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I nt roduct i  on

I t  has  been known s ince  the  ear ly  1950 's
that the use of refractory hard materials (RHl. l) ,
such as  T i82 ,  1n  a lumlnun reduc t lon  ce l l  ca thodes
wou ld  resu l t  in  d ramat ic  per fo rmance benef l t s .
However, prevlous attempts to lmplement thls
techno logy  have fa i led  due to  the  ins tab i l i t y ,
f rag i le  na ture  and h igh  cos t  o f  these na ter la ls .

Mar t in  Mar ie t ta  Labora tor les  has  deve loped
a carbon/T i82  conpos i te  wh ich  can be  app l ied  to
the  ca thode b locks  g f .aq  a luminum ce l l  us ing  a
v a r i e t y  o f  m e t h o d s . r ' ¿ ' J  A  p a r t i c u l a r  t e c h n i q u e
may be preferred dependlng on t lme, equipment,
cos t  and manpower  cons t ra fn ts .

Coati  ng f ' lethod

The compos i te  coat ing  cons is ts  o f  T l82
powder ,  g raph i te  aggregate ,  carbon f iber  and a
carbon cement system whlch comprlses a mlxture of
resins and carbon powders. The carbon natr ix
requ i res  a  g ranu lomet ry  tha t  i s  compat ib le  w i th
subsequent  heat  t rea tments  wh i le  p rov id ing
acceptab le  dens i ty .

The so l id  components  a re  b lended under  mi ld
heat  (30-40 'C)  to  thonough ly  homogen ize  be fore
a d d i n g  t h e  l i q u i d  r e s i n  c o m p o n e n t .  T o t a l  m i x i n g
t imes range fnom 30-50 minu tes .  A  s igma-b lade or
doub le  p lanetary  mixer  r i th  w ide  b lade to le rances
is  used to  avo id  a l te r ing  the  or lg ina l  g ranu lo-
met ry .

The wet  mix  may be  app l led  e i ther  to  ind i -
v idua l  ca thode b locks  or  to  comple te ,  rebu i l t
ca thodes depend ing  on  p lan t  requ i rements .  Ind i -
v idua l  b locks  are  prepared by  de f in ing  the  coat -
ing  area  and depth  w i th  d isposab le  a luminum
st r ips  a t tached to  the  s ides  o f  the  b locks  or
w i th  a  removab le  assembly  wh ich  can be  t rans-
fe r red  f ron  b lock  to  b lock .  The b locks  are  pre-
heated to 30-50'C then coated with the carbon/
T i 8 ,  c o m p o s i t i o n  u s i n g  r e g u l a r  s p a c k l i n g  o r
cemént  too ls .

Depend ing  on  b lock  type ,  an  in te rmed ia te
coat ing  layer ,  cons is t ing  o f  convent iona l  carbon

c e m e n t  m o d i f i e d  w i t h  a  g r a p h i t e  a d d i t i o n ,  m a y
have to  be  app l led  to  accomodate  the  coat ing
shr inkage dur ing  heat  t rea tment .  The carbon
granulometry of the matrlx may also be changed to
ad jus t  the  to ta l  shr inkage.  F igure  I  shows how a
s t rong ly  bonded coat ing  r { i th  excess lve  shr inkage
can cause b lock  f rac tu re .
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Figure  l .  Example  o f  B lock  Frac ture  Caused By
Excess ive  Coat ing  Shr inkage

The coated  b locks  undergo a  24  hour ,  low-
tempera ture  (170"C max imum)  cure ,  then a  h igh
tempera ture  f6500-1000 'C)  bake.  Cure  oven con-
s t r u c t i o n  r n a y  b e  k e p t  r e l a t i v e l y  s i m p l e  ( e . 9 . ,  a
l a r g e  h o o d  c o n t a i n i n g  s e v e r a l  i n d i v i d u a l l y  c o n -
t r o l l e d  i n f r a r e d  h e a t i n g  e l e m e n t s ) .  A f t e r
cur ing ,  the  coat ing  is  qu i te  hard  and the  coated
b l o c k s  r n y  b e  s t o r e d  i n d e f i n i t e l y  u n t i l  b a k i n g .



For  bak ing ,  the  coated  b locks  are  p laced in
s tee l  con ta inens ,  covered w i th  a  p ro tec t ive  coke
b e d ,  a n d  b a k e d  u s i n g  e x i s t i n g  p l a n t  e q u i p m e n t
such as  homogen iz ing  fu rnaces .  0nce baked,  the
b locks  may be  hand led  w i thout  fu r ther  p recaut ions
d u r i n g  c e l l  n e l i n e  p r o c e d u r e s .

The coat ing  compos i t ion  may a lso  be  app l ied
to  an  en t i re  ca thode a f te r  i t  has  been rebu i l t .
ln  th is  case,  vo la t i le  re lease f rom the  ca thode
narming paste can cause debonding, so the cathode
sur face  is  spec ia l l y  roughened to  deve lop  a
s t ronger  mechan ica l  bond.  Inver ted  a luminum
channe l ,  na i led  in to  the  ram s lo ts  be tween
b locks ,  i s  used fo r  depth  gu ides  and ca thode pre-
heat ing  is  ach leved Í i th  p ropane- f i red  heaters .
Exper ienced personne l  can  mix  and app ly  the
coat ing  fo r  an  en t ine  ca thode w i th in  4 -6  hours .

