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I nt roducti  on

Because of current high energ¡r costs and
labor  cos ts ,  and the  low pr ' l ce  o f  compet ing  im-
por ted .a luminum,  the  U.S.  p r imary  a luminr -m bus i -
ness  can on ly  remaln  onshore  i f  new processes  are
developed which are less labor and porrer inten-
s ive  than the  present  Ha l l -Herou l t  ce l l .  One o f
the most promising of the ernerglng technologles
invo lves  the  use  o f  a luminum wet lab le  ceramics ,
s u c h  a s  T i B ,  i n  p l a c e  o f  c a r b o n . r

A lumlnum smel t ing  ce l l  ca thodes typ lca l l y
c o m p r i s e  a n  i n s u l a t e d  s t e e l  s h e l l ,  l i n e d  w i t h
la rge  carbon b locks  tha t  a re  connected  e lec t r i -
ca l l y  to  the  ca thode bus .  The advantages  o f  the
ceramic  compound,  T i82 ,  as  a  ca thode ro te r ia l  fo r
new ce l l  des igns ,  havd been recogn i ted  s ince  be-
fo re  1950,  and are  we l l  documented.¿  However ,
a l l  p rev ious  a t tempts  to  use  T iB2 have been
thwar ted  by  mater ia ls  p rob lems,  luch  as ,  chemica l
d e t e r i o r a t l o n ,  b r i t t l e  c e r a m i c  p r o p e r t l e s ,  d i f f i -
c u l t i e s  i n  a d h e s l o n  t o  t h e  c e l l  l i n i n g ,  a n d  h i g h
c 0 s t .

Compos i te  Cathode l , la te r la ls

Poten t ia l  Advantages  o f  Compos i tes

In  concept ,  a t  leas t ,  compos i te  techno logy
can be  app l ied  to  p roduce a  mater ia l  w i th  more  or
less  o f  the  proper t ies  o f  each o f  the  cons t i tu -
en ts .  Thus ,  fo r  example ,  a  compos i te  o f  carbon
and T iB ,  has  the  po ten t la l  to  oyercom a l l  o f  the
shor tcoñ ings  o f  p r io r  a r t  s ing le  phase T iB ,
bod ies .  Adhes ion  to  a  carbon subs t ra te  p résents
no prob lem i f  the  coef f i c ien t  o f  then¡ ra l  exgan-
s ion  o f  the  compos i te  and i t s  chemls t ry  a re  c lose
to  tha t  o f  carbon.  Cher ¡ ica l  a t tack  is  avo ided i f
the  compos i te  acqu i res  more  o f  the  chemica l  dura-
b i l i t y  o f  c a r b o n ,  a n d  t h e  v u l n e r a b l e  T i 8 2 - T i 8 ,
g ra in  boundar ies  a re  rep laced w i th  C-T iB i  bouñd-
a r i e s .  F i n a l l y ,  t h e  p h y s i c a l  p r o p e r t i e s - a r e  e n -
hanced i f  the  ceramic  powder  i s  imbedded in  a
carbon mat r ix ,  because the  mater ia l  w i l l  then
acqu i re  the  rugged proper t ies  o f  re f rac to ry
ca  rbon .

Prev ious  At tempts  to  Deve lop  Compos i tes

A number  o f  ty ro  phase (T iB2/X)  ceramics  have
been developed that have good cñemlcal resist-
ance,  bu t  fa i l  to  address  the  prob lems o f  adhe-
s lon ,  cos t ,  and inherent  f rag i l i t y .  T iBr /carbon
corxposltes have also been prepared, but these
f a l l e d  i n  s e r v l c e  e i t h e r  c a t a s t r o p h i c a l l y ,  o r
th rough rap id  carbon loss .  In  genera l ,  the
mat r ix  fo r  these mater la ' l s  was  predominant ly  so f t
carbon,  compr is ing  p l tches ,  cokes ,  an thrac i te  and
t h e  I  i k e .

Development 0f A Novel Carbon Matni¡q.

Trad i t iona l l y ,  so f t  carbons  have been used
to  the  exc lus lon  o f  a lmost  any  o ther  qa ter ia l  in
the  manufac ture  o f  carbon e lec t rodes .J  In  use ,
the  carbon s lowly  g raph i t i zes  in  contac t  w i th  the
mol ten  a luminumt ,  and becomes increas ing ly  sus-
c e p t i b l e  t o  I n e c h a n i c a l  a t t r i t i o n ,  a n d  c h e m i p a l
e r o s i o n  t h r o u g h  a l u m i n u m  c a r b i d e  f o r m a t i o n . s
Cathodes tha t  a re  who l ly  g raph i t i c  fa i l  much
fas ter  fo r  these same reasons .

