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In t roduct ion

The cont inual  increase in both the
electr ica l  and mechanical  dut ies imposed
in  t he  e lec t rodes  used  i n  a rc  f u rnaces  has
to be matched by improvements in both the
raw mater ia ls  and in the graphi te tech-
nology.  Par t icu l .ar ly  the mechanical  and
e lec t r i ca l  p rope r t i es  o f  e l ec t rodes  can  be
increased by impregnat . ion of  the carbon
o r  g raph i t e  a r t i f ac t s .

The tendency of  us ing b inders wi th
higher  sof tening points resul ts  in  the
increase of  the bulk densi ty  and the
decrease of  the porosi ty .  Any second
impregnat ion step is  rendered d i f f icu l t  by
the decreased porosi ty .  In  order  to im-
prove the ef f ic iency parameters of  the
impregnat ion have been studied.

The j -nf luence of  the impregnat ion on
both the p i tch composi t lon and the e lec-
t rode propert ies hras studied by
G.tü.  P lewin et  a l .  (  1  )  .  In  th l -s  work i t
could be shown that  the in f i l t ra t ion of
medium and low molecular  weight  compounds
of  p i tch is  favored.  The negat ive in f luence
o f  t he  qu ino l i ne  i nso lub les  has  been
pointed out  but  s tudies on the in f luence
of  the quinol ine insoluble p i tch con-
s t i t uen ts  on  the  i n f i l t r a t i on  ve loc i t v
has  no t  been  made .

This paper is  concerned wi th th is
ques t i on  and  w i l l  show tha t  t he  con ten t  o f
quinol ine j -nsolubles is  one of  the important
fac to rs  f o r  t he  se lec t i on  o f  p i t ches .

Exper imenta l

To understand the mechanism of  the
impregnat ion behaviour  of  carbon and
graphi te three quest ions have to be
answered ¡

1.  Are the quinol ine insoluble p i tch con-
s t i t uen ts  i n f i l t r a ted  i n to  t he
a r t i f ac t s  ?

2 .  I f  t he  qu ino l i ne  i nso lub le  p i t ch  con -
s t i t uen ts  can  no t  be  i n f i l t r a ted ,  wh i ch
i s  t he  i n f l uence  o f  t he  f i l t e r  cake
formed onto the sur face on the in-
f i l t r a t i - on  ve loc l t y  o f  t he  o the r  p i t ch
cons t i t uen ts?

3.  How is  the overal l  impregnat ion
behaviour  of  p i tch in  respect  to  tem-
pe ra tu re ,  p ressu re  and  espec ia l l y  t o
Q f - con ten t?

The  f i r s t  ques t i on  can  no t  be  answered
by  the  know ledge  o f  t he  po re  s i ze  d i s t r i -
but ion of  baked carbonart i facts and of  the
g ra in  s i ze  d i s t r i bu t i on  o f  t he  Q I .  Bo th  t he
po re  s i ze  d i s t r i bu t i on  and  g ra in  s i ze

dist r j -but ion are wi th in the same range of
s i ze ,  bu t  t he  po re  d iame te r  i s  no rma l l y
sma l l e r  t han  the  g ra in  d iame te r .  Th i s
expla ins the wel l  known di f f icu l t i -es in  the
impregnat ion of  carbon ar t i facts wi th very
sma l l  po res  us ing  commerc ia l  so f t  p i t ches
the QI  of  which is  larger  than 3 f .  To s
the in f i l t ra t ion behavj ,our  of  quinol ine
inso lub le  cons ! i t uen ts  o f  se lec ted  h igh  and
1ow temperature tars and of  a specia l
impregnat ion p i tch an f i l t ra t ion exper iment
was per formed wi th an 5 mm th ick d isc cut
f rom a carbon e lect , rode.  The appl ied press
difference hras l l bar.

