor  h y d r o c a r b o n  se l ec t iv i ty  
were  r e p r oduc i b l e  a f t e r  over  380 and  up to 570 houra  of 
t e s t i ng .  

C o ? ( C O ) 8 / Z r ( O P r ) 4 / S i O  2 - This silica s u p p o r t e d  
ca ta lys t  showed the most promis ing r e su l t s  of all the 
catalysts tested to date. The silica suppor t  enlmnced both 
ac t iv i ty  and  se l ec t iv i ty .  A 5096 inc rease  in ac t iv i ty  was 
observed at ~:40°C. When the temperl tur~i  was raised to 
280cC, the ac t i v i t y  was improved by only 10~, relat ive to 
alumina s u p p o r t .  Some of this  c h a n g e  in re la t ive  ac t iv i ty  
may be due to the o b s e r v e d  deac t iva t ion  of the  silica 
s u p p o l t e d  ca t a ly s t .  Liquid fuels  y ie lds  were in the  65 - 71 
wt .~  r ange .  

A kine t ic  da t a  ana lys i s  progTam was deve loped  to aid in the 
ana lys i s  of ca t a lys t  da ta  from the htbo~tory r e a c t o r  t e s t s  
o p e r a t i n g  at s t e a d y  s t a t e .  The r e q u i r e d  spec i f ica t ions  inc lude  
react ion  s to ichJometry  and  k ine t ics ,  the n e c e s s a r y  r e a c t o r  
o p e r a t i n g  p a r a m e t e r s ,  inlet  condi t ions  and  ~ phase  p].oduct 
c o n c e n t r a t i o n s .  Options include choice of f ix ing  or  fi t t inff  
k ine t ic  p a r a m e t e r s  and  ref f ress inff  ra te  coef f ic ien ts  in a 
nor~naLized or  s t a n d a r d  fashion.  Data from the ca t a ly s t  slurt-y 
s c r e e n i n g  t e s t s  and more impor tan t ly  the  e x t e n d e d  t e s t s  will be 
rou t ine ly  ana lyzed  for  kinet ic  co r re l a t ions .  

iJ 
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[.0 [NTRODUCTION 

The future use of coal as a transportation fuel wilt 
depend on the developmen*, of an economical and energy efficient 
ticluefaction process. The two n ~st advanced processes are the 
direct liq,efaction route involvin~ the dissolution of coal in a 
solvent aided by a mild hydrogenation and the indirect route in 
which coal is first gasified to synthesis gas followed by the 
Fischer-Tropsch reaction. The indirect liquefaction process is 
the only one cuPPe.ntly practiced comme~ciahy and, in this 
respect, has a firm dat~ base of practical experience. 

The Fischer-Tropsct~ react ion,  in which carbon monoxide is 
reduced by h y d t o ~ n  and polymerized, produces hydrocarbons wlth 
a breed range of molecular weights, from methane to paPLffin 
waxes. This crea tes  the need for f u r t h e r  downstream process ing  
such as hydPocracking  and light olefin oligomerization to 
maximize the yield of liquid fuel pt~xluct. Since the discovery 
of the F ischev-Tropsch  react ion,  ex tens ive  r e sea rch  has been 
aimed at control l ing ~tte p roduc t  se lect iv i ty  in ordel" to 
minimize downstream ref in ing and still remains a prime ta rge t  
for innovation.  Previous r e sea rch  has shown that se lect iv i ty  is 
mainly control led by catalyst  composition and process 
condit ions.  Despite the vast  effort  in catalyst  r e sea rch ,  no 
catedyst has been developed that  yields a nat-tow product 
distx'ibution of ~ d y  gasoline or diesel fuel.  Because of this ,  
product  se lec t iv i ty  has been mope successful ly  conttoll_~d by 
manipulating process  condit ions.  

Since the Fischer-Tt~opsch reaction is exothermic, control of 
the reaction heat plays a major role in delermining product 
selectivity. Suspending the catalyst in a liquid medium offers 
the best means of heat tt~apsfer and tempet~tut~e control. Thus 
slurry phase opera has been shown to give improved liquid 
pr~duct seJectivity .nly by lowering the tight g~a yield. The 
amount of clara from slurry phase operation, however, is limited 
to only a few s~udies and significant differences have been 
reported in yields, catalyst Life and ease of operation. One 
consistent observr, tion is the lower gas yields and improved 
gasoline and diesel prcduct selectivity. The improved 
temperature control has allowed this technology to be useful in 
converting carbon ,monoxide-rich synthesis g~s from the latest 
coal gasifiers. 



Slurry phase operation also appears to be mote amenable to 
scale-up. Much research remains to be Uone to fully determine 
the potential of slurry t:.bpse Fischer-Tropsch processing and its 
further development is an important part in our country's 
program to establish viable technology for convcrtinE coal to 
conventional hydrocarbon fuels. 

Under  p~ior oont~aot number DE-AC22-80PC30021 with the 
Department  of Energy ,  Air Products  and Chemicals,  Inc. developed 
severa l  new s l u r r y - p h a s e  F i sche r -Tropsch  ca ta lys t  systems tha t  
provided  enhanced selectivi  W to liquid fuel p roduc ts .  One 
group of these ca ta lys ts  was par t i cu la r ly  novel in tha t  it was 
p r e p a r e d  by  suppor t ing  metal carbonyl  c lus te r s  on alumina which 
had been modified by  promoters .  To f u r t h e r  develop and improve 
th~se ca ta lys t  sys tems ,  Air Products ,  by  the cu r r en t  cont rac t  to 
DOE, has  begun a program to reproduce ,  evaluate  and character ize  
these ca ta lys t s  in detail.  Examination of the  ca ta lys t  k inet ics  
in the s l u r r y  phase ,  a long with fuel p roduc t  character iza t ion  
will ~.,~ used  to improve process  des ign .  Knowledge gained ~'rom 
these  s tudies  will provide a basis for  the  development of novel 
improved ca ta lys t s  and process  concepts  for the  select ive 
production of liquid transportation fuels from synthesis gas. 
Work accomplished in the fourth Quarter is described in this 
~port. 



