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ABSTRACT 

Potassium c a t a l y s t s  a c t i v e  toward g a s i f i c a t i o n  o f  carbon by 90 and 
CO2 can be generated by a d d i t i o n  o f  KOH t o  carbon. We have cha rac te r i zed  the 
c o n t r o l l e d  a d d i t i o n  o f  KOH t o  the edge sur face of  g raph i te  and the  sur face o f  
a glassy carbon us ing AES, XPS and UPS. Submonolayer concentrat ions o f  
potassium-oxygen sur face species are formed from KOH on pre-ox id ized edge 
g raph i te  and glassy carbon surfaces which are s t a b i l i z e d  t o  8OO0C i n  vacuum. 
These surfaces have two O(1S) peak envelopes centered near 531 eV and 533 
eV. The higher b ind ing  energy peak i s  c h a r a c t e r i s t i c  o f  oxygen s t r o n g l y  bound 
t o  carbon. Heating t o  950' C r e s u l t s  i n  t h e  l oss  o f  potassium and the lower 
b ind ing energy oxygen peak associated w i t h  the  p o t a s s i m  c a t a l y s t .  In con- 
t r a s t  the i n t e r a c t i o n  o f  KOH w i t h  t h e  a tomica l l y  c lean edge g raph i te  sur face 
does not  produce the a c t i v e  potassium form. The i n i t i a l  oxygen content  o f  the 
carbon sur face i s  impor tant  i n  c a t a l y s t  p repara t i on  from KOH. 

INTRODUCTION 

Addi t ions o f  a l k a l i  metal s a l t s  t o  carbon are known t o  produce 
c a t a l y t i c  e f f e c t s  toward g a s i f i c a t i o n  by C02 or H20 .(1-7). KOH and K2C03 are 
espec ia l l y  a c t i v e  precursors t o  c a t a l y t i c a l l y  a c t i v e  s ta tes  on t h e  carbon 
surface (8). The c a t a l y t i c  form can be prepared by heat ing a m ix tu re  o f  t he  
sample and the  s a l t  i n  t h e  reac t i ve  gaseous environment. I n  k i n e t i c  s tud ies  
t h i s  i s  usua l l y  a temperature greater  than the maximum i n  the range used f o r  
the k ine t i cs .  The potassium c a t a l y s t  when i n  an a c t i v e  form i s  be l i eved  t o  be 
mobile on the  carbon surface ye t  s tab le  t o  vapor i za t i on  under g a s i f i c a t i o n  
condi t ions.  The c a t a l y s t ' s  s t a b i l i t y  i s  demonstrated by the  r e t e n t i o n  o f  
potassium f o l l o w i n g  prolonged heat ing i n  an i n e r t  environment a t  t he  reac t i on  
temperature o f  700'C subsequent t o  g a s i f i c a t i o n  (9) .  The a c t i v e  potassium 
form i s  found t o  be associated w i t h  sur face bound oxygen based on a k y l a t i o n  
s tud ies (9,lO). A b e t t e r  understanding o f  potassium cata lyzed carbon g a s i f i -  
ca t i on  w i l l  come from more knowledge o f  t he  d e t a i l s  o f  t he  potassium complex 
and the carbon sur face composition. For  t h i s  reason the  i n i t i a l  i n t e r a c t i o n  
o f  a l k a l i  s a l t s  such as KOH w i t h  we l l  def ined carbon subst rates a re  o f  funda- 
mental i n t e r e s t .  

The importance o f  t h e  oxygen content  i n  r e l a t i o n  t o  t h e  c a t a l y t i c  
g a s i f i c a t i o n  a c t i v i t y  o f  KOH and $C03 toward var ious carbons has been re-  
c e n t l y  emphasized (11,lZ). The clean oxygen f r e e  edge sur face o f  g raph i te  was 
s tud ied under u l t r a  high vacuum cond i t i ons  i n  order t o  i s o l a t e  the  pure i n t e r -  
ac t i on  o f  KOH w i t h  a c t i v e  carbon surface s i t e s .  The i n t e r a c t i o n  o f  KOH f i l m s  
contaminated by exposure t o  H20 or O2 was s tud ied  on the "passive" basal 
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sur face o f  g raph i te  t o  determine t h e  i n f l uence  o f  d i r e c t  KOH ox idant  i n t e r -  
ac t i on  i n  the  absence of "ac t i ve "  carbon s i t e s .  I n  t h i s  way the chemistry o f  
KOH w i t h  pre-ox id ized carbon surfaces could be d i f f e r e n t i a t e d .  

