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INTRODUCTION 

I t  was concluded from a previous study(') t h a t  t h e  e f f i c a c y  
of c o a l  tar and petroleum p i t c h e s  as b inde r s  f o r  coke i n  carbon 
e l ec t rodes  i s  governed mainly by t h e i r  a romat i c i ty  and con ten t  of 
d i s t i l l a b l e  coke precursors .  
about t h e  same amount of r e s i n s  in so lub le  i n  qu ino l ine  and benzene a s  
coa l  tar p i t c h ,  bu t  no v o l a t i l e  coke formers,  was unsa t i s f ac to ry  a s  an 
e l ec t rode  b inder (2) .  On t h e  o the r  hand, a vacuum reduced r e s i d u e  from 
a petroleum c a t a l y t i c  c racking  process ,  though having no C 1  (qu ino l ine  
inso luble)  o r  C 2  (qu inol ine  so lub le ,  benzene in so lub le )  r e s i n s  and few 
of t h e  o the r  c h a r a c t e r i s t i c s  of c o a l  tar p i t c h ,  gene ra l ly  gave 
l abora to ry  t es t  e l e c t r o d e s  having high d e n s i t y  and compressive s t r e n g t h .  

A thermal petroleum p i t c h  conta in ing  

Parameters a f f e c t i n g  t h e  y i e l d  of b inder  p i t c h  from t h e  
petroleum c a t a l y t i c  c racking  process  have been i d e n t i f i e d .  Data 
obtained by vacuum reduc t ion  of c a t a l y t i c a l l y  cracked r e s idues  are showp 
i n  F i g i r e  1. The y i e l d  of p i t c h  having a so f t en ing  po in t  of 95OC is  
a func t ion  of a romat i c i ty ,  as ind ica t ed  by t h e  U.S. Bureau of  Mines 
Cor re l a t ion  Index (BMCI), t h e  y i e ld  inc reas ing  from 6% of a n  80 BMCI 
r e s idue  t o  30% of a 120 BMCI res idue .  F igure  2 shows t h e  r e l a t i o n s h i p  
between a romat i c i ty  of t h e  material bo i l ing  above 37OoC and cracking  
s e v e r i t y  as ind ica t ed  by feed conversion to  gas  and naphtha b o i l i n g  
below 221OC. 

I n  aluminum manufacture, inorganic  contaminants i n  e i t h e r  
t he  binder o r  coke aggrega te  components of t h e  e l ec t rodes  i n  t h e  
reduct ion  furnace  may show up a s  impur i t i e s  i n  t h e  product,  o r  may 
accumulate i n  t h e  molten e l e c t r o l y t e  and reduce t h e  cu r ren t  e f f i c i e n c y  
of t h e  c e l l .  Typica l  s p e c i f i c a t i o n s  f o r  e l e c t r o d e  binder p i t ches  allow 
a maximum of 0.3% ash .  To meet t h i s  requirement,  i t  is necessary t o  
remove a t  least 95% of t h e  c a t a l y s t  f i n e s  (corresponding t o  a l l  
p a r t i c l e s  l a r g e r  than  about 1 0  microns) from c a t a l y t i c a l l y  cracked 
res idue .  Semi-commercial s t u d i e s  showed t h a t  t h i s  can be accomplished 
by allowing t h e  s o l i d s  t o  se t t le  i n  tankage a t  65°-1100C f o r  5-10 days  
per foot  of l i q u i d  depth. 

