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In t roduc t i on  

Whi le  c a t a l y s i s  o f  C02 g a s i f i c a t i o n  o f  carbon or coal chars by a l k a l i  
metals has been t h e  sub jec t  o f  many i n v e s t i g a t i o n s  (1). t he  s t a t e  of t he  c a t a l y s t  
s i t e  dur ing g a s i f i c a t i o n  and t h e  mechanism invo lved  i n  t h e  r a t e  l i m i t i n g  s tep have 
y e t  t o  be resolved. An inhe ren t  problem i n  cata lyzed gas-so l id  reac t i ons  a t  t h e  
requ i red  h igh  temperatures i s  t h e  i n a b i l i t y  t o  separate the  reac t i on  i n t o  d i s c r e t e  
steps which can be monitored under i s o t h e r m 1  reac t i on  condi t ions.  The approach 
taken  i n  t h i s  study has been t o  decouple the  r e a c t i o n  i n t o  th ree  steps: c a t a l y s t  
a c t i v a t i o n ,  C02 chemisorpt ion and react ion/desorpt ion,  w i t h  on l y  the  adsorpt ion s tep 
examined under isothermal  condi t ions.  The s t rong  chemisorption o f  C02 on the rma l l y  
ac t i va ted  potassium s i t e s ,  which showed s i m i l a r i t i e s  v ia  our  MAS-NMR ana lys i s  t o  t h e  
e l e c t r o s t a t i c a l l y  he ld  CO on a l k a l i  t r ea ted  A1203 or Si02-A1203 c a t a l y s t s  as 
repor ted by Krupay e t  a l .  [Z), Sefc ik  e t  a l .  (3.4) and Barrer  e t  a l .  (5) has al lowed 
t h e  populat ion o f  a c t i v e  s i t e s  t o  be measured by the  q u a n t i t y  o f  C02 t h a t  
i r r e v e r s i b l y  chemisorbed a t  3OOOC on t h e  a c t i v e  sur face (6) .  The s t a t e  o f  t h i s  
i n te rmed ia te  i s  s i m i l a r  t o  the  t y p e  suggested much e a r l i e r  by Long and Sykes ( 7 )  and 
more recen t l y  by Mims and Pabst (8), but  i n  disagreement w i t h  a mechanism i n v o l v i n g  
K2C03 format ion and subsequent reduc t i on  t o  the metal as proposed by McKee (9) and 
Vera and B e l l  (10). 

The o b j e c t i v e  o f  t h i s  study has been t o  examine the  thermochemical 
r e a c t i o n ( s )  o f  each adsorbed C02 complex w i t h  an atom o f  carbon on the  sur face t o  
even tua l l y  y i e l d  two molecules o f  CO. Isotope l a b e l l e d  13C02 has been adsorbed on 
t h e  a c t i v e  s i t e s  so t h a t  t h e  reac t i on  chemist ry  o f  Cop w i t h  t h e  carbon l a t t i c e  cou ld  
be monitored by Temperature Programmed Desorption (TPD) w i t h  t h e  carbon labe l  
d i f f e r e n t i a t e d  by mass s p e c t r a l  examination o f  t h e  products. While t h e  TPD ana lys i s  
technique has been p r i m a r i l y  employed f o r  examining desorpt ion o f  s i n g l e  c r y s t a l  
c a t a l y s t  sur faces ( l l ) ,  t h e  technique can be app l i ed  t o  porous c a t a l y s t  ma te r ia l s  
w i t h  proper precaut ions (12). I f d i s c r e t e  desorpt ion s ta tes  can be i d e n t i f i e d ,  
d e t a i l s  of  t he  k i n e t i c s  o f  desorpt ion process can be obta ined (13). Feats and Keep 
have examined g r a p h i t e  ( thermal  or r e a c t o r  i r r a d i a t e d )  a f t e r  COP or O2 adsorpt ion by 
TPD and found d i s c r e t e  s t a t e s  f o r  desorpt ion o f  CO and C02 (14). L inear  TPD 
a n a l y s i s  and a step-TPD technique were s tud ied by Tremblay e t  a l .  t o  determine the  
energet ics  of oxygen remove1 as CO from non-catalyzed carbons. These authors 
summarized t h e i r  r e s u l t s  w i t h  two major points ;  more than  one func t i ona l  group i s  
present  on carbon and t h e  a c t i v a t i o n  energies f o r  these complexes must be a 
d i s t r i b u t e d  func t i on  (15). F r e r i c k s  has repor ted TPD spect ra f o r  C02 and H20 on 
potassium doped carbon samples but t h e  spect ra were no t  analyzed f o r  k i n e t i c  
i n f o r m a t i o n  (16). 
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Oiscrete desorpt ion s ta tes  f o r  13- label led CO and l a t t i c e  carbon der ived 
CO have been obtained i n  t h i s  study by TPO a t  one atmosphere i n  a f l ow ing  i n e r t  gas 
stream. Analysis o f  the TPD spect ra by the methods o u t l i n e d  by Redhead, Cvetanovic 
and Amenomiya and Taylor and Weinberg are presented (11,13,17). 