EX PER MENTAL 

Experiments were performed i n  a standard u l t r a - h i g h  vacuum spectro- 
scopy chamber. A double-pass cy1 i n d r i c a l  m i r r o r  analyzer (Phys ica l  Elec- 
t r o n i c s )  was used f o r  AES, XPS and UPS measurements. The d e t a i l s  o f  the sample 
preparat ion and c h a r a c t e r i z a t i o n  o f  the oxygen-free edge surface o f  g raph i te  
and glassy carbon can be found i n  previous communications (13,14). Two d i f -  
f e r e n t  sample ho lde rs  were used i n  the  study. One was a standard UHV manipu- 
l a t o r  which could access a KOH evaporation source. The d e t a i l s  o f  the KOH 
evaporation source used i n  the UhV s tud ies appear elsewhere (15). The other  
ho lde r  was a Leybold Heraeus design which a l lowed r a p i d  i n t r o d u c t i o n  o f  
samples from atmospheric pressure t o  the  UHV environment. The carbon samples 
were ox id ized i n  Oi, a t  300'C i n  an i s o l a t e d  h igh  pressure preparat ion 
sect ion.  The o x i d a t i o n  k i n e t i c s  by 0 of t h e  edge g raph i te  surface and glassy 
carbon have been examined and condiZions chosen which produced subs tan t i a l  
amount o f  sur face ox ida t i on .  

N i t r i c  a c i d  ox ida t i on  o f  t h e  g lassy carbon samples was accomplished 
by b o i l i n g  the samples fo r  4 hours i n  H N 4  under r e f l u x  condi t ions.  KOH was 
added t o  carbon sur faces i n  l abo ra to ry  a i r  by p h y s i c a l l y  con tac t i ng  t h e  carbon 
surface i n  a i r  w i t h  a mois t  KOH p e l l e t .  Th is  formed a l i q u i d  coat ing across 
t h e  e n t i r e  carbon surface. The procedure was accomplished w i t h i n  one minute 
and the sample was re tu rned  t o  the UHV environment by use o f  the rap id  i n t r o -  
duc t i on  sample holder .  

RESULTS 

I .  KOH on Basal Graph i te  With H90 and O7 

When KOH i s  used as the precursor  i n  g a s i f i c a t i o n  c a t a l y s i s  i t  i s  
usua l l y  added from s o l u t i o n  or  d i r e c t l y  added i n  atmospheric condi t ions.  
Furthermore, t he  carbon surfaces w i t h  the s a l t  precursor are exposed t o  the  
o x i d i z i n g  reac tan t  gaseous environment p r i o r  t o  react ion.  These are p o t e n t i a l  
sources for  chemical mod i f i ca t i on  o f  parent KOH. I n  order  t o  examine the  
ef fect  of d i r e c t  KOH gas i n t e r a c t i o n s  we have performed model experiments on 
t h e  basal plane of g raph i te .  The basal sur face o f  p y r o l y t i c  g raph i te  conta ins 
a preponderance of  " i n a c t i v e "  carbon s i t e s  and prov ides a s u i t a b l e  surface t o  
examine d i r e c t  KOH gas i n te rac t i ons .  We have found t h a t  t h e  surfaces o f  pure 
KOH f i lms  evaporated i n - s i t u  i n  the UHV chamber w i l l  r a p i d l y  take up oxygen 
from exposure t o  %O a v t  room temperature. 

