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In t roduc t ion

C a r b o n s ,  i . e .  a c t i v a t e d  c h a r c o a l s ,
carbon b lacks  e tc . ,  a re  kno$rn  to  ca taLyze
ox ida t ion  reac t ions ,  € .9 .  the  reac t ion  o f
su l fu rous  ac id  o r  oxa l i c  ac id  w i th  oxy-
9en1-3 .  Ind iv idua l  carbons  show b ig  a i f fe -
rences  in  the i r  ca ta ly t i c  ac t i v i t ies ,  how-
ever. I t  has been found that the catalyt ic
activl ty can be dramatical ly increased by
treatment hri th nitrogeneous gases such as
NH!  o r  HCN a t  e leva ted  tempera tures  2-4 .
Al1 carbons showing activi ty cont.ain some
ni t rogen.  I t  has  been suggested  tha t  in -
corporation of N atoms in the periphery of
the  carbon layers  i s  the  cause o f  the  ca ta-
ly t i c  ac t i v i t y .  The ques t ion  arose whet .her
ca ta ly t i ca l l y  ac t i ve  carbons  a lso  ca ta lyze
their own oxidation. V'¡e have shown i_n a
prel iminary report that carbonate is in-
deed formed from carbons in al_kal i  in the
presence o f  oxygen 4 .

Experimental

CO2 -free 02 rras bubbled at atmospheric
pressure  th rough a  s t i r red  suspens ion  o f
O . 2 - O . 3  g  c a r b o n  i n  2 O O  m l  N a O H  ( a s  f r e e
f rom carbonate  as  poss ib le )  .  The suspens ion
was heated by a constant temperature r"rater
ba th ,  usua l ly  to  80 .OoC.  A  re f lux  condenser
in the exhaust prevented losses by evapora-
t ion. At predetermined intervals samples we-
re taken by sucking a port ion of the solu-
t ion  th rough a  porous-g lass  f r i t ,  and  p ipe t -
t ing  o f f  an  a l iquot  fo r  ana lys is r  the  re -
mainder was pushed back through the fr i t  by
pure  O. .  The CO!-  conten t  was  de termined
from the inf lect ions in the potentiometric
pH t i t ra t ion  curves  (w i th  O.O1 M HCI )  .  A1-
te rna t ive ly ,  the  CO,  was car r ied  f rom the
ac id i f ied  samples  by  a  gas  s t ream,  and ad-
s o r b e d  i n  O . O 1  M  B a ( O H ) 2 ;  t h e  c h a n g e s  i n
e fec t r i ca l  conduct iv i t y  due to  p rec ip i ta -
t ion of BaCOr were measured. The increase
in the CO3- content of the NaOH solut ion due
to contamination by atrnospheri.c CO, was neg-
l ig ib le  w i th  these techn iques .  Adsorbed CO,
on the  carbon was less  than 10  Fmol /g  i -n
most  cases ,  on ly  w i - th  mic roporous  carbons
up to 65 pmoT/g were found. For measure-

ments  a t  room tempera ture ,  the  suspens ions
were  kept  in  p las t i c  bo t t les  wh ich  were
s tored  in  a  des icca tor  over  KOH pe l le ts .

CO hras estj .mated semiquantj . tat ivelv
r^ r i th  Draeger  ind ica tor  tubés .  In  a  fe$ ,
experiments i t  was determined by oxidation
to CO2 with HgO at 1OOoC.. The CO, hras then
determined conductometrical ly as described.

The carbons enployed r.rere thro activa-
ted  peat  charcoa ls ,  Anthra lu r  S ta  and Nor i t
BRX,  an  ac t iva ted  wood charcoa l ,  Epon i t ,  a
fu rnace b lack ,  Corax  3 ,  and a  b lack  s imi la r
to  channe l  b lacks ,  CK 3 .  They  have been
charac ter ized  ear l ie r1 .  n i t rógen conten ts
were  de termined by  the  K je ldah l  method.

R e s u l t s

The oxidation of carbons to COI can
eas i l y  be  fo l lowed a t  8OoC.  F ig .1  shows
that  the  reac t ion  is  the  fas te r ,  the  more
a lka l ine  the  so lu t ion  is .  In  h igh ly  a lka l i -
ne  med ia  on  the  order  o f  1OOO pmol , /g  o f  car -
bon were  ox id ized  to  COI-w i th i .n  four  hours ;
th is  cor responds to  a  we igh t  loss  o f  the
carbon o f  about  1 .2  Z .  The reac t ion  cou ld
not  be  observed a t  neut ra l  o r  ac id ic  pH.