2.0 OBJECTIVE 

The nmJor goal of th is  project  b. to t ho rough ly  
invest lRate  the p repa ra t ion ,  charsc te r izaUon and performance of 
metal carbonyl  c l u s t e r - ba s ed  ca ta lys t s  for  use in s lu t ' ry  phase  
F i s che r - T r ops ch  technoloffy. As this  u n d e r s t a n d i n g  of ca ta lys t  
behavior  inc reases ,  improved ca ta lys t s  will be des igned  and 
process  concepts  developed toward inc rees ing  ca ta lys t  e c t i v l t y ,  
lifetime and select ive product ion  of Uquict fuel p roduct .  The 
object ives will be add re s sed  b y  the following fouz, t a sks :  

Task 1 --  Develop a project  work plan which p r s s e n t s  the  
detailed activities to be pet-rotated in achieving the objectives 
of th i s  project .  This  ta, k has been completed in the f i r s t  
quaMe~'. 

Task  2 *- Develop impz, oved suppomed  cobalt sand ru thenium 
ca rbony l  c l u s t e r - b u e d  ca ta lys t s  by u t i l iz ing  the p~mfls lng 
leads d i scovered  d u r i n g  p r io r  work at Air Products  u n d e r  DOE 
cont rac t  number  DE-AC22-80PC30021, which ham shown Umt metafl 
clusters supported on modified elumimm exhibit high act iv i ty,  
s tab i l i ty ,  and  good se lec t iv i ty  to Uq'Jld fuels  in the slut, t,y 
phase  F i s che r -T ropsch  process .  New ca ta lys t  compositions 
desiffned to fflve enhanced  se lec t iv i ty  to liquid fuels wtL sJamo 
be developed.  

in this  t ask ,  ca ta lvs ts  will be evalua ted  and tes ted  for 
the i r  potent ia l  to conver t  s y n t h e s i s  gas  into l iquid hydroca rbon  
fuels .  Ca ta lys t s  will be s tudied  by a combination of tes ts  in 
s t i r r e d  and f ixed-bed  reac tors  and will be evaluated on the 
basis  of ac t iv i ty ,  se lec t iv i ty ,  s tab i l i ty  and aging.  In 
addi t ion ,  ca ta lys t s  will be charac te r ized  by surface  and bulk 
ana lyses .  

Improvements '_'n these ca ta lys ts  will focus predominant ly  upon:  

o Increas ing  ca ta lys t  ac t iv i ty  

o Improving product  se lec t iv i ty  for Uquid fuels and 
reduc ing  the yield of methane 

o Developing ca ta lys t  sys tems  active at h igh CO:H 2 rat ios 

o Incorpora t ing  wate r -gas  shif t  a c t i v i t y ,  e i ther  d i rec t ly  
in the ca ta lys t  or ut i l iz ing - mixture of ca ta lys t s  in the 
s l u r r y  



Task 3 --  The baseline catalyst  compositions de r ived  from 
both cobalt and ru then ium carbonyt  c lus ters  will be used to 
es tsbUsh basel ine s l u r r y  F i sche r -Tropsch  rate cons tants  and 
act ivat ion ene rg ie s .  Then  the more act ive and se lect ive  s l u r r y  
catalyst  compositions,  ider~tified u n d e r  Tack 2, will also be 
used in de r iv ing  s l u r ry  FT kinetic parameters .  An ex is t ing  
backmixed CSTR model will be used in f i t t ing  the  kinet ic  
parameters .  The l~inetic parameters  obtained will then  be input  
to a t he se -phase  bubble  column computer  model in o rde r  to 
predic t  convers ions  and space time yields in commercial scale 
bubble column uni t s  u n d e r  a range  of ope ra t ing  concLitions. 

An at tempt  will be made to deter 'mine kinet ic  express ions  
that deecvibe the rate of formation of indi~ridual p roduc t s  or 
p roduc t  f t~ct lons .  Tills will be used  Io predic t  space time 
yields of individual  p roduc t  components or  fuel f rac t ions  in a 
commet, cial scale bubble column. 

Finally,  mechanist ic concepts  will be examined,  such as 
olefln re incorpora t ion  into growing chains ,  by add ing  small 
amounts of oleflna to the  feed and de te rmin ing  the effect on 
produc t  se lect ivi t ies .  

Task 4 - -  In this t ask ,  hydrocarbon  peoduct  f~actions, 
accumulated from some of the longer  s l u r ry  testa of the improved 
ca ta lys ts ,  will be collected unde r  cons tan t  process  condit ions 
and subjec ted  to a ser ies  of tes t s  to evaluate  the i r  p roper t i e s  
ss specification fuel. 



3.0 

3.1 

3.2 

RESULTS AND DISCUSSION 

Task I - -  Project Work Plan 

This task  was completed and r epor t ed  on In the f i r s t  q u a r t e r  
r epor t .  

Task 2 - -  Development of Improved Suvvor t ed  Catal],st 
ComDoaltlons 

(a) Catalyst  P repara t ion  

(l)  C o2(CO)e [ Zt"(OPr)A [ SiS 2 ( Batch #S4Se-lS) 

Many d / t f e N n t  suppor t  118teriais w e n  
exsmlned  d u r t n g  the Initial DOEIAh. Products  
t i q u i d - p h a ~  Fisc imr-Tro lmch reasarch  con t rac t ,  
however ,  allics was not inc luded.  For N v e r e l  
reasons  il was dec ided  that  silica 8houtd be 
examined w/th the 8 tandard  Zl.-promoted, Co 
catalyst. One rmmon was that  tim oLrly N s i r ~ h  
done by the  German l n v a s t / l a t o ~  on cobatt 
ca ta lys ts  showed that k l n s l g ~ h r ,  wMch is mainly 
SiS 2, was the p N f e r N d  suppor t  (1) .  Ano the r  
reason,  which paz, tains to the  use  of cobalt 
cax, bonyl  as the  metal source ,  was the low 
rmtct ivi ty  of silica toward amtal caz, bonyls  (2). 
The p rev ious ly  s tud ied  oxide suppor t s  such  as 
aluatina, t i tania and  ceria react  with metal 
carbonyis  to oxidize the metal. 

This catalyst  was p repa red  us ing  the  
s t anda rd  p rocedure .  The metal l c a d l n p  were 
similaP to those used on the  o ther  suppor.ts to 
facilitate comparisons in perfor , .~nce .  