EXPERIMENTAL 
Samples and Reagents 

Spherocarb, a low ash form o f  ac t i va ted  carbon w i t h  a sur face area o f  800 
m2/g, was purchased from Analabs Inc., New Haven, Connecticut. Isotope l a b e l l e d  

13C02 (98% 13C) was purchased from Isotec, Inc.. Cen te rv i l l e .  Ohio, w i t h  t h e  
percentage isotope labe l  v e r i f i e d  by M.S. analys is .  A h igh  p u r i t y  source o f  He 
(99.9999%) was used as a c a r r i e r  gas i n  a l l  experiments. The He stream was passed 
through a heated t r a p  con ta in ing  Cu tu rn ings  f o r  O2 removal fo l lowed by molecular  
s ieve t raps  t o  i nsu re  H20 removal. The p u r i t y  o f  He was found t o  be c r i t i c a l  i n  
adsorpt ion/desorpt ion runs on carbon and was checked p e r i o d i c a l l y  by v e r i f y i n g  a 
constant weight o f  carbon i n  the TGA/DSC a t  e levated temperatures (8OOOC) wh i l e  
f lowing a He stream f o r  2-3 hour period. 

Potassium carbonate was purchased from B&A Chemicals (reagent grade). 
Aqueous s o l u t i o n  o f  K2CO3 were used t o  impregnate Spherocarb samples w i t h  the  volume 
o f  the aqueous s o l u t i o n  equated t o  the quan t i t y  o f  mois ture requ i red  t o  f u l l y  wet 
the  surface but not a l l ow  excess s o l u t i o n  (method o f  i n c i p i e n t  wetness). A f t e r  
impregnation. samples were d r i e d  t o  60-70°C i n  a vacuum oven and sealed i n  glass 
conta iners under i n e r t  atmosphere. 