More  soph is t i ca ted  cur ing  and bak ing  equ ip-
ment  i  s  requ i  red  fo r  i  n -s i  tu  app l  i  ca t l  on  s i  nce
the  heat ing  un i t  must  res t  on  the  ca thode she l l
to  d is t r ibu te  heat  oven the  en t i re  ca thode area .
Wi th  a  combined cure  and bake fu rnace,  the  to ta l
heat  t rea tment  can be  cont inuous  and severa l
ce l l s  can  be  prepared fo r  s ta r t -up  in  a  f rac t ion
of  the  t ime requ i red  when coat ing  ind iv idua l
b l  o c k s .

Cast  P la tes

Ins tead o f  app ly ing  the  carbon/T i82  com-
pos i te  d l rec t l y  to  ca thode b locks ,  the  mt te r ia l
may be  used to  fabr ica te  p la tes .  Produc t  qua l l t y
is enhanced by mixing under heat and vacur¡n to
reduce the  l iqu id  conten t  and increase the  den-
s i ty .  The mlx  i s  then spread in to  s tee l  mo lds ,
bu t  because 0 f  the  inc reased v lscos i ty ,  a  v lb ra-
to ry  sc reed is  used to  leve l  the  mater ia l .  S tee l
we igh ts  a re  p laced on  top  on  the  cas t ings  to
prevent  warpage dur ing  cure .  Large  in f ra red  or
convection ovens may be used to cure a number of
p la tes  wh ich  are  then packed in  a  coke bed and
baked to  650-1000 'C.  Aga in ,  the  heat  t rea tments
are  re la t l ve ly  s imp le  and do  no t  requ i re  cus tom
bui  l t  equ ipment .

A f te r  bak lng ,  the  p la tes  are  a t tached to
the  ca thode b locks  us ing  a  convent iona l  carbon
cenent  and may be  used to  cover  ind iv idua l  b locks
o n  a n  e n t i r e ,  i n s t a l l e d  c a t h o d e .  P l a t e  f a b r i c a -
t ion  can be  per fo rmed in  spec ia l  fac i l i t i es  to
ensure  the  sor t  o f  qua l i t y  con t ro l  tha t  i s  hard
t o  a c h i e v e  i n  t h e  p l a n t .

Hot  Pressed T i les

Carbon/T i82  compos i te  t i les  can a lso  be
fabr ica ted  in  a  ho t  p ress ing  opera t ion .e  The
press ing  compos i t ion  cons is ts  essent ia l l y  o f  the
so l id  components  o f  the  coat ing  and cas t ing
mater ia l  together  w i th  se lec ted  low ml t ing
res ins .  The components  a re  b lended in  a  ba l l
m i l l ,  w i t h  p r e c a u t i o n s  t o  e n s u r e  t h a t  t h e  f i b e r s
ane adequate ly  d ispersed th roughout  the  mix tu re .

Hot -p ress ing  is  per fo rmed a t  140-170"C and
3000-5000 ps i  fo r  5 -20  minu tes .  The s ize  and
t h i c k n e s s  o f  t h e  t i l e  c a n  b e  v a r i e d  d e p e n d i n g  o n
m o l d  d i m e n s i o n s ,  a m o u n t  o f  m a t e r i a l  p l a c e d  i n  t h e
m o l d ,  p r e s s  c a p a c i t y ,  e t c .

I n s t e a d  o f  d i s p e r s i n g  t h e  T i B 2  t h r o u g h o u t
the  t i le ,  i t  can  be  concent ra ted  in - the  top  sur -
f a c e  u s i n g  a  b i - l a y e r  p r o c e s s .  A  b a s e  m i x i u r e
c o r n p r i s i n g  e s s e n t i a l l y  c a r b o n a c e o u s  m a t e r i a l s  i s
p laced in  the  mold  fo l lowed by  a  layer  o f  the
carbon/T i82  compos i te  mater ia l .  Thus ,  t i l es  may
b e  f a b r i c a t e d  w i t h  a  T i B r - r i c h  c o m p o s i t i o n  i n  t h e
top  layer ,  to  lnc rease tñe  T i82  sunface concen-
t r a t i o n  w i t h o u t  a d d i t i o n a l  c o s t .

A f te r  p ress ing ,  the  t i les  a re  baked in  much
the  same way as  the  cas t  p la tes ,  then a t tached to
the  ca thode b locks  w i th  carbon cement .

Hot  p ress ing  o f fe rs  the  same advantages  as
cas t  t i l es  bu t  i s  much fas te r  because the  24  hour
cure  is  rep laced by  one o f  5 -20  minu tes .  The
equ ipment  i s  more  expens ive  bu t  less  manpower  and
phys ica l  e f fo r t  a re  requ i red .

Conc l  us  i  ons

Al l  o f  the  descr ibed techn iques  are  e f fec-
t l ve  means o f  ach iev lng  a  carbon/T i82  compos i te
ca thode sur face .  The versa t i l i t y  o f - the  sys tem
al lons  a  par t i cu la r  method to  be  chosen based on
the  spec i f l c  p lan t  requ i rements  and capab i l i tes .
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