F i g . 1 .  A u t o x i d a t i o n  o f  A n t h r a l u r  a t  8 0 . O o C
as func t ion  o f  p l l .

t ¡ m r  l o i n  I
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T a b l e  1 . Charac ter is t i cs  and au tox ida t ion  ac t iv i t y  o f  the  carbons  a t  SOoC and pH 12.

Sample
Sur face  area

mz /9
Autoxidation activi tY

pmol  CO,  /g .h
N content
before

in mmol,/g
a f te !

Anthralur

Nori-t BRX

Eponit

Epon i t -NHr  -75OoC

Epon i t -NH3 -9OO"C

Corax 3

Corax 3-NH¡ -6Oo"C

corax  3-NH!  -9oo"c

c K 3

Natural graPhite AF

6 4 0

( 1 800)

7 6 0

860

1  1 4 0

8 9

90

500

9 6

9

2 6

1 0

o
2 2

4 4

1 0

1 3

1 5 . 5

8

1 5

o .  6 9

1  . 2 0

o . 2 1
'2 .9 ' l

2  . 4 4

o . 2 2

1  . 3 0
2 . 2 3

o : t '

2  . 4 9

1  . 9 1

1 . 1 2

1  . 8 8

túmd
Carbon monoxide was formed together

w i th  cor .  I t s  quant i t i y  cor responded aPPro-
x imate ly  to  5 -?  t  o f  the  l ibera ted  carbona-
te .  In  lhe  fo l low ing ,  on ly  Co] -  fo rmat ion
wi l l  be  cons idered,  there fore .

The oxidation proceeds, albeit  much
s lower ,  a lso  a t  room temPera ture .  F ig .2
oives the results for several carbons. The
ñost act ive carbon - as ln al l  other ex-
periments - was Anthralur, a Peat act ivate'
i ts act ivi ty vras an order of magnitude hi-
qher  than tha t  o f  t yp ica l  carbon b lacks .
óarbon b lack  cK3 showed a  lower  ac t iv i t y ,
a f te r  t rea tment  w i th  NH,  a t  6OOoC,  a  re -
su l t  wh ich  is  in  cont rad ic t ion  to  a l l  o ther
observations made at higher oxidati 'on tem-
pera tures .  The reason fo r  th is  i s  no t  ye t

c l e a r .

AII further exPeriments were done at
SOoC and at a pH of 12 because COI- t i - tra-
t ion  is  more  accura te  in  d i lu te  a lka l i .
The rate of co]- formation decreases con-
s iderab ly  a f te r  ca .  one hour .  I t  apPears
that somé highly reactlve carbon on the sur-
face  is  ox id ized  rap id ly  in  the  beg inn ing
of  the  reac t Íon .  The ox ida t ion  ra tes  a f te r
60 min. $rere taken for representation in
Tab le  1 .  One can see c lear ly  tha t  the  reac-
t i v i t y  o f  the  carbons  is  enhanced a f te r
t rea tñent  w i th  NH¡ .  Th is  e f fec t  i s  no t  on ly
due to the increase in surface area as fol-
Iows from the data for the furnace black
corax  3-NH¡-6oooc.  Th is  tab le  shows a lso
that some of the bound nitrogen is lost in
the reaction, indicating that i t  is indeed
bound at the surface.

D i s c u s s i o n

It has been suggested that the cataly-
t i c  ac t i v i t y  o f  carbons  is  caused by  an
electron transfer from the carbon to adsor-
b e d  s p e c i e s ,  € . 9 .  o ,  3 , 4 .  S u b s t i t u t i v e  i n -
corpoiat ion of nitrogen would raise the
Ferlni 1eve1 of the carbon and faci l i tate
such a  charge t rans fer .  The oxygen spec ies
which  eventua l l -y  fo rm,  02- ,  O-  o r  OI I ' ,  a re
highly reactÍve, and one woul-d expect them
to  a t lack  the  carbon i t -se1 f .  That  there  is

-r,mr-l-doff

F ig .2 .  Autox ida t ion  behav io r  o f  severa l- 
carbons, room temperature, pH ' l  4 .  1 .

no observable reaction at neutral or acidic
pH cou ld  be  caused by  pro tonat ion-o f .02-  to
io ,  rh i "h  d isproPor¿ ionates  rap id ly  to  H202
*  ó ,  ( H o ,  i s  á  w á a k  a c i d  h r i t h  a - P K a  o f  c a ' 5 )  '
The high activi ty of the natural gfaphite

AF f rom Kropfmüh l ,  Bavar ia ,  v ,as  surPr is ing '
bu t  th is  ca ta lys !  was  a lso  qu i te  ac t ive  Ín

the  e l im ina t ioñ  o f  HCI  f rom ' l -bu ty l  ch lo r i -
de 4. ! ,¡e have detected by xPs traces of ni-

trogen in graphite from Kropfmühl 5 '
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