(it) Co~(CO)~{ Fe~(CO) 12/Zr(OPr)A t SiS 2 
-T'datch t84s -Z2) 

The use of silica suppor t  for tho 
Co2(CO)t l /Zr(OPr)  4 based  catalyst  did resu l t  
in - improved  ac t iv i ty .  Since our  previous  wo~'k on 
the incorpora t ion  of Fe in the  a lumina - suppor t ed  
Co/Zr ca ta lys t  did not improve the w a t e r - g u  
shift  ac t iv i ty ,  it was worthwhile  to reexamine 
this approach  us ing  the  silica suppor t .  Perhaps  
the ac t iv i ty  of the  Fe would not be s u p p r e s s e d  
with the silica suppor t .  



(iii) 

The preparation was slightly di£ferent from 
the Co/Fe/Zt~/Al20 3 catalyst in that 
Fe3(CO)12 and Co2(CO) 8 we~,e used instead 
of the mL~ed metal-cluster anion, [Fe 
Co3(CO)12]'. Since this was an ionic 
species it may have reacted more readily with 
the suppo~,t. The metal loadings, however', were 
kept similar to the previous cata lys t .  

Co2(CO)~/Zr(OPr)4/MgO. 3.6 SiO 2 
(Batch #8466-25) 

The investigation of al ternate suppor t s  was 
continued with this examination of a 
commercially available mcgee,slum silicate 
matetdal known as Florisflt ~ /  The objective 
was to combine the prepertis ,~ of MgO and 
SIO,2.. Magnesia has been shown to result in 
stal~ilized cobalt subcarbonyt  species that  can 
be t .eversibty carbonytated and decarbonylated 
( 3 } .  Since cobalt c ~ b o n y l  react.= t o  a lesser  
extend with nmg~esia than with alumina and the 
vobalt species still appear  active towat~Is CO 
adsorpt ion,  magnesia combined with unreacti~re 
silica might give some conteol over metal 
dispzrsion compared to silica alone. 

T~e Florisfl (R) surface at, as was h igh at 
2.98 mZ/g with an average pore diameter of 
270A. The catalysts  was prepared using the 
s tandard  procedure with similar metal loadings 
to the basecase ColZPIA1203 catalyst. 

(iv) Co2 CL~ / Ti(OPr) 4 / SiO2 
~atch #8466-27) --- 

Since titanium had previously been examined 
as a prGmoter fop the alumina-supported, Co 
catalyst, it was examined again in the more 
active Co/silica system. The standard 
preparation procedure was utliized and metal 
toadings were kept sindlar to previous 
catalysts. 



(b) Gem Plume $creenln~r 

All of the catalysts  s c reened  in the fixed bed 
reac tor  this q u a r t e r  were act ivated us inc  a pure  H 2 
p rocedu re  as desc r ibed  in Section 4.1b. Specific run  
condi t ions  did va ry  somewhat and are documented 
accord ing ly .  Gas phase p e P f o r m n c e  date is summarized 
in Table 1. 

(i) Co IA  O, Run 

This catalyst  which had a 10.8~ Co loading,  
showed h ighe r  bulk act iv i ty  but lower specific 
ac t iv i ty  than the  4~ Co/Zr tAl20 3 basecase 
composition tes ted  tast qua r t e r .  The incemmea 
Co loading resu l ted  in bulk act ivi t ies  of 39 and  
44 moles s y n g a s / k g  ca t /he  at 240 ° and 260OC, 
t~spec t ive ly .  This was a 50 and 30~ Increase ,  
r e spec t ive ly ,  in bulk act iv i ty  compared ~o the 
4~ Co catalyst  at the same condit ions and 
ac t iva ted  with hydrogen .  Specific act ivi ty  
declined by 33 and 45~, respec t ive ly ,  compared 
to the 496 Co catalyst  at the  same two 
condi t ions .  This decline in specific ac t iv i ty  
indicated a smaller l~rc 'entag~ of act ive si tes 
were available as the metal toasting was 
increased .  Hydrogen chemisorption exper iments  
are  in p rog res s  to de termine  metal d ispers ion  of 
these catalysts. 

Hydrocarbon product  se lect :vi ty  was •imilar 
for the two catalysts  of d~feeen t  metal 
Ioadings.  The cu r ren t  test of the 10.896 
ColZr lAI20 3 catalyst  gave a total fuels 
se lec t iv i ty  (C5-C23) of 66 wt~, at 240 ° and 
60 wt~ at 260oC. This compared to 61 and 60 
wt~, respec t ive ly ,  for the 496 Co catalyst .  A 
subt le  shif t  in hydrocarbon  se lec t iv i ty ,  
however ,  could be seen between the two 
catalysts .  The 496 Co catalyst  showed a sUght 
increase in l ight  hydrocarbon  select iv i ty  ~or 
each tempera ture  tes ted .  Converse ly ,  the 10.896 
Co catalyst  had an increased  tendency  toward 
heavier  hydrocarbon  product ion ,  which ag~s~s 
with the general observation that as metal 
dispersion decreases for FT catalystG, heavy 
hydroca rbon  se lec t iv i ty  increases .  



Cii) Co~C£_Q.Q~'CO IZrfOPt~}~/SiO? - Run 

Performance was qui te  good ~'or th i s  
ca t a ly s t ;  it p rovided  the h ighes t  bulk and  
. specif ic  act iv i t ies  obse rved  t hus  f a r  in th i s  
con t rac t .  At 220 ° the bulk ac t i v i t y  was 31 
moles s y n g a s l k g  c a t / h r  and  spec/f lc  a c t i v i t y  was 
0.26 moles CO/mole Co/m/n, ind ica t ing  tht~t th is  
cataly:Jt was as act ive at 2200 as pz'evious 
ca t a lys t s  t es ted  at  240 and 260 ° .  At 260°~ 
bulk ac t i v i t y  reached 74 moles s y n g a s / k g  c a t / h r ,  
with specif ic  ac t iv i ty  of 0.62 moles CO/mole 
Colmin and total  s y n g a s  c o n v e m i o n  of  659. A 
performance  comparison of th is  ca ta lys t  wi th  the  
standa~,d Co/Zz,/AI203 catalys' t  is shown in 
Table 2. At each tempeeature  thm, e was a 
substantial increase in activity compared to t~m 
a lundna- suppor t ed  catalyst. 

Hydrocarbon  se lec t iv i ty  also improved,  at 
least  a t  220 and 240°C, where  the total  fuels  
se lec t iv i ty  (C5-C23) was 67 and 729, 
eespec t ive ly .  At ~60 ° ,  however ,  the re  was 
tittle d i f fe rence  in this  s e l ec t iv i ty  between 
the  silica and alumina s u p p o r t e d  c a t a l y s t s ,  as 
shown in Table 2. 