EXPERIMENTAL 

Some Soderberg pas t e s  made wi th  cracked petroleum p i t c h  are 
mechanically uns t ab le  a t  high temperatures:  a t  255OC o i l  components 
a r e  exuded from t h e  green  m i x  of p i t c h  and petroleum coke aggregate.  
This was found t o  be  a func t ion  of b inder  c o n t e n t ,  s epa ra t ion  of o i l  
being observed only a t  t h e  p i t c h  l e v e l  requi red  t o  impart  adequate f low 
p rope r t i e s  t o  t h e  pas te .  O i l  bleeding i s  an undes i r ab le  proper ty  
because of t h e  p o s s i b i l i t y  of leakage from t h e  anode cas ing  i n  commercial 
operation. A r e l a t e d  phenomenon is  a tendency f o r  t h e  green  mix t o  
decrease i n  cons is tency  soon a f t e r  prepara t ion .  Mechanical i n s t a b i l i t y  
is not  normally observed when pas t e  i s  prepared wi th  coa l  tar  p i t c h  as 
binder.  
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E a r l i e r  work had ind ica t ed  that a p i t c h  s u i t a b l e  a s  an  
e l ec t rode  b inder  could be  made by hea t  soaking a c a t a l y t i c a l l y  cracked 
petroleum r e s i d u e  a t  about 375'C i n  the  presence of an  a c t i v e  carbon 
c a t a l y s t  ( t y p e  CAL, 12-40 mesh, P i t t sbu rgh  Coal and Chemical Co. Inc.)c3) 
and t h e  y i e l d  a l s o  w a s  increased from 25% t o  42%. Though i t  w a s  w e l l  
*mown char: coa r se  ( rhermai j  carbon biacics, when added in i a r g e  q u a n t i t i e s  
t o  Soderberg p a s t e ,  may a c t  as a replacement f o r  some of t h e  coke f i n e s ( 4 ) ,  
t h e  use of c a t a l y t i c  amounts of high s u r f a c e  a rea ,  non-pelletized b lacks  
pre-dispersed i n  t h e  p i t c h  had not  been r epor t ed .  

The type of carbon b lack  is c r i t i c a l ( 5 ) .  The most s u i t a b l e  
ones are t h e  super  abras ion  (SAF) furnace  b l acks ,  in te rmedia te  super 
abras ion  (ISAF), semi-reinforcing (SRF) furnace  b lacks  made by G. L. 
Cabot Inc.  and f a s t  ex t ruding  furnace  b lack  (FEF) of Columbian Carbon 
Co. Because of  t h e i r  high su r face  a r e a ,  s t r u c t u r a l  c h a r a c t e r i s t i c s  
and s u r f a c e  adso rp t ion  p rope r t i e s ,  t hese  rubber r e i n f o r c i n g  grade 
blacks a r e  a l s o  e f f e c t i v e  a s  s t a b i l i z e r s  f o r  Soderberg p a s t e  (Table 1 ) .  
A t  a concen t r a t ion  of 5% i n  c a t a l y t i c a l l y  cracked petroleum binder 
(1.5% of t h e  p a s t e )  t he  furnace  b lacks  prevented bleeding of o i l  and 
change i n  cons is tency  of t he  green m i x ,  whereas t h e  l a r g e  p a r t i c l e  s i z e  
MT ( thermal )  b l ack  provided no s i g n i f i c a n t  improvement i n  these  
p rope r t i e s .  It is probable t h a t  t h e r e  is a l s o  a c a t a l y t i c  e f f e c t  
involving t h e  formation of C 1  and C 2  r e s i n s  i n  s i t u  dur ing  the  carbon- 
i z a t i o n  (baking) process .  
aggregates i n  commercial p e l l e t i z e d  carbon b lacks  must be broken down 
in to  d i s c r e t e  p a r t i c l e s .  A concentrated suspension of t h e  black i n  an 
aromatic d i s t i l l a t e  (from thermal cracking of  gas  o i l ) ,  prepared by 
mixing i n  a tank, was passed through a c o l l o i d  m i l l ,  and a quan t i ty  
s u f f i c i e n t  t o  g ive  the  des i r ed  carbon b lack  conten t  i n  t h e  f in i shed  
binder w a s  blended with the  vacuum reduced p i t c h  o r  wi th  t h e  feeds tock  
t o  d i s t i l l a t i o n .  The blending o i l  was removed l a t e r  i n  vacuo. 

