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In t roduc t ion

The  No r the rn  Ca rbon  Resea rch  Labo ra to r i es

s tudy  aspec t s  o f  t he  f o rma t i on  o f  g raph i t e

e lec t r ode  ma te r i a l  and  me ta l l u rg i ca l  coke .  I f

t he  e l ec t r ode  i s  t o  be  used  i n  s t ee l  manu fac tu re ,

t hen  l i ke  me ta l l u rg i ca l  coke ,  i t  i s  sub jec t  t o

ex t reme  ope ra t i ng  cond iE ions  o f  mechan i ca l  s t r ess ,

o f  h i gh  t empe ra tu re  and  o f  ox i da t i on  (gas i f i ca -

t i on ) .  The  consequence  o f  mechan i ca l  and  t he rma l

s t r ess  and  o f  gas i f i ca r i on  i s  t he  deve lop rnen t  o f

f . í z z l u res ,  t he  p ropaga t i on  o f  wh i ch  resu l t s  i n

breakage of  the graphi te and coke and a ser ious

diminut ion in operat ing performance. The or ig ins

and extent  of  development of  deformat ion,  shr inkage

and  gas i f i ca | í on  f i z z t t r es '  t he re fo re r  a re  aspec t s

of  considerable pract ical  importance and v/arrant

i nves t i ga t i on  a t  t he  f und ¡men ta l  1eve1 .

op t i ca l  Tex tu re

Po l yc r ys ta l l i ne ,  s yn the t i c  g raph i t es  and

cokes  a re  s t r uc tu ra l l y  he te rogeneous  ma te r i a l s

w i t h  cons ide rab le  po ros i t y ,  some  mesopo ros i t y

bu t  ma in l y  mac ropo ros i t y .  The  s t r uc tu ra l

he te rogene i t y  i s  beau t i f u l l y  r evea led  by  exam ina -

t i on  o f  po l i shed  sec t i ons  i n  r e f l ec ted  po la r i zed

l i gh t  us i ng  a  ha l f  wave  re ta rde r -p1a te  be t \ ^7een

the specimen and the analyzet  to produce a range

o f  i n t e r f e r e n c e  c o l o u r s  ( i . e .  t h e  o p t i c a l  t e x t u r e ) .

I soch roma t i c  a reas  can  be  seen  va ry i ng  i n  s i ze

f r om <1 .0  um to  >20O ¡ - rm .  These  i soch roma t i c  a reas

owe  t he i r  o r i g i n  t o  t he  g row th  o f  nema t i c  l i qu i d

c r ys ta l s  and  mesophase  f r om the  f l u i d  phase  o f  t he

c a r b o n i z a t i o n  s y s t e m  ( R e f .  1 '  2 ) .

An  essen t i a l  aspec t  o f  t he  f o rma t i on  o f  i so -

ch roma t i c  a reas  o f  va r i ous  s i zes  i s  t he  v i scos i t y

of  the mesophase and i ts  temperature dependence.

A  re l a t i ve l y  l ow  v i scos i cy  and  an  assoc ia ted

re l a t i ve l y  l ong  t empe ra tu re  zone  o f  1ow  v i scos i t y

permit  the growth uni ts of  mesophase (when large

enough  t o  make  con tac t ) ,  t o  coa lesce  t oge the r  so

tha t  t he  i den t i t y  o f  t he  o r i g i na l  g row th  un i t s

i s  l o s t .  T h i s  c o a l e s c e n c e  p r o c e s s  i s  a  c o m p l i -

ca ted  en tw in i ng  o f  t he  f l ow -shee t s  o f  s t acked

lame l l ae  ( t he  mesophase ) ,  t h i s  p rocess  even tua l l y

es tab l i sh i ng  i soch roma t i c  a reas  o f  s i ze ,  l a rge r

than Ehe growth uni ts as wel l  as the var ious forms

o f  t d i s c l i n a t i o n t  a s  d e s c r i b e d  b y  i r l h i t e  ( R e f .  3 '

4 ) .  T h e s e  d i s c l i n a t i o n s  a r e  e s s e n t i a l l y  z o n e s

o f  ex tens i ve  de fo rma t i on  o f  s t acked  1ame11ae .

A  re l a t i ve l y  h i gh  v i scos i t y  and  a  sho r t  t empe ra -

t u re  zone  o f  h i gh  v i scos i t y ,  appa ren t l y ,  do  no t

pe rm i t  t he  coa lescence  o f  t he  g row th  un i t s  ( o f

sma l l e r  s í ze ) .  On  mak ing  con tac t ,  t hese  g row th

un i t s  f use  o r  adhe re  t oge the r  and  t he i r  í den t i t y

i s  n o t  l o s t .  T h e  r e s u l t a n t  p a t f e r n  o f  s m a l l '

f u sEE l  i soch roma t i c  a reas  appea rs ,  unde r  t he

op t i ca l  r n i c roscope ,  as  a  moza i c .  Th i s  i s  t he

cha rac te r i s t i c  f ea tu re  o f  many  rneLa l l u rg i ca l

cokes .

