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In t roduc  t ion

C a r b o n  a n d  g r a p h i t e  u t i l i z e d  i n  o x i -
d i z i n g  e n v i r o n m e n t s  a t  e L e v a t e d  t e m p e r a -
tu res  su f fe r  a  we igh t - loss  wh ich  may re -
su l t  in  i r revers ib le  changes o f  the  d inen-
s i o n a l  s t a b i l i t y  a n d  a f f e c t s  a l s o  t h e  m e -
c h a n i c a l  p r o p e r t i e s  o f  t h e  m a t e r i a l .

Some pre fer red  f ieLds  o f  app l i ca t ion
for  such par ts  under  opera t ing  cond i t ions
as  descr ibed above are  cont inuous  cas t ing
o f  n o n - f e r r o u s  m e t a l s ,  p r e s s u r e - s i n t e r i n g
o f  h a r d  m e t a l s  o r  c e r m e t s ,  e l e c t r i c  r e s i s -
tance heaters  and many so lder ing  or  we ld-
i n g  o p e r a t i o n s .
fn  a  p rev ious  par t  o f  these inves t iga t ions
o n  o x i d a t i o n  a n d  o x i d a t i o n - r e s i s t a n c e  a
s i m p l e  m e t h o d  o f  d e t e r m i n i n g  t h e  w e l g h t -
l o s s  d u r i n g  o x i d a t i o n  a t  e l e v a t e d  t e m p e r a -
tu res  v ras  eva lua ted  and descr ibed. l

Some coat ing  and pre fer rab ly  impreg-
nat ing  procedures  were  s tud ied  in  o rder  to
reduce the  ox ida t ion  ra te  thus  lead ing  to
improved per fo rmance o f  the  mater ia l  in
t h e  f i e l d s  o f  a p p t j . c a t i o n  m e n t i o n e d  a b o v e .

Exper imen ta  I

F i g u r e  1  s h o w s  t h e  b u r n - o f f  a t  6 0 0  o C  . .  a

Burn -o f f
f unc  t i on
g r a d e s  .

6 0 0  o c  a s  a
t i m e  f o r  s e v e r a l

f u n c t i o n  o f  t i m e  f o r  a  n u m b e r  o f  g r a d e s .
The h lghes t  va lues  are  marked by  ungraph i -
t i z e d ,  r e s i n - b o n d e d  o r  r e s i n - i m p r e g n a t e d
g r a d e s .
A second group w i th  1ov¡er  va lues  o f  the
spec j . f i c  burn-o f f  i s  fo rmed by  a  number  o f
g r a d e s  w i t h  a  s p e c i a l  p o r e  s y s t e m  i n c l u d -
ing  var ious  brush grades .
T h e  l a s t  t w o  g r o u p s  c o n t a i n  m o s t  o f  t h e
g r a d e s  e v a l u a t e d .  A l t h o u g h  b o t h  a r e  c h a -
r a c t e r i z e d  b y  a  r e l a t i v e l y  l o w  o x i d a t i o n -
r a t e  u n d e r  t e s t  c o n d i t i o n s ,  a  m a r k e d  d i f -
fe rence cou ld  be  observed gr i th in  th is
r a n g e  w h i c h  i s  i l l u s t r a t e d  b y  f i g u r e  2 .

F igure  2 Burn-o f f  a t  600 oc  as  a  func t ion
of  t ime fo r  two graph i te  g rades
w i t h  d i f f e r e n t  f i l l e r  m a t e r i a l .

Th i s  f i gu re  shows  t he  i n f l uence  o f  t he
f i 1 l e r  m a t e r i a l  o n  t h e  o x i d a t i o n - r e s i s t a n -
c e .  T h e  c u r v e s  A  r e p r e s e n t  t h e  o x i d a t i o n -
I oss  f o r  p j , t ch -bonded  g rades  based  on  a
p e t r o l e u m  c o k e / p i t c h  c o k e  f i L l e r .
The  cu rves  B  g i . ve  t he  va lues  f o r  p i t ch -
b o n d e d  g r a d e s  o f  p r a c t l c a l l y  t h e  s a m e  c o m -
p o s i t i . o n ,  b u t  h r h e r e ,  p r i o r  t o  t h i s  m  j . x i n g

s t e p ,  t h e  f i l l e r  m a t e r i a L  b l e n d  w a s  i n  a
f i r s t  s t e p  p i t c h - b o n d e d ,  b a k e d  a n d  c r u s h e d
t o  f o r m  a  " p r e - p r o d u c t "  f i 1 l . e r .

Th i s  t ype  o f  manu fac tu r i . ng  p rocedu re
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p roves  t o  be  ve ry  bene f i c i a l  f o r  t he  ox i -

d a t i o n - r e s i s t a n c e  o f  t h e  c o r r e s p o n c l f n g

g r a d e s  .
F i g r . , r "  3  shows  t he  i n f l uence  o f  t he  g ra -

p t r i t i z i n g  t e m p e r a t u r e  o n  t h e  s p e c i f i c

L u r n - o f f  o f  s e v e r a l  g r a d e s ,  w h i c h  n o r m a l l y

dec reases  w i t h  i nc reas ing  t empe ra tu re  and

c r y s t a l l i n e  o r d e r  -
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F i g u r e  3 . B u r n - o f f - r a t e  a t  6 0 0  o c  a s  a
func t ion  o f  g raph i t i z ing  temPe-
r a t u r e  a n d  a s h  c o n t e n t

Th is  f lgure  a lso  g ives  an  ind ica t ion  o f
the  in f luence o f  the  ash  conten t  on  the
o x i d a t i o n .

