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I r on  and  n i cke l  bo th  ac t  es  ca ta l yscs  i n  ¡ he  hyd rogena t i on  o f
ca rbon  monox ide  bu t  p roduce  a  d i f f e ren t  d i s t r i buc i on  o f  hyd ro -
carbon products.  In both cases carbon is  formed as an i .oter-
ned ie te  bu t  i t s  f o ru  and  cha rac te r i s l i c s  heve  no t  been  se l l
defrned,  The objeccive of  lhe presen! studies uas Eo comp¿¡re
the Eorphology of  the carbon forned dur ing the react ion on each
cetelyst  using SEl l .  Di f fereoceg r¿ere observed between i ron and
n i cke l  i n  t he  p roduc t  d i s t r i bu t i on ,  and  i n  t he  e f f ec t  o f  che
reec t i on  and  ox i dac ion / reduc t i on  E rea tmeo t  on  che  s t r uc tu re  o f
t he  ca ta l ys t  su r f ace .

I
iInt  rod uc t  ron

Carbon has long been recognized as an
impo r !anc  i nce rmed iace  i n  t he  hyd rogene t i on  o f
ca rbon  monox rde ,  IE  i s  gene re l l y  be l i eved  t o
fo rn  by  d r ssoc ia t i ve  adso rp t i on  o f  ca rbon
monox rde  on  t he  ne ta l ,  bu t  Che  gubsequen t  s l epg
whe reby  ca rbon  e i t he r  accunu la tes  o r  r eac t s ,  a re
no !  r ¡ e l I  unde rsEood .  Va r i ous  expe r i oen ta l
t echn iques  f o r  exanp le  TPR ( l ) ,  XPS /AES (2 ,3 ) ,
Mossbaue r  Spec t roscopy  (4 ) ,  i . socop i c  t r ace r  ( 5 )
have been used to demonscrate rhe coexistence of
d i f f e renc  a taEe6  o f  ca rbon  f o rned  on  t he  su r f ace
o f  a  ca ta l ys t  du r i ng  CO hyd rogenac ion .

The present study uas di rec¡ed Eoeard an
exam ina t i on  o f  t he  cha rac te r i s t i c s  o f  t he  ca rbon
formed as an intermediate in the hydrogenat i .on of
ca rbon  monox ide  us i ng  Scann ing  E lecc ron
M ic roscopy  i n  con junc t i on  r ¡ i t h  k i nec i c  aEud ies ,

Exper iment a l

A  c l ose  c i r cu l a t i on  sysEem i nco rpo ra ted  w i t h
a gas chronalograph was used for  the present
s tudy .  A  Ch in  l aye r  o f  me ta l  spu t t e red  on  a
qua r t z  p l a te  ac ted  as  e  ca ta l ys t .  The  qua rcz
plates I  mr th ick were accomnodated in a sample
ho lde r  wh i ch  cou ld  be  pos i c i oned  i n  t he  hea ted
zone  o f  a  r eac t i on  vesse l  us i ng  a  Eagne t .  I n
e a g h  e x p e r i m e n c  t w o  l a r g e  q u a r t z  p l a t e s , , 7 . I  x  l . l
c m -  a n d  f o u r  s m a l l  p l a c e s , 0 . 2  x  0 . 5  c m ' ( f o r  S E M
ana l ys i s ) ,  we re  used .  ReacEen ts  r ¡ e re  adm i t t ed  t o
che  des i r ed  p ressu re  and  m ixed  by  t he  c i - r cu l a t i on
punp. The reacl ion was starEed by moving the
samp le  ho lde r  i n t o  t he  f u rnace  zone .  Ca rbon

