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A b s = r a c t . -  The r e d u c e d  au@ c a r b l d e d  Z ~ - 5  (14.7% Fe) showed s p e c t r a  c o r r e s p o n d i n g  co 
(a) ~e e (~85% reduction) and tO (b)  (FesC~) respectively. The used catalysts showed 
mix{ores of (b), presumably the active phase, and (c) Fe~C. Tile backsca~ter spectra 
of ~e-Co (selective) catalys¢ revealed absence of Fe ~n the 30 nm layer, which we3 
c o n f i r m e d  by Zon Scattering Spectroscopy. Differences £n surface composition and 
product distribution are discussed. 

Introduction,- 

The c a t a l y t i c  c o n v e r s i o n  o f  coal d~r~ved  

synthesis gas (CO + H~) to gasoline range hydro- 

carbons and olef~ns using blfunctlonal zeolite 

c~tolysts ~s of much current interest (i). The 

mndiumpore (dia ~6A) zeolite ZSH-5 in combina- 

tion =Ith ~e or with Fe-Co (2) was shown to yield 

a h~gh fraction of aromatics ~n ~he product, re- 

sultJn@ in a favorable octane no=bet (>80). It 

was indleated (2) tha~-the blmetallie Fe-Co on 

ZS~ could alter the produce selecrlvlcy, mainly 

in reducing the shift conversion of CO + H~O to 

CO~, from t h e  h i g h  shift yields o£ Fe on ZSH-5. 

The aromat{cs i n  the produce decreased by the 
addlt~on of  cobalt to the zeolite (2). An exten- 

sive chapter by Hulay, Lo e~ el. gives further 

background i n f o r m a t i o n  C1). 

The z e o l i t e  ZS}~5 h a s  s p a c e  g roup  Pnma o r  

P n 2 z a  with a = 20,1 ~; b - 19.9 ~; c = 13 .~X .  

, 'he framework s t r u c t u r e  c o n s i s t s  o f  f i v e  membered 

f l a g s  of  S~(AI)-O t e t r a h e d r a .  The p o r e  s t r u c t u r e  

* Address enquiries to this author. Work 
supported by DOE (USA) Contract No. D E - A ~  
~ .  F ~ .  - ~ ' 0  Pc 302.5-0 

**Perma,ent 4 d d r e s s :  Bhabha Atomic R e s e a r c h  
Can to r ,  Trombay, Bombay, ~ n d i a .  Th~s a u t h o r  
worked In P r o f .  Hulay's l a b o r a t o r y  d u r i n g  
1 9 7 9 - 8 0 .  ~OTXb~ 
~cgeesport campus 

( ~ i g u r e  i)" c o n s i s t s  o f  intersectlng c h a n n e l s  

d e f i n e d  by 1O r i n g s  o£ o~Jgen a t o m s .  The e l l i p -  

t i c a l ,  s t r a i g h t  c h a n n e l s  of cross-section 5.7 
5.1 ~ a l o n g  t h e  b - a x i s  and circular z i g - z a g  

channels of diameLer 5.4 ~ interconnect the 

straigh~ channels. 

EllipticcI IO-Hng 
I¢|l'nighl chonnel 
Cs.7 ~ x 5.1 

~ . j  ~ Neor-r|¢¢u]=! 
_,=.~.i r "::=- • IO- r ing  

F~g. l .  P o s s i b l e  model  o f  t h e  p o r e  s = r u e t u r e  of  
ZSH-5. 

~ h e H ~ s s b a u e . r  s p e c t r a  were  o b t a l n a d  t o  

~ h a r a c t e r ~ z e  t h e  f r e s h ,  t h e  r e d u c e ~ ,  ~ze c a r b i d a d  

and t h e  used  ZSM-5 ~ h  Fe o r  Fc-Co a t  t h e  micro- .  

s c o p i c  l e v e l .  TEe b a c k s e a t t e r  ~ o r k  ~as u n d e r t a k e n  

=o s ee  i f  t h e  ir~,n ~a s  on  t h e  t op  30 nm l a y e r  o f  

PORTIONS O~ ~ I S  ~ O R ~  A~E ~ I B L ~ ,  I t  
has been repro~uoed from %he bust  a%-ailablO 

"oopF to  per,.it, the broadest  pos s ib l e  a y ~ - -  
tlb J.. l~t.y. '~'~ .- -' 



~he Fe-Co c a t a l y s t s  formed ~ i t h  t h e  ZSH-5 system. 

