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I  n t roduc  t i  on

I n  s o m e  i n s t a n c e s ,  t h e  s t a b i l i t y  o f  t h e  b i -
p o ' l a r  p l a t e  h a s  b e e n  i d e n t i f i e d  a s  a  l i m i t i n g
f a c t o r  i n  a t t a i n i n g  l o n g  l i f e  i n  h o t  p h o s p h o r i c
a c i d  f u e l  c e l l s .  I n  t h e  o p e r a t i n g  f u e l  c e l l ,  t h e
b i p o l a r  p l a t e ,  m a d e  o f  a  g r a p h i t e - r e s i n  c o m p o s i t e ,
s e r v e s  t 0  s e p a r a t e  t h e  i n d i v i d u a l  g a l v a n i c  c e l l s
and to  conduct  the  e lec t r i ca l  cur ren t  f rom ce l l
t o  c e l l .

T h e  s t a b i l i t y  o f  t h e  b i p o l a r  p l a t e  u n d e r  h o t
p h o s p h o r i c  a c i d  f u e l  c e l l  c o n d i t i o n s  h a s  b e e n
stud ied  by  severa l  compan ies .  Both  chemica l  re -
s i s t i v i t y  t o  h o t  p h o s p h o r i c  a c i d  a n d  o l a t e
mechan ica l  s t rength  have been c i ted  as  obs tac les
t o  a c h i e v i n g  t h e  l o n g - t e r m  s e r v i c e  l i f e  g o a l .  T h e
dominant  cor ros ion  process  on  the  ca thode s ide  o f
t h e  p l a t e  i s  e l e c t r o c h e m i c a l  c o r r o s i o n ,  w h i c h  i s
s i g n i f i c a n t l y  h i g h  a t  t h e  c a t h o d e  p o t e n t i a l .  T h e
poros i ty  o f  the  p la te  mater ia l  can  be  a  cont r ibu t -
ing  fac to r ;  b ipo la r  p la tes  were  repor ted  to  so f ten
and to .swe l l  a round the  edges when in  contac t  n i th
p h o s p h o r i c  a c i d  i n  a  f u e l  c e l l .

In  the  work  descr ibed here in ,  the  program was
d i rec ted  in i t ia l l y  toward  the  deve lopment  o f  new
low- tempera ture  t rea tments  (900"C)  and/or  compo-
s i t i o n s  o f  b i p o l a r  p l a t e  m a t e r i a l s  t o  g . i v e  i m -
proved cor ros ion  res is tance.  The heat - t rea tmenr
tempera ture  was la te r  ex tended to  1700"C.  Th is
approach invo lves  the  use  o f  g lassy  carbon,  e i ther
as  a  p ro tec t ive ,  impermeab le ,  cor ros ion- res is tan t
coat ing  or  as  a  cons t i tuent  o f  the  compos i te  p la te
mater i  a l

Dop ing  w i th  boron to  make the  g lassy  carbon
approach ye t  more  e f fec t i ve  was a lso  inves t iga ted .
In  p rev ious  work ,  the  au thors  cor re la ted  d i f fe r -
ences  in  the  e lec t rochemica l  behav io r  o f  samoles
of  heat - t rea ted  Vu lcan XC-72R yr i th  the  s t ruc tu ra l
p roper t ies  o f  the  carbon produced,  as  re f lec ted  by
I a t t i c e  p a r a m e t e r s . r  D o p i n g  o f  V u 1 c a n  X C - 7 2 R  w . i t h
boron proved to  have a  benef ' í c ia l  e f fec t ¡  samples
of  heat - t rea ted  boron-doped Vu lcan XC-72R were
shovrn  to  have enhanced res is tance to  cor ros ion
compared w i th  undoped Vu lcan heat - t rea ted  a t  the
same tempera tures .  Changes in  8ET sur face  areas
a n d  l a t t i c e  p a r a m e t e r s  a s  w e l l  a s  i n  e l e c t r o -
c h e m i c a l  b e h a v i o r  s h o w e d  e v i d e n c e  t h a t  t h e  a d d i t i o n
o f  b o r o n  r e s u l t e d  i n  I ' g r a p h i t i z a t i o n "  t h a t  w a s  n o t

ach ieved by  heat - t rea tment  a lone.  Boron-dop inq
m a y  e n a b l e  t h e  p r o d u c t i o n  o f  a  b i p o l a r  p l a t b  t ñ a t
i s  a t  l e a s t  a s  c o r r o s i o n - r e s i s t a n t  a s  i s  a l  l o w e o
by present  techno logy ,  a t  a  lower  fabr ica t jon  cos t .

