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In a previous co¡r¡nunicat ion (Ref.  1)  we
d i scussed  va r i a t i ons  i n  t he  k i ne t i c s  o f  gas i f i ca -
t i on  by  mo lecu la r  oxygen ,  as  a  f unc t i on  o f  t he
hea t - t r ea tmen t  t empe ra tu re  ( i n  t he  range  12OO K  t o
3200  K )  o f  a  g raph i t i z i ng  ca rbon  p repa red  f r om
po l yv i ny l  ace ta te  (PVA) .  The  resu l t s  o f  t ha t
study showed that  wi th the samples of  lowest  HTT
(12O0  K  t o  18OO K )  t he  reac t i on  i s  ca ra l yzed  by
the  p resence  o f  r es i dua l  hyd rogen  i n  t he  ca rbon ,
Th i s  i s  man i f es t  by  s i gn i f i can t l y  h i ghe r  r a res  o f
react ion (one to t r^ Io orders of  magni tude higher
than for  the PVA carbon, HTT 32OO K, depending on
the HTT and the react ion Eemperature)  and lower
ac t i va t i on  ene rg ies  f o r  t he . reac t i on  (126  kJ  r no l - r
f o r  PVA  12OO K ;  24O kJ  mo l - r  f o r  pVA  3200  K ) .  Th i s
pape r  i s  conce rned  w i t h  an  ex tens ion  o f  t hese  s tud ies
i n  wh i ch  t he  e f f ec t  i s  i nves t i ga ted  on  t he  reac t i on
w i t h  oxygen  o f  i nco rpo ra t i ng  t r ans i t i on  me ta l
i rnpur i t ies (which are general ly  known to catalyze
Ehe  ca rbon -oxygen  reac t i on )  i n t o  t hese  an i so t rop i c
PVA carbons of  HTT 1200 K.

The Exper imental  Approach

The  rpu re r  po l yv i ny l  aceEa te  ca rbon ,  HTT  12OO K ,
was  p repa red  acco rd i ng  t o  t he  me thod  desc r i bed
p rev ious l y  (Re f .  1 ) .  Ca rbons  doped  w i t h  t r ans i t i on
me ta l s  we re  p repa red  by  d i sso l v i ng  a  coo rd i na t i on
compound (wi th the acety lacetonate ion) of  the
a p p r o p r i a t e  m e t a l  ( e , g .  f o r  i r o n ,  F e ( C 5 H 7 O 2 ) 3 )  i n  r h e
v iny l  ace ta te ,  p r i o i -Eo  po l ymer i za t i on -and -súbsequen t
ca rbon i za t i on  ( t o  a  f i na l _ tempe ra tu re  o f  12OO K  hea t -
i ng  a t  a  r a te  o f  5  K  m in - r ) .  Th i s  meEhod  o f  i nco rp -
o ra t i on  o f  meEa l  i n t o  ca rbon  i s  known  (Re f .  2 )  t o  l ead
to  a  ve ry  f i ne  d i spe rs i on  o f  me ta l  pa r t i c l es  ( _3 - l 0O  nm
in  d i ameEer )  d i s t r i bu red  even l y  t h rough  t he  ca rbon .
The  me ta l  concen t ra t i ons  o f  t he  ca rbons  s tud ied
( e x p r e s s e d  a s  p . p . m .  o n  a t  a t o m i c  b a s i s  i . e .  n u m b e r
o f  me ta l  a t oms  pe r  106  ca rbon  a toms )  as  EEEerm ined
by  a tom ic  abso rp t i on ,  a re  summar i zed  i n  Tab le  l .

T a b l e  1
Me ta l  con ten t  o f  doped  PVA  12OO K  ca rbons  (p .p .m . )

on 5O mg samples of  the carbon at  an oxygen pressure
o f  1 . 3 3  k P a  ( 1 0  t o r r ) -  F u r t h e r  d e t a i l s  o f  t h e
expe r imen ta l  p rocedu re  can  be  f ound  i n  r e fe rence  1 .

R e s u l t s

The  k i ne t i c  r esu l t s  f o r  t he  me ta l - doped
ca rbons  gave  l i nea r  A r rhen ius  p l o t s .  The
co r respond ing  ac t i va t i on  ene rg ies  f o r  t he  reac t i on
a re  i n  Tab le  2 .

Tab le  2
Ac t i va t i on  Ene rgy  (E )  f o r  C -O ,  r eac t i on  ( kJ  mo l - r )
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Rates  o f  gas i f i ca t i on  we re  measu red  g rav ime t r i -
ca l l y  ( unde r  cond i t i ons  whe re  t he  reac t i on  ra te  i s
con t ro l l ed  by  chem ica l  p rocesses  on l y )  by  a  vacuum
m i c r o b a l a n c e ( C . I .  E l e c t r o n i c s  M k .  2 8 ;  s e n s i t i v i t y
1  4  Ug ) ,  f o l l ow ing  ou tgass ing  f o r  3  hou rs  a t  1 l 5O  K ,

