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Abscract .  Aluminiun product ion involves electrochernical

rea"cE5n of alu¡riniu¡n oxide by carbon anodes' The paper

su¡rr¡ar ises sErucEure of  anodes and assesseg the re laced ro les of

¡ i i¿"r  p i tch and gr is t  coke.  Bonding ac inter faces is  d iscussed

and  t he ' bene f i c i a l  r o l es  o f  Q I  i n  p i t ch  a re  l i s t ed '  I t  i s

"o""i"¿"a 
¡het the size, number and strength of the binder coke

br idges inf luence Ehe overal l  poroei ty and surengch of  the carbon

anod!.  Porosicy has co be ¡r in imised to increase densi ty and

" i i i ia-r i r " ,  
co t in i t i " "  secondary internal  gasi f icat ion and to

¡nin in ise dust ing.

Introduc t  ion

The alu¡oin iurn industry is  the largest  s ingle

user of  carbon. In the product ion of  a luminium

f iom alunin iurn oxide v ia e lectro lyt ic  reduct ion,  i t

is ghe carbon anode vhich removes the oxygen as

carbon dioxide.  Each conne of  a lurnin iur¡  requires

a theoret ical  nín imurn of  0.33 tonne of  carbon'  In

pract ice,  more carbon lhan th is is  consumed because

lr  ( . )  .á" .c ion of  rhe CO2 wi th the carbon anode to

oroiu""  CO, (b)  gasi f icat ion of  the hot  anode by

" i . .  
( " )  "áuscing" r ¡here carbon Pert ic les break

away frorn the anode.

The carbon anodeg are made on the Same site as

the  e l ec t r o l ys i s  ce l 1s .  A  c rad i t i ona l  r r e thod  o f

manufacture áf  th.""  baked anodes is  used whereby a

binder p i tch is  int imately n ixed r¡ i th a gr isc

( f i f ler i  coke of  known sizes and smal l  p ieces of

iecovered but ts.  The green nix is  ¡noulded (v ibra-

a"¿) .o the required sñape and s ize,  at  -12ooC and

then cooled .nd b.k"d at abouc l200oc' The baked

anode is acEached to i ls  rconduct ing rodr at  the

posi t ion of  a pre-made socket  and is  u lc i rnacely

i icce¿ into thá cel l ,  where a shi f r - l i fe in excess

of  20 days can be expected.

Qual i ry cootro l  over che anodes is  essent ia l

and th is netessi tates noc only r igorous moni tor ing

of  a l l  s tages of  manufacEure but  a lso of  che

speci f icat lons assigned Eo the binder p i tch and

r i re er is t  coke.  In recent  t ines,  i t  has been

áirr l "uf t  to ¡ ra inta in suppl ies of  b inder p i tch and

g r i s t  coke  o f  cons i s t enc  qua l i ey '  Th i s ,  i n  t u rn ,

i . "  p.otpted a cr i t ia l  exa¡ninat ion of  lhe re lated

pirp[ i t iÉ" of  b inder p i tch and gr is t  coke and of

t he  anode  i t se l f '

The obiect ive of  th is paper is  to suun¡ar ise

str."t.te-iiTñfñ-E rbon anodes and to assess the

re l a ted  ro l es  o f  b i nde r  p i t ch  and  g r i s t  coke '

Gr ist  coke.  This uracer ia l  is  t t re rnedium qual icy '

l!6ifr--tegular coke of che delayed'coker and

must"be used dry.  I !  ¡nust  be adequately calc ined

(¡oaxi¡nr¡n screngih and ninímum volat i le rnat ter)  and

hr.r"  
"a,  

opt ical  texEure of  adequace s ize (coarse-

grained nósaics,  10 Um dia.  and larger)  '