Isothermal adsorpt ion and temperature programmed desorpt ion runs were 
performed i n  a M e t t l e r  2000C TGA/OSC Analyzer. The balance p la t form,  sample 
c r u c i b l e s  and chamber were const ructed o f  a-alumina w i t h  no a r t i f a c t s  i n  adsorpt ion 
o f  desorpt ion noted i n  blank runs. Analysis o f  the e x i t  gas was performed w i t h  a 
UTI model 100 mass spectrometer t h a t  was i n t e r f a c e d  w i t h  a Spectra Link u n i t  t o  a 
M l N C  1123 labo ra to ry  computer. M u l t i p l e  i ons  could be monitored on a continuous 
bas is  du r ing  TPD runs. I n  a t y p i c a l  run, e i g h t  amu valves were monitored i n  a 
c y c l i c  manner i n  which data for  each mass u n i t  was c o l l e c t e d  f o r  one second w i t h  a 
t o t a l  cyc le  comprising about ten seconds. I n  t h i s  manner, a s u f f i c i e n t  number o f  
counts could be obtained f o r  each ion  t o  prov ide an accurate r a t i o  o f  p a r t i a l  
pressures wh i l e  the frequency o f  c y c l i n g  was f a s t  enough t o  gain peak temperatures 
(Tp) fo r  CO and COP fragments at  programming ra tes  up t o  0.5 K/sec. A small p o r t i o n  
(5-10%) o f  t h e  e x i t  f l ow  from the reac t i on  chamber was d i f f e r e n t i a l l y  pumped through 
a c a p i l l a r y  tube t o  minimize l a g  t ime t o  the  M.S. chamber. The f l ow  pat tern,  as 
o u t l i n e d  on F igure #1, was designed t o  minimize readsorpt ion du r ing  TPO experiments 
(12). 

Adsorption o f  C02 was always performed w i t h  90% He d i l u t i o n .  Samples o f  
K2C03-Spherocarb were precondi t ioned by heat ing t o  850'C i n  an i n e r t  gas f l ow  p r i o r  
t o  the adsorption/TPO study. A f t e r  an isothermal temperature was establ ished,  the 
adsorpt ion was c a r r i e d  out a t  6OoC fo l lowed by a per iod o f  approximately one hour t o  
purge t h e  chamber o f  res idua l  C02. 

RESULTS AND DISCUSSION 
Product Formation and Isotope D i s t r i b u t i o n  

The p r o f i l e  o f  desorbed products, as shown i n  Figures 2 and 3, i d e n t i f i e s  
Desorption of cO2 can a l so  be detected i n  much th ree  reg ions o f  desorpt ion f o r  CO. 
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l ower  concentrat ions w i t h  a low temperature peak centered at  17OOC and a broad 
desorpt ion peak at  5OOOC. The C-13 labe l  on adsorbed CO2 r e a d i l y  d i f f e r e n t i a t e s  t h e  
source of carbon f o r  both CO and C02. Desorpt ion o f  CO w i th  mass 29 i s  c l e a r l y  
present i n  peaks a t  200°, 490°, and 685', wh i le  mass 28 (CO from l a t t i c e  carbon) i s  
o n l y  observed i n  t h e  75OoC peak. Only l a b e l l e d  C02 (mass 45) can be seen i n  the  
desorp t ion  spectra. The l a c k  o f  coincidence i n  desorp t ion  s ta tes  ~ o ~ - ~ ~ C O  or l2C0 
should be noted as i t  ind i ca tes  d i s t i n c t  desorp t ion  processes. Adsorpt ion of  C02 a t  
isothermal temperatures f rom 25-100'C had no e f f e c t  on the  r e l a t i v e  r a t i o  of 
products o r  t he  peak maxima. Higher temperature adsorpt ion o f  COP decreased t h e  
c o n t r i b u t i o n  o f  t h e  lower temperature s ta tes  i n  t h e  TPD spectrum. Continued 
evo lu t i on  o f  CO above 8OOOC i s  a l so  evident i n  a l l  the  spectra. Removal of t i g h t l y  
bound oxygen i n  chars i s  known t o  requ i re  very h igh  temperatures (lOOO°C i n  vacuum) 
(18,19) i n  add i t i on  t o  e v e n t u a l l y  v o l a t i l i z i n g  the  a l k a l i  metal (20). The chemistry 
i n  t h i s  temperature reg ion  was not examined as i t  i s  not re levant  t o  the  c a t a l y t i c  
reac t ion .  

Continued c y c l i n g  o f  C02 adsorp t ion  a t  25OC o r  100°C fol lowed by TPD 
programming t o  800-850°C demonstrated t h e  reproduc ib le  s to ich iomet ry  of t h e  
Boudouard reac t i on  as monitored dur ing  each cyc le  w i t h  the TGA u n i t :  

co2(44 amu) + C(12 amu) + 2C0 (56 amu). 