It is important t o  no te  t h a t ,  t o  be e f f e c t i v e ,  

When proper d i spe r s ion  is a t t a i n e d ,  t h e r e  is l i t t l e  o r  no 
tendency f o r  s o l i d s  t o  settle out of p i t c h e s  conta in ing  furnace  b lacks  
during ho t  s to rage .  Frequent c i r c u l a t i o n  of coa l  tar e l ec t rode  binder 
p i t ch  is commonly p rac t i ced  i n  the  indus t ry  t o  minimize t h e  depos i t ion  
of benzene and qu ino l ine  insoluble components in s to rage  tanks.  
micron is r epor t ed  a s  t h e  average diameter of qu ino l ine  in so lub le s (6 ) .  
Our labora to ry  da t a  showed t h a t  two r ep resen ta t ive  c o a l  tar p i t ches  
deposited about  ha l f  of t h e i r  C1 and C 2  r e s i n s  i n  5 t o  20 days a t  205'C. 
A cracked petroleum p i t c h ,  i n  which 5% of p e l l e t i z e d  SRF black  (80 mu 
p a r t i c l e  d lameter )  had been d ispersed  by c o l l o i d  m i l l i n g ,  requi red  330 
days a t  225'C f o r  s e t t l i n g  of 25% of t h e  black. 

One 

Flow P r o p e r t i e s  of Soderberg Pas t e s  

In a d d i t i o n  t o  its o the r  func t ions ,  t h e  b inder  i n  Soderberg 
pas te  must impart  t h e  f l u i d i t y  necessary f o r  flow t o  a l l  p a r t s  of t he  
anode cas ing .  
(which i n  p r a c t i c e  is f ixed ) ,  the  amount of binder and its v i scos i ty .  

This  depends on the  g rada t ion  of t h e  coke aggr,egate 

The flow p rope r t i e s  of Soderberg p a s t e  a r e  commonly evaluated 
by an  empi r i ca l  "elongation" t e ~ t ( 3 * ~ ) .  Four samples of pas t e ,  pressed 
in to  a c y l i n d r i c a l  mold and cooled r a p i d l y ,  a r e  placed on an  aluminum 
t e s t  p l a t e  - made so t h a t  t h e  su r face  is sloped a t  an ang le  of 10' t o  

r 

1 



147 

t h e  ho r i zon ta l  - and hea ted  i n  a n  oven a t  255OC f o r  15 minutes.  The 
p l a t e  is then  removed from t h e  oven, shock c h i l l e d ,  and the  e longat ion  
of t h e  samples as a percentage  of t h e  o r i g i n a l  l eng th  is ca lcu la ted .  
For commercial e l ec t rodes ,  t h e  v a l u e  des i r ed  is approximately 1002, and 
i t  v a r i e s  more or less loga r i thmica l ly  wi th  t h e  b inder  conten t .  With 
coa l  t a r  p i t ches ,  30 t o  35% binder  is  needed(7). 

Although the  a d d i t i o n  of a smal l  amount of furnace  b lack  t o  
a binder s u b s t a n t i a l l y  improves t h e  s t a b i l i t y  of Soderberg pas t e ,  i t  
a l s o  reduces f l u i d i t y .  Typica l  r e s u l t s  f o r  two such carbon b l acks  i n  
c a t a l y t i c a l l y  cracked petroleum p i t c h  a r e  shown i n  F igure  3. E longat ion  
a l s o  depends on the  p a r t i c l e  s i z e  of t h e  b lack  (Figure 4 ) .  Thermal 
b l acks  have a n e g l i g i b l e  e f f e c t  on p a s t e  f l u i d i t y  a t  low concen t r a t ions ;  
t h i s  i s  undoubtedly r e l a t e d  t o  t h e i r  i n a b i l i t y  t o  modify t h e  o i l  b leeding  
and ag ing  c h a r a c t e r i s t i c s  of t h e  pas t e .  