The e f fec ts  o f  inorgan ic  impregna-
t i o n s  m a y  b e  s e e n  f r o m  f i g u r e  4 ,  w h e r e  t h e
spec i f  i c  burn-o f  f  a t  750 -c  i s  p lo t ted  ver . -
sus  the  concent ra t ion  o f  an  aqueous so lu -
t i o n  o f  a  p h o s p h o r i c  a c i - d  s a 1 t .  s t t o w i n q
t h a t  a l r e a d y  a t  a  r e l a t i v e l y  l o w  i m p r e g n a -
t i o n - r a t e  t h e  b u r n - o f f  r e a c h e s  a  c o n s t a n t

F i g u r e  4 . Burn-o f f - ra te  a t  750 oc  as  a
func t i .on  o f  the  sa l t  concen-
t r a  t i o n

l e ve l  w i t h  a  s l i gh t  i nc reas /a  a t  h i ghe r
c o n c e n t r a t i o n s .  T h i s  i s  i n  g o o d  a g r e e m e n t
w i t h  o t b e r  o b s e r v a t i o n s  t h a t  t o o  h i g h  a -
m o u n t s  o f  m e t a l  s a l t s  L e a d  t o  a n  i n c r e a s e
o f  t h e  o x i d a t i o n  d u e  t o  c a t a l y t i c  r e -
a c t i o n s .

I n  f i g u r e  5  t h e  o x i d a t i o n  o f  g r a p h i t e
c r u c i b l e s  f o r  m e l . t i n g  o f  d e n t a J -  a l l o y s  i s
s h o w n .  T h e s e  c r u c i b l e s  a r e  p a r t i a l l y  c o -

F i g u r e  5 .  B u r n - o f f  a t  6 0 0  o c  . s  .  f u n c t i o n
o f  t i m e  f o r  s e v e r a l  u n i m P r e g n a t -
e d  a n d  i m p r e g n a t e d  g r a d e s .

vered  by  a  ceramic  tube w i th  an  unpro tec-
ted  5  to  8  mm upper  end.
Three d j . f fe ren t  g raph i te  g rades  were  eva-
I u a t e d  w i t h  t r ¡ o  d i f f e r e n t  i m p r e g a n t i o n s
both  on  a  phosphate  base.  A l though the
three  graph i tes  showed a  d i f fe ren t  ox ida-
t ion  behav iour  in  the  un impregnated  s ta te
due to  the i r  compos i t ion  and manufac tur ing
techno logy ,  a f te r  impregnat ion  there  were
o n l y  s m a l l  d i f f e r e n c e s  i n  t h e i r  o x i d a t i o n -
res is tance to  be  observed a t  a  very  low
b u r n - o f f  l e v e l .
S i m i l a r  r e s u f t s  c o u l d  b e  o b t a i n e d  i n  e v a l u -
a t ing  th ls  impregnat ion  procedure  in  the
f Í e l d  o f  s o l d e r i n g  w i t h  h i g h - m e l t i n g  m e t a l s
a n d  a J . I o y s .  T h e  o p e r a t i n g  c o n d i t i o n s  a r e
very  rough s ince  the  par ts  to  be  jo ined
a r e  h e a t e d  t o ^ t h e  r e q u i r e d  t e m p e r a t u r e s  e x -
c e e d i n g  1 0 0 0  o c  b y  p i a c i n g  t h e m  o n  r e s i s -
t a n c e - h e a t e d  g r a p h i t e  p l a t e s  o r  s t o p p e r s .
I n  o r d e r  t o  a c c e l e r a t e  t h e  c o o l i n g  d o w n  a f -
te r  jo in ing  and thus  the  produc t ion  cyc le
t h e  c u r r e n t  i s  s t t i t c h e d  o f f  a n d  a  s t r e a m  o f
c o l d  a i r  i s  b l o w n  a g a i n s t  t h e  p a r t s .  D e p e n -
d ing  on  the  opera t ion  mode such an  e lec t ro -
de  may be  a l ready  rdorn  a f te r  1  0  to  1  2  cyc-
les ;  bu t  even under  these most  severe  re -
qu i rements  the  impregnated  e lec t rodes  cou ld
b e  b r o u g h t  t o  a  s e r v i c e - t i m e  o f  5 0  t o  6 0
cyc les  .

Summary

T h e  o x i d a t i o n - r e s i s t a n c e  o f  a  n u n b e r  o f  i n -
dus t r ia l  carbon and graph i te  g rades  cou ld
be cons iderab ly  improved by  impregnat ion
wi th  phosphorus  compounds o f  some meta ls
fo l lowed bv  a  beat  t rea tment  be tween 350
a n d  8 0 0  o ¿ .

The improvement  o f  per fo rmance and serv j .ce-
t ime under  ac tua l  opera t i .ng  cond i t ions  is
i n  g o o d  a g r e e m e n t  w i t h _ t b e  l a b o r a t o r y  t e s t
r e s u l t s  a t  6 0 0  o r  ? 5 0  o C  s o  t h a t  a c c ó r d i n g -
I y  a l r e a d y  s u i t a b l e  g r a d e s  c a n  b e  s e l e c t e d .
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