Thus, separat ion o f  t he  adsorp t ion  process and the  subsequent thermal desorp t ion  
i n t o  separate steps al lowed gas i f i ca t i on  t o  be performed on a "one tu rnover "  per  
c y c l e  basis. That i s ,  f o r  each a c t i v e  s i t e  tha t  chemisorbed one molecule of COe, 
one atom o f  l a t t i c e  carbon was reacted dur ing  the  TPD process t o  y i e l d  two molecules 
of CO. The quan t i t y  of adsorbed C02 could r e a d i l y  be con t ro l l ed  by in t roduc ing  a 
l i m i t e d  amount o f  C02 i n t o  the gas stream and observing the  weight gain w i t h  t h e  
TGA. Thus the  e f f e c t  of  desorp t ion  a t  d i f f e r e n t  load ing  l e v e l s  could be q u a n t i f i e d  
w i t h  the measured weight o f  adsorbed C02 and desorbed CO as known grav imet r ic  values 
and the  iso tope c o n t r i b u t i o n  determined from the  area under the  mass spec t ra l  
p ro f i l es .  The TPD p r o f i l e s  i n  Figures 2-4 correspond t o  desorp t ion  o f  a f u l l  
s a t u r a t i o n  o f  chemisorbed s i t e s  (0.6 s i tes /mole  o f  K CO impregnated). A dec l ine  i n  
t h e  t o t a l  mass o f  desorbed I 3 C O  as compared t o  '*CO wi th lower load ings  was observed 
upon i n t e g r a t i n g  the  area under the  respec t ive  M.S. p r o f i l e s  shown i n  Figures 2 and 
4. A s i m i l a r  decrease i n  the  r a t i o  o f  13CO/12C0 was noted w i th  equal coverages o f  
C02 bu t  decreasing ramping rates.  Readsorption o f  13C0 a f t e r  i t s  re lease from lower 
energy b ind ing  s ta tes  appears probable from these r e s u l t s  w i t h  a v i sua l  i l l u s t r a t i o n  
o f  t he  dec l ine  i n  13C0 w i t h  lower load ing  shown i n  Figure 4. 

Adsorpt ion o f  C02 at elevated isothermal temperatures was examined up t o  
500OC. TPD ana lys is  o f  t h e  surface a f t e r  adsorp t ion  a t  e levated temperatures showed 
a dominance of CO desorp t ion  i n  t h e  an t i c ipa ted  700Y region, w i t h  l i t t l e  
c o n t r i b u t i o n  from t h e  lower states.  

Determinat ion of Rate Parameters v i a  TPD Ana lys is  

I n t e r p r e t a t i o n  o f  TPO spectra a l lows t h e  a c t i v a t i o n  energy, frequency 
f a c t o r  and order o f  a process t o  be determined as the  shape o f  the  peaks and t h e  
p o s i t i o n  of t he  peaks maxima bear a fundamental r e l a t i o n s h i p  t o  the  desorp t ion  
process (11-13). 

Data obtained from TPD spectra w i t h  va r iab le  surface coverage was analyzed 
f rom the bas ic  equation, 

2. 3 
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n = reac t i on  o rde r  
C = sur face conc. 
V = frequency f a c t o r  
Ed = a c t i v a t i o n  energy 
T = peak desorp. temp. P 
6 = ramping r a t e  

Rearrangement o f  t h i s  equat ion reveals  t h e  dependence 
concentrat ion on tenpera tu re  as a f u n c t i o n  o f  reac t i on  order. 

