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I nt roduct i  on

0ver the past fen years the combined effects
o f  recess ion ,  esca la t lng  power  cos ts ,  and low
meta l  p r ices  have pushed the  U.S.  a luminum indus-
t ry  ln to  a  p recar ious  pos i t ion ,  unab le  to  compete
wi th  fo re ign  impor ts .  In  o rder  to  re ta in  a  com-
pet i t i ve  pos i t lon ,  a  ne i l  energy  e f f i c l .en t -and
iess  labor  in tens ive  process  m¿st  be  deve loped
for  p roduc lng  pr imarY meta l .

l n  c o n v e n t i o n a l  e l e c t r o l y t i c  s m e l t i n g '  a
s ign i f i can t  por t ion  o f  the  "wasted"  energy  ( the
d i i fe rence be tween theore t ica l  and ac tua l  energy
requ i rements )  i s  due to  the  vo l tage drop  across
the  res is t i ve  c ryo l i te  e lec t ro ly te  ba th  be tween
the  t ¡ ro  e lec t rodes .  Reduct ion  o f  the  anode-
ca thode d is tance (ACO)  in  a  convent lona l  ce l l
reduces the bath voltage loss, but due to metal
o a d  i n s t a b i l i t i e s ,  t h e  c e l l  c u r r e n t  e f f i c i e n c y
decreases. To neduce the ACD rl thout loss in
cur ren t  e f f i c iency ,  a  revo lu t ionary  approach
be ing  inves t iga ted  in  the  indus t ry  i s  the_use o f
a  so l id  a luminum-wet ted  ca thode '  such as  T i82 .
Here ,  the  uns tab le  meta l  pad ca thode is  rep láced
wi th  a  so l id  ca thode wet ted  by  a  th in  f i lm o f
a l  umi  num.

Extens ive  indus t r ia l  research  has  been car -
nied out since the 1950s on the use of refrac-
tony  hard  mater ia ls  (RHl { ) ,  sych  as  T i82 '  fo r
ca t -hode l  in ing  app l ica t ions . r  T iB ,  has-  very  low
s o l u b i l i t y  i n - a l u i n i n u m '  i s  h l g h l y  E o n d u c t i v e ,  a n d
most  s ign i f i can t ly ,  l s  wet ted  by  mol ten  a luminum.
Th is  p róper ty  a l lows an  a luminum f i lm to  be  e lec-
t ro ly t i ca l l y  depos i ted  w i thout  the  presence o f  an
a lumlnum pad.  Thus ,  new ce l l  des igns  are  poss i -
b l e ,  u t i l i z i n g ,  f o r  e x a m p l e ,  a  s l o p e d  c a t h o d e  s o
tha t  the  a luminum f i lm runs  o f f  the  sur face  con-
t inuous ly .  The in te rac t ion  be t l reen the  magnet ic
f i e l d  a n d  t h e  t h i n  a l u m i n u n  f i l m  i s  n e g l i g i b l e '
thus  enab l ing  inc reased energy  e f f i c iency  an< l
o p e r a t i n g  s t a b i l i t y  i n  t h e  c e l l .

The two major  p rob lems w i th  p r io r  a t tempts
to  rTnke a  T i82  sur face  on  carbon/graph i te  b locks '
( f rom wh ich  t f ie  ca thode is  cons t ruc ted)  were  lack
ó f  a d h e s i o n  t o  t h e  s u b s t r a t e  a n d  d i s i n t e g r a t i o n
due to  poor  chemica l  res is tance.

D is in tegra t ion  o f  T i82  has  been assoc la ted
r i th  f luor ide /mol ten  meta l -a t tack  o f  ox i r le  im-
pur i t ies  on  the  boundar ies  be tween ind iv idua l
Í iBo  gra ins .  Fur thermore ,  fabr ica ted  T i82  par ts
a r e ' b r i t t l e ,  s e n s i t i v e  t o  t h e r m a l  s h o c k , - n o t  e a s -
l l v  a t tached to  a  carbon subs tna te ,  and expen-
s t v e .  H i g h - p u r i t y  T i B ,  f o r m s ,  a n d  g e r a m i c  T i B ,

comoos i tes .  have been üsed recent ly -  to  improve
t h e ' c o r r o s i o n  r e s i s t a n c e  o f  t h e  m a t e r i a l .  A l -
though benef ic ia l ,  these measures  do  no t  address
the  prob lem o f  a t tach ing  T iB ,  to  carbon over  a
wide  tempera ture  range.  Th iS  T iB ,  mater ia ls
prob lem has  been the  c r i t i ca l  e leñent  de lay i 'ng
ihe  deve lopment  o f  a  p rac t icab le  low energy  ce l l
( L E c ) .