A s tudy  was made of t h e  flow p r o p e r t i e s  of c a t a l y t i c a l l y  
cracked petroleum p i t ches  conta in ing  SRF carbon b lack  and of Soderberg 
p a s t e  made wi th  them. An experimental  sample, des igna ted  as  "Cracked 
P i t c h  D" was prepared on a s m a l l  commercial scale as descr ibed  above. 
Another p i t c h  (Blended P i t c h  E) w a s  prepared in the labora tory .  
reduced (48OoC+) bottoms from c a t a l y t i c  c racking ,  blended wi th  5 w t  % 
of a 15OoC so f t en ing  po in t  vacuum reduced t a r  from thermal c racking  of 
gas  o i l ,  and a d i spe r s ion  of SRF carbon b lack  i n  oil were r e d i s t i l l e d  
i n  vacuo t o  remove the  o i l .  These two petroleum p i t c h e s  are compared 
i n  Table 2 with  a coa l  tar p i t c h  binder (F) t y p i c a l  of t h a t  used a t  
about 30% concen t r a t ion  i n  Soderberg pas t e .  

Vacuum 

The v i s c o s i t y  of e l e c t r o d e  b inder  p i t c h  is normally measured 
wi th  a Brookfield v iscos imeter  a t  va r ious  temperatures and s p i n d l e  
r o t a t i o n  speeds.  The ra te  of s h e a r  is h igh ,  b u t  no t  p r e c i s e l y  known. 
This is no t  important i n  t h e  case of c o a l  tar p i t c h e s  which a r e  
repor ted  t o  be Newtonian(8). 
suspected of being pseudoplas t ic ,  i t  was decided t o  determine v i s c o s i t y  
a t  known shea r  r a t e s .  

S ince  cracked petroleum p i t ches  were 

Flow p rope r t i e s  of b inde r s  D ,  E and F were eva lua ted  i n  
Koppers vacuum c a p i l l a r y  v iscometers  a t  t h r e e  temperatures:  107, 135 
and 163OC. Data obtained a t  va r ious  shear  rates are  shown i n  F igures  5, 
6 and 7. While coa l  tar p i t c h  F w a s  confirmed as being Newtonian 
throughout, t h e  petroleum p i t c h e s  were shear  s e n s i t i v e .  A t  t h e  lowest 
temperature and shear  rate D had the lowest v i s c o s i t y ,  a t  135OC i t  w a s  
in te rmedia te  and a t  163OC and h igh  shear rate i t  had t h e  lowest v i s c o s i t y .  
Flow ind ices  ca l cu la t ed  f o r  D and E were 0.7 and 0.9 (1.0 f o r  F). 

I n  commercial p r a c t i c e ,  Soderberg p a s t e  i s  c a s t  i n t o  b locks  
about 3 .5  x 1 3  x 1 f t  i n  s i z e  and weighing over 5000 l b .  The anodes a r e  
rep len ished  by p lac ing  a block of s o l i d i f i e d  p a s t e  on cop, where the  
temperature is 10O-15O0C. 
anode cas ing  under these  condi t ions .  The p res su re  a t  t h e  bottom of a 
b lock  of p a s t e  due t o  its own weight is approximately l o4  dynes/cm2. 
The l abora to ry  e longat ion  test previous ly  descr ibed  was developed t o  
con t ro l  t h e  f l u i d i t y  of Soderberg pas t e s  made wi th  coa l  tar p i t c h  under 
average  commercial opera t ing  condi t ions .  I n  the labora tory  test, t h e  
stress causing the  pas t e  t o  flow i s  about l o 3  dynes/cm2 bu t  t h e  

The p a s t e  should f low t o  a l l  co rne r s  of t h e  

' I  
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temperature (225OC) seemed much too  high. Addi t iona l  e longat ion  tests 
done a t  205' and 15OoC gave t h e  r e s u l t s  shown i n  F igure  8. The b inder  
requirements of t he  th ree  p i t ches  were a s  ind ica t ed ,  being based on 
80-1OOX e longat ion  a t  255OC. 
e longat ion  o f  the  pas t e  is shown by t h e  lowest curve.  

