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1. INfRODITCTION

The purpose of this experirnental program wae
three-f ol i l :  -
(a )  to  c le te rn ine  the  re la t ionsh ip  be t reen the  f i x -

ed  carbon I  FC)  conten t  o f  a  p i tch  w i th  the  FC
of  i t s  component  Par te .

¡b) to deterrnine the relat ionship between the
sof ten Íng  po in t  (SP)  o f  a  p i tch  and the  SP o f
i t s  component  Par ts .

(c) to determj"ne i f  a relat ionship exists between
tne binding strength of a pitch, rhen used as
an electrode binder, and the FC propert ies of
i . t s  component  par ts .

2. I¡:XPERIIIENTAT

Four petroleum proclucts were selected to be
used to make pitches nhich were useal as the basis

for the test program. These basic productg wele
vacuum resiclue from Gach Saran C¡ude (G), vacuun
resiclue from Arabian Light Crude (I),  Decant Oi1

frorn a f luicl  catalyt ic cracker (I) ,  ethylene plant

tar from a naphiha cracking plant 1N). And a com-
nercial binder pitch nacte fro¡n coal tar (T) was

a lso  inc lud .ed  fo r  cornPar ison .

Each of thesé feeds were heat-treatet l  at 42O
-44OoC f rom 10 to  240 minutes  to  make p i tches

which were solvent fract ionatecl into the fol lowing
three fract ions shown as Fi6ure 1:
( i )  Benzene lnso lub les  (A  f rac t ion)

( l i )  Benzene so lub le  bu t  n -heptane inso lub les
(3  f rac t ion)

( i i i )  n - f rep tane so lub les  (C f rac t ion)

The f ixet l  carbon (FC) and eoftening point
(Sp)  o ¡  each who le  p i tch  anc l  each f rac t ion  were
tes tec l ,  These tes t  resu l ts  a re  shown in  Tab1e 1
a long w i th  tne  re igh t  percent  o f  each f rac t ion .
FC was measurecl by Japan Industr ial Sta¡dard JIS K

2425 v]nich is si-ni l"a¡ to ASIM methotl  I Io. D 2416.
In this test the quanti ty of residual or f ixet l
carbon is detqrminecl after the sample has been
heated at 800"C for i0 minutes. SP was measured
using a micro rnelt ing point proced'u¡e ae developed.
by  Nat iona l  fndus t r ia l  Research  Ins t i tu te  o f
Kyushu.

Af tenrards  each p i tch  was b lendec l  w i th  e lec- '
trocle grade coke and heated to 1r000"C to rnake a

e lec t rode tes t  p iece  fo r  s t rength  tes t ing .  The
compress ive  s t rength  o f  each tes t  p iece  made w i th
the va¡ious pitches is also included' on Table l .

,  RESÜLTS AND DISCÜSSION

An attempt was rnade to determine what rvas the

¡elat ionship between the f 'C of the whole pitch and

the weighted average I 'C of i ts three fract ions.
f igure 2 shows plot of the sr¡m of the weighted
averages of the fract ion FC vs. the FC of the
who le  p i tch .  I t  can  be  seen tha t  i t  i s  necessary

to  add a  cor rec t ion  fac to r ,  o ( ,  to  the  we igh ted

avetage surn of the nroductg FC to maJce it equiva-
lent to tne tr 'C of the whole pitch. As seen from
Figure 2, t lne value of o( caLculated is approxi-

nately 7.2 such that the fol lor ing relat ionship
can be  wr i t ten :

rcpi1"¡= (rcf ( l)  + (rca)(s) + (rcc)(c) + 0L
. . . . .  ( r )

rhere ,
(1) rcpl¡"¡,  tr 'C¡, ! 'C3 and FCg ere the test valuee

of iixed caabon of the pltch an'l its tblee

fractionsr and'

l2 )  A- ; ; - ; r re 'cor réc t ion  fac to r .  (approx '  7 '2 )
The need for 6( is probably clue to the effect

of nutual interactÍon between each fract ion durj 'ng

carbon iza t ion  o f  P i tches .

As'a second expe¡irnent, an attempt was mad'e

to develop a relatÍonship between the SP of the

whole pitch and i ts three fract ions' Horevelt the

SP of the A f¡act ion v¿as too high to measulet

being above 4OOoC. Therefore, the fol lowing re-

.tesáiot, equation rvas used for a tr ial  test rvi th

á  pseudo SP (SP ps ' )  fo r  the  A f rac t ion :

sPp l ¡ " ¡=  (sP ps . ) ( l )  "  
(sp¡ ) ( ¡ )  +  (s rs ) (c )  *  6

. . . . .  (z )
where 5P3 and SPg are the values of the SP of the

3 & C f rac t ions ,  respec t ive ly '  and p  is  a  con-

s tan t .

Regression results based on the above formu-

1a show SPps.  to  be  411 a¡d  p  to  be  -96 '  A

plot of obeervod SPli tch val 'ues vs. calculated
values using tne abové iormula is shown in Figure

t .  Th is  re la t ionsh ip  shows a  good cor re la t ion
fac tor  o f  0 .94 .  As  w i th  CL in  tne  ! 'C  re la t ion-

sh ip ,  the  need fo r  p  aa  a  cor lec t ion  fac to r  i s

considerecl to be thé effect of chenicaL and'/or
phyeical interaction between each fraotion'

Ae a final goal an attenpt ras ma'le to clevel-
ope a relat ionship which would precl ict pitch
binding capabil i ty, rhen-used as.an elect¡o¿le
¡inaérl witn compóirent tr 'C property. 3asis a re-
gression analysis i t  v¡as found that the fol lowing

ihree factors have a strong stat ist ical relat ion-

ship with the bincl ing strength of pitch:
( i)-  The average FC of fract ions A and 3
(i i)  The d.i f ference between FCI and tr 'C¡
( i i i )  ¡ ,  the  wt .  f rac t ion  o f  benzene so lub les /n-

heptane inso lub les
As Áuch, the fol lowing equati-on was found to

g ive  the  bes t  es t imate  o f  p i tch  b inc l ing  s t rength t

which is clef ined as, F-value:

-  f F C n + F C p  
'  I

¡ ' = l - - A  :  - - D  +  ( r c . r  -  r c ¡ ) l  x  ( ¡ )  . . . .  ( r )
L 2 - ' t

Values of tr '  calculated from the above for-
mu la  fo r  the  p i tches  tes ted  have been l i s ted  in

Table 1 next to the compressive strength of the

e lec t ¡ode us ing  th is  p i tch  as  a  b inder .  fhe  re -

lat ionship between F-vaLue ancl elect¡oi le strength
has been plotted in Figure {.  This correl-at ion
seems to  be  reasonab ly  p red ic t i ve ,  hav ing  a  cor -
re l ,a t ion  fac to r  o f  0 .87 .
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Table 1 Propert les of pitches ancl i ts fract io¡¡s
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1) Compressive strength of baked. carbon block ¡kg./cm2), 2 )  Catcu la ted ,  by  equat ion  ( l )

(Benzene)

(A f rac t ion)
(n-Heptane)

(3  f rac t ion) (C t rac t ion)

F ig .  1 Fractionation scheme

a ,

Fixecl carbon, Calculated (wt.É)
Fig. 2 Relat ion of ! ,C, Actual and Calcul_atecl
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