o f  sur face 

Ed Ed cn--l=exp. - . - 
RTP R T ~ ~ V ~  

I f  l i t t l e  change i n  the  energy o r  frequency f a c t o r  i s  assumed as a f u n c t i o n  o f  
loading l eve l ,  t he  r e l a t i v e  s h i f t  o f  Tp as a f u n c t i o n  o f  C w i l l  a l l o w  a 
determinat ion o f  the reac t i on  order. The temperature o f  the desorpt ion peak f o r  
l a t t i c e  de r i ved  carbon ( 1 2 C )  remained constant i n  the  reg ion o f  sur face coverages 
used i n  t h i s  study (40-100%) and thus represented t e p r o f i l e  o f  a f i r s t  order  
desorpt ion process. The th ree  desorpt ion peaks f o r  '$0 (der ived f rom 13C02) a l s o  
showed constant  T values a t  sur face coverages i n  t h e  range mentioned above as shown 
i n  F igure #3 w h i c i  i s  cons i s ten t  w i t h  f i r s t  order  desorpt ion processes. 

TPD experiments were a l s o  performed a t  constant  sur face coverage values o f  
CO2,  as measured w i t h  t h e  thermal balance, and a t  v a r i a b l e  heat ing ra tes  o f  0.5 
K/scc. t o  0.033 K/sec. Surface coverages above 80% were used i n  a l l  cases. 
Analysis o f  the a c t i v a t i o n  energies and preexponential f a c t o r s  could be determined 
from the  l o g  form o f  equation (1)  as mass t r a n s f e r  problems were n o t  a n t i c i p a t e d  
based on t h e  design parameters o f  Gorte (12) and the  e f f e c t  o f  readsorp t i on  on t h e  
preexponential term was small compared t o  the e r r o r  i n  the i n t e r c e p t  under the  
cond i t i ons  o f  t h i s  study (21). Adsorption o f  CO on t h i s  surface had a l s o  been shown 
by independent s tud ies  t o  be a non-act ivated process, t hus  AH = Ed. 

(3) 
Ed VnR 

In@ 'RS; - In- E d  
2 1nT - 

P 

The values o f  Tp were obta ined from bo th  the m ss spec t ra l  p l o t  and the  DTGA peak 
from t h e  weight l oss  p r o f i l e .  Desorption o f  "CO i n  t h e  h igher  temperature reg ion 
requi red dependence on on ly  t h e  M.S. values as the d e r i v a t i v e  weight l o s s  peak 
(DTGA) usua l l y  appeared as a shoulder on t h e  l a r g e r  "CO peak. The s e r i e s  o f  M.S. 
spectra generated from t h e  desorpt ion o f  m/e = 28 a t  d i f f e r e n t  6 values i s  shown i n  
F igure 5. The values o f  Tp, which requ i red  a temperature c o r r e c t i o n  f o r  heat 
t ranspor t  e f f e c t s ,  were u t i l i z e d  t o  c a l c u l a t e  parameters f o r  a c t i v a t i o n  energ ies and 
fac to rs .  The desorpt ion energy f o r  t h e  lower temperature re lease o f  13C0, as shown 
i n  Figure 6, ga e a va lu  of 45 f 3 Kcal/mole w i t h  a frequency f a c t o r  o f  4 x 
Desorption o f  "CO and "CO a t  t h e  h ighe r  temperature reg ion revealed h ighe r  energy 
values of 73 f 3 Kcal/mole and 72 i 5 Kcal/mole, respec t i ve l y  w i t h  frequency f a c t o r s  
o f  1015-1016 range f o r  b o t h  processes (see F igures 7,8). The temperature dependence 
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p l o t  f o r  l2C0 i n  F igure 7 d i sp lays  the  experimental values f o r  DTGA and M.S. derived 
values of Tp wh i l e  F i g u r e  6 and 8 were taken from mass spec t ra l  p r o f i l e s .  

