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Abstract. Carbons ltere Prepared nirh a wide variation in size

ffif texture (<to¡oains io rnosaics) from geveral industrial

pitcires of different cher¡ical cmposition' selts of alkali and

iransitional metals ¡¡ere added to the pitches. Gasification of

iut"ii""t pure and doped carbon!¡ to orygen and carbon dioxide

r¡as studiei using a nicrobalance. Kinetic data are assessed in

te¡mg of rates oi gasification and optical texture' Topographi-

cal changes creeted by 102 burn-off of doped carbons are

mnitored.

Introduction

the literature of carbon gasification is

concer¡red r¡ith the kinetics of gasification using

orygen, steam, nitrous oxide, sulphur dioxide,

caíton-¿ioxidá and hydrogen (1-3) ' The role of

carbon struccure and its influence on gasification

reacEions has received less atEent ion (4,  5)  '

pi.rrio"" studies (6, 7) show that the reaccivity to

carbon dioxide of graphitizable carbons frori

f"ltor."t pitch inórear¡e!¡ es the size of optical'

texture of the carbon decreases.

Solid carbon doeg not exist in s Pure fonn' IE'

contains also hydrogen' o:(ygen, other heteroacous

and mineral i4urities which nay significantly

. i i " " t  gasi f icat ion rates (3)  '  Carbons exhibi t

*i¿e .reii"tions in structure eqd thege may effect

the catalytic proceas. Meaaurements of spontaneous

iqnition temperatures (st!) have been used to

; ; i ; ; ;  the ie lat ive ef f icacies of  catalvsts i r ¡  a

given cerbon (8) .  Mersh et  aL'  (9)  re lated the

ielative effectiveuess ofañálysts during

easi f icat ion to sEructure (oPt ical  texture)  ¡ ¡ i th in

Iarbons. Uove$€nt of catalyst particles over or

throueh sraphic ic nater ia l  is  a character is t ic  of

s.r . t t  ia t i ry i ic  gasi f icat ion (10) '  l f i th non-

eraohi t ic  carbon3,.  catalyt ic  gasi f icat ion produces

!  c lpogt"pty of  f issur ing or  p i t t ing dependent

i " i r r iy*o. t ' t i re s ize of  the oPt ical  texrure-of

graphi t izabte carbons (3,  9,  11) '  Overal l '  the

i i t¿rature does not  cont¿in studies dedicated to

catalyt ic  gaei f icat ion of  carbons of  d i f ferent

,at , r " 'at  t . t -uaing di f ferent  catalysts at  comParable

concentrat io¡r9.

Obiect ives.  1.  To study carbon react iv icy in

terns of  oPt ical  cexEure.

2:  To re láte re lat ive ef f icacies of  d i f ferent

catatysts in equal concentrations in carbons to

their  opt ical  textures.

Materials Uged. 1. Carbons prepared from four
< '  ' t h  

a  w ide  va r i a t i on  i n  oP t i ca l
industr ia l  Pi tches t  1

l"*a.rt", ani carbon from Ashland A240 petroleuu

pi tch.
2.  To the f ive selected

catalysts were added ( in

carbonized:

Sodir¡n carbonate
Iron acetYlacetonate
Nickel acetylacetonate

pi tches the fo l loning

solut ion) and the system

0.01 atonic weight Percentage of metal (as the salt)

ris-aa¿ea to 
".éh 

pi.tch prior Eo carbonization'

Exoerimental. the catalyst addicions ¡¡ere made

Ghg soiffions of iron or nickel acetylacetonace

dispársed in acetone'  or  of  sodium carbonace

dissolveal  in water,  added to the molEen Pi tch et

423 K and st i r red fo¡  0.5 h.  The sarer or  acetone

evaporated and the resul t ing picch sys¡en^was ground

and'heat- t reated to 1173 K aE 4 K min-r '  0 '5 h soak'

ii a carbolite horizontal tube-furnace under

" ia.og"" .  
opt ical  textures of  pol ished surfaces of

;;;; ;;¡ dopld carbons ¡tere assessed using potarized

i ight  n icros.opy.  l teasurements of  react iv i t ies Eo

;;';;y;;" i ' oiitog.tt and carbon dioxide r¡ere made

,r"i.rrg- I microbqlance in which 20 mg of carbon (250-

ióo irl rras reacted r¡ith the gas flowing at 50 cm

;i;-q' SIT values gere studied bv heating the

""rnr"  
. l - iA r  n in- l  unt i t  i t  igni ted spontaneously '

r"páii"ptty of gasification of fractured carbon

sutfaces was assessed using scanning electron

nicroscopy (SEM).