( i i i )  C o o ( C O ) 9 / F e . ~ 1 o l Z r ( O P r ) A I S i O , ~  - 
- 'R~n #84i3-:~6-22, "~a tch  #846~-':~ - ~ -  

This  ca ta lys t  showed fa i r ly  h igh  ac t i v i t y ,  
nea r ly  double the bulk ac t iv i ty  of the  s t a n d a r d  
Co/Zr /AI20  3 ca ta lys t ,  but  not qui te  as h igh  
as the  Co/Zr /SiO 2 ca ta lys t  d i s cus sed  above.  
Bulk act iv i t ies  of 51 and  6B moles s y n g a s / k g  
ca t / hn  were obtained at  240 ° and  260 ° ,  
z 'espect ively.  At 240 ° the effect  of space  
veloci ty  on performance was examined.  No t r e n d s  
were obse rved  for  hydrocal ,  bon se lec t iv i ty  as a 
funct ion  of space veloci ty.  

8 



The key  object ive of improving  water--gas 
shif t  ac t iv i ty  by  a d d i n g  iron was not achieved  
and  the silica suppor t  did not lead to any 
enhanclement of i ron 's  shif t  ac t iv i ty ,  The usage 
rat ios were qui te  similar to the  Co/Zr/SiO 2 
ca ta lys t .  Perhaps  the Fe- to-Co ratio in tl~ese 
bimetedlic catalysts  has been too low. 

Overall  hydrocarbon  se lec t iv i ty  was similar 
to that of the Co/ZrlSiO 2 cA,alyst.  At 240 
end  260 ° the tote[ fuels se' : ivity 
(C5-C23) was good at 74 ~ . 60~, 
respectively fop space v etocltles of 1000 
hr "l. At 290 ° thls C5-~,23 selectivity 
declined to 56~ wlth a siffriiflcant amount of 
C2-C 4 produc t ,  

(c) SlUrL~V Reactor Tests 

Three  catalysts  were  tes ted  in the  1 l i ter  s l u r r y  
phase  r~metore this quaMer ,  in each case a s e ~ e s  of 
ope ra t ing  condit ions were  inves t iga ted  to deter.mira the  
optimum for ac t iv i ty  and  hydx~carbon se lec t iv i ty .  Due 
to the h igh  ac t iv i ty  and improved se lec t iv i ty  obse rved  
last quar ter  for the basecase catalyst (Run #8523-1-4) 
using the H 2 reduction method, this method was 
rou t ine ly  used for all s u b s e q u e n t  ca ta lys t  t es t s .  The 
following th ree  catalysts  were tes ted  this  q u a r t e r :  

A cobalt catalyst  de r i ved  from the n i t ra te  
ins tead of the carbonyi ,  with a metals 
loading similar to the basecase as shown: 
Co-4.25 wt~o, Zr-7.10 wt~, and Co/Zr=0.60, 

O Co2(CO) s on zirconated alumina with an 
increase in Co loading to I0.8 wt~ and 
zirconium to 8.5 w1~ to determine the 
effects of metals loading on cetalvst 
performance. 

O Co2(CO) 8 on zirconated silica with a 
metals loading similar to the basecase 
catalyst alumina (Co=3.5 wt~ and Zr=6.6 
w~,  Cc :0.53). 

Representative r~sults from these tests are Listed 
in Table 3 along with the results of all prcvicus 
catalysts tested in this contract for comparisnn 



(i} ~ . , ) - 2  / Z r (OPr )  4 / A1203 - 7888-85- 2 

The  major ob jec t ive  of th~s t es t  was to 
de t e rm ine  ff the  cobal t  ca t a ly s t  p r e p a r e d  fvo~.i 
the  n i t r a t e  i n s t ead  of  t he  ca rbony l  would 
e n h a n c e  t he  pe r fo rmance  of  th is  ca t a lys t .  The  
metals we igh t  p e r c e n t  load ings  were  Co=4.25 and  
Zr=7.10 ( C o / Z r = 0 . 6 0 ) .  The  detai ls  of the  
p r e p a r a t i o n  and  ac t iva t ion  a re  g iven  in Sect ion 
4.1.  

The  act ivi ty, ,  c o n v e r s i o n  and  s e l ec t i v i t y  
da ta  of  the major, sample  po in t s  are  summar ized  
in Table  4. The  ind iv idua l  mass ba lances  of  
th is  s c r e e n i n g  t e s t  a t e  l i s ted  in Tables  5-22 
and  24-99 and  i l l u s t r a t ed  in F igu re s  1-12. 

The first four mass balances were conducted 
at 240°C, with ~l~e following variations in the 
CO/H 2 ratio and space velocity: 

CO/H 2 SV.NLJ~  c a t / h r  

2 1.05 2.46 
5 i .59 2.49 
8 2.12 2.49 
12 I. 99 I. 23 

In each case, the bulk activity was poor 
compared with the carbonyl derived catalyst with 
similar metals loading (Run #8523-1-4). Sample 
2 (Tables 5-6, Figur,s i), for example, exhibited 
a 12596 lower bulk activity at the same operating 
conditions. The selectivity of total liquid 
fuels, C5-C23, was 30~ lower. For the next 
two mass balances the COIH ratio was raised 2 
to 1.59 and then to 2.12 (Samples 5 and 8, 
Tables 7-10, Figures 2°3). Wax yields above 30 
wt~ were observed with no improvement in 
catalyst activity. When the space velocity was 
reduced to 1.23 (Sample 12, Tables 11-12, Figure 
4), the products continued to shift into the 
heavier molecular weight region with wax 
selectivity at 38.8 wt96 of the total 
hydrocarbons. 