Energetics and Mechanism o f  CO Formation and Desorption 

Exothermic adsorpt ion o f  C02 on d i s c r e t e  a l k a l i  con ta in ing  s i t e s  resu l t s  
i n  t h e  format ion o f  a C02 con ta in ing  complex t h a t  appears s tab le  up t o  400OC. The 
chemical s h i f t  o f  13 l a b e l l e d  carbon (from adsorbed COP) by MAS-NMR . c l ea r l y  showed 
t h a t  K CO and KHC03 have no t  formed, but t h e  sur face in termediate appears t o  be 
"carbo:ate3" i n  nature. Temperature programed desorpt ion up t o  4OOOC i n  t h i s  study 
revealed no enthalpy changes as noted w i t h  the  DSC probe, prec lud ing any chemical 
change i n v o l v i n g  gain o r  l oss  o f  energy although CO and COP evo lu t i on  from weakly 
he ld  s i t e s  occurred a t  200OC. Thus, t he  breaking o f  the C02 complex on a potassium 
s a l t  t rea ted  carbon sur face t o  t r a n s f e r  oxygen and the desorption o f  CO appear t o  
occur as a s i n g l e  endothermic process a t  400'C. This t r a n s f e r  o f  oxygen and 
desorpt ion of CO must probably i s  cata lyzed by t h e  potassium s i t e .  Bonner and 
Turkevich (22), Lang and Magnier (23) and Tonge (24) have independently studied the 
t r a n s f e r  o f  oxygen from C02 t o  d i f f e r e n t  forms o f  non-catalyzed g raph i te  o f  
carbon. Desorption o f  CO was found t o  occur a t  temperatures as low as 450'C (Tonge) 
although the r a t e  o f  exchange o f  oxygen from C02 t o  carbon was very low 1700 hrs 
f o r  completion a t  500'C) and the  sur face coverage was minimal ( 7  x lo-' C atom 
s i tes /C  atom). The i n a b i l i t y  t o  desorb a l l  t he  l a b e l l e d  13C0 i n  t h i s  study at  the 
4OOOC endothermic t r a n s i t i o n ,  e i t h e r  due t o  readsorpt ion o f  CO or  t he  presence o f  
more than one type o f  s i t e ,  precludes any statement from t h i s  study c la im ing  a 
s i n g l e  event for t h e  f i r s t  s tep i n  the  c l a s s i c  mechanism o f  C02 g a s i f i c a t i o n  as 
o u t l i n e d  by Long and Sykes (25), where (0) re fe rs  t o  an adsorbed oxygen on the 
carbon surface. 

co2 + (0 )  t co 
c t (0 )  + co 

The demonstrated a b i l i t y  o f  K-Spherocarb t o  chemisorb CO, w i t h  eventual desorpt ion 
o f  t h e  ma jo r i t y  o f  t h e  oxygen from a h igher  d i ssoc ia ted  s ta te ,  places more emphasis 
on t h e  t h i r d  step i n  above mechanism o f  g a s i f i c a t i o n  as shown below: 

i 

J 
co c-' (CO). 

While readsorption o f  CO was not found t o  be s i g n i f i c a n t  i n  the k i n e t i c  study w i t h  
carbon (8.25) i t  may be important w i t h  potassium t r e a t e d  carbon. The desorpt ion 
energy f o r  t he  removal o f  CO a t  49OOC from K-Spherocarb v ia  TPD ana lys i s  i n  t h i s  
study (45 3 Kcal/mole) w i t h  a frequency f a c t o r  of 1 0 l 2  represent a considerably  
more f a c i l e  process than  the i n i t i a l  t r a n s f e r  process o f  Long and Sykes (a)  f o r  
ext racted charcoal (Eact = 68, V = 3 x 10') o r  f o r  the o r i g i n a l  charcoal (Eact = 
58.8 Kcal, V = 6 x lo8) (8). Our s tud ies o f  CO adsorpt ion on K-Spherocarb showed a 
non-activated process ( t h u s  AHdesorp. = Eact ) ;  the lower a c t i v a t i o n  energy and 
h ighe r  pre-exponential f a c t o r  t h e r e f o r e  represent t h e  c a t a l y t i c  a c t i v i t y  o f  
potassium i n  t h i s  f i r s t  step (a). The low temperature t r a n s i t i o n  f o r  release o f  
oxygen on a l k a l i  t r e a t e d  carbon surfaces i s  cons i s ten t  w i t h  e a r l i e r  oxygen exchange 
s tud ies  (19-22) i n  a d d i t i o n  t o  the aforementioned work by Long and Sykes (8,25). 