The inf luence of  a f i l ter  cake formed
by segregated quinol ine i -nsoluble p i tch
const i tuents bras examined wi th a porcela in
f i l ter  d isc on whi-ch a layer  of  these
const i tuents of  d i - f ferent ,  th ickness
(O126  -  216  mm)  was  sed imen ted .  An th racene
o i l  was  used  as  a  modeL  l i qu id  as  i t s
v i scos i t y  a t  r oom tempera tu re  i s  nea r l y
the^same as the v iscosi ty  of  p i tch at  about
200oC. Fur thermore the mólecuiar  s t ructure
of  the anthracene o i1 is  comparable wi th the
s t ruc tu re  o f  t he  p i t ch  cons t i t uen ts .

The pressure d i f ference was var ied
be tween  013 ,  016  and  1  ba r .  The  i n f l uence
of  the th j "ckness of  quinol ine insoluble
Iayers on the porcela in f i l ter  d isc were
measu red  as  t he  re la t i ve  f i l t r a t i on  ra te
re lated to the f i l t ra t ion rate óf  anthracene
o i l  measu red  w i th  t he  c l ean  f i l t e r  d i - sc .

The overal l  impregnat ion behaviour  of
commercia l  p i tches in  respect  of  temperatu
pressure and Ql-content  vüas measured wi th
a f i l ter  d isc made f rom carbon having a
th i ckness  o f  5  mm.  The  f i l t r a t i on  p ressu re
could be increased up to the l imi t  g iven
by the mechanical  s t rength of  the carbon
disc.  The examinated temperature ranqe was
1 8 0  -  2 3 0 0 C .

Resu I  t s

The  resu l t s  o f  t he  i n f i l t r a t i on  t es t s
const i tuents are sumrnar ized in Tabte 1.
These  resu l t s  show tha t  espec ia l l y  i n  a
low temperature tar  the quinol ine insoluble
const i tuents must  have a very smal l  gra in
s lze.  About  one th i rd of  the Qf  penetrates
the carbon d isc,  wtxreas two th i rds of  the
QI  a re  re ta ined  a t  t he  su r face  as  a  f i l t e r
cake .  On  the  o the r  hand  the  g ra in  s i zes  o f
t he  Q I r s  o f  t he  h igh  tempera tu re  t a r  and
the impregnat ion p i tch must  be larger  than
the average pore d iameter  of  the carbon
d i s c .  T h e  Q I r s  a r e  a l m o s t  c o m p l e t e l y
reta ined.  Fur thermore the f i l t ra t ion rate
i s  d e c r e a s e d  f r o m  1 3 1 4  t o  7 r O  g / h  b y
inc reas ing  the  Q I  con ten t  f r om 0 ,6  t o  ! 3  %.
The  l ow  f i l t r a t i on  ra te  o f  t he  impregna t l on
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p i t c h  i s  m a i n l y  c a u s e d  b y  t h e  l a r g e r
v i s c o s i t y  o f  a b o u t  1 0 0  k  P a  s .

To de termine the  in f luence o f  the
f i l t e r  c a k e  c o n t a i n i n g  t h e  q u i n o J . i n e
i n s o l u b l e  c o n s t i t u e n t s  t h e  f i l t r a t i " o n
ra te  was measured in  a  second exper iment .
The tes ts  showed tha t  the  f i l t ra t ion  ra te
o f  a n t h r a c e n e  o i l  d e c r e a s e s  w i t h  i n c r e a s l n g
f i l t r a t i o n  t i m e .  T h e  r e a s o n  f o r  t h i s
s t range behav iour  i s  a  swe l l i -ng  o f  the
f i l t e r  c a k e  w h e r e b y  t h e  q u i n o l i n e  i n s o l u b l e
c o n s t j - t u e n t s  a r e  f o r m i n g  a  k i n d  o f  c o l l o i d a l
s K t _ n  ( r a D l e  z l .