10 



The next five s c reen ing  condit ions were 
conducted  at 260°C: 

Sample COIH 2 SV,NL/g c a t / h r  

L4 1.99 1.23 
16 1.:~0 1.23 
18 1.59 2.50 
21 1.05 2.47 
24 1.92 2.32 

A 37~ i n e r e u e  in bulk ac t iv i ty  to 15.6 sol  
s y n p s l k g  c a t l h r  was obse rved  for  sample 14 
(Tables 13-14, Ftgut, i 5). The 28~ decline in 
wax product ion ,  however ,  m not enough to 
improve liquid fuels se lect iv i ty .  This t r end  
continued with the reduct ion in the COIH 2 
rat io to 1.50 (sample 16, Tablee 1S-16, Figure 
8),  but the select iv i ty to wax remained high at 
over 20 wt~. Dur ing the next three test 
condit ions at the h ighe r  space ~elocity (r, m nplss 
18, 21 and 24, Tables 17-22, Flg'ares 7-9),  the 
total fuels select iv i ty was at the maximum for 
this catalyst at over 60 wt~. TIJs was st i l l  
low compared with the 72 wt~ observed fo.," the 
osrbonyl der ived catalyst as shown In Table 23. 
The usage raUo w u  &Iso lower than  that of the 
carbonyl  catalyst  indica t ing  poorer  water -gas  
shift  act ivi ty .  

The final th ree  mass balances we~ conducted 
at 280°C: 

Sample CO/H 2 SV~NL/ff cat/hr 

32 1.57 2.50 
35 1.49 1.23 
38 i .04 2.47 

It was expected that operation at 280°C 
would help shift the C24 + IJPoducts into the 
lighter molecular weight reg-~on (Samples 32-38, 
Tables 24-29, Figures 10-12). This trend wu 
observed, but without centering of products  in 
the Liquid fuels range. The methane select ivi ty 
was high at above 14 wt~ in each case. 



From the above resu l t s  it can be concluded 
that  the catalyst  p repa red  us ing  the carbonyl  
p r ecu r so r  is mope active and selective f Jr 
liquid fuels. In addition, at most operating 
conditions, the usage ratio is closer to Lne 
feed ratio indicating better water-gas shift 
activity. Figures 13 and 14 summarize the 
effect of temperature, CO/H 2 ratio, and space 
x, elocity on bulk activity and hydrocarbon 
selectivity. The trends in bulk activity are 
l inear  with increasing temperature at all 
opera t ing  condit ions with the highest, ac t iv i ty  
at the lowest COIH 2 ratio at each of the space 
velocities s tud ied .  The t r ends  in the 
hydrocarbon  se lec t iv i ty  appeal, to be d e p e n d e n t  
mainly on t empera tu re  and space velocity with a 
minor dependence  on the CO/H 2 feed ratio. The 
total fuels se lec t iv i ty ,  C5-C23, is. maximum 
at 260°C and space velocity of 2.5 NIg ca t / h r .  

(ii} Co?(CO)s/Zr(OPr)A.IAI~0 3 - 8523-41-9, 

The screening test of Co2(CO) 8 on 
zirconated alumina with a metals weight percent 
loading of 10.8 Co and 8,5 Zr (preactivated) was 
completed. The nmjor objective of this test was 
to determine the effect of increasing the Co 
loading on catalyst activity and selectivity. 
The description of the H? reduction procedure 
and details of the catalyst ,preparation are 
included in Section 4.1. The activity, 
conversion, and selectivity data of the major 
sample points of this screening test are 
summarized in Table 30. The individual mass 
balances ape listed in Tables 31-66 and 
ilhtstrated in Figures 15=25, 27 and 29-34. 

The run  was s t a r t ed  at 240°C ~i th  the 
following five COIH 2 ratios and space velocity 
changes: 

# 

Sam.~ C O__QJ.H. 2 SV,NLI~ ~ t / h r  

3 I. O0 2.10 
5 1.50 2.10 
9 2. O0 2.08 

12 2. Ol 1. O4 
16 I. O0 I. 05 



The bulk activity was initially high at 30.7 
tool syngnm/kg cat/~ir (Sample 3, Tables 31-32, 
Figure  15), The methane se lec t iv i ty  was 
promis ing  at Less than  I0 wt~, but  the Liquid 
fuels selectivity was low at less than 60 wt~. 
When the CO/H 2 rat io  was ra ised  (Samples 5 and  
9, Tables  33-36, F igures  16-17), a subs tan t i a l  
decline in activity was observed with negligible 
changes  in the h y d r o c a r b o n  se lec t iv i ty .  The 
fuels se lec t iv i ty  con t inued  to be poor at the 
lower space  veloci ty  of the  next  two tes t  
conditions (Samples 12 and 16, Tables 37-40, 
Figures 18-19). 

The following s~.ven pvocess condi t ions were  
then  t e s t ed  at  260°C: 

Sample CO / H 2 SVINLI[eat/hr 

19 1.00 I. 05 
22 2.03 I. 03 
25 2.00 2.08 
27 1.50 2.10 
30 1.03 2. I0 
33 O. 50 2.08 
39 1.03 2.10 

A 39% increase  in bulk ac t iv i ty  to 21.5 from 
15.5 mol s y n g a s l k g  c a t / h r  of sample 16 was 
observed (Sample 19, Tables 41-42, Figure 20). 
The methane selectivity increased by 3396 with no 
significant changes in the total fuels 
selectivity. A drastic 6296 decrease in activity 
was apparent upon inct'easinff the CO/H2ratio 
(Sample 22, Tables 43-44, Figure 21). This was 
due mainly to the poor water-gas shift activity 
since the change in hydrocarbon distribution was 
negligible. A similar trend of increasing 
ictivity and methane selectivity with decreasing 
CO/H 2 ratio at double the space velocity was 
o b s e r v e d  in the next  th ree  tes t  condi t ions  
(Samples 25, 27 ana 30, Tables 45-48, Figures 
27-24 ). 

Because  of the poor  w a t e r - g a s  shif t  ac t iv i ty  
at all h igh  CO/H 2 ra t ios ,  the ca ta lys t  
p e r f o ~ n c e  us ing  a balanced syn thes i s  gas feed 
was next  i nves t iga t ed  (Sample 33, Tat:lee 44-50, 
F igure  25). The ac t iv i ty  i nc reased  by 6396 with 
a usage  rat io of 0.42 compared with the 0.50 
feed ~atio of CO/H 2. The methane se l ec t iv i ty ,  
however, increased to 27.3 wt~. 



Figure 26 illustrates the reduction in H 2, 
CO, and overall convez, sions with increasing 
CO/H 2 ratio due to poor water-gas shift 
activity. The trends ape opposite to that of 
the precipitated Fe catalysts, where the 
conversions increase with CO/H 2 ratio and the 
CO conversion is consistently greater than H 2 
conversion. 

The opera t ing  condRions were then  r e t u r n e d  
to those of sample 30 to check for 
reproducibility (Sample 36, Tables 51-52, Figure 
27). Within the limits of error, the results 
were similar. 