The energet ics  and isotope d i s t r i b u t i o n  o f  CO adsorption s tates a l lows 
add i t i ona l  i n s i g h t  on the  nature o f  t he  sur face complexes. The re lease o f  CO above 
600°C involves separate and d i s c r e t e  s i t e s  f o r  l a t t i c e  der ived carbon and C02 
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der i ved  carbon as d i s t i ngu ished  by t h e  carbon i so tope  labe l .  The r e l a t i v e  increase 
i n  the  q u a n t i t y  o f  13C0 desorbed i n  t h e  600-7OO0C reg ion  w i t h  a decrease i n  coverage 
o f  adsorbed 13C02 i s  cons is tent  w i t h  p r e f e r e n t i a l  bonding t o  t h i s  s i t e  ( e i t h e r  
d i r e c t l y  or by readsorpt ion)  vs the  weaker s i t e s  desorb in a t  490 and 200'C. As the  
t o t a l  q u a n t i t y  o f  desorbed 13C0 i s  s i m i l a r  t o  desorbed p2C0, and much g rea te r  than 
the p red ic ted  q u a n t i t y  o f  l a t t i c e  carbon exposed on the  h igher  sur face area 
Spherocarb, t he  l a b e l l e d  carbon must be e i t h e r  bonded t o  o r  i n  c l  se p r o x i  i t y  t o  an 
oxygen atom. The s i m i l a r i t y  o f  the desorpt ion enthalpy f o r  "CO and '2C0 above 
6OOOC a lso  impl ies a s i m i l a r  form o f  bound in termediate,  although t h e  desorpt ion 
p r o f i l e  always revealed 13C0 e v o l u t i o n  a t  a lower  temperature than l2C0. The h igh 
a c t i v a t i o n  energy f o r  t he  above processes i s  equal o r  greater  than values repor ted 
fo r  CO release by o the rs  from non-catalyzed carbon system. The va lue o f  59 Kcal 
repor ted by Ergun (26,27) on th ree  d i f f e r e n t  carbons (Ceylon Graphite, ac t i va ted  
g raph i te  and a c t i v a t e d  carbon) and t h e  value o f  67 Kcal f o r  g raph i te  repor ted by 
Tyso (28) e t  a l .  were obta ined under c o n t r o l l e d  d i f f e r e n t i a l  f l o w  condi t ions.  
A recent  steady s t a t e  k i n e t i c  i n v e s t i g a t i o n  by Freund (29) has shown an a c t i v a t i o n  
energy o f  58 t 3 Kcal f o r  C02 g a s i f i c a t i o n  o f  cata lyzed and non-catalyzed carbon 
samples . 

The h igher  energy values obta ined i n  t h i s  TPO i n v e s t i g a t i o n  as compared t o  
steady s t a t e  k i n e t i c  r e s u l t s  i s  probably  no t  due t o  CO i n h i b i t i o n  problems as they 
have been accounted f o r  i n  the  above quote s tud ies.  The i n a b i l i t y  t o  measure 
accurate reac t i on  bed temperatures du r ing  t h e  endothermic g a s i f i c a t i o n  presents  a 
more p l a u s i b l e  explanation. The temperature values obta ined i n  our  TPD study, 
despi te  the small sample s i z e  and low concentrat ion o f  adsorbed C02, requ i red  a 
c o r r e c t i o n  a t  h igher  temperatures due t o  t h e  endotherm o f  C O  desorpt ion.  The actual  
temperature o f  our desorpt ion peaks- were co r rec ted  w i t h  f a c t o r s  determined from DSC 
measurement o f  t he  m e l t i n g  o f  metals ( a l s o  an endothermic process) a t  t h e  desorpt ion 
temperature. Local ized coo l i ng  o f  t h e  bed du r ing  any steady s t a t e  k i n e t i c  run  would 
a l s o  r e s u l t  i n  a r t i f i c i a l l y  h igh  temperatures from a thermocouple va lue which would 
lower the  value o f  t h e  ca l cu la ted  a c t i v a t i o n  energy from a r e a c t i o n  r a t e  vs. 
rec ip roca l  temperature p l o t .  

