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Add i t ions  o f  t i tan i r - rn r  a t  the  5% (wgt '  )
l e r . e l  e n h a n c e  t h e  g r a p h i t i z a t i o n  p r o c e s s  t o  s u c h

a n  e x t e n t  t h a t  a  2 5 0 0 o C  h e a t  t r e a t e d  c a t a l y z e d

coke has  a  degree o f  g raph i t i za t ion  equ iva len t  to

a  2 7 0 0 o C  h e a t  t r e a t e d  u n c a t a l v z e d  c o k e .

T i tan iu rn  appears  to  reac t  w i th  the  less

o r g a n i z e d  c a r b o n s  b y  a  r e a c t i v e  w e t t i n g  p t o . . " r l

in  wh ich  sorne  recrys ta l l i za t ion  o f  g raph i te  i s  ob-

served a longs ide  o f  the  t i tan iu rn  carb ide  fo r rned

d u r i n g  t h e  h e a t i n g  p r o c e s s .  I n  a l l  c a s e s ,  i t  i s

apparent  tha t  the  ca ta lys t  reac ts  w i th  the  less-
1

o r g a n i z e d  c a r b o n s ¿  w h i c h  t e n d  t o  e n h a n c e  t h e i r

, - r - ,ob i t i t y  and tha t  o f  the  ca ta lys t3 '4  to  enhar rce

the  graph i t i za t íoo  Proces  s .

T h e  c o k e s  u s e d  i n  t h i s  s t u d y  w e r e  t y p i c a l

o f  the  graph i te  indus t ry .  Coke A rvas  a  p remiurn

r o t a r y  c a l c i n e d  p e t r o l e u r n  c o k e ;  C o k e  B  w a s  a
. ,ve11-a l igned ver t i ca l l y  ca lc ined pe t ro leurn  coke

rvh i le  Coke C was a  ro ta ry  ca lc ined iso t rop ic

coke prepared f  ro rn  the  rn inera l  G i lson i te .  A t t

p r i o r  h e a t  t r e a t r n e n t s ,  s i z i n g  o f  t h e  c o k e s  a n d

x - r a y  d i f f r a c t i o n  d a t a  w e r e  p e r f o r r n e d  a s

d e s c r i b e d  p r e v i o u s l y .  r '  o

The t i taniurn rnetal used was obtained

f  r o r n  A l f a  P r o d u c t s  D i v i s i o n  o f  V e n t r o n  C o r p o r -

a t ion  as  a  -325 rnesh powder  w i th  a  rn in i rnur r - r

pur i t y  o f  99To ( *g t .  ) .  The des i red  arnount  o f

meta l  was  added to  the  coke sarnp le  and in t i rna te-

l y  b l e n d e d  t o  e n s u r e  u n i f o r r n i t y '  T o  a v o i d  s e g r e -

ga t ion  e f fec ts  due to  s to rage,  each coke- rne ta l

sarnp le  was prepared and b lended i rn rned ia te ly
pr io r  to  the  heat  t rea t rnent .  Ana lys is  o f  the  one-

h o u r ,  2 7 0 0 o C  h e a t  t r e a t e d  s a r n p l e s  b e f o r e  a n d

af te r  the  heat  t rea t rnent  showed tha t  no  de tec tab le

arnount  o f  the  t i tán iu rn  was los t  dur ing  the  heat

t r e a t r n e n t .  I n  a l l  c a s e s ,  a  l e v e l  o f  5 %  ( w g t '  )

t i tan ium powder  was added to  the  cokes .  Un-

adu l te ra ted  sarnp les  were  ca lc ined in  separa te

compar t r r ren ts  a t  the  sarne  t i ¡ne  in  o rder  to  ensure

cons tancy  o f  heat  t rea t rnent .  Dup l ica te  runs  were

per fo r rned a t  each te rnpera ture  and the  x - ray  da ta ,

r e p o r t e d  i n  T a b l e  I ,  f o r  t h e s e  r u n s  n e v e r  d i f f e r e d

b y  r n o r e  t h a n  0 . 0 0 0 6 , 8 ;  a v e r a g e s  a r e

in  Tab le  I  fo r  Cokes  A and B.  Coke
s irni lar 1y.
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T h e  M e r i n g  a n d  M a i r e /  d . g " " .  o f  g r a p h i -

t izatton for the sarne r¡- laterials were calculated

and showed tha t  there  is  l i t l l e ,  i f  any ,  ca ta lys is

o f  g raph i t i za t ion  up  to  2000"C,  conf i r rn ing  the

repor t  o f  Whi t taker  and Fr i t z .  S  Above ZZOOoC

t h e r e  i s  a  r a p i d  d e c r e a s e  i n  i n t e r l a y e r  s p a c i n g

a n d  r a p i d  i n c r e a s e  i n  t h e  d e g r e e  o f  g r a p h i t i z a -

t ion  fo r  the  t i tan iu rn  doped coke sarnp les .  Gen-

era l l y ,  the  degree o f  g raph i t i za t ion  fo r  the

cata lyzed cokes  a t  Z50OoC is  equ iva len t  to  the
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d:qi: .of graphit izat ion of the uncatalyzed cokes
at 2700"Q. I t  is interesting to note that the
catalyt ic effect appears to proceed as Coke A )
Coke B )  Coke C,  tha t  i s  in  the  o¡der  o f  decreas_
ing  an iso t ropy .  In  o ther  words  the  presence o f
t i tanium had the greatest catalyt ic effect.on the
most  an iso t rop ic  coke.