F igure I  is  a scanning electron micrograph

(S¡M) oi  a part ic le of  gr is t  coke'  The excren¡es of

surface roughness are v is ib le as r¡e l l  as macro-

porosicy in the part ic le inter ior '  -250 U¡n dia-

L." t .  
-  

F igure 2 i i  a 'SEM rnicrograph of  srnal ler

s i zed  pa r t i c l es  o f  g r i s t  coke ,  b roken  so  as  no t  t o

conEain the nacroporosiEy 
-250 

¡r rn d ia '  The upper

pa r t i c l e  o f  F i gu re  2  exh ib i r s  a  c ross - sec t l on

oer imeter ¡ ¡h ich is  re lat ively smooth,  ghe lower

part ic le having a higher surface roughness factor '

ih"  b ind. t  p i tch has to f lor¡  over and net  such

su r f aces  t o  be  e f f ec t i ve  as  a  b i nde r '  IE  i s  appa -

i " . r t  thac i t  wi l l  enter  into the macroporosi ty of

F i gu re  1 .

Binder p i tc t r .  This nater ia l  musc have a suf f ic i -

e"t$Tffiscosity such thag at Ehé green anode

"t"ge,  
i t  r ¡ i11 f lor¡  over/beEr¡een/around the gr is t

cok!  part ic les to establ ish a uni forrn,  rnouldable

m ix .  
'Ho r ¡eve r , du r i ng  

bak ing , t he  v í scos i t y  has  t o  be

high enough co Prevent s lurnping/deformat ion of  the

anáde and-possib le run-our f rom Ehe surfaces of  lhe

gr ist  coke (resul t ing in a r ¡eak anode) '  Binder

i i tc t r  is  usual ly  a coal- tar  p i tch contain ing pr imary

and secondary QI,  or  can be a petro leum Pi tch wi th-

ouc QI.  The pr iurary QI can have f ive benef ic ia l

rotes:  ( i )  dui ing nr ix ing che QI rnay accunrnulate on

gr ist  coke surfaces forming a QI f i l ter-cake and

f , r even t i ng  unnecessa r ' y  f i l l i ng  o f  - po ros i t y  
w i t h i n

the  g r i s t - " oke  ( i i )  Q I  enhances  y i l co ¡ i tV .o f  meso -

ohasá  f o rmed  du r i ng  py ro l ys i s  ( i i i )  Q I  r educes  s i ze
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of opt ical  texture of  mesophase so enhancing
s t rengEh  o f  b i nde r - coke  b r i dges  ( i v )  Q I  f i l ce r - cake
in surface roughness carbonizes to a re lacively
strong mater ia l .  (v)  lhe presence of  QI ouy enhance
carbon y ie ld f rorn the pi tch.  The binder p i tch at
the mesophase stage,  incorporates the smal lesc s ize
of  gr is t  coke.  This enhances the s ize of  b inder
coke br idges and anode strengch.  Petro leuur p i tch
r¿i thout  QI could have a higher chemical  react iv i ty
for  mesophase formacion than coal- tar  p i tch (ctp) ,
and hence forms mesophase ac loner tenperatures. It
is  an advantage !o manufactur ing operat ions for
pi tch to forrn the higher v iscosiey mesophase a!  as
lov a teuperature as possib le to prevenE run-out .

Heat ing of  green anode. The dist r ibut ion a¡d sízel
shape of  Ehe binder p iccb component.  of  Ehe green
anode sould eppear to change on heat ing to baking
temperatures.  Figure 3 is  a d iagrarn of  the essen-
t ía l  feature of  a carbon anode as asgessed by
m ic roscopy .  The  pa r t i c l es  o f  g r i s c  coke  a re  bonded
to€iether by binder-coke br idges.  These coke br idges
must have adopted the morphology of  b inder p icch
b r i dges  c rea ted  by  f l ow  o f  t he  p i t ch .  Thus ,  t he
format ion of  the binder-coke br idges mus! represent
a  c r i t i ca l  ba lance  be tween  t he  dec reas ing  v i scos i t y
of  the pi tch ( increasing ternperature) ,  the res-
t ra in ing ef fects of  incorporated sol id nater ia l  on
viscosi ty,  and Ehe rapid increase in v iscoei ty
associated rrith the onset of mesophase forsr,at.ion.
I t  is  v ia the mesophase rnater ia l  that  the norph-
ology of  Ehe pi tch br idge is  cransferred to che
coke br idge.