monoxide hydrogenat ion r¿es tested in che 200-300'
ternpereture raoge and under tota l  pressure no!
exceed ing  500  To r r .  Gaseous  p roduc ! s  ue re
wrthdrarrn lhrough a 6-port  valve and analyzed by
gas  ch rome tog reph .  The  Edee rd  SpuE !e r  Coa te r ,
Mode l  S l50A  uas  used  t o  p rÉpa re  me ta l  f i lms  on
que r t z  p l a tes .  The  t o te l  enoun !  o f  me ta l  on  a
que r t z  p l a l e  was  guanc iEa t i ve l y  ana l yzed  by  t he
use of  Direct  Current  Plasna Spectroscopy.  Some
spu l t e red  me ta l  f i lms  we re  ox i d i zed  w i t h  a i r  and
subsequent ly reduced r i th hydrogen ac around 500'C
p r i o r  co  us i ng  t hen  as  a  ca ta l ys ¡ .  Ca rbon
monox ide  (99 .992 )  r ¡ as  obca ined  f r on  A i r  P roduc t s .
Other hydrocarbons and hydrogen were obCained t rorn
Mecheson Co.

Resu l t s  and  D i scuss ion

The  me ta l  f i lms  as  f o rmed  i n  Ehe  Spu t t e r
Coace r  showed  no  su r f ace  f eacu res  by  SEM.
Hoseve r ,  bo th  i r on  and  n i cke l  su r f aces  we re
a l t e red  by  ox i daC ion - reduc t i on  t r ea tmen t ,  a l t hough
the  f i na l  appee rance  o f  each  f i Ln  was  qu i t e
d i f f e ren t  as  can  be  seen  i n  F i gu re  l .  The
ox ida t i on - reduc t i on  t r ea lmen t  d ras t i ca l l y  r educed
the act iv i ty  of  i ron f i lm for  carbon monoxide
d i sp ropo r t i one t i on  and  hyd rogena t i on  reac ! i ons .
S im i l a r  e f f ec t  bu t  Eo  nuch  l esse r  ex ten t  was
obse rved  i n  t he  case  o f  n i cke l .  F rom a  conpa r i son
o f  t he  m i . c rog raphs  o f  t he  f i lms  be fo re  and  a f r e r
t r eaEmenE  i t  appea rs  EhaE  the  change  i n  su r f ace
¿ rea  i s  p robab l y  noE  su f f i c i en !  t o  accoun t  f o r  t he
change  i n  r eacE i v i t y ,  espec ia l l y  f o r  i r on ,  Du r i ng
Ehe  cou rse  o f  ca rbon  nonox ide  hyd rogena t i on
reac i i on  t he  backg round  su r f ace  o f  t he  i i on  f i lms
d id  no t  change  uh i l e  t he  n i . c keL  f i lms  we re  a f f ec red
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by  Ehe  reac t i on  show ing  s t r uc tu re  s im i l a r  t o
F r g u r e  I B .

The  mosE  s t r i k i og  resu l t  f r on  t he  p resen t
s tud ies  i s  t he  absence  o f  any  su r f ace  s t r uc tu re
detectable by SEl, f  which nay be at t r ibuted to
carbon deposi t ion ei ther dur ing carbon ¡ronoxide
diaproport ionet ion or  carbon oonoxide hydrogena-
t ion.  In every react ion r¡ t ¡ ich r¡as tesced i t  ues
shoun that carbon uas indeed fon¡ed on lhe
surface and could be recovered by react ion wi th
hydrogen end subsequent oxidet ion et  e leveted
temperacure.  I t  úus!  be concluded that  carbon
formed rather uni form leyer on the metal
s u r f a c e .

Hydrogenat ion of  carbon mnoxide over i ron
f i l n s  a t  300 'C  revee led  an  i nduc t i on  pe r i od  uh i ch
length increased ei th CO/H2 rat io.  An aversge
se lec t i v i t y  f o r  meEhsne  wh i ch  r ¡ es  t he  na in
p roduc t  o f  t he  reecE ion ,  showed  oppos i t e  t r end  as
can  be  geen  i n  t he  cab le :

H2lCo* l nduc t i on  Pe r i od
(n i n  )

A v e r a g e  S e l e c t i v i t y

f or CII¡

2
5

55

1 0 5
ó8
60

0 .  6 9
0 .  7 3
0 .  7 8

*To te l  p ressu re  ¡  480  T r .

F i g .  I  SEM m ic rog raphs  o f ;  A - i r on  and ;  B -n i cke l
f i lms  a f t e r  ox i da t i on i r educ t i on  t r ea tmen t .
l t agn i f i ca t i on  20  x  l 0 -
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