In the last qua r t e r l y  r epor t ,  it was noted 
that  the specific ac t iv i ty  d e c r e u e s  with 
inc reas ing  Co/Zr ratio us ing  the syn thes i s  gas 
method of activation,  A compaxV~on of the 
r e su l t s  of the p re sen t  tes t  with Co /Zr - l . 27  and  
the  baseclme catalyst  with Co/Zrffi0.63 indicate 
no effect on specific activity as illustrated in 
Figure 28. Also, it appeare that the cobalt 
loading has no effect on specific activity since 
the Co loading is 5 and 10 wt~, respectively. 

The next three mass balances were conducted 
at 280°C before returning to the initial 
operating conditions: 

Samples CO I H.2 SV,NL/g cat/hr 

39 I. 00 2. i0 
42 1.50 2.10 
47 0.50 2.08 
53 1.00 ~.. 05 

At these conditions the bulk activity was 
high, 62.5 mol syngaslkg catlhr at COIH2=0.50 , 
but the hydrocarbon selectivity became 
progressively worse with methane selectivity as 
high as 39 wt~ (Samples 39-53, Tables 55-62, 
Figures 29-32). 

The tempera ture  was r e t u r n e d  to 260°C and 
then  to 240°C to cheek  for any  catalyst  
deact ivat ion (Samples 58 and 63, Table~ 63-66, 
Figures 33-34). In each case, both activity and 
hydrocarbon selectivity were not reproduced. 
The losses in activity were accompanied by high 
methanation activity. 



Figure 35 summarizes the bulk act iv i ty  
resul ts  obta ined at the th ree  ternperlature levels 
at the various COIH 2 ratios and space 
vetociUes. It is clearly ev iden t  that  these  
cobs.It based catalysts  p re fe r  the h y d r o g e n - r i c h  
feed-gas  due to the i r  poor water -gas  shif t  
capabil i ty.  At these  high H 2 condi t ions ,  
however ,  the se lec t iv i ty  for - l iquid  hydrocarbon  
p roduc t s  is ])ooz'. 

(iii) C_9o2(CO)~IZr(OPr)4/SiO ~ - 8670-11-18 

The s c r een ing  tes t  of Co2(CQ) 8 on 
zircormted silica with a metals wmght  per~ent  
loading of Co=3.5 and Zr=6.6 (preactivated) was 
completed. The major objective of this test was 
to detet~mine if the si l ica s u p p o r t  ~ s  any  
advan tage  in e i the r  ac t iv i ty  or  se lec t iv i ty  for 
fuels ovee the alumina suppo r t ed  catalyst .  

The actlvat~.on p rocedu re  and  method of 
prepara t ion  are discusse¢l in Section 4 . I .  The 
act iv i ty ,  conve' :s ion,  and se lec t iv i ty  data of 
the major sample points of this s c r een ing  tes t  
are summarized in Table 67. The individual  mass 
balances are l i s ted in Tables 68-103 and 
i l lus t ra ted  in Figures 36-52~ 

This screening test was initiated at £40°C 
with the following six CO/H 2 ratio and space 
velocity changes : 

Sample CO I H 2 SV~NLIff ca t lh r  

9 1.00 2.00 
12 1.5O 2.00 
14 2.O0 2.00 
18 2.00 1.00 
21 1.50 1.00 
24 1. O0 1. O0 



During the f i rs t  th ree  mass balances the 
select ivi ty  for total liquid fuels product  was 
in the 67.0 - 72.5 wt~ range (Samples 9-14, 
Tables 68-73, Figures 36-38). As with the 
previous cobalt catalFst tes ts ,  the bulk 
act ivi ty  decreased  with increas ing  CO/H 2 feed 
ratio. Compared with the alumina suppor ted  
catalyst ,  a 50~ improvement in bulk act ivi ty was 
observed  accompanied by a significant 
enhancement  in liquid fuels select ivi ty,  When 
the  space velocity was reduced  to 1.0 NL/g 
c a t / h r  in the next  th ree  test  conditions 
(Samples 18, 21 and 24, Tables 73°78, Figures 
39-41), the se lec t iv i ty  to liquid products  
decreased  into the  61.5-67.2 wt~ range since the 
increase  in res idence  time enhanced the 
formation of heavier  products .  

The following five opera t ing  conditions were 
conducted at 260°C: 

CO/H 2 SV,NL/g ea t /he  

26 1. O0 1 .00  
30 1 . 5 0  1 .00  
33 1 . 5 0  2 .00  
36 2 . 0 0  2 .00  
39 1 . 0 0  2 .00  

Compared with the results at 240°C, the 
medium increase in bulk activity at comparable 
space velocity and H2/CO ratio was 22.796 
(Samples 26-:{9, Tables 80-88, Figures 42-46). 
The tom[ fuel~ selectivity varied between 61 
a n d  80 wt~ with shif t  of products  into the 
Lighter molecular weight  region.  

Table 104 compares the hydrocarbon 
selectivit ies of the alumina suppor ted  catalyst 
and  the p resen t  silica suppor ted  catalyst .  
Overall, no appreciable increase  in hydrocarbr, n 
select ivi ty  is observed .  The increase in 
act ivi ty may be due to the inceessed surface 
area provided by the silica suppor t .  A be t te r  
under~ tanding  of suppor t  effects J£ necessary  to 
make any final conclusions as to their role in 
catalyst  peefor, mance. 
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The followln[[ five ope ra t ing  condi1:ions were 
conducted at 280QC • 

Sample CO/H 2 SV.NL/~  cat/hr 

42 1 . 0 0  2 . 0 0  
45 t .  50 2 . 0 0  
48 2 . 0 0  2 . 0 0  
51 1 . 0 0  1 . 0 0  
54 2 . 0 0  1 . 0 0  

A more s ign/ f ioant  I n e e s a u  in bulk  ae t iv l ty  
was obseevod in going fs~m 260 to 2SO°C than  
when the tsmpePatux~ was Ndsed fPom 240 to 
260°C (Samples 42-54, Tables  90-99, Filus, s s  
47-51). The liqu/d fuola sa lecUv/ ty  valPi@d 
between 58 and 66 wt% with methane eelect/vtty 
above 13 wlq. 