The carbon anode. The essent ia l  fea¡ures of  the
ca_ñ;ñ-ñiE;rE represenEed diagranatically in
Figure 3.  The larger s ized part ic les of  gr is t  coke
are bonded together by binder-coke br idges ( f rorn

binder p i tch)  co form a 3-dinrensional  inter- locked
system contain ing about 252 of  porosi ty.  The anode
mus t  have  (a )  a  m in i nun  res i s t i v i t y ,  <60UOm,  (b )  a
maximu¡n compressive sErength (>200 kg 

"r-2¡  
and

(c)  a rn in i ¡ ¡urn react iv i ty  to CO2lOr.  Resist iv i ty  and
s t reng th  a re  r e l a ted  ( i )  t o  " c r ysEa l l i n i t y "  ( op t i ca l

t ex tu re )  and  po ros i t y  o f  t he  f i l l e r  coke ,  ( i i )  t o
ehe qual i ty  of  contact  ar  Ehe inter face between the
binder-coke and f i l ler  coke and ( i i i )  to the
"c r ys ta l l i n i t y " ,  shape ,  s i ze ,  nunbe r  and  po ros i t y
of  the binder-coke br idges.  The react iv i ty  of  che
anode relaces to both the binder coke and gr is t
coke,  preferent ia l  gasi f ica¡ ion of  che former lead-
ing to enhanced porosi ty and decreased strength wi th
dus  t  i ng .

The  I n te r f ace :  b i nde r  and  g r í s t .  The  b i nde r  p i t ch
ence ( i )  i t .  musc

adequacely vet  the coke surface io order to create
inr i ¡nate contact  ( i i )  í t  may enter  macroporosi ty of
Lhe gr is t  coke ( i i i )  the pi tch system musE become
u¡ore v iscous and f inal ly  sol id i fy  dur ing baking (v ia
mesophase) ( iv)  che sol id phase Dust  eccomodete the
internal  st resses of  thermal  shr inkage. Bonding ac
inter faces is  of  three t ¡ rpes:  r rechanical  (keying-
i n ) ,  chem ica l  and  e l ec t r i ca l .  We tE ing  o f  g r i s t
coke by pi tch does not  guaranEee bonding of  b inder
coke ¡o gr is t  coke.  Currenc evidence suggests that
the inter face is  bonded nechanical ly .  The surface
roughness of the grist coke may provide the necessary
keying- in aci ion r¡ i thout  recourse co pore f i11ing.
Mesophase in porosi ty can adopt a carbon f ibre
s t r uc tu re .

Conc 1us ions

The above discussion indicaces Ehat the number
( f requency) ,  s íze,  shape and strucrure of  b inder-

coke br idges inf luence the overal l  porosi ty and
strength of  the carbon anode. The for¡nacion of  the
b inde r - coke  b r i dges  i s  i n t ima te l y  r e l a ted  Eo  f ac ¡o r s
r¡h ich contro l  the v iscosi ty of  the pi tch and the
onset and propert ies of  mesophase. An industr ia l
ob jec t i ve  i s  t o  m in im i se  po ros i t y  i n  o rde r  t o  ( i )
i n c rease  dens i t y  and  sh i f t - 1 i f e  ( i i )  m in im i se
secondary gaseous oxidat ion (react iv i ty)  and ( i i i )
n in iur ise dust ing.  Temperatures in p i tch and coke
nust  be nin i ¡ r ised to reduce catalyt ic  promot ion of
secondarv oxidacion.

F igu re  l .  SEM m ic rog raph  o f  g r i s t  coke . 500 urn

SEM rnicrograph of  gr is t  coke. ,  100 um

carbon anode.

B ;  g r i s t  c o k e .

Diagran of  st ructure of
A :  p iEch  coke  b r i dges ,

F igu re  2 .
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I ' igure 3.