CONCLUSIONS 

Isotope l a b e l l e d  TPD under one atmosphere i n e r t  gas f l ow  has prov ided a 
method o f  decoupling a l k a l i  cata lyzed g a s i f i c a t i o n  i n t o  steps. D i s t i n c t  desorpt ion 
s t a t e s  f o r  CO have been i d e n t i f i e d  which he lp  exp la in  t h e  mechanism o f  C02 
i n t e r a c t i o n  w i t h  the  a l k a l i  cata lyzed carbon surface. The r a t e  l i m i t i n g  s tep has 
been shown t o  i nvo l ve  removal o f  l a t t i c e  carbon as CO. As t h e  a c t i v a t i o n  energy f o r  
t h i s  s tep does no t  appear t o  be lowered by potassium, a l k a l i  serves as a c a t a l y s t  by 
i nc reas ing  the  number o f  a c t i v e  s i t e s  i n  C02 g a s i f i c a t i o n  of carbon and exchanging 
oxygen from C02 t o  t h e  carbon surface. 
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Cylinders 

N, 0. CO, SO, 

T y l a n  Flow 
Controllers 

tor  T G A I D S C  

He + Gas Reactant  

Figure #I .  M e t t l e r  200K Thermal Analysis u n i t  equipped w i t h  gas flow c o n t r o l  
system and on- l ine  M.S. analys is  system. 

Temperature ("C) 

Figure Y2. P r o f i l e  o f  mass i n t e n s i t y  for evolved lk0 (mp.29) and 1%O(m/e=28), 
temperature programing r a t e  of 0.5 K/s, K-treated Spherocarb powder 
w i t h  'k0, adsorbed ( e  I 1001) a t  6OoC. 
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555 520 685 25 

Figure 13. P r o f i l e  o f  mass i n t e n s i t f e s  for  evolved 1 3 ~ 0 ~ ( ~ / ~  = 45).and 
'%02(m/e = 44). In tensi ty  scale  magnified 7 . 5 ~ .  same run as Figure 12. 

Figure 14. P r o f i l e  of mass i n t e n s i t y  f r evolved 13C0 (m/e = 29) a t  d i f ferent  
l o a d i n g  l e v e l s  (e i n  X)  of  'b,. 1. 6Z. 2, 161. 3, 52%. 4, 76%. 5, 
1001. 
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Figure 15. f’rofile of mass intensities for “CO desorption (m/e = 28) at different 
ramping rates ( 6 )  1, 0.083K/sec. 2. 0.125K/sec. 3. 0.167K/sec. 4. 
0.0333K/sec. 5, 0.5 Klsec. 
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Figure t 6 .  Plot of  I3CO desorption values from 420-500°C peak, AH from slope 45f3 
Kcal/mole. V1 = 4 ~ 1 0 ~ ~ .  
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Figure .17 .  P lo t  of “CO desorption v lues  from. 69OoC-75O0C peak, AH from slope 
73 i3  Kcal/mole, V1 = 2~10~ ’ .  
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Figure 18. P lo t  of 13C0 desorption alues from 65O’-69O4C peak, AH from slope - 
725 Kcal/mole. V1 - 2 ~ 1 0 ~ ~ .  
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