Hard  carbons  have never  been app l ied  to
ca thode manufac ture ,  i f  one  app l ies  the  s t r i c tes t
d e f i n i t i o n  a s  m e a n i n g  n o n - g r a p h i t i z a b l e .  0 n  t h e
other  hand,  ca lc iner l  an thrac i te  has  many o f  the
at t r ibu tes  o f  a  hard  mater ia l  and is  the  cor i lnon-
e s t  r a w  m a t e r i a l  f o r  t h i s  a p p l i c a t i o n .  f h e  a n -
th rac i t i c  ca thode is  wear - res is tan t  and on lv
" c a r b i d e s "  s l o w l y ,  b u t  h a s  l o w e n  e l e c t r i c a l
conduct iv i t y  and is  p rone to  a t tack  and d is rup-
t ion  by  sgd ium,  wh ich  is  co-depos i ted  w i th  the
a l  uml  num.o

Al te rna t ive  carbon types  have no t  been ser i -
ous ly  cons idered fo r  Ha l l  ce l l  e lec t rodes  because
the  mater ia l  cho ice  has  a lways  been dominated  by
cons idera t ions  o f  shor t  ca thode l i fe ,  tonnages
used in  re l in ing  and consequent  h igh  rep lacement
cos ts .
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Selec t ion  o f  Carbon Types

To rea l i ze  the  benef i t s  ob ta inab le  seDara te-
ly frorn hard and soft carbons, a mix of the two
was chosen fo r  the  compos i te ,  and op t im ized fo r
use  in  the  a luminum ce l l  env i ronment .  In  add i -
t ion ,  carbon b lack  and carbon f ibers  were  incor -
pora ted .

Th9 granulometry of the sol id carbon compo-
nents of the mix was tai lored to the TiB2 powder
s iz ing  s ince  th is  i s  c r i t i ca l  to  the  per lo rm¿nce
of  the  compos i te  ca thode.  In  p rac t ice ,  d i f fe ren t
se ive  f rac t ions  o f  g raph i te  wene b lended w i th
canbon b lack  to  ach ieve  max imum dry  dens i ty .
Th is  had the  added advantage o f  ensur ing  tha t  the
T i82  par t i c les  we¡e  locked in to  the  s t ruc tu re  by
c a r 6 o n  D a r t i c l e s .

A  m i x t u n e  o f  s o l i d  a n d  l i q u i d  n e s i n  b i n d e r s
was used to  p repare  the  hard  carbon mat r ix .  Th is
techn ique was found to  min imize  the  to ta l  b inder
conten t  requ i red  fo r  s t ruc tuna l  in tegr i t y  wh i le
r e t a i n i n g  s u f f i c i e n t  l i q u i d  t o  w e t  t h e  s o l i d s  a n d
to  bond to  the  subs t ra te .

The heat treatment cycle used to cure the
resin was developed as a compromise between ade-
q u a t e  r e a c t i o n  r a t e ,  m i n i m u m  v o l a t i l e  l o s s ,  p r o -
duc t  qua l i t y  and t lme.  Marked qua l i t y  improve-
ments trere observed when provision ¡ras made for
vo la t i le  re lease in  the  b lnder ,  and when carbon
f ibers  were  incorpora ted  to  a r res t  c racks  tha t
deve loped dur ing  heat  t rea tment .

R e s u l t s  I n  S e r v i c e

The mater ia l  was  bench- tes ted  and p i lo t -
t e s t e d  f n  t h e  l a b o r a t o r y ,  a n d  p l a n t  t r i a l s  h a v e
been runn ing  s ince  mid-1981.  Samples  f r .om the
p i l o t  c e l l ,  a n d  f r o n  a u t o p s i e d  p r o d u c t i o n  c e l l s ,
demonst ra ted  the  va lue  o f  the  compos i te  approach
s ince  the  mater ia l  was  c lear ly  wet ted  by  mol ten
a luminum,  even w i th  very  smal l  vo lume f lac t lons
o f  T i B r .  T h e  d u r a b l l i t y  o f  t h e  m a t e r i a l  w a s  a l s o
remarká-b le  and was s t rong ly  ln f luenced by  the
amount  o f  f iber  ln  the  mix .  Conr ¡en t iona l  ca thode
carbon is worn at{ay at l-2 cnlyr,,  whereas the
th ickness  reduc t ion  o f  the  compos i te ,  ca lcu la ted
f rom T i  and B ana lyses  in  the  a luminum pad,  was
an onden o f  magn i tude less .  S tud ies  o f  the  coar -
ing  wear  nechan ism have shown tha t  the  da ta  i s
i n c o n s i s t e n t  w i t h  c o n t r o l  b y  c a r b o n  l o s s ,  s i n c e
the  ra te  o f  loss  dnd i t s  tempera ture  dependence
are  d i f fe ren t  fo r  conpos i tes  w i th  d i f fe ren t  T iB ,
s p e c i f i c a t i o n s ,  e v e n  t h o u g h  t h e  c a r b o n  t y p e  i s '
the  same.  Pend ing  fu r ther  au topsy  work ,  i t  i s
thought  tha t  the  coat ing  loss  ls  con t ro l led  by
the  T iB ,  d isso lu t ion  parameters  and tha t  the
c a r b o n  I s  o n l y  a t t a c k e d  f o l l o w i n g  l o c a l i z e d  T i 8 2
d e p l e t i o n .

Conc l  us  i  ons

I t  has  been proven tha t  T iB ,  can  be  incor -
pora ted  in to  a  spec ia l  carbon mat r ix  to  p roduce a
t o u g h ,  e c o n o m i c a l ,  a ' l u m i n u m  w e t t a b l e  r e f r a c t o r y .
In  serv ice ,  the  compos i te  i s  a lways  covered w i th
mol ten  a luminum which  demands spec ia l  a t ten t ion
to  the  b lend o f  carbon types  used in  the  mat r ix .
l {ear  ra te  s tud ies  have shown tha t  coa t ing  loss  is
cont ro l led  by  s lo r  T i82  d isso lu t ion  and no t  by
the  ra te  o f  carbon losS.
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