F i z z u r i n q  a n d  O p t i c a l  T e x t u r e

A  resea rch  t heme  o f  The  Labo ra to r i es  i s  an

app ra i sa l  o f  t he  o r i g i ns  o f  mechan i ca l '  t he rma l

and  gas i f i ca t í on  f í z zu res  i n  t e rms  o f  t he  op t i ca l

t ex tu re  o f  t he  ca rbons .  I t  i s  es tab l i shed  t ha t

sh r i nkage  c racks  i n  t he  l a rge  i soch roma t i c  a reas

o f  ca rbons  f r om se lec ted  g rades  o f  c sa l - t a r  and

pe t ro l eum p i t ch  a re  assoc ia ted  w i t h  c l eavage

pa ra11e1  t o  basa l  p l anes ,  w i t h i n  t he  i soch roma t i c

a reas ,  and  a l so  a t  pos iL i ons  o f  ex tens i ve  de fo rma-

t i o n ,  i . e .  t h e  d i s c l i n a t i o n  ( R e f .  3 ,  4 ) .  T h e

s i t ua t f i i  w i t h  r ega rd  t o  op t i ca l  t ex tu res  o f  d im i -

n i sh i ng  s i ze  i s  l ess  c l ea r ,  exceP t  f o r  t he  know ledge

tha t  i n  me ta l l u rg i ca l  cokes  t he  reg ions  composed

o f  sma l l  moza i cs  a re  no t  suscep t i b l e  t o  c l eavage .

Th i s  r a i ses  t he  ques t i on  as  t o  Lhe  na tu re  o f  t he

a tEachmen t  be tween  t he  sma1 l  i soch roma t i c  moza i cs .

The  Exoe r imen ta l  App roach

A progrannne of  work \ tas therefore in i t iated

to  p repá re  ca rbons ,  f r om  known  sou rce  maEer i a l s ,  
t

hav ing  d i f f e ren t  op t i ca l  t ex tu res  r ang ing  f r om

the  l a rge  i soch roma t i c  a reas  o f  t he  need le - cokes

to  t he  f i ne  moza i cs  i n  ca rbons  p repa red  i n  t he

labo ra to r y  f r om G i l son i t e  p i t ch .  Pa r t  o f  t he

programme htas heat- t reatment to temperatures >23O0 K

and the examinat ion of  carbons by opt ical  and

scann ing  e l ec t r on  m ic roscopy .  Po l i shed  su r f aces

can be prepared of  low temperature carbons (HTT

<1200 K) and the same area re-examined af ter

p rog ress i ve  hea t i ng  t o  t he  h i ghes t  Eempera tu res .

Another approach is  to reacE the low tempera-

ture carbons wi th atomic oxygen at  about 3OO K and

w i t h  ca rbon  d i ox i de  a t  abou t  1100  K .  A tom ic  oxygen

i s  known  t o  r eac t  p re fe ren t i a l l y  a t  de fec t s  i n  t he

g raph i t e  l a t t i ce  (Re f .  5 ) ;  i t  was  t he re fo re  pos tu -

l a t ed  t ha t  a  s im i l a r  r eac t i on  may  occu r  w i t h  an i so -

c rop i c  ca rbons .  Acco rd i ng l y '  ca rbons  r ^7e re  p repa red

based  upon  A20O Ash land  pe t ro l eum p i t ch ,  D l12  coa l

ex t r ac t  (Na t i ona l  Coa l  Boa rd )  and  G i l son i t e  p i t ch '

These  ca rbons  exh ib i t ed  a  r ange  o f  op t i ca l  t ex tu re .

The atomic oxygen htas generated using a "Microtron

2OO"  m ic ro -wave  gene ra to r  w i t h  an  a i r - coo led

resonan t  cav i t y ,  a t  an  oxygen  p ressu re  o f  abou t

0 .1  kPa .  Reac t i on  t imes  we re  3  m inu tes .  A tom ic

hyd rogen  was  a l so  used  f o r  pe r i ods  o f  abou t  15

m i n u t e s .
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Discuss ion

I t  was found for  carbons based on A2OO

Ashland petro leum pi tch that  both the atomic

hydrogen and oxygen reacted preferent ia l ly  wi th

parts of  pol ished surfaces to produce channels

about 5 pm diameter.  Using the colours of  the

opt ical  texture,  react ion occurred at  posi t ions

of  d isc l inat ions and wi th in the isochromat ic

areas.  The rnajor  part  of  the pol ished surface

was hardly af fected.  No such preferent ia l

channel l ing was found using carbons of  smal l
mozaic texture. fhere was some non-uniform

gasi f icat ion of  the surface,  the non-uni formity

being of  the same size (SEM) as seen in opt ical

microscopy (2 Un).  The appearance resembled

that  of  surfaces of  cokes subject  to argon- ion

bourbardment (Ref .  6) .

Gasi f icat ion by carbon dioxide of  these

ca rbons  a l so  p roduced  qu i t e  d i f f e ren t  e f f ec t s .

I^¡ i th carbons of  large ísochromat ic domains,  deep

gasi f icat ion f ízzures r{ere a cournon feature;  no

comparable fízzrtres were produced in carbons with

an opt ical  Eexture of  smal1 mozaics,  only a rough-

en ing  o f  t he  su r f ace  resu l t ed .

I t  i s  poss ib l e  t ha t  se l ec t i ve  e t ch ing  by  t he

atornic gases occurs at  posi t ions of  extreme deforma-

t ion or  st ress where micro- f izzures may al ready be

in existence,  but  in s ize are beyond the l imi ts

o f  r eso lu t i on  o f  t he  op t i ca l  r n i e roscope .  Gas i f i -

cat ion by carbon dioxide may fo l low a s imi lar

mechanism. Etching by atornic gases may provide

a useful  method of  assessing the shr inkage

character is t ics ( in low HTT carbons) of  graphi t i -

zab le  ca rbons .  The  p rocesses  o f  se l ec t i ve ,

structural  etching by carbon dioxide remain

i n t r i gu i ng .
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