Final ly,  a cheek on rQpeoduclbiUty was 
conducted  b y  sa tu rn / r ig  the peocess  cond/t /ons to 
tha t  of Sample 39 (Sample 57, Tables  tO0-101, 
Figure  52), and Sample 9 (Sample 60, Tables  
102-103, Figure 53). 

The bulk  ac t i v i t y  was 33.4 c o m p a ~ d  with the 
orifflnal 44.8 tool s y n g a s / k g  o a t / h r . ,  for  Samples 
57 and 39 r e spec t ive ly .  For Sample 60, the bulk 
activi ty had deer.cued to 18.4 compared to 36.5 
for Sample 9. In each case, the hydrocarbon 
selectivity data showed an i n e ~ e  in the 
se lec t iv i ty  of Light hydeoca rbons .  

F igure  54 shows the d f f f e ~ n c e s  in bulk 
ac t jv / ty  t r ends  for  the two s u p p o r t s .  The 
silica suppor ted  ca ta lys t  is more act ive  than 
the alumina ca ta lys t  above 240°C. Figure  55 
i l lustrates in composite the effects of high CO 
feed gas and low space  veloci ty  on the bulk 
ac t iv i ty  of th/s c a t a ly s t .  At the lower space 
veloci ty it is obvious tha t  tempeeature  and 
CO/H 2 dependency  is less  p ronounced .  

Figure  56 shows the effect  of t empera tu re ,  
a t  the same CO/H 2 rat ios  and  space veloci t ies ,  
on hydrocarbon  se lec t iv i ty .  The genera l  t r end  
was a woesening of se lec t iv i ty  with inc reas ing  
tempeeature .  The bes t  se lect /v i t ies  were 
obta ined at 240°C. 
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Upon r a t u r n i n g  to 260°C af te r  t e s t ing  at 
280°C, the se lec t iv i ty  was not r ep roduced ,  but 
the t rend  towat~i methane reduct ion  is ~pparent .  
In all of the s c reen ing  t es t s ,  the hydrocarbon  
select ivi t iee r epor t ed  are  t r end  data and should 
not be taken as absolute  numbers .  Since the 
process  condi t ions  are  be ing  changed  on a daily 
basis ,  it is not possible to obtain absolute 
data,  

The metal c lus te r  catalysts  tes ted to date 
have shown poor wate r -gas  shift  act ivi ty 
worsening with incraas ing  CO as tllust~ated in 
Figure ST. The tmthenium based catalyst  shows 
be t t e r  ac t iv i ty ,  but  the  prec ip i ta ted  iron 
appea l s  to be super io r  to it. Hydrogen- r i ch  
feed gas appears  to be more compatible with 
these  coLalt baaed cata lys ts .  Future  t es t ing  
will, t he re fo re ,  include balanced feed gas 
testing. 

3.3 Task 3 - -  Slur.ry Reactor Kinetic Studie s 

A kinet ic  data analysis program was developed to help 
determine the kinet ic  pa~etera of the catalysts  tes ted  in the 
label-story rQactore. The p r o ~  corre la ted  the rote of CO/H 2 
consumption with the species concent ra t ions  at the catalyst  
sur face ,  subject  to the kinet ic  funct ional i ty  chosen by the 
user .  Henry ' s  law is assumed to be valid for re la t ing the 
Liquid concentrations to the vapor partial pressures. The mass 
t r ans fe r  from the bulk liquid to the  solid surface  is assumed to 
be rapid ( this  was ver i f ied duping  the f irst  s l u r ry  tes t  
conducted  for this con t rac t ) ,  thus  surface concentra t ions  are 
taken as identical  to the bulk liquid values.  The H e n r y ' s  law 
correlat ions are based on r eg re s s ions  of data taken from a paper  
by Peter and Weinert (4). The svlvent densities are calculated 
based on correlations proposed by Deckwer(5). 

A s u m m r y  of the program requi rements  and resul ts  are  
p resen ted  in Figure 58, The specif icat ions include reaction 
s toichtometry and kinet ics ,  the  neces sa ry  reactor  operation 
parameters ,  inlet condit ions and  observat ion  data.  The options 
include the  choice of f ixing or f i t t ing  kinet ic  parameters  and 
r e g r e s s i n g  rate coefficients in a normalized or s tandard  
fashion.  The kinetic rate express ions  which are available are 
summarized in Table 105. 

1 0  



4.0 EXPERIMENTAL 

4.1 Task 2 --  l )evelomnent of Improved Suppor ted  _C_ataJyst 
Composit/ons 

(a) Catalyst  P rely.rat ion 

(1) Co~(CO)_Q/Zr(OPr)al SiO 2 ~Batch ~8466-tB) 

The silica (87 ,2g ,  Dsvison 952) was caloined 
• t 500°C for  3 hrs  in staUc air  and f u r t h e r  
d r ied  at 100-110°C in vacuo (50 Hg) for I h r  
pr ior  to use ,  The sil ica was impmlrm~tsd in one 
port ion with a 330-cc solut/on of 50,0g of 
ZI'(OC3H?)4_'XC3H7OH (10 .6 f  Zr) in 
hexane. AJrter m/x/rig thoz~)ulfhly b y  shaking the 
f lask,  the hexans  was evapol,~ted off in vacuo 
with s l ight  mu, l i n g  in a 40-50°C bath.  To 
load the cobalt ,  • 200-cc solution l ~ v l n g  IT.$g 
of cobalt cat, bonyl in 60140 toluenalhsxane 
solvent  was used .  The  to luene lhexane  solvent  
was r emova l  in vacuo.  After  complete eemoval of 
the solvent, 132g of a ID'sentsh-tlm catalyst was 
obta/ned and analysud as hav ing  a compoeltion of 
3.5 wt% cobalt and 6.6 wt% z/teen/urn 
( Cot Zr=O. 53). 

( i~ ~ 12/Zr(OPr]A/SiO2 

The stiles (89 .0g,  Davtson 952) w u  calcined 
and dr ied  in the  same manner  as the previous  
catalyst .  The siUca was then impreirnated with 
• 325-cc solut ion of 
Zr(OC3H7)4"XC3H7OH (63.5g, lO.5g ZL') 
in hexane. After thorough mixing the hex•ne was 
evapora ted  o~f in vacuo.  Fe3(CO)12 (5.88g,  
1,96g Fe) was then  added  to the  zlrconated 
slUca as e solution In THF. Due to the limited 
solubil i ty of Fe3(CO)12, thrue impreirnmtlon 
s teps  were necessat .y 4225 cc for  each] to 
completely load the iron carbonyl. Co2(C0) 8 
(17.4g, ~.Og Co) was f inal ly added to the 
catalyst  material by impreirnatton of • 225occ 
soLution in THF. Upon evaporat ion of the 
solvent in vacuo, 148g of a da rk  b rown-gruen  
solid was obta ined wh/ch • n • t y z e d  •s  3.796 Co, 
0.72~ Fe and 7.3~ Zr (Fe/Co--O.19, C o / Z r - 0 . S l ) .  



