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Tntroduct ion

A knowledge of  the propert ies of  surface oxygen

complexes on carbons is  importantr  not  only for  an

,rnderstanding of  their  ro le in gasi f icat ion react íons

(Ref.  1)  but  a lso in determining the surface chemistry

e .g .  adso rp t i ve  p rope r t i es ,  o f  t he  ca rbon  (Re f .  2 ) .

ITecent approach adopted by Marsh and co-workers

(Refs.  3 to 6)  involves the use of  atomic oxygen

to form surface oxygen complexes.  This has the

advantage that  re lat ively large amounts of  surface

complex,  approaching monolayer coverage (Ref.  3) ,

are formed even at  room temperature and belor¡ '  In

one study using atomic oxygen (Ref.  5) ,  a l inear-

progrannned íncrease in temperature T,¡as used to

invest igate the decomposi t ion sf  the surface

comp lex  f o rmed  by  t he  sequen t i a l  adso rp t i on  o f  
l 6o

and  t soa toms  a t  195  K .  The  i so top i c  conEen t  o f

the desorbed products (C0 and C02) indicated that

at  some t ime dur ing ei ther their  formatíon or

decomposi t ion the surface oxygen complexes were

mobi le over the carbon surface.  This 1ed Marsh

and  Foo rd  (Re f .  6 )  t o  sugges t  a  un i f i ed  hypo thes i s

(Re f .  6 )  exp la i n i ng  va r i a t i ons  i n  Ehe  C0 /CO2  ra t i o

in the products of  the gasi f icat ion react ion between

carbons and oxygen. The desorpt ion of  CO2 was

considered to be governed by the l ikel ihood of

col1 is ion-interac t ions be tr^teen urob í1 e chemis orb ed

oxygen atoms ( i .e.  the surface oxygen complexes).

Hence, increasir ¡g the concentrat ion of  surface

oxygen complex or  i ts  nobi l i ty  over the surface

should resul t  in an increased chance of  col l is ion-

interact ion and so a lover CO/CO2 rat io should be

found. Factors such as an increase in react ion

temperature,  a lower oxygen pressurer the presence

of micropores in the carbon and the presence of

surface imperfect ions would al l  be predicted to

ei ther 1ov¡er the concentrat ion of  surface complex

or impede i ts  rnobi l i ty .  t r r lh i le the resul ts of  Foord

(Ref.  5)  conf i rm the ident i f icat ion of  factors

which i rnpede surface complex mobi l i ty  (e.g.  the

presence of  microporosi ty,  or  increasing the extent

of  surface imperfect ion by lower ing the HTT of  the

carbon) they do not  indicate whether complex mobi l iy

occurs iuunediately fo l lowing the in i t ia l  in ter-

act ion of  an oxygen atom r¡ i th the carbon surface,

or  in¡nediately pr ior  to desorpt ion ( the lat ter

case is  necessary for  complex rnobi l i ty  to inf luence

the CO/COr rat ío) .  The present study is  concerned

wíth a moie detai led study of  selected carbon samples

in order to ínvest igate fur ther th is possib le

relat íonship between surface oxygen complex mobi l i ty

and  reac t i on  P roduc t  r a t i o .

Exper imental

The preparat ion of  graphi t íz ing carbons f rom

polyvinyl  . "át" t "  (PVA) is  descr ibed elsewhere (Ref.7) ' .

Surface oxygen complex was formed by adsorpt ion '  at

195 K,  of  oxygen atoms prePared by a microwave dis-

charge in (4O Pa) O.3 torr  of  oxygen wi th a power

adso rp t i on  o f  55  wa t t s .  The  samp le ,  p rev i ous l y

ou tgassed  a t  L l 75  K ,  was  s i t ua ted  aPp rox ima te l y

15O ¡ ru r  f r om  Ehe  d i scha rge  zone .  
t oO  was

adso rbed  f i r s t  f o r  30  m inuLes  f o l 1o r ¡ed  by  r 80  f o r

2 hours.  This gave a surface approximately

equal ly  covered by each isotope.  The surface

oxygen complex was decomposed by l inear progra¡Imed

heat ing f rom room temperature to 1175 K. The

decomposi t ion products \ tere cont inuously pumped

away (rnaintainiqg a vacuum over the sample of

bet ter  than 133 Pa (10-b torr)  and aoalyzed by a

mass  spec t rome te r  (M i c ro rnass  6 ) .