c f  F o r  ' n r r r e '  P V A  1 2 0 0  K-  - " '
Discuss ion

sample  E=126 kJ  mol -T

One  o f  t he  p r i nc i pa l  f ea tu res  o f  t he  resu l t s
o f  Tab les  I  and  2  i s  cha t  t h ree  o f  t he  f i ve  me ta l s
s tud ied  (V ,  Co ,  and  Fe ) ,  appa ren t l y  do  no t  i n f l uence
the  ac t i va t i on  ene rgy  o f  t he  reac t i on  o f  oxygen
\ , ü iEh  t hese  an i so t rop i c  ca rbons  t o  any  app rec iab le
extent  when compared wi th the undoped carbon of
HTT  1200  K  (E  =  126  kJ  mo l - t ) ,  a l r hough  w i t h
ch rom ium the re  i s  a  sma l l  ¡ educ t i on  t o  119  kJ  r no l - l .
The react ion of  oxygen wi th carbons doped wi th
manganese  p roceeds  w i t h  a  h i ghe r  ac t i va t i on  ene rgy
(142  kJ  mo l - r )  t han  t ha t  o f  r eac t i on  w i t h  pu re
ca rbons .  A l so  t he  ra tes  o f  ox i da t i on  a re  no t
changed as dra¡nat ical ly  as observed in other
me ta l - ca rbon  sys tems  (Re f .  3 ) .  W i t h  t he  manganese -
doped  ca r t r ons  t he  ra te ,  compared  t o  pu re  ca rbon  ,
i s  on l y  abou t  2 .5  t imes  f as te r .  Th i s  i s  a  r a the r
unexpec ted  resu l t ,  pe rhaps  assoc ia ted  w i t h  t he  use
o f  a  h i gh  dens i t y ,  an i so t rop i c  ca rbon  o f  l ow
su r face  a rea  and  a lmos t  t o t a l  l a ck  o f  i n t e rna l
p o r o s i t y .

The cobal t -doped carbons are much more react ive
than those carbons doped wi th comparable amounts of
t he  o the r  me ta l s .  The  da ta  i n  Tab le  3  show  the
tempe ra tu res  wh i ch  wou ld  co r respond  t o  r a tes  o f
g a s i f i c a t i o n  o f  1  x  1 0 - 6  s - 1 .  A g a i n ,  r h e  r e a c t i o n
p roceeds  w i t h  an  i nc reased  ene rgy  o f  ac t i va r i on
fo r  t he  t h ree  ca rbons  doped  w i t h  d i f f e ren t  concen -
t r a t i ons  o f  coba l t .  Ra tes  o f  r eac t i on  a re
enhanced  howeve r ,  by  f ac to r s  be tween  102  and  103
more  i n  keep ing  w i t h  p rev i ous  expe r i ence  (Re f .  3 ) .

A  p o s s i b l e  e x p l a n a t i o n  f o r  i n a c t i v i t y  i n  t h e
p r e s e n t  c a s e  i s  f e l t  t o  b e  a s s o c i a t e d  w i t h  t h e
mode  o f  d i spe rs i on  o f  t he  me ta l  w i t h i n  t he  ca rbons .
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Tab le  3

Carbon Temperature/K

Pure :
Cr  3OO p.p . rn .
F e  1 O 5  p . p . m .

V 160 p .p . t r r .
M n  5 2 0  p . p . n .
C o  5 5  p . p . n .
C o  2 3 5  p . p . n .
C o  3 1 5 O  p . p . n .

805
794
779
7 7 5
775
754
703
648

It has al.ready been mentioned that in these samples
the metal is preaent as a very fine diapersion of
part icles digtr ibuted throughout the bulk of the
naterial. In such circuostances only a very emall
fraction of the metal can be present at the surface
of the carbon and therefore able to catalyze the
reaction via the currently favoured oxygen-transfer
nechanism (Ref. 3, 4). By contraat, moat previous
¡¡ork has involved addition of the catalyet by
direct deposit ion on to the carbon aurface, or has
used carbons of high internal surface areas.

Overal l ,  the netal addit ions.to these aniso-
tropic carbona produce sini lar effects, dif ferences
being one of extent. Either the activation energy
is unchanged or i t  is increased. Each of the netal
addit ions produces a posir ive catalyt ic effect. The
rates are not enhanced spectacularly except for those
result ing fron the addit ions of cobalt.

To understand this aspect of catalyr ic gasif i-
cation, the exact state of dispersion of the metals
in these carbons rr i l l  have to be ascertained. I t
ís st i l l  an open question i f  there has to be a nlni-
num size of crystal l i te of rnetal or metal oxide
before such a unit can become an effect ive catalyst.
Also, i f  the eff iciency of agglomeration of the
netal in the carbon is high, there may be only a few
effect ive units of catalyst avai lable to the
oxidizing gas. Cobalt may form suirably sized
units. The other metals could be either too small
o r  t o o  b i g .

I t  could be suggested that the cobalt,  in these
par t ia l l y  g raph i t i c  an iso t rop ic  carbons ,  i s  ab le  to
catalyze the reaction via the alternative electron-
t rans fer  mechan ism (Ref .  5 )  bu t  th is  i s  d i f f i cu l t  to
Prove.

The enhanced rates of oxidation, apparently,
are brought about by the enhanced values of the
pre-exponential values of the Arrhenius equation,
rather than by a lowering of act ivat ion energies.
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