Resul ts.  Size of  oPt ical  texture of  che carbons

ffi.¿ nith metal addition, being greatest fo¡

ih"  l " .g" t -" ized opt ical  Eexture '  opt ical  texEure

i"á""- t&r l  of  dopád carbon fo l lowed a decrease in

SIT produced by mecal  addi t ion '  Kinet ic  data are

gi"""  i "  Table 1 wi th catalysed:uncatalysed rates

lhorn ir, Table 2.' Topography created by 107 burn-
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Table I

Kinecic Data of Pure and Doped Carbons

Table 2

Ratios of Cacalysed:Uncatalysed Rates for pure and Doped Carbons

off in oxygen in doped ca¡bong shoved fissuring in
large (dorninantly dornains) and pitting in sna1l
(dominant ly nosaics)  opt ical  textures.

Discussion.  The opt ical  textures of  the pi tch-
catalyst syste¡D!¡ are reduced coogared lrith the
pure carbons.  Ni  is  ¡mst ef fect ive and Na leasE
effect ive reducíng s ize of  opt ical  texture,  wi th
the greatest  decrease for  larger OfI  carbons.  Na,
Fe or Ni decrease SIT values for carbons of all
s izes of  opt ical  textu¡e,  r r i th Na nost  ef fect ive at
reducing SIT least  ef fect ive.  Largest
decrease in SIT ¡¡ere observed in the higher OtI
carbons.

Addic ions of  Na, Fe or  Ni  increase values of
k6,  and kgg" ac 900 K (Table 1) ;  Na > Fe > Ni .  In
puie carbon6, h ighest  kg,  and kgg,  values are
observed in the snall Ott carbonsl but Table 1
indicates Ehat on addic ion of  cacal .yt ic  mal ter ,  more
scat ter  is  produced. Increase in react iv i ty ,
expressed as catalysed:uncatalysed rate (Table 2)
shows ho¡r the rate of reactivity id doninantly
increased in the larger-s ized opt ical  texture
carbons,  Na is nost  ef fect ive,  Ni  least  ef fect ive
This is  re lated !o the eatalyst  ef f icacy for
decreasing SlT - Na reduced SIT values nore than Ni.

The topographical  features of  the gasi f ied Na-
carbons indicate how the Na has a chanoelling mode
of catalys is in the larger opt ical  texture (dourain)
of carbon which changes to a pittíng mode of
catalys is in the smal ler  (nosaic)  opt ical  texture
carbon.

Conclusions.  1.  Size of  opt ical  texture decreases
ñtñ 'ad. t f f ion of  metal  

"" t " lys!sr  
Ni  > Fe > Na.

The largest  decrease in opt ical  texture s ize occurs
in carbons of  greatest  in i t ia l  s ize of  opt ical
cexture.
2.  For constant  addi t ions of  eatalyt ic  mineral
matter ,  a l l  carbons show the largest  catalyt ic
gasi f icat ion to Na, fo l lowed by Fe and Ni .  A1I
addi t ionS increase kg,  and k6g,  values ac 900 K
and decrease SIT va1ües,  Na béing rnosc ef fect ive.
3.  The largest  racio of  catalysed:uncatalysed rates
are produced in carbons of  largest  opt ical  textures.
4.  Topography of  gasi f ied f racture surfaces
indicate a channelling node in large sized (domain)
opt ical  textures,  and pi t t ing mode in snal l  s ized
(nosaic)  opt ical  te i tures.
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Carbon fron Pitch

oTI kp, 900 K kg92 900 K

x10-6 s-l xl0-6 s-l

Na-doped

kg, 900 K k6q, 900 K

xlg-6 s-l  xl0-6 s-l

Fe-doped

kg, 900 K k6g2 900 K

xl0-6 s-I xI0-6 s-l

Ni-doped

kg, 900 K ks6, 900 K

xlg-6 s-l  xl0-6 s-l

3  110  3 .5
5  85  2 .5

1 1  4 0  1 , 5
14  35  0 .5
2 4  t 5  0 . 5

2I5 8
220 9
180 7
240 7
115  9

130  4 .5
110  3 .5
9 0  2 . 5

110  3
110  12

1 1 0  6
8 5 5
4 0 5
4 0 4
5 5 6

Na-doped

OtI kO2 kCO2

Fe-doped

grl kOZ kc0e

Ni-doped

orr koz . kcoz

2 2
5 3
8 4

1 4 7
1 6 8

4
5

1 4
18

2 T
5  1 . 5
4 2

t 2 3
2 0 8

1
1 . 5
1 . 5
6

24

3 1
2 L
2 L

t2  I
1 3 4

2
2 '
3 . 5
I

L2
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