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Introductlon

The ca ta ly t l c  e f fec t  o f  a lka l1  meta ls  on  the
gas l f l ca t lon  ra te  o f  carbonaceous mater la ls  has
been the subJect of a nunben of studleE. Desplbe
these e f fo r ts ,  the  ac t lve  fo rn  o f  the  ca ta lys t
dur lng  gas l f l ca t lon  and the  e f fec ts  o f  ca ta lys t
loas  rena ln  uncLear .  The unders tand lng  o f  the
r e c t u c t l o n  o f  a 1 k a I l  o e t a l  c a t a l y s t s  l n o n  l t s
ln lb ia l  ox ld lzed  fo rn  and ¿he ldent l f l ca t lon  o f
the  reduced fo rm are  necessary  requ ls t tes  fo r
deternlnlng the reactlon meohanlstr.  Experl¡nental
observatlons fron thls laboratory clearly lndicate
that catalyst loss occurs sinultaneously ulth the
r e d u c t i o n  ( l ) .

Experlnental

An uncoated graphlt ized carbon froo Srlpelco'
r l th a surface area of approxlnately 100 n-lg xas
used as the substrate ln thls siudy. The sanples
were  impregnated  r r iLh  po tass lun  by  an  lnc lp len t
wett lng technique, then drled at roon temperature
and stored under vacuun.

T h e  d a t a  l n  t h i s  s t u d y  u a s  g e n e r a t e d  l n  a
thermogravlmetrlc reactor systen. The otheP maJor
c o m p o n e n t s  ü r e r e  a  n o v a b l e  e l e c t r l c  f u r n a c e ,  a
tempera ture  cont ro l le r  and an  aux l l la ry  type  K
t h e r n o c o u p l e .  T h e  s y s t e m  a l s o  l n c l u d e d  a  g a g
prepara t lon  sec t lon  fo r  n lx lng  and ne ter lng  the
f e e d  g a s  a t  t h e  d e s l r e d  c o n p o e i b l o n s  a n d  f l o H
rates. The reactant gas ías a nlxture of l5f Cor
and 85f N2. The produc¿ gases Here analyzed by añ
o n - l i n e  E a s  c h r o n a t o g r a p h  a n d  n o n d i s p e r s l v e
infrared CO and COZ analyzers.

Results and. Dlscuaslon

To examlne the  ln te rac t ion  o f  the  po tass lun
c a t a l y s t  u l t h  t h e  c a r b o n  s u n f a c e ,  a  g e r l e s  o f
temperature programed reaction experlnents lrere
conducted where the sanple &ass and the reactlon
produc ts  were  eont lnua l l y  non i to red .  F igure  1
shorrs typlcal temporal proflles for the C0 and Co2
peaks  r rhen the  sample  19  heated  to  800oC ln  a
reduclng atmosphere at a ooderate rate (5oClntn).

o 40 8o tzo 160 2oo 24o 28O
T i  m e  ( m i n )

Flgure l. typieal CO, and CO proffles durlng a
TPR experiñent.

l{hen a freshly lr¡pregnated sample ls heated
to  250oC,  bo th  CO2 and H2O are  de tec ted .  The
anount of CO, genErated, ?¡ornal lzed Hl¿h respect
t o  t h e  l n l t l a l  a m o u n t  o f  c a r b o n  p r e s e n t ,  1 s
g lven in  F igure  2  as  a  func t lon  o f  the  ln l t ia l
po tass lum leve l ,  (K /C)^ .  A  l lnear  response 1s
observed rrhere one mofé of CO, ts Senerated foP
e v e r y  t w o  n o l e s  o f  p o t a s s l u : m  p r e s e n t .  T h l s
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Flgure 2. Ilependence of lon temperature CO, on the
lnitLal catalysr loading; ( O )K;CO3,
( 0  )  K O B .  ¿

l lnearlty clearly lndlcates bhat the potassiun
strongly lnfluences the aoount of C0, uptake and
the  s to lch lonet ry  suggests  tha t  each Do le  o f
potasalum carbonate lnteracts wlth one mole of
COr. The anount, of CO2 deteebed was lndependent
o f - the  ra te  a t  Hh lch  ghe saop le  Has heated  to
25OoC.  The sca t , te r  ln  the  da ta  lnpJ . les  tha t
other factors nay lnf luence the to¿al anount of
C02 generated.

As the sanple teoperature approaches TOOoC,
C0 beglns to evolve as the catalyst is reduced
on the carbon surface. The tot,al anount of CO
genera¿lon ls shown ln Flgure 3 rrhere the ColC
ratlo ls gfven as a funotlon of the tnlt lal  K,/C
ratlo. For each sanple, three moles of C0 yere
generated for each oole of potasslun carbonate
orlginal ly present lndicatlng conplete reductlon
of the carbonate:

K 2 C 0 3 + 2 C - ? ? C - K ) + l C o

where -C-K represents the reduced form.

M a n y  i n v e s t l g a t o r s  h a v e  s u B g e s t e d  t h a t
a lka l l  r ¡e ta l  ca ta lyzed gas l f l ca t lon  fnvo lvea a
process Hhere the catalyst contlnually undergoes
an ox lda t lon / reduc t lon  -cyc le .  The ca taLys t ,
after f l rs¿ being reduced durlng t,he tranglent
s t a r t - u p  p e r l o d ,  l s  o x l d l z e d  u p o n  t h e
in t roduet lon  o f  C02 and produces  a  C0 pro f l le
charac ter lzed  by  ¿n overshoot .  The ox id lzed
forú then lnteracts HlLh the carbon surface to
l i b e n a t e  a n o t h e r  C O  t h u s  r e t u r n i n g  t o  t h e
reduced fo rE comple t ing  the  cyc le .  Mou l lJn  e t ,
a l .  ( 2 , 3 )  h a v e  d e s c r i b e d  t h l s  p r o c e s s  w i t h  a
slople tyo step reaction sequence:

o

Figure 3.
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Ibpendence of htgh terperature CO on the
ltr1tl.al catalysr loading; ( O )K2CO3,( o )Kou .

r,here K-.0.- represents the reduced form and K O
the oxlálüeo forn. A support lng observattoá t 'oh
t h l s  t y p e  o f  o e c h a n l s m  l s  a  s l l g h t  H e l g h t  g a l n
lrhleh acconpanles the CO overshoot at the onset of
gas l f l ca t lon  due to  the  ox fda t lon  o f  the  reduced
forE of the catalyst.

I n  c o n c l u s l o n ,  t h e  p r o c e s s  o f  e a t a l y s t
reduc t lon  appears  to  be  an  ac t lva ted  one uh ich
r e q u l r e s  l n t i E a t e  c o n t a c t  w l t h  a c t i v e  s i t e s  s o
tha t  fo r  sanp les  r rh lch  are  ln l t la l l y  sa tura ted
Hith cataLyst, the rate of reductlon ls l imlted by
the  ava l lab le  gur face  area .  The amount  o f  CO
Eenerated during thts process lndlcates ¿hat the
c a t a l y s t  1 s  c o n p l e t e l y  r e d u c e d .  F u r t h e r m o r e ,
catalyst Loss kinet, lcs suggest thab the fonnation
o f  a  r e d u c e d  f o r m  o f  t h e  c a t a l y s t  1 s  a
prerequlsite for rapld vaporlzatlon and escape to
the gas phase.
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K O  -  + C = K O  + C l O
x Y + r  x y
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