Conb in ing  the  Proper t ies  o f  Carbon and T iBz

A carbon/T i82  compos i te  appnoach has  been
success fu l  l y  used 'a t  l ¡ la r t in  t ¡ la r ie t ta  Labora tor ies
to  comblne  the  a lun inum wet t ing  proper t ies  o f
T iBr  and the  proven durab i l i t y  o f  carbon in  the
ce l f  env i ronment .  Th is  nevr  mater ia l  has  c incum-
vented the shortcomings of the prior art by em-
p l o y i n g  a  p a r t i c u l a r  s p e c i f i c a t i o n  o f  T i 8 2  p o w d e n
i n d - a  u n i q u e  c a n b o n  m a t r i x .  T h e  c a r b o n  m á t r i x  i s
chosen fo r  gnanu lomet ry  compat ib le  w i th  the  re -
qu i red  cure  and bake procedures ,  wh i le  the  types
of  carbon so l ids  and b inder  phase are  b lended in
such a  way as  to  p rov ide  the  most  chemica l l y  and
phys ica l l y  rugged mix  o f  hard  and so f t  carbons . "
i  í e t  m i x l u r e - i s  p r e p a r e d  c o n s i s t l n g  p r i n c Í p a l l y

o f  a  p h e n o l i c  r e s i n ,  a  f u r a n e  r e s i n  p r e c u r s o r '
c u r i n b  a g e n t s ,  c a r b o n a c e o u s  f i l l e r  a n d  a d d i t i v e s '
and T iBc .  Th is  coat ing  compos i t ion  may be
app l ied 'wet ,  d i rec t l y  to  a  carbon ca thode sub-
s t ra te ,  and then cured  and carbon ized.  The re -
s u l t i n g ,  r e l a t i v e l y  h a r d ,  t o u g h  s u r f a c e  l a y e r
cons is ts  o f  T iBc  imbedded in  a  la rge ly  non-
g r a p h i t i c  a n d  n b n - g r a p h i t i z i n g  m a t r i x .  T h e  g r e e n

mix  a ' l so  inc ludes  carbon f ibers '  wh ich  ac t  as
c r a c k  a r r e s t o r s  w h i l e  t h e  c o a t i n g  m a t e r i a l  u n d e r -
o o e s  s h r i n k a Q e  d u r i n q  c u r e  a n d  c a r b o n i z a t i o n .
5 u f f i c i e n t  t l B ,  i s  i ñ c o r p o r a t e d  i n  t h e  c o a t i n g  t o
ensure  cont inuóus  a ' luminum vre t t ing  o f  the  sur -
face .  Thus ,  the  resu l tan t  compos i te  nn ter ia l  i s

an  economic  and e f fec t i ve  means to  ob ta in  the
a d v a n t a g e s  o f  T i B 2  i n  c a t h o d e s ,  a n d  e l i m i n a t e s
the  need fo r  tnore-cos t  l y  T i  82  t  i  I  es  .
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M a t e r i  a l  s  T e s t i  n g

Test ing  o f  the  mater ia l  invo lved bo th  pas-
s i v e  ( o r  s t a t i c )  a n d  d y n a m i c  ( e l e c t r o l y s i s )
q u a l i f i c a t i o n  e x p e r i m e n t s .  T h e  d e v e l o p m e n t  a n d
eva lua t ion  process  cur ren t ly  used fo r  assess ing
mater ia ls  and process ing / fo rmula t ion  f lnd i f i ca-
t lons  compr ises  a  ser ies  o f  sequent ia l  tes ts .

An inver ted  e lec t ro lys is  ce l l ,  shown in
F i g u r e  1 ,  i s  u s e d  f o r  t h e  i n i t i a l  w e t t a b i l i t y  a n d
bath  penet ra t ion  tes ts .  A  coat ing  compos i t ion
conta in ing  35-60 wt . l  T i82  appeared op t ima l  fo r
ach iev ing  max imum wet t ing-a t  min imum cos t .

35 Amp.

Pl  an t  Tes ts

A  t o t a l  o f  2 0  c o m m e r c i a l  V S S  c e l l s  w i t h  T i B ,
coated  ca thodes were  ins ta l led  in  the  l4ar t in
Mar ie t ta  smel te rs  in  the  Pac i f i c  Nor thwest
be tween 1981 and 1984.  One o f  these smel te rs  i s
now orned by  Conrnonwea l th  A luminum.  These fu l l -
sca le  p lan t  tes ts  o f  the  ca thode coat ing  were
des lgned to  de termine whether :

l .  Ce l l s  cou ld  be  coated  w i th  the  T iB2 lcarbon
mater ia l  in  a  p lan t  env inonment  an t l  then
s tar ted  by  convent iona l  methods .

2 .  The coat ing  was wet tab le  and has  an  accept -
ab le  p ro jec ted  l i fe  in  commerc ia l  use .

3 .  The coat ing  reduces  ce l l  muck ing  and has  no
adverse  e f fec ts  on  ce l l  oer fo rmance.