The fo l low ing  exper iments  were  per fo rmed
w i t h  s w e l l e d  a n d  s e d i m e n t e d  q u i n o l i n e
i n s o l u b l e  c o n s t i - t u e n t s  o n I y .  T h e  i . n f l u e n c e
of  p ressure  d i f fe rence and th i -ckness  o f
t h e  f i l t e r  c a k e  o n  t h e  r e l a t i v e  f i l t r a t i o n
r a t e  a r e  s h o w n  i n  T a b l e  3 .  A n  i - n c r e a s i n g
p r e s s u r e  d i f f e r e n c e  c a u s e s  a  d e g r e s s i v e
d e c r e a s e  o f  t h e  r e l a t i v e  f i l t r a t i o n  r a t e .
A n  i n c r e a s i n g  l a y e r  t h i c k n e s s  r e s u l t s  i n
a  n e a r l y  l i n e a r  i n c r e a s e  o f  t h e  r e l a t i v e
f i l t r a t i o n  t i m e  a t  l o w  p r e s s u r e  d i f f e r e n c e s
o f  0 1 3 3  b a r ,  w h e r e a s  a t  a  p r e s s u r e
d i f f e r e n c e  o f  1  b a r  t h e  r e l a t i v e  f i l t r a t i o n
t i m e  i s  h a r d l y  c h a n g e d  i f  t h e  l a y e r
t h i c k n e s s  i s  d o u b l e d  f r o m  1 r 3  t o  2 1 6  m m .
T h j - s  m e a n s  t h a t  t h e  f i l t e r  c a k e  c o n t a i - n i n g
Q I  i s  c o m p r e s s i b l e .  T h e  l o w  r e l a t i v e
f l l t r a t i o n  t i m e  a t  a  l a y e r  t h i c k n e s s  o f
0 1 2 6  m m  c a n  o n l y  b e  e x p l a i n e d  b y  a n
i n c o m p J . e t e  l a y e r  o f  Q I  o n  t h e  d i s c .  I t  c a n
b e  c a l c u l a t e d  t h a t  a  f i l t e r  c a k e  o f  Q I
up  to  2  mm th ickness  w i l l  be  fo rmed j -n  an
i .ndus t r ia l  j -mpregnat ion  process  us ing
a n  i m p r e g n a t i o n  p i t c h  w i t h  a  Q I  c o n t e n t
o f  2  -  3  % .  T h e  s t r o n g  i n f l u e n c e  o f  t h e
QI  conten t  o f  the  impregnat ion  p j - tches
o n  t h e  f i l t r a t i o n  r a t e  w a s  c o n f i r m e d  b y
e x p e r i m e n t s  u s i n g  d i f f e r e n t  p r e s s u r e s  a n d
tempera tures .
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T a b l e  1 :  I n f i l t r a t i o n  b e h a v i o u r  o f  t h e
q u i n o l i n e  i n s o l u b l e  c o n s t u t u e n t s
o f  a  l -ow tempera ture  and a  h igh
tempera ture  ta r  and o f  a  commerc ia l
i m p r e g n a t i o n  p i t c h

Tab le  2 :  Unswe l l ed  and  swe l l ed  Q l - l aye rs  o f
1 r3  mm th i ckness .  F i l t r a t i on  t ime
o f  5  m l  an th racene  o i1 .

Fi  I  t ra t ion
cyc  le

F i  I  t ra t ion
t i m e  ( m i n ,
s e c .  )  o f
unswel  Ied
Q I

F i  l  t ra t i -on
t i -me (  min  ,
s e c .  )  o f
s w e l l e d  Q I
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Tab le  3 :  I n f l uence  o f  p ressu re  d i - f f e rence
and  th i ckness  o f  t he  Q I  f i l t e r
cake  on  the  re la t i ve  f i l t r a t i on
ti-me

Th ickness
of  the
f i l  t e r
c a k e  ( m m )

Pressu re
d i f f e rence
( b a r )

0 r 3 3

0 r 6 6

1  , 0 0

0 o , 2 6 0 r 7 8 1 ' 3 2 r 6

6

7 1 5

Iow temperature h igh temperature impregnat ion
tar  tar  o i tch

S o f t e n i n g  p o i n t  ( K S )
^ T  ^ ^ - ! ^ - !  d
v f  L U ¡ r L g r ¡ L t  P

Temperature "C
F i l t r a t i o n  r a t e  g / h

c 20
o ' 6

t20
7 3  r 4
0 r 2 5

3 0

¿u

740
' 7 ^

n  n ,1

0

6 7
1 q
" t "

1.60
1 ¡ l

0 ' 6
2

Q I  c o n t e n t  o f  t h e  f i l t r a t e ,  %
P e r c e n t a g e  o f  p e n e t r a t e d  Q I ,  %
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