The KOH f i l m s  exposed t o  H20 and O2 on the basal g raph i te  sur face 
had only s l i g h t l y  g r e a t e r  thermal s t a b i l i t i e s  toward desorpt ion i n  UHV than 
those found f o r  pure KOH f i l m s .  The vapor pressure o f  pure KOH i s  subs tan t i a l  
above 30OOC. This i s  a l so  t r u e  f o r  surfaces w i t h  KOH added i n  atmosphere. 
Fol lowing KOH a d d i t i o n  i n  a i r  H20 was the major gaseous species produced a long 
w i t h  KOH upon hea t ing  i n  UHV. Clean basal g raph i te  surfaces were recovered 
upon heat ing t o  5OOOC i n  vacuum. 
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.Add i t i on  o f  KOH t o  carbon i n  a i r  w i l l  t h e r e f o r e  always i n t roduce  
oxygen con ta in ing  gases i n t o  the system. Basal g raph i te  surfaces which have 
been contacted by KOH i n  a i r  have s i m i l a r  thermal s t a b i l i t i e s  t o  t h e  b0 and 
02 exposed pure KOH f i lms .  Although prolonged atmospheric exposure o f  KOH 
leads t o  the uptake o f  C02 and format ion o f  potassium carbonate, our  exposures 
t o  a i r  were shor t .  Potassium carbonate format ion should show i t s e l f  by i n -  
creased thermal s t a b i l i i t y  o f  t he  potassium species s ince bulk  potassium 
carbonate decomposes at  much h igher  temperature. We could not f i n d  any e v i -  
dence f o r  apprec iab le carbonate formation. 

11. KOH On Clean Edge Graphi te  

We have s tud ied t h e  i n t e r a c t i o n  o f  KOH on the clean edge Yraphi te  
sur face t o  determine i f  s'table potassium s ta tes  are formed on an a c t i v e "  
carbon surface i n  t h e  absence o f  oxygen. The potassium, oxygen and carbon AES 
s igna ls  were monitored as a func t i on  o f  coverage f o l l o w i n g  KOH depos i t i on  on 
the  oxygen f ree  edge sur face o f  g raph i te  he ld  a t  room temperature and fo l l ow-  
i n g  heat ing i n  vacuum. We w l l  r e p o r t  our  AES r e s u l t s  i n  the dN(E)/dE mode 
normalized t o  the carbon subs t ra te  s igna l  which c i  rcumvents problems associ- 
ated w i t h  absolute i n t e n s i t y  c a l i b r a t i o n s .  These r e s u l t s  are shown i n  F igu re  
1 and are compared t o  the  r e s u l t s  obtained on the basal sur face i n  a prev ious 
i n v e s t i g a t i o n  (15). 

The s tud ies  on the  basal g raph i te  sur face establ ished t h a t  a 1:l O:K 
sto ich iometry  was maintained dur ing roan temperature depos i t i on  and subsequent 
heat ing i n  vacuum. On t h e  basal suface o f  g raph i te  an AES K/C r a t i o  -0.4 
corresponded t o  a sur face w i t h  a coverage o f  one KOH per e igh t  carbon atoms. 
On t h i s  basis the  present AES r e s u l t s  f o r  KOH on the  edge sur face i n d i c a t e  
t h a t  a 1:l O:K sto ich iometry  e x i s t s  a t  m u l t i l a y e r  as we l l  as submonolayer 
coverages dur ing t h e  depos i t i on  near room temperature and a f t e r  heat ing i n  
u l t r a  h igh vacuum t o  temperatures where the  l oss  o f  potassium and oxygen 
occurs. 

The coverage o f  KOH was monitored by AES fo l l ow ing  heat ing t o  a 
given temperature f o r  300 sec i n  UHV. The i n i t i a l  coverage corresponded t o  a 
KJC r a t i o  near 2.0 and represents an amount i n  excess o f  a monolayer. The KOH 
coverage remains almost constant as t h e  sur face temperature neared 200'C. The 
potassium s ignal  decreased between 200-500OC. Above 3OOOC t h e  vapor pressure 
o f  KOH i s  subs tan t i a l  and t h i s  i s  one l i k e l y  mode o f  m u l t i l a y e r  l o s s  at  these 
temperatures. Submonolayer coverages o f  KOH p e r s i s t  i n  the  range o f  400OC. 
The presence o f  submonolayer concentrat ions o f  adsorbate a t  these h ighe r  
temperatures i s  a t t r i b u t e d  t o  a s t a b i l i z i n g  i n t e r a c t i o n  w i t h  the  carbon sub- 
s t r a t e .  The same type o f  behavior was observed f o r  pure KOH on the basal 
surface o f  grapi te .  KOH i n t e r a c t s  w i t h  t h e  oxygen f r e e  edge g r a p h i t e  sur face 
i n  a manner which does no t  produce s t rong ly  bound potassium-oxygen sur face 
compl exes. 