S a l i e n t  f e a t u r e s  of  such work a re  r e p o r t e d  in  

t h i s  paper.  

y--y.perimental.- 

The p r e p a r a t i o n  o f  samples i s  d e s c r i b e d  in  

r e f  (1) .  The MSssbauer s p e c t r a  were  r eco rded  

~Ith a constan~ acceleration spectrometer (Austin 

Science Associates inc.) winh a 75 mCl Co $? 

source In Rhmatrlx, Nuclear Data-IUO multi- 

chann~1 analyzer and a Reuner-$tokes gas propor- 

t i o n a l  counter (90% krypton and 10Z methane). 

Typical spectra reported here were eal£hraned 

¢ieh respect to a Fe foil. Lorentizian l~nes 

¢~re computer fitted wi~h a suhrou~Ine for ~he 

calcul~tlon of X square and MISF~T. For back- 

scatter experlmen~s a conversion Electron 

Detec~or (made by Ranger Enginee r ing  Corp.~ 

Fort Worth, TX, U.S.A.) ~as used. A continuous 

gas flow of helium contalnlng 6Z CH~ (Matheson 

Co, t Philadelphia, PA, U.S.A.) was maintained 

in  ~he de t ec to r  as specified. 

Results and D~schssion.- 

The spectrum of a fresh catalyst, in 

general, consisted of a douhlen which indicated 

that the valence s~ate of iron in the starting 

ua~erlal =as Fe3+• and in a high-spin seate 

(3). l~ should be noted tha~ the magnitude of 

the quadr~pnle splittin~ and isomer shift 

s i g n i f i c a n t l y  depend upon t h e  n a t u r e  o f  the  

support  used and the  s i z e  o f  t he  i r o n  p a r t i c l e s  

(4). The ZSH-5 containing reduced Fe on~y, 

sho~ad a s i x - l i n e  spec t rum co r r e spond ing  to  

=ear ly  Fe-meta l ,  b e s i d e s  ~nd$ca t lng  the  p r e s -  

ence of a small quanti~y of an oxide; ~hercas, 

the spectrum of a catalyst consisting of both 

Fe and Co clearly indicated ~he formation of a 

Fe-Co a l l o y  on r e d u c t i o n .  For example• the  

spectrum of reduced ZSH-5 c o n c a l n l n g  5,4Z Fe 

and 1.3% Co, shown in F~gure 2, revealed a six- 

] I n e  pa t t e rn  c o r r e s p o n d i n g  t o  an ayerage inter- 

nal ma~netle f ~ e l d  of  about  360 kOe and I n d l c a -  

ted t he  f e r ~ a t l o n  of  an Fe-Co a l l o y  (5). 

The spec t ra  o f  e a r b l d c d  c a t a l y s t s  (I~.7Z Fe) 

.,. ~ , ~ y  : ' .  
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Fig. 2. ~l~ssbauer spectrum of reduced ZSN-5 
(5 .4Z Fe and 1.3Z Co). 

consist of superpoai~$on of at least two apparent 

slx-llne p~t~erns, which showed the presence of 

Hagg carbide (FesCl) and eementlte (Fe3C). The 

posslb£11ty of the presence o£ small quanti~es 

of  l e s s  s t a b l e  ~'  and E c a r b i d e s  (Fez.~C and 

~e2C) cannot be ru l ed  out  (6) .  

The spectrum of carb ided  ZSH-5 c o n t a i n i n g  

5,4Z Fe and 1.3Z Co, indicated the presence of 

both Fe~C~ and Fc~C b e s i d e s  a s ~ o n g  double~.  

.Apparent ly  small  amounts of  c a rb ide s  seem to  have 

been formed in  t h i s  c a t a l y s L  as  compared to t hose  

c o n t a i n i n g  no Co. I t  appea r s  t h a t  the p re sence  

of  Co had somewhat i n h i b i t e d  the  format ion o f  

c a r b i d e s .  The double~ appeared to be due p a r t l y  

to superparamagnet ie  b e h a v i o r .  The spectrum of 

used gaS-5 wi th  5.6Z Fe and 4.5Z Co s h o ~  i n  

Figure  3 c o n s i s t e d  o f  a s i x - l i n e  p a t t e r n  c o r r e s -  

ponding to an i n t e r n a l  magnet ic  f i e l d  of  3~4 kOe 

and an Isomer. shifr of + 0 . 1 5  mra/sec with respect 

to Fe-metal and appears to indlcagc the formation 

-,J v - .  - "  • ~ . ~  ~ ~' 
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Fig .  3. H~ssbauer speetrnm of  uscd ZSH-5 
(5.5Z Fe and 4.5Z Co) 



of  an Fe-C0 a l l o y .  Zt i s  t o  be n o t e d  t h a t  the  

c a r b i d e s ,  which were  p r e s e n t  i n  t h e  c a s e  o f  used 

ZSM-5 containing only Fe are surprls~ngly absent 

in ~hls case.  Once again, the presence o f  a 

large amount of Co appears to £nhlh~t the forma- 

tion of c a r b i d e s  Sn these samples. 