R e s u l t s  a n d  D i s c u s s i o n s

The cor ros ion  charac ter is t i cs  were  de term. ined
for  cormerc ia l  g iassy  carbons ,  in  o rder  to  eva lu -
a te  the  cor ros ion  res is tances  o f  these mater ia ls
in  compar ison to  those o f  mater ia ls  wh ich  were  a t
t h a t  t ' i m e  u t i l i z e d  i n  b i p o l a r  p l a t e s .  G l a s s y
carbon samples  rece ived f rom Carbone Lor ra ine  were
t e s t e d  f o r  c o r r o s i o n  p r o p e r t i e s  a t  0 . 9 V  i n  2 0 0 ' C
p h o s p h o r i c  a c i d ;  t h e i r  c o r r o s i o n  c h a r a c t e r i s t i c s
were  most  encourag ing .

.  There  are  two d is t inc t  aspec ts  o f  the  e f fo r t
i n v o l v e d  i n  c o v e r i n g  a  c a r b o n  p l a t e  w i t h  a  g l a s s y
carbon layer ,  bo th  o f  wh ich  were  addressed.  The
f i rs t  i s  the  produc t ion  o f  the  g lassy  carbon i t -
se l f  f rom a  su i tab le  p recursor ;  the  second is  the
a p p l i c a t i o n  o f  a n  a d h e r e n t ,  c o h e s i v e  c o a t i n g  o f
the  g lassy  carbon to  the  carbon p la te .  In  pursu i t
o f  the  fo rmer ,  the  fo l low ing  parameters  were  ex-
amined to  de ter rn ine  the i r  e f fec t  on  the  cor ros ion
and phys ica l  p roper t ies  o f  the  g lassy  carbon pro-
duced,  the  po lymer ic  p recursor ,  the  f ina l  heat -
t rea tment  tempera ture ,  the  dura t ion  o f  ho ld  a t
f ina l  tempera ture ,  the  tempera ture  ramp,  and the
a d d i t i o n  o f  a  p o s s i b l e  g r a p h i t i z a t i o n  c a t a l y s t ,
boron .

The po lymers  inves t iga ted  to  de termine the i r
su i tab i l i t y  as  p recursors  tvere :  po ly fu r fu ry l
a l c o h o l  p h e n o l i c ,  p o l y f u r f u r a l  p h e n o l i c ,  m o d i f i e d
f u r f u r y l  a l c o h o l ,  p h e n o l i c ,  a n d  p o l y v i n y l
c h l o r i d e .  T h e  p o s s i b i l i t y  t h a t  b o r o n  a c t s  a s  a
c a t a l y s t  f o r  c a r b o n i z a t i o n  o f  t h e  r e s i n  w a s  a l s o
inves t iga ted .  E f fo r ts  were  focused on  Varcum
29-703 (a  tv ro -s tage pheno l ic  res in  f rom Re ichho ld)
as  the  precursor  fo r  the  g lassy  carbon coat ing  to
b e  a p p l i e d  t o  t h e  b i p o l a r  p l a t e  m a t e r i a l ,  s i n c e
tha t  i s  the  res in  employed by  l . les t inghouse in  the
f a b r i c a t i o n  o f  t h e  c o m p o s i t e  b i p o l a r  p l a t e s .

S m a l 1  " c h i p "  s a m p l e s  o f  g l a s s y  c a r b o n s  p r e -
pared f rom the  po lymer ic  p recursors  served as
samples  fo r  measur ing  the  cor ros ion  charac ter -
i s t i c s  o f  t h e  g l a s s y  c a r b o n s  t h u s  p r o d u c e d .
Glassy  carbons  were  produced wh ich  possess  grea t
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to lerance to hot  phosphor ic  ac id at  the potent ia ls
of  test .  Heat- t reatment  to 1200'C was found to be
more ef fect ive than to 900"C.  The t ime of  hold at
f ina l  temperature d id not  appear to have an ef fect
on e i ther  the weight  losses or  the corros ion char-
ac te r i s t i cs  o f  t he  g lassy  ca rbon  p roduced '

0 i f f icu l t ies were encountered wi th the
app l i ca t i on  o f  a  g lassy  ca rbon  coa t i ng  t o  t he
oiáte mater ia l ,  perhaps due in par t  to  the warp-
i nq  and  sh r i nk inq  o f  t he  res in  du r i ng  ca rbon i z -
at íon.  I t  was tñeor ized that  a coat ing prepared
from a g lassy carbon const i tuent  in t imate ly  mixed
wi th a éarbon b lack would not  have the problems
assoc ia ted  w i th  d imens iona l  s tab i l i t y  du r i ng
carbonizat ion to the extent  that  g lassy carbons
do .