111. KOH on Oxidized Edge Graphi te  

We have determined the  sur face elemental composit ion and t h e  thermal 
s t a b i l i t y  o f  t he  potassium con ta in ing  species on the  ox id i zed  edge sur,face o f  
g raph i te  prepared by adding KOH external  t o  the  vacuum system i n  a i r .  The 
edge surface o f  g raph i te  was f i r s t  ox id i zed  i n  pure 0 a t  3OOOC near atmos- 
phe r i c  pressure and then t h e  KOH was added. This  metho% o f  p repara t i on  o f  t he  
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KOH over layer  has a dramatic e f f e c t  on the  thermal s t a b i l i t y  o f  the potassium 
complex. The s i n g l e  l a y e r  coverage range, AES WC -0.4. p e r s i s t s  between 700- 
800°C. The potassium i s  u l t i m a t e l y  l o s t  a t  temperatures above 800OC. The 
s t a b i l i t y  o f  potassium i s  very d i f f e r e n t  on t h e  ox id i zed  edge g raph i te  sur- 
face. There are a l s o  major composit ional changes i n  the  KOH over layer  as wel l  
as i n  the carbon sur face.  F igure 1 shows t h e  oxygen and potassium A B  s ignals  
r e l a t i v e  t o  the  carbon subs t ra te  s ignal  f o r  t he  ox id ized sample contacted w i t h  
KOH. The s o l i d  l i n e s  i n  F igure 1 represent i n t e g r a l  oxygen t o  potassium 
s to i ch iomet r i c  values as def ined from t h e  prev ious resu l t s .  I n  the high 
coverage m u l t i l a y e r  regime the KOH over layer  has between 2 and 3 t imes the 
oxyen content as the  s to i ch iomet r i c  KOH compound. This i s  evidence t h a t  the 
KOH l aye rs  have taken up and reta ined subs tan t i a l  q u a n t i t i e s  o f  oxygen species 
from atmospheric gases, predominantly H20. Upon heat ing t h e  sample i n  UHV the 
over layer  coverage decreases and t h e  potassium content decreases. F igure 1 
show? t h a t  as t h e  potassium coverages decrease i n t o  a submonolayer regime, AES 
K/C -0.4, t he re  i s  a subs tan t i a l  amount o f  oxygen present as measured by AES 
several t imes t h e  1:l sto ich iometry .  A good p o r t i o n  o f  t h i s  oxygen i s  associ- 
ated w i t h  the carbon subst rate.  The carbon surface i s  heav i l y  ox id ized.  This 
has a profound e f f e c t  on the vacuum s t a b i l i t y  o f  t h e  potassium species i n  the 
submonolayer coverage range. Oxygen appears t o  be associated w i t h  the  species 
s ince the re  i s  a corresponding loss o f  a p o r t i o n  o f  t he  oxygen. 

I V .  KOH On Oxid ized Glassy Carbon 

The method o f  KOH a d d i t i o n  t o  ox id i zed  glassy carbon sur face was the 
same as on the ox id i zed  edge surface. This method o f  p repara t i on  was a lso 
used t o  add KOH t o  g lassy carbon samples which were found t o  be c a t a l y t i c a l l y  
a c t i v e  toward C02 carbon g a s i f i c a t i o n  (16). 