The observation tha~ the carbided ZSM-5 

c o n t a i n i n g  only Fehas relatively more Hagg* 

carbide compared t o  eemen~i~e and &hal th: usFd 

cacalyst has, In contrast, relatively more cemen- 

t i r e  than Hag~ c a r b i d e  suggests that the Hagg 

c a r b i d e  has been converted into cemen~I te  during 

the course of the reaction. Since synthesis gas 

c o n v e r s i o n  is exothermlc, i t  is possible tha~ 

local hot  spots on the catalyst resulted in the 

conversion of the active Hast carbide t o  the 

r e l a t i v e l y  inactlve cementlte phase. This could 

be partly the reason for the reduction in activity 

of these clzalyscs amounting t o  about thirty p e r -  

cen t . dec rease  over a period of two weeks eA~osure 

to synthesis gas a t  280°C. F u r t h e r ,  C]91S and ISS 

show that the dlfferences in selectivity betueen 

ZS~5 (Fe) and ZSH-5 (Fe, Co) catalysts arises 

from the presence of bimetallic transition 

cecal CTH) clusters in the latter, with consequent  

changes in the average number of 3d-electrons 

par TH atom. 

At this ~uneture, we describe exploratory 

results on the backscatter (i.e., C~IS) s p e c t r o -  

scopy .  ~he calibration of the backscatter appa- 

re=us was checked wi~h the same standard Fe foil, 

%'hlCh was used for transmission work. No Fe 

t ype  s p e c t r a  were obtained ~Ith the Ye-Co 

sys t ems ;  namely (a) 5.~Z Fe and 1.3Z Co systems; 

~amely (a) 5.4~ Fe and 1.3X Co and (b) 5.6~ Fe 

and 4.5Z Co even after running the experiment 

for several days at a time. This indicated 

~hat the Co atoms ~ e r e  preferentially on t he  

surface ( t o p  30 nm layer). ~hus, the role of  

Co i n  e n h a n c i n g , t h e  s e l e c t i v i t y  ~n s y n f u e l  

f o r m a t i o n  could  be c o n f i r m e d  by b a e k s c a t t e r  

R~ssbau~r s p e c t r o s c o p y .  This o c t a n e  s e l e c t i v i t y  

is particularly s/gn~flcant with the 5.4Z Fe - 

1.3Z Co composlclon as shorn in Table i. 

~ab]~ ]. " Eer~.y ~eactor ~'SU]C~: om ZSH-5-Ba~e~ Caca]y~to 
Con[a:(nt..~, Fe-C~ Procuss CondJI;~on.: II2/CO - 
1, P~ 300, pslg, r" 280"C 

Catalyst (5.~% Fe, (5.6Z F©, 
(ZSS-5*) (Jd. lZ re) 1.3~ Co) 4.5Z Co) (9.Or Co) 
CO conver~om ~ 61.3 23.1 30.8 53.5 

H 2 eoaver~Jon ~ ~0.1 38.S ~6.5 ~7.2 
Product composlCto~ Z 
CO 2 52,1 24.B 28.B 27.6  

H20 ~9.2 44.0 38,5 37.3 
C~ ÷ exy~emate: 28.B ~1.2. ~2.G 35.1 

C1~ + oxycenates cutup. % 

CH 4 25,5 44.0 &7.6 42.6 

c2, ~ + 5 , ~ .  z~.7 zo.e z~.4 ~.~ 
C3~ 6 ~ C31;g B.9 7.1 11.1 6.0 
c ~  + c~njo ~.3 ~.~ 5.5 ~.O 
C ~  b oxygenates 45.7 33.4 21.& ~ . 3  
l.~qutd ;,rod. co=p. 2 
Aro=at/cs 2S 23 ~ 1 
elevens 67 37 51 66 

S a t u r a t e :  33 2~ 3~ 30 
Oxycenate~ 2 12 6 3 
% ca~!Inc (~P<20~°C) 91 90 $~ 88 
Research'u$tane ~0. 87.0 90.3 72.7 57.8 
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