Some recent work by lvfatthews and
Jenkins I has shown that t i taniurn metal shows
def in i te  s igns  o f  wet t ing  graph i te  in  the  process
of  be ing  heated  to  ¿ZOOoC.  Once the  graph i te  and
t i tan ium reac t ,  however ,  cub ic  par t i c les  o f  t i tan_
ium carb ide  are  v is ib le  on  the  sur face  as  de tec ted
by  s te reoscan mic roscopy .  Some re-c rys ta l l i za -
t ion of the graphite near the t i taniurn carbide
part icles appears evident. One could taci i ly
asaume that the (I iquid) t i taniurn rnetal reacts
with those groups of carbon atorns which were not
as  h igh ly  deve loped as  sorne  o f  the i r  ne ighbors .
These cou ld  be  cons idered to  be  ana logous to  those
specif ic atorns which ar^e thought to decelerate the
graph i t íza t ioo  p to"u . " .2  S inJe  there  is  ev idence
fo¡  sorne  recrys ta l l i za t ion  o f  g raph i te  a longs ide
the  t i tan iu rn  carb ide  par t i c les ,  I  the  conc lus ion
could be rnade that the wett ing by the t i taniurn
ass is ted  in  the i ¡  fu r ther  deve loprnent .  Th is  v iew
is  qu i te  cons is ten t  w i th  the  observa t ion  o f  o thers
concern ing  the  rnob i l i t y  and pre feren t ia l  re r r rova l
o f  se lec ted  carbon a torns  in  the  ca ta lys is  o f
g r a p h i t i z a t  í o n . 2 , 3 , 4

Marsh  and Warbur ton  have a lso  recent ly
repor ted  the  ca ta ly t i c  in f luence o f  t i tan ium add i_
t ions  o f  up  to  20-% (wgt .  )  on  th ree  cokes  o f  vary_
ing  an iso t ropy .  9  They  measured c rys ta l l i te -  ,
height and -diarneter and fouad sorne catalyt ic
ac t iv i t y  a t  tempera tures  as  low as  l600oC but
cons iderab le  enhancement  o f  g raph i t i za t ion  a t
| 7 O O o C ,  e s p e c i a l l y  f o r  t h e  m o s t  i s o t r o p i c  c o k e .
They  conc luded tha t  the  rnos t  p robab le  rnechan is rn
o f  ca ta lys is  invo lves  d isso lu t ion  w i th  subsequent
prec ip i ta t ion  o f  g raph i te  a t  inc reas ing  te rnpera-
tu res .  Unfor tunate ly ,  no  in te r layer  spac ing  da ta
is  p resented  so  no  d i rec t  cornpar ison  o f  the  in_
creased degree of. graphítízation can be rnade with
th is  work .  Nonethe less ,  the  impor tance o f  carb ide
fo¡ rna t ion  and the  s t ruc tu re  o f  the  in i t ia l  ca¡bon
is  s t ressed in  the  work  o f  l t la rsh  and Warbur ton9
and confirrned by Matthews and Jenkins. I

In  the  present  s tudy ,  the  use fu l  l iqu id
phase is  very  s rna l l ,  f rom l675oC (mel t ing  po in t
c f  t i tan iu rn)  to  ca .  lgOOoC ( fo r rna t ion  o f  carb ide) .
Reference to  bo th  the  in te r layer  spac ing  and de-
s ree  o f  g raph i t i za t ion  da ta ,  as  a  func t ion  o f  heat
treatrnent ternperature, show that l i t t le, i f  any,
ca ta lys is  occurs  by  t i tan iu rn  be low Z0OOoC.  How_
ever ,  a t  te rnpera tures  in  excess  o f  Z20OoC con_

s iderab le  ca ta lys is  occurs ,  aga in  suggest ing  tha t
the carbon atorns used in the formation of the car-
b ide  were  those dece le ra t ing  the  graph i t i za t ion
proceas  in  the  uncata lyzed cokee.  Of  s ign i f i can t
practical interest in the rnanufacture of graphite,
is the fact that i f  the carbides decornpose (to the
rnetal vapour and graphite), apparent graphit iza_
t ion  occurs  a t  a  lower  te rnpera ture  than when the
carbide exhibits high therrnal stabi l i ty.

Us ing  the  rne thod repor ted  ear l ie r ,5 ,6
apparent act ivat ion energies (Er) of the t i tanium
catalyzed systerns rnay be calculrted. Using the
pararne ter ,  gs ,  de f ined prev ioue ly  as  a  k ine t ic
function, the apparent act ivat ion energies may be
ca lcu la ted  and are  presented  in  Tab le  I I .  The
sirni lar i ty of the catalyzed and uncatalyzed E^
values indicates that the rnechanisrn of the gráphi_
t i za t ion  process  is ,  a t  leas t ,  s im i la r  in  bo th  cases .
bu t  the  ra te  has  cer ta in ly  been increased as  shown
by the displacernent of the latt ice constant valueg
l i s ted  in  Tab le  I .

TABLE I I
Activation Energies (E¿) for t ine Catalyzed and

Uacatalyzed Systerns

23 r
zz6
z19

z42
2 6 4
2 2 0

Coke Ea,  Kca l / rno le
Uncata lvzed5 Cata lvzed Wi th  S% (wst , l  T I

A
B
c
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