We w i l l  compare the  r e s u l t s  f o r  glassy carbon samples which were 
ox id ized d i f f e r e n t l y .  One method was o x i d a t i o n  i n  O2 at  300'C which was the 
same method p r e v i o u s l y  used, t h e  o t h e r  was ox ida t i on  by HN03 and produced a 
surface which was ox id i zed  t o  a greater  ex ten t .  F igure 2 conta ins the  r e s u l t s  
o f  the thermal s t a b i l i t y  experiments f o l l o w i n g  heat ing f o r  300 sec i n  UHV at 
each temperature. I n  both cases a coverage greater  than a monolayer was 
deposited and subsequently heated i n  UHV. The m u l t i l a y e r  coverages were l o s t  
i n  the 500-600OC range on t h e  O2 ox id i zed  subst rate.  This i s  s i m i l a r  t o  the  
r e s u l t s  on the  HN03 ox id i zed  sample which are not shown. In  both cases the 
potassium Auger s i g n a l  p e r s i s t s  t o  much h igher  temperatures. The potassium 
l e v e l s  are approx imate ly  th ree  t imes g rea te r  f o r  t he  HN03 ox id i zed  sample f o r  
t he  02 case a t  any g iven temperature. There are d i f f e rences  i n  the  surface 
elemental composit ion o f  these samples. F igure 3 shows the oxygen and potas- 
sium AES s i g n a l s  r e l a t i v e  t o  the  carbon subs t ra te  s igna l  f o r  the two 
samples. The s o l i d  l i n e s  i n  F igure 3 represent  i n t e g r a l  oxygen t o  potassium 
s to i ch iomet r i c  values as def ined frm the prev ious r e s u l t s  contained i n  F igure 
1 based on 1:l oxygen t o  potassium KOH s to ich iometry .  I n  the  high coverage 
m u l t i l a y e r  regime t h e  KOH ove r laye r  has between 2 and 3 t imes t h e  oxygen 
content as the  s t o i c h i o m e t r i c  KOH compound independent o f  t he  method o f  glassy 
carbon preox idat ion.  This i s  again evidence t h a t  the KOH laye rs  have taken up 
subs tan t i a l  q u a n t i t i e s  o f  oxygen conta in ing gases from the  a i r .  Upon heat ing 
the sample i n  UHV the  over layer  coverage decreases and the potassium content 
decreases. F igure 3 shows t h g t  as the potassium coverages decrease i n t o  a 
submonolayer regime, AES K/C -0 .4 ,  t he re  i s  a subs tan t i a l  amount o f  oxygen 
present which i s  g rea te r  than a 1 : l  s to i ch iomet ry  as measured by AES. We see 
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t h a t  as the amount of potassium decreases i n  the  low coverage regime t h e r e  i s  
a corresponding loss of a f r a c t i o n  o f  the oxygen present .  As i n  the case w i t h  
the  edge g raph i te  subst rate oxygen appears t o  be associated w i t h  the  potassium 
species. I n  both glassy carbon samples the  carbon sur face remains h e a v i l y  
ox id i zed  f o l l o w i n g  the  loss o f  potassium. The oxygen Auger s igna l  f o r  the 
HNO oxid ized sample i s  s l i g h t l y  more than double t h a t  o f  the sample ox id i zed  
i n  $. This r e f l e c t s  t h e  d i f f e r e n t  extents  o f  i n i t i a l  ox idat ion.  The vacuum 
s t a b i l i t y  o f  t he  potassium species i s  enhanced on the more ox id i zed  surface. 
The degree o f  carbon surface ox ida t i on  i s  r e l a t e d  t o  the  s t a b i l i t y  Of  t he  
potassium species generated frm KOH. 