The e f f e c t  of too l i t t l e  b inder  on t h e  

To s imula te  t h e  very  low shear  r a t e s  of commercial ope ra t ion ,  
a l abora to ry  s p r e a d i n g e s t  was developed. A block of Soderberg pas t e ,  
1.5 x 6 x 0 .5  inches i n  s i z e  and loaded w i t h  steel weights a s  r equ i r ed ,  
is placed i n  a shallow steel con ta ine r  ( 2 . 5  x 6 x 0.25 inches)  and 
heated i n  an  oven a t  150OC. Since  t h e  volume of t h e  conta iner  w a s  made 
equal t o  t h e  volume of t h e  semi-molten b lock  of p a s t e ,  spreading  of t h e  
block is complete when the  conta iner  is f i l l e d .  T e s t s  were c a r r i e d  o u t  
using pas t e s  conta in ing  the  "optimum" amount of c o a l  t a r  p i t c h  F, 
cracked p i t c h  D ,  and blended p i t c h  E ,  f o r  per iods  of 1, 8 and 16 hours: 
(a) under a load  of 0.5 p s i  which produces a stress of about lo4 dynes/cm2, 
and (b) under no appl ied  load .  The r e s u l t s  a r e  shown i n  F igure  9. 

Cor re l a t ions  between Soderberg p a s t e  e longat ion ,  spreading tests 
and t h e  apparent  v i s c o s i t y  of the b inder  under s i m i l a r  condi t ions  of 
temperature and stress are complex. 
lo3 dynes/cm2. t h e  apparent  v i s c o s i t i e s  of a l l  t h r e e  b inde r s  t e s t e d  are 
so low (0.01 poise)  t h a t  t h e  b inder  v i s c o s i t y  probably has l i t t l e  e f f e c t  
on the flow p r o p e r t i e s  of t h e  pas t e .  Under these  cond i t ions ,  i t  is t h e  
amount of b inder  t h a t  has  t h e  g r e a t e s t  e f f e c t  on t h e  f l u i d i t y  of t he  
pas te  by c o n t r o l l i n g  the  packing of t h e  coke aggrega te  p a r t i c l e s .  

A t  255OC and a shear ing  stress of 

I n  the  e longat ion  t e s t  a t  15OoC, t he re  is  some i n d i c a t i o n  t h a t  
the f low of the p a s t e  increases  a s  t h e  apparent  v i s c o s i t y  of t h e  b inder  
i nc reases ,  and t h e  same r e s u l t  was observed i n  t h e  spreading test a t  
150°C under a load of 0.5 p s i  (upper curve,  Figure 10).  I t  is poss ib l e  
that i n  t h i s  v i s c o s i t y  range  (about 1 t o  10 poises)  t h e  f i l m  of binder 
on t h e  coke aggrega te  p a r t i c l e s  is not  of s u f f i c i e n t  th ickness  t o  
l u b r i c a t e  them under a stress of lo3 t o  l o 4  dynes/cm2; and a s  t h e  
v i s c o s i t y  o f  t he  binder i s  increased ,  f r i c t i o n  between t h e  p a r t i c l e s  
decreases due t o  t h e  th i cke r  l u b r i c a n t  f i lm. 

I n  t h e  spreading test a t  1 5 O o C  wi th  no appl ied  load (lower 
curve, F igure  10) flow v a r i e s  d i r e c t l y  a s  t h e  apparent  v i s c o s i t y  of t h e  
binder,  i n d i c a t i n g  t h a t  at extremely low stress l e v e l s ,  t h e  v iscous  
r e s i s t ance  of t he  binder has a s i g n i f i c a n t  r e t a r d i n g  e f f e c t  on t h e  flow 
of tne pas te .  

Electrode Performance 

The performance of t h e  b inde r s  i n  l abora to ry  s c a l e  baked 

A l l  test da ta  appear s a t i s f a c t o r y .  
e l ec t rodes  is summarized i n  Table 3. 
used(9). 
optimum binder  conten t ,  t h e  e longat ion  a t  225OC immediately a f t e r  
prepara t ion  and aga in  a f t e r  aging the  p a s t e  f o r  24 hr  a t  225OC, and t h e  
p rope r t i e s  of baked t e s t  e l ec t rodes  made from aged and unaged p a s t e  a r e  
given. 