( i i )  Co2 Cl.q ~ / Zr( OPt)4/MgO 3. SSiO 2 
~Batch #8466-25) 

The MgO 3.6SIO 2 (87.2g, Florisil R, 
Floridin Co. ) was calcined at 650°C for 5 hrs 
in static air and dried further at I00°C for 
1.5 hre~ in vacuo (50 Hg) prior to use. The 
FloPisil*" was then impregnated with a 130-cc 
solution of Z~'(OC3HT) 4-XC3H7OH 
(64.41~, I0.65g Zr) in hexane. Upon memoval of 
the solvent in vacuo, the material was similarly 
treated with a tO0-cc solution of Co2(C0) 8 
(17.5g, 6.0g CO) in THF. Removal of ¢ne solvent 
in vacuo yie lded 146.8g of a black soUd, which 
conta ined 3.7% Co and  7.2% Zr (Co/Zr=0.51) .  

Civ) Co~(CO3~/Tl(OPr)4/SiO 2 (Batch #8466-27) 

The silica (99 .6g ,  Davison 952} was t rea ted  
in the  usual  manner  as  descMhad for the  
ptwvious ca ta lys t  p repa ra t ions .  A 325-cc 
solut ion of Ti(OC3H7)4'XC3H7OH 
(34.2g,  5.59g Ti) in hexane was added to the 
silica and the hexane  was subsequen t ly  removed 
in vacuo. The Co2(CO) 8 (17.5g, 5.91g Co) 
was dissolved in a 200-cc THF/50-cc hexane 
mixture and impmegnated onto the support. Upon 
removal of the solvent in vacuo, 137.5g of 
greenish-tan solid was obtained, which anatyzed 
as 4.4% Co and 4.0% Ti (Co/Ti=1.1). 

(b) Gas Phase Screening 

A detailed description of the gas phase screening 
reactor and procedure can be fuund in the Project Work 
Plan. The catalyst charge was 10 cc for each test. 
Generally, only reactor temperature and CO to H 2 feed 
ratio were varied while pressure a~td space velocity 
were kept at 300 psig and 1000 h "~ (v/v), 
respectively, for all the runs. Hydrogen activation 
was use(~ for all the tests as follows: Hydrogen at 
3000 hr-' and O psi~ was passed over the catalyst as 
it was heated to 300uC at 3°/rain and maintained 
there for 16 hours. The temperature was then reduced 
to the desit, ed raaction temper~}ture, CO was introduced 
to give i:I CO/H 2 at 1000 hr =t and finally the 
total pressure was increased to 300 psig. 



{c) S l u r r y  P h a s e  T e s t s  

( i )  Co('~o312 / Z~'( OPr)~ { At 2o_~ - -- ~ ass-as-2 

T h i s  c a t a l y s t  was  a c t i v a t e d  in t h e  gas  p h a s e  
r e a c t o r  u s i n g  t h e  same H 2 a c t i v a t i o n  p r o c e d u r e  as  
used for the Co2(CO)8/Zr(OPI,)4/AI20 3 
(8523-1-4)  catalyst last quarter. Tl~e fresh 
catalyst was loaded into the 150-cc tubular reactor 
( a p p r o x i m a t e l y  l l 0 - c e  c a t a l y s t  bed  v o l u m e ) .  T h e  
r e a c t o r  was h e a t e d  a t  a m b i e n t  p r e s s u r e  to  300°C 
at  a l a t e  of  l ° C / m i n  a t  t h e  maximum aUowable  
H 2 f l o w r a t e  of I000 sccm.  T h e  t e m p e r e t u r e  was 
m a i n t a i n e d  a t  300°C for  8 h o u r s  wi th  ful l  H 2 
f low.  A f t e r  coo l ing  u n d e r  N2, t h e  a c t i v a t e d  
c a t a l y s t  was  s l u r r i e d  in d e o x y g e n a t e d  F i s h e r  
p a r a f f i n  oil a n d  t r a n s f e r r e d  to t h e  r e a c t o r  u n d e r  a 
N 2 a t m o s p h e r e .  Fo r  t h i s  c a t a l y s t ,  t h e  f inal  
l o a d i n g  was 480 .0  mls of  a 13.9 wt% s l u r r y  
c o n t a i n i n g  59.7 gets of c a t a l y s t .  T h e  e l emen ta l  
a n a l y s i s  b e f o r e  r ~ i u c t i o n  was :  

wt. t 
Co 4.25 
Zr 7. I0 

(ti) C.~o2(CO)q/Zr(OPr) A/A1203 -- 8523-41-9 

T h i s  c a t a l y s t  was a c t i v a t e d  a n d  s l u r r i e d  in t h e  
same m a n n e r  as a b o v e .  T h e  f inal  r e a c t o r  l o a d i n g  
was 450.0 mls of a 15.1 wt% slurry c o n t a i n i n g  64.25 
gins o f  c a t a l y s t .  T h e  e l emen ta l  a n a l y s e s  b e f o r e  a n d  
after activation were: 

Fresh (Wtt) Activated (Wtt) 
Co 10.8 12.4 
Zr 8.5 12.0 

(iii) Co2(CO)6/2r(OPr)4/Si.__~O2.-- 8670-11-18 

T h i s  c a t a l y s t  was a c t i v a t e d  a n d  s l u r r i e d  in the  
same m a n n e r  as  d e s c r i b e d  a b o v e .  T h e  f inal  r e a c t o r  
l o a d i n g  was  450.0 mls of  a t 9 . 2  wt~, s l u r r y  
c o n t a i n i n g  79 .0  gins of  c a t a l y s t .  T h e  e lementa l  
a n a l y s e s  b e f o r e  a n d  a f t e r  a c t i v a t i o n  weee :  

F r e s h  (Wt~} A c t i v a t e d  ~Wt~) 
Co 3 .53 4 .9  
Zr 6.57 9 .3  
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