We have used XPS i n  order  t o  cha rac te r i ze  t h e  e l e c t r o n i c  s t r u c t u r e  
o f  the ox id ized glassy carbon surfaces a f t e r  KOH add i t i on  and thermal t r e a t -  
ment i n  vacuum. The 
O(1S) XPS spect ra was recorded f o l l o w i n g  5 min heat ing t o  the  temperature 
shown i n  Figure 4. As p rev ious l y  determined by AES the  500'C spectrum corres-  
ponds t o  m u l t i l a y e r s  o f  the potassium con ta in ing  over layer .  The 5 0 0 Y  spec- 
t rum has a FWHM o f  2.4 eV and a B.E. o f  531.7 eV w i t h  respect  t o  the  Fermi 
l eve l .  This i s  c lose t o  the  value repor ted f o r  KOH (17) .  We know t h a t  t he  
KOH over layer  conta ins more than t h e  s to i ch iomet r i c  amount o f  oxygen y e t  we 
are unable t o  resolve d i f f e r e n t  oxygen(1S) peaks. Upon hea t ing  t o  800°C the  
over layer  concentrat ion was decreased i n t o  the  monolayer regime. The 800°C 
XPS s p e c t r m  shows a broad O(1S) s igna l ,  FWHM - 4.5 eV. There appears t o  be 
two O(1S) peak envelopes, one centered near 531 eV, the  o the r  a t  533 eV. 
Heating t o  95OoC r e s u l t s  i n  the loss  o f  potassium. A O(1S) peak centered near 
533 eV remains and t h i s  value i s  associated w i t h  oxygen s t r o n g l y  bound t o  
glassy carbon. The 531 eV O(1S) peak occurs i n  the  presence submonolayer 
concentrat ions o f  potassium. The work func t i on  o f  t h e  d i f f e r e n t  g lassy carbon 
surfaces were determined from photoelect ron spectroscopy. The c lean glassy 
carbon surface had a work func t i on  o f  4.2 eV. Oxidat ion by O2 increases the  
work func t i on  t o  4.4 eV and increases f u r t h e r  on a heav i l y  ox id i zed  HN03 
sample t o  a value o f  4.5 eV. The ox id i zed  g lassy carbon su r face  w i t h  the  
potassium complex corresponding t o  t h e  BOO'C XPS spectrum showed a work 
func t i on  decrease t o  3.6 eV. I f  these values are used t o  est imate b ind ing  
energies o f  the oxygen (1s) peaks w i t h  respect t o  the  vacuum l e v e l  we f i n d  
almost a three eV b ind ing  energy d i f f e r e n c e  between the  oxygen associated w i t h  
the  potassium species and oxygen bound t o  carbon. Lower b ind ing  energies o f  a 
g iven element are genera l l y  i d e n t i f i e d  w i t h  more e l e c t r o p o s i t i v e  e l e c t r o n i c  
environments. The carbon sur face w i t h  the potassium complex t h e r e f o r e  shows 
oxygen i n  two genera l l y  d i f f e r e n t  e l e c t r o n i c  environments: one associated 
w i t h  potassium and i n  an e l e c t r o p o s i t i v e  environment; t he  o the r  i n  a more 
e lec t ronega t i ve  environment which i s  t y p i c a l l y  observed on t h e  potassium-free 
surface. 

KOH was added t o  an HN03 ox id i zed  glassy carbon sample. 

DISCUSSION 

We have s tud ied the  i n t e r a c t i o n  o f  KOH on clean g raph i te  sur faces i n  
order  t o  i s o l a t e  the  pure i n t e r a c t i o n  o f  KOH and carbon. AES r e s u l t s  show 
t h a t  a constant 1:l oxygen t o  potassium sto ich iometry  i s  maintained throughout 
deposi t ion w i t h  the edge g raph i te  sur face he ld  a t  3OoC independent of coverage 
as wel l  as a f t e r  hea t ing  i n  vacuum t o  produce submonolayer.coverages. On the  
basal surface o f  g raph i te  submonolayer coverages o f  KOH were the rma l l y  s t a b l e  
above the  me l t i ng  po in t  o f  s o l i d  KOH where t h e  KOH vapor pressure i s  substan- 
t i a l .  Likewise the r e s u l t s  on the  edge sur face show an increased s t a b i l i t y  
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f o r  the adsorbate a l ow  concentation. Submonolayer concentrat ions o f  potas- 
sium species p e r s i s t  up t o  500'C. Our r e s u l t s  are consis tent  w i t h  the p i c t u r e  
t h a t  KOH i n t e r a c t s  r e v e r s i b l y  w i t h  t h e  edge sur face o f  graphi te .  The 
adsorbate i s  s t a b i l i z e d  w i t h  respect t o  s o l i d  KOH by the i n t e r a c t i o n  w i t h  the 
carbon substrate. Pure KOH over layers on t h e  edge g raph i te  surface do not 
form s tab le  adsorpt ion s ta tes  above 500OC. 