Resu l t s  and  D i scuss ion

The  resu l t s  t o  be  d i scussed  a re  t hose  f r om

two exper iments perforrned on samples of  a PVA

carbon, HTT 12OO K. The exper iments r47ere ident i -

cal  except for  the l inear desorpt ion heat ing rate

which was 4.8 K min-r  in one exper iment and 12 K

m in -1  i n  l he  o the r .  The  i so top i c  r a t i o  i n  t he

desorbed carbon monoxide is  p lot ted as a funct ion

of  desorpt ion temperature in Fígure 1.  That  the C0

is in i t ia l ly  r ich in the oxygen isoEope that  was

adsorbed last  indicates that  some mobi l i ty  of

complex to the avai lable s i tes of  h ighest  heat  of

adsorpt ion has occurred i r rnediately fo l lowing

the  i n i t i a l  adso rp t i on  s tep  ( i . e .  l ead ing  t o  a

l as t - on ,  f i r s t - o f f  p rocess  on  deso rp t i on ) .  S i nce  ¿
the desorpt ion of  surface oxygen complex is  a

t i ne t i ca l l y  ac t i va ted  p rocess ,  i nc t "as i ng  t h "

desorpt ion heat ing rate wi l l  have the ef fect  of

increasing the amount of  unstable complex (or

mob i l e  comp lex  i f  mob i l i t y  i s  a  p re requ i s i t e  o f

desorpt ion) present on the surface at  a part icular

desorpt ion temperature.  As shor.¡n in Figure 1

th i s  a l so  d i sp l aces  t he  i so top i c  r a t i o  cu r ve  t o

higher temperatures (as an increasing contr ibut ion

from 1or¡  temperature desorpt ion is  carr ied over to

higher temperatures by a faster  heat ing rate)

al though one is  not  able to conclude f rom th is

whether complex rnobi l i ty  ínrnediately pr ior  to

deso rp t i on  i s  occu r r i ng .

However,  i f  the surface oxygen complex is

mobi le i rmnediately pr ior  to desoipt íon,  the

i nc reased  chance  o f  co l l i s i on - i n t e rac t i on  due

to the higher concentrat ion of  mobi le species

present at  the higher heat ing rate should,  according

to  t he  hypo thes i s  ou t l i ned  ea r l i e r ,  l ead  t o  a

lower CO/CO2 rat io.  That  th is is  not  the case

is shown in Figure 2.  One is 1ed therefore to the

conclusion,  e i ther that  surface complex urobi l i ty

does not  p lay a part  in governing react ion product

rat io,  or  perhaps more l ikely that  once adsorbed

on  a  pa r t i cu l a r  su r f ace  s i t e  t he  comp lex  does

no r  become  nob i l e  aga in  be fo re .deso rp t i on .

Carbon dioxide is  then formed by the react ion

between adjacent surface complexes-
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Al though these s tud ies  o f  adsorDt ion  and
desorp t ion  processes  re laEed to  sur face  oxygen
complexes on carbons do help our underst.rráirrg
o f  the i r  reac t ion  w i th  mo lecu la r  oxygen,  the
la tEer  reac t ion  must  a lways  be  cons iáered as  a
dynamic changing (perhaps non-equil ibr ium)
sys fem so  tha t  the  de ta i l  o f  the  separa te  s tud ies
o f  complexes  may noE be < i i rec t l y  app l i cab le .
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