4.  The use of
resu l  ts  in
operat i  ng

t h e  c o a t i n g  i n  c o n v e n t i o n a l  c e l l s
energy  sav ings  or  reduced

c o s t s .

By  the  end o f  1984,  i t  was  c lear^  tha t  a l l  o f
these c r i te r ia  had been met .  Ex tens ive  mon i to r -
ing  o f  tes t  and cont ro l  ce l l s  has  demonst ra ted  an
average 2 .5 f  energy  e f f i c iency  improvement  in  the
c o a t e d  t e s t  c e l l s .  A  5 -  t o  7 - y e a r  l i f e  i s  p r e -
d ic ted  depend ing  upon the  T i82  type  and the
o r i g i n a l  c o a t i n g  t h i c k n e s s ,  a ñ d  i m p r o v e d  c e l l
s tab i l i t y  and eas ie r  opera t ion  is  repor ted  by  the
ce l l  room workers .

A  $ l - 4  x  1 0 6  a n n u a l  c o s t  s a v i n g  i s  e s t i m a t e d
for  a  typ ica l  smel te r  us ing  coated  ca thodes.  No
cap i ta l  inves tment  beyond the  coat ing  cos t ,  o r
changes in  opera t ing  procedures  are  requ i red  to
imp lement  th is  techno logy .  However ,  o f  g rea ter
long teñn impor tance,  the  carbon/T iB2 compos i te
opens the  v ray  to  a  new genera t ion  1oñ energy  ce l l
c a p a b l e  o f  a n  o r d e r  o f . m a g n i t u d e  g r e a t e r  s a v i n g s .
In  add i t ion ,  the  durab i l  i t y  and re f rac to ry  p ro-
per t ies  o f  th is  mater ia l  o f fe r  numerous  oppor -
tun i t ies  in  o ther  mta l  p rocess ing  sys tems,  bo th
on ear th  and in  space.
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F i g u r e  1 .  l n v e r t e d  E l e c t r o l y s i s  T e s t  C e l l

S ta t l c  exposure  tes ts  a re  used to  assess
d i f fe ren t  coa t ing  fo rmula t lons  and types  o f  can-
d ida te  T i82  mater ia l  as  ca thode l in lngs  fo r  a lum-
inum reduc t ion  ce l l s .  Fo l low ing  exposune fo r  up
to  I  month  in  heated  re to r ts ,  a  h igh-pur i ty  f lB2
t i l e  d i s i n t e g r a t e d  b e l o v r  t h e  a l u m i n r ¡ n  m e t a l  l i n é ,
a  s t a b i I i z e d  T i 8 2  a l I o y  t i I e  w a s  u n d a r n a g e r t  b u t
had debonded,  wh i le  the  var ious  compos i te  coat ing
samples  nere  in tac t  be low the  a luminum mta l
l ine .  The compos i tes  showed var iab le  ex fo l ia t ion
cracks  a t  the  leve l  o f  the  c ryo l i te  ba th ,  bu t
these ne fe  v i r tua l l y  e l im ina ted  when carbon
f ibers  were  incoroora ted  in to  the  fo rmula t ion .

A 1500 Ampere  ex terna l l y  heated  p i lo t  e lec-
t r o l y s i s  c e l l  w a s  u s e d  t o  e v a l u a t e  T i B ,  m a t e r i a l s
under  cont inuous  e lec t ro lys is  fo r  per ióds  up  to  3
w e e k s .  C a t h o d e  m a t e r i a l s  w e r e  e l e c t r o l y s i s
tes ted  under  a  l "  th ick  meta l  pad and in  a
dra ined ca thode conf igura t ion .  The exposure
r e s u l t s  u n d e n  e l e c t r o l y s i s  w e n e  c o n s i s t e n t  w i t h
those f rom the  re to r t  tes ts .  In  a l l  cases ,  the
coated cathode surface remained covered with a
th in  f i lm o f  mta l ,  even a f te r  the  ca thode was
inver ted  dur ing  remova l  f rqn  the  ce l l .

The absence o f  m¡ck  (und isso lved a lumina in
f rozen c ryo l i te  ba th)  on  the  compos i te  sur face
was charac ter is t i c  o f  a l l  the  coated  ca thodes
tes ted  under  e lec t ro lys is .  By  cont ras t ,  uncoated
carbon sur faces  were  cons is ten t ly  found to  have a
par t ia l  cover ing  o f  muck .  0n  a  convent iona l
ca thode sur face  ,  ba th  mater ia l  p re fe ren t ia l l y
wets  the  carbon;  on  a  T iB2 ca thode,  mo l ten
a luminum expe ls  the  ba th  ánd wets  the  ca thode
i n s t e a d .  H e n c e ,  t h e r e  i s  l i t t l e  t e n d e n c y  f o r
muck ,  to  a t tach  i t se l f  to  the  sur face  o f  a  T iB ,
c a t h o d e .
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