The i n t e r a c t i o n  o f  +O and 0, w i t h  a pure KOH over layer  on the  basal 
surface o f  g raph i te  emphasize d i r e c t  s a l t  gas i n t e r a c t i o n s .  The KOH sur face 
was very a c t i v e  toward The i r  presence does not  d i r e c t l y  

t i a l l y  clean basal g r a p h i t e  surfaces are recovered upon hea t ing  i n  UHV t o  
500'C. The i n t e r a c t i o n  o f  KOH w i t h  H20 o r  O2 on a passive basal g raph i te  
sur face i s  not s u f f i c i e n t  t o  produce potassium species which are s t a b i l i z e d  
w i t h  respect t o  vacuum a t  h igh  temperatures. 

The i n t e r a c t i o n  of,, H20, and KOH w i t h  t h e  "passive" basal graphi te  
surface or  KOH alone on an ac t i ve "  edge g raph i te  sur face does not  generate 
potassium species which a re  s t a b l e  above 500OC. Oxygen a l ready bound t o  
carbon i s  an impor tan t  element i n  determining the format ion o f  s tab le  potas- 
sium species. C a t a l y t i c  precursor  a l k a l i  s a l t s  are genera l ly  added t o  carbons 
under o x i d i z i n g  cond i t i ons  o f  the gaseous environment or  the carbon surface. 
The edge g raph i te  and glassy carbon surfaces were p reox id i zed  t o  introduced 
oxygen s t rong ly  bound t o  carbon. The i n t e r a c t i o n  o f  KOH w i t h  these surface 
produces potassium c o n t a i n i n g  over layers w i t h  enhanced thermal s t a b i l i t y .  
Only submonolayer concen t ra t i on  o f  a potassium complex remained above 700OC. 
The concentrat ion o f  these species was increased w i t h  the  ex ten t  o f  carbon 
preox idat ion.  The potassium form e x i s t s  on a carbon surface t h a t  i s  heav i l y  
oxidized. The carbon sur face w i t h  t h e  potassium complex shows oxygen i n  two 
d i f f e r e n t  e l e c t r o n i c  environments. One i s  associated w i t h  potassium i s  i n  an 
e l e c t r o p o s i t i v e  environment. The o the r  i s  i n  a more e lec t ronega t i ve  envi ron- 
ment which i s  t y p i c a l l y  observed on the  potassium-free surface. We cannot 
d i s t i n g u i s h  from these r e s u l t s  i f  potassium i s  bound t o  oxygen which i s  on the 
carbon surface from potassican which i n t e r a c t s  w i t h  carbon and promotes the  
formation of oxygen i n  a more e l e c t r o p o s i t i v e  con f igu ra t i on  bound t o  carbon. 
I n  the l a t t e r  case t h i s  form o f  oxygen might e x i s t  on the carbon sur face alone 
o r  promoted by m a t e r i a l s  o the r  than potassium. Species where potassium binds 
t o  t h e  surface through oxygen, C-0-K have been pos tu la ted  t o  e x i s t  on 
cata lyzed carbon sur faces (10,12,18). I n  the  other  i n t e r p r e t a t i o n  potassium 
would be considered an adsorbate which i n t e r a c t s  w i t h  an ox id ized carbon 
s i t e .  I n  e i t h e r  case i t  i s  the i n i t i a l  o x i d a t i o n  o f  carbon which leads t o  
t h e i r  format ion from KOH. 