Such a coating was prepared from Consel
(s team-act ivated acety lene b lack)  and Varcum
2g-703  on  a  samp le  o f  f l a t  b i po la r  p la te  rece i ved
from I ' lest inghouse.  The coat ing is  cohesive and
adhes i ve .  Pa r t i cu la r l y  s i gn i f i can t  i s  t he  f ac t
t ha t  t he  app l i ca t i on  o f  t he  coa t i ng  was  success -
fu l  w i t hou i ' a  p re t rea tmen t  o f  t he  p la te  ma te r i a l .

As stated above, there are tt{o separate
aspects involved in cover ing a carbon p late wi th
a b lassy carbon layer .  The second'  the-appl ica-
t ión of 'an adherent ,  cohesive coat ing of  the
qlassy carbon to the carbon p late '  may requi re
óretréatment of the plate material '  Much wopk
has been done with the pretreatment of the car-
bon fibers to form composites of graphite/carbon
f ibers bound wi th res ins,  par t icu lar ly  epoxies '
Several  methods involved some means of  ox idat ion
of  the f iber  sur face.  I t  was fe l t  that  cer ta in
of  these techniques may be appl icable or  adaptable
to the present  work.  Dry ox idat ion was chosen for
i n i t i a l  exoe r imen ts '  An  adhe ren t  coa t i ng  o f
o lassv  ca rbon  was  app l i ed  t o  b ipo la r  p la te  ma te r -
ía l  wi ic t r  had been oxid ized in a i r .  The pre-
cursor  used was polyfur fury l  a lcohol  phenol ic ;
attempts to coat the untreated plate material
wi th g lassy carbon prepared f rom th is  res in had
previóusly  proved unsuccessfu l .

Glassy carbon coat ings based on degraded
polyv inyt  ch lor ide were successfu l ly-appl  ied to
6or f r  ¿s-pressed and heat- t reated (900"C)
t , lest inghbuse b ipolar  p iate mater ia l .  Vygen 65'

a  h i q h l v  c r o s s - l i n k e d ,  u n s t a b i l i z e d  p o l y v i n y l
c t r l o i i ¿ é  r e s i n  ( G e n e r a l  T i r e )  w a s  u t i l i z e d  a s  t h e
precursor .  the  method o f  app ly ing  the  coat ing  t0
an as-pressed p la te  has  two advantages :  the
aforement joned success  in  app ly ing  the  coat ing
wi thout  p re t rea tment  o f  the  p la te  mater ia l ;
a d d i t i o n a l l y ,  o n e  h e a t - t r e a t m e n t  s t e p  i s  e l i m i n a t -
e d .

Work was begun on the approach of doping the
res in -graph i te  compos i te  mater ia l  i t se l f  w i th
boron.  t r |es t inghouse prov ided samples  o f  the i r
b ipo la r  p la te  compos i te  mixes '  wh ich  were  doped
wi lh  boron,  and re tu rned to  West inghouse to  be
formed in to  p la tes  accord ing  to  the i r  p rocedure
and then heat - t rea ted  to  var ious  tempera tures .
I n i t i a l  t e s t i n g  i n d i c a t e s  t h a t  t h e  b o r o n  h a s  a
benef ic ia l  e f féc t  on  the  cor ros ion  res is tance o f
the  p la te  mater ia l .

'  E lPer imenta l

l l l i t h  t h e  e x c e p t i o n  o f  p o l y v i n y l  c h l o r i d e '
the  g lassy  carbon precursors  were  po lymer ized
accord ing  to  recormendat ions  or  in fo rmat ion
s u p p l  i e d - b y  t h e  v e n d o r s .  F o r  p o l y v i n y l  c h l o r i d e '
thó  pa ten t  by  Ross i  served as  a  gu ide .z  In  the
case of the boron-doped samples, boron was added
in  the  fo rm o f  bor ic  ac id .  The method o f  add-
i t ion  depended on  the  res in .  The po lymer ized
res ins  were  carbon ized in  L indberg  tube fu rnaces '
w i t h  m a x i m u m  h e a t i n g  c a p a b i l i t i e s  o f  9 0 0 o C ,
1200"C and 1700'C. The furnaces were computer-
cont ro l led  to  g ive  the  des i red  heat ing  ra te  and
h o l d  t i m e s .

lh is  work  was funded by  the  E lec t r i c  Power
R e s e a r c h  I n s t i t u t e .  T h e  a s s i s t a n c e  a n d  c o - -
opera t ion  o f  t r . les t inghouse E lec t r i c  Corpora t ion '
under  NASA LeRC Cont rac t  DEN3-290 '  i s  a lso
gra te fu l  l y  acknowl  edged.
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