The procedure of Jones  e t  a1 was 
For cracked p i t c h  D ,  t he  
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L. Girolami(lo) has r epor t ed  a " sa tu ra t ion"  test which 
involves  hea t ing  coa l  t a r  Soderberg p a s t e  i n  two s t ages  ( a t  200°C and 
a t  30OoC) p r io r  t o  labora tory  coking a t  the  normal temperature of 55OoC. 
The y ie ld  of coke was increased  by t h e  prehea t ing  steps, depending on 
t h e  f ineness  of t h e  coke, t h e  soaking temperature and t h e  b inder /aggrega te  
r a t i o .  Girolami ascr ibed  t h i s  behaviour t o  displacement of a i r  o r  o the r  
gases adsorbed on the coke aggrega te ,  thus  permi t t ing  more in t ima te  
contac t  between binder and coke. Our r e s u l t s  appear t o  confirm t h i s  
f ind ing:  t h e  dens i ty  and compressive s t r e n g t h  of e l ec t rodes  increased  
s i g n i f i c a n t l y  a f t e r  hea t  soaking of t he  pas te .  This has been observed 
i n  our l abora to ry  wi th  many petroleum p i t ches .  

A smal l  s c a l e  t r i a l  of cracked petroleum p i t c h  D was c a r r i e d  
o u t  i n  a commercial Soderberg anode. In s p i t e  of t h e  f a c t  t h a t  l e s s  than  
t h e  ind ica ted  optimum amount of b inder  was inadve r t en t ly  used i n  the  p a s t e  
(26 v s  31%) the  performance was s a t i s f a c t o r y ,  t h e  r a t e  of anode 
consumption being low. 
spreading s i n c e  i t  would not spread t o  f i l l  t h e  cas ing  completely by 
v i r t u e  of i ts  own weight. The petroleum binder exhib i ted  extremely low 
v o l a t i l i t y  a t  t h e  ambient temperature,  so t h e  amount of vapour above t h e  
c e l l  w a s  almost n e g l i g i b l e  compared t o  t h a t  evolved by c o a l  tar b inders .  

Upgrading Coal T a r  P i t c h  

The p a s t e  on t h e  top of t he  c e l l  requi red  manual 

Coal t a r  p i t ches  from d i f f e r e n t  sources  a r e  v a r i a b l e  i n  
qua l i t y .  Low grade b inders  can be Improved f o r  Soderberg e l e c t r o d e  use 
by add i t ion  of furnace  b lacks  i n  much t h e  same way as petroleum res idua .  
The Improvement is evidenced by increased  d e n s i t y  and compressive 
s t r e n g t h  of baked test e l ec t rodes .  
r e a d i l y  upgraded are those  having a r e l a t i v e l y  low coking va lue  (about 
50%) and a quinol ine  in so lub le s  conten t  of less than 10%. L i t e r a t u r e  
da t a (6 )  i n d i c a t e  tha t  t h e  bes t  c o a l  tar b inders  conta in  10 t o  15  w t  % 
of quinol ine  inso luble  r e s i n s .  

Laboratory in spec t ions  and performance da ta  a r e  summarized 

Coal tar p i t ches  which a r e  most 

i n  Table 4.  
coa l  t a r  p i t ches  e f f ec t ed  a marked Improvement i n  performance. I n  one 
case ,  (A), t h e  e longat ion  of t h e  p a s t e  was below the  des i r ed  va lue  f o r  
Soderberg e l ec t rodes ,  but t h i s  could be overcome by inc reas ing  s l i g h t l y  
the  amount of binder used. This  is shown i n  B ,  where t h e  r e t a rd ing  
e f f e c t  of t h e  carbon b lack  on paste f low was compensated f o r  by inc reas ing  
the  binder conten t  from 30.5 t o  32%. 