It i s  genera l l y  agreed t h a t  no s i n g l e  mechanism can be used t o  
i n t e r p r e t  a l l  of t he  many d i f f e r e n t  mani festat ions o f  c a t a l y t i c  carbon g a s i f i -  
cat ion.  The oxygen t ransference mechanism has been widely used t o  exp la in  
a l k a l i  cata lyzed carbon g a s i f i c a t i o n  (1,19). The a c t i o n  o f  t he  c a t a l y s t  i s  t o  
form in termediates i n  the  o x i d i z i n g  gaseous environment which decompose t o  
ox id i ze  carbon i n  t h e  p rox im i t y .  In doing t h i s  the c a t a l y s t  re turns t o  i t s  
o r i g i n a l  s t a t e  and t h e  a c t i o n  continues (20). W i th in  t h e  c lass  o f  a l k a l i  
g a s i f i c a t i o n  c a t a l y s t s  f o r  t he  reac t i on  o f  carbon w i t h  e i t h e r  H 0 o r  C02 and 
even fo r  t h e  s i n g l e  element potassium the re  a re  a v a r i e t y  o f  d i&erent  i n t e r -  
mediates pos tu la ted  f o r  t he  mechanism (21). Microscopic s tud ies suggest t h a t  
g a s i f i c a t i o n  a c t i v i t y  may not be r e s t r i c t e d  t o  a s i n g l e  phys ica l  form as 

0 and 9 a t  3OOC. 
lead t o  a s i g n i f i c a n t l y  ? i f f e r e n t  i n t e r a c t i o n  w i t h  the carbon surface. Essen- 
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c a t a l y t i c  g a s i f i c a t i o n  i s  observed f o r  systems i n  t h e  presence (22) and 
absence o f  d i sc re te  p a r t i c l e s  (23) .  The mechanisms and in termediates i nvo l ved  
i n  a l k a l i  cata lyzed carbon g a s i f i c a t i o n  by H20 and COP are s t i l l  open issues. 

We have found i n  the study o f  C02 and O2 i n t e r a c t i o n  w i t h  the  edge 
sur face o f  g raph i te  and glassy carbon samples t h a t  t h e  sur face can possess 
considerable amounts o f  oxygen which i s  s t rong ly  bound and' much less  a c t i v e  
f o r  CO formation. The CO format ion energy decreases as the t o t a l  oxygen 

h igh  oxygen coverages from e i t h e r  C02 o r  H 0 i s  extremely low, <lo- 
The surface potassium complex i s  thought $0 be the  a c t i v e  center  f o r  gas 
d i s s o c i a t i o n  whereby CO o r  H i s  formed and oxygen t rans fe r red  t o  t h e  carbon 
surface. This increases t i e  carbon sur face oxygen concentrat ion i n  the 
v i c i n i t y  o f  the complex and thus we would expect t h i s  t o  lower t h e  CO forma- 
t i o n  energy. The ac t i on  o f  the c a t a l y s t  would be t o  increase the l o c a l  oxygen 
coverage i n  a carbon domain and thereby increase t h e  number o f  domains having 
lower CO formation energetics. For  g lassy carbon these are i n  the 60-70 
kcal/mole range (24) .  This  mechanism would e f f e c t i v e l y  increase the  number of  
s i t e s  found i n  the  uncatalyzed react ion.  

surface concentrat ion increases (24) .  The e f f i c i e n c y  f o r  producing 
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Figure 1: S o l i d  t r i a n g l e s  a re  obtained from the  pr ism sur face f o l l o w i n g  KOH 
depos i t i on  a t  roan temperature. open t r i a n g l e s  are a r e s u l t  o f  
.heat ing a KOH over layer  on t he  p r i m  surface. S o l i d  c i r c l e s  are 
obtained from t h e  basal sur face f o l l o w i n g  KOH depos i t i on  a t  pM)m 

temperature. open c i r c l e s  are a r e s u l t  o f  heat ing t h e  KOH over- 
l a y e r  on t h e  basal surface. S o l i d  squares are a r e s u l t  o f  heat ing 
KOH added t o  an oxid ized edge g raph i te  surface. 
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Figure 2: A comparison of the decrease i n  the K/C Auger rat io  as a function 
of temperature af ter  KOH addition to  glassy carbon surfaces oxi- 
dized by 4 a t  3OOOC and by HN03. 
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Figure 3: Change i n  the potassium and oxygen AES signals normalized t o  
carbon following KOH addition t o  oxidized glassy carbon surfaces 
and subsequent heating in  UW. 
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Figure 4: O(1S) XPS signal a f ter  KOH addition t o  a HN03 oxidized glassy 
carbon sample and heating f o r  300 sec i n  UHV a t  each temperature. 

359 