Addition of 2.5 w t  % of a r e in fo rc ing  b lack  t o  poor q u a l i t y  
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COAL TAR AND PETROLEUM PITCHES AS BINLlERS FOR SODERBERG ELECTRODES 

EFFECT OF AROMATICITY OF CATALYTIC 
FRACTIONATOR RESIDUE ON THE 

YIELD OF PITCH 

EFFECT OF CATALYTIC CRACIING SEVERITY 
ON THE AROMATICITY OF 
FRACTIONATOR RESIDUE 

140 

70 
0 +-* 

45 50 55 60 65 70 15 
BYCl Of CATALITIC FRACTIONATOR RESIDUE CRACKING CONVERSION X 

F i g u r e  1 F i g u r e  2 

T a b l e  1 
\ 

EFFECT OF CARBON BLACK CONCENTRATION 
IN CRACKED PETROLEUM PITCH 

ON FLOW PROPERTIES OF SODERBERS PASTE 

CARBON BLACK IN I I N D E R , ~  

F i g u r e  3 
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR SODERBERG ELECTRODES 

EFFECT OF PARTICLE SIZE OF CARBON BLACK IN CRACKED PETROLEUM 
PITCH BINDER ON THE FLOW PROPERTIES OF SODERBEI 

3zx BINDER IN PASTE 
sx C L R ~ O N  nuci IN BINDER 

P R O P E R T E S  OF BINDERS FOR Y)DERBERO E L E C T R O D E S  
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ID I1 

Y 57 0 10 

a 1  

COKING VALUE. vn 0 . . .. E4 
eEN2ENE INSOLUBLE. WT. X .. . .... 12 
PUlNOLlNE INSOLUBLE.vn x ..... 10 

Table 2 

~ PASTE 

IO 

1 

Figure 4 

APPARENT VISCOSITY 
OF 

ELECTRODE BINDER PITCHES AT l O 7 Y  
KOPPERS NPE VACUUM CIPILLARY VISCOMETER 

E BL~IIDB PnRrnrm Pm 
o C R m o  PFTRMRJM PITCH 

1001‘ I I I I I  

f WLL TAR PIlCli 

Figure 5 
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR SODERBERG ELECTRODES 

APPARENT VISCOSITY OF ELECTRODE 
BINDER PITCHES AT 135'C 

KOPPERS T Y P E  VACUUM CAPILLARY VISCOMETER 

I 2 3 4 5 6 7 8 9 1 0  
SHEAR RATE, sec-1 

APPARENT VISCOSITY OF ELECTRODE 
BINDER PITCHES AT 163'C 

KOPPERS T Y P E  VACUUM CAPILLARY VISCOMETER 
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F i g u r e  6 F i g u r e  7 

EFFECT OF TEMPERATURE ON THE ELONGATION 
OF SOOEREERG PASTES 

v Cracked Petrol Pitch D 
lzol 0 Cdol Tor Pitch k 

SPREADING OF SOOEREERG PASTES 
AT 150% 
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TIM.HOURS 

F i g u r e  8 F i g u r e  9 
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COAL TAR AND PETROLEUM PITCHES AS BINDERS FOR SODERBERG ELECTRODES 

Figure 10 

PERFORMANCE OF YJDERBERC ELECTRODE BINDERS 

Table 3 

U A R A O l l O  COAL 1 1 R  BlNOtRt I V  1001110N OF CLRBON BLACK 

A B 
vircy Z S U '  1 %  
CARBON BLACK .......... NONE I U F  NONE SAT 
s o m n m  awn. oc . . . . . . . . . .  12. . . . . .  u - - -  
CCMNO VALUE. x . . . . . . . .  m u 61 SI 
BEN2111 INSDLUBLES. U .... IS n 1 ll 
0UlnOLlNEIWSCLUBLES.X. .. I I I 6 

LWARENT OENSITY. glm? . . I11 1.16 1.11 1.41 
r o Y I l i P l v r  fTRtllGT". 
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Table 4 


