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Introduction-iñffiarrty 
of coar-tar binder pftches is

greatly influenced by their content of carbonaceouE
part iculate matter ;  i .  e.  pr imary quinol ine

lnsolubles and mesophase Ephe-rolites ll l . A correct
estimate of the amount of these phases in binder
pitches has always been a problen for a Pitch end
user,  aa sone mesophase may dissolve in quinol ine '

and the goodness of  the opt ical  method is  l imi ted by
the resolut ion of  the microscope. In thenmal ly
t reated pi tches the pr imary QI content  has
tradi t i .onal ly  been an informat ion reserved the pi tch

dist i l lers,  knowing the amount of  pr imary QI in the
parent  tar  and the pi tch y ie ld.

lrthile uEing a nicrowave unit as a rapid way of
heating green anode paste for vlEcosity measure-
menta, we obEerved that pitch epecimena also were
heated wheñ expoeed to the radiation, although to a
much srnaller degree. Thj.s led to the preaent

invest igat lon of  whether the diss ipat ion of  micro-
wave energy can be used as a quick method for
directly determining thé amount of primary QI in
pitch. To our knorledge no direct method for

determining the pr imary QI content  in a p i tch also

containing mesophase has been reported until now.

Theory
Mater ia ls can ref lect ,  absorb,  or  be t rans-

parent to microwave radiation. the nain absorption
mechanisms are dipolar ,  Maxwel l - l lagner polar izat ion
(also termed space charge or  inter facia l  polar iza-
t ion),  and ohmic losses.  Dipolar  losses are due to
molecules wi th permanent d ipoles,  whi le üaxwel l -
lrlagner polarization arises from a charge build-up in
interfaces bett{een components in a heterogenous
system. The power (  an) díseipated in a volume of
mater ia l  is  deEcr ibed by the expression

,
Ap  =  t ¡ f f , - e ' ! ¿ ¡ó  ( 1 )

where k is a conetanü, f the frequency, E the
electr ic  f ie ld strength,  €r  the die lectr ic  conatant
and tand the Iosa tangent. The absorbed power in a
sanple may be measured directly by calorinetry, or
the loss factor ,  e ' tan6,  obtained f rom separate
measurenents in a suitabl.e resonator (not reproduced
here).  Pr imary QI part ic les in p i tch can be expected
to absorb nicrowave energJ¡ by ohmic or Maxwell-
Uagner losses. These tar vapour pyrolysis particles

bear some resemblance to soot  or  carbon bLack.  I t  is
well known from the rubber vulcanization industry
that non-polar latexes can be efficiently cured in

microwave generators if certain types of carbon
b l a c k  a r e  a d d e d  1 2 , 3 1 .

Exper imental
A Precision Microwave unit from GCA

Corporation, operating at a frequency of 245O MHz,
was used in the present work. Energy absorption in
pitch samples waa measured in a simple differential

calorimeter conatructed from tt¡o dewars, a differ-
ent ia l  thermocouple (K type),  a shaking nachine,  and
an analogue voltrneter calibrated to be accurate to
wi th in O.5 ¡rV,  Readings were made by connéct ing a
recorder.

The EI¡ |F d i f ferent ia l  associated wi th the diss i -
pated microwave energy túas determined by extra-
polating the recorder trace back to the point of
adding the exposed sample. The absorbed power per
uni t  weight ,  0P ( in ktJ/kg),  was calculated f rom the
equat ion

aP =  (auv , / (4orc )  )  (1 .  15G+4.  18H) ( 2 )

where óuV is the EMF di f ferent ia l ,  T the t ime of
exposure (s) ,  G sample weight  (g) ,  and H the amount
of  water (g)  in the dewar contain ing the exposed
sanple.  The constants 40,  1.15,  and 4.18 are thermo-
couple temperature coef f ic ient  ( ¡ ¡V, /oC),  and heat
capac i t i es  o f  p i t ch  and  wa te r  ( J /S "C ) ,  r espec t i ve l y .

Absorpt ion of  microrúaves is  pr imar i ly  volume-
dependent,  not  weight-dependent,  but  as the
var i .at ion in p i tch densi ty was wi th in 3 %, the
uncerta inty int roduced by choosing the more
pract ical  weight  uni t  was smal l .

Resul ts-----Tñe 
abEorbed energy increases hrith increased

exposure to microwaves for  two "as received'r  b inder
p i t ches  (A ,  B )  and  one  p i t ch  (C )  w i t h  some  o f  i t s
own QI added (Figure 1) ,  thereby increasing the
calculated content of primary QI and mesophase to
approximately 22 % and 5 %, reapect ively.  The
relative exposure is the product of the exposure
time and the fraction of the maximum power output of
the unit. Heat losaes to sunoundings and other
t ime-related errors appeared negl ig ib le.

Absorbed pov,er as function of total QI for
three pitches with re-added QI is shown in Figure 2.
The "as received" p i tches were the same as in
Figure 1.
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Figure 1. Absorbed microwave energJ¡ as a function
of microwave exposure.
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Diseussi ,on-----Tñ?-irrves 
in Figure 1 are least square poly_

nomials wi th no constant  ternrs,  i .e.  they are forced
to pass through the origin. ThEFslopes equal the
power absorbed (kt / , /kg pi tch) .  There is  no s igni_
ficant deviation from linearity for the túro ras
received, '  p i tches (1,  g)  wi th in the experr .mental
error, Visual i,napection of these tuo curves indi_
cates,  horrever,  a s l ight  non_l inear i ty  at  low expos_
ures.  Absorpt ion in the C pi tch wi th ar t i f ic ia l ly
increaEed QI content  is  c lear ly non_l inear.
Var iat ions in the microwave load wi l i  not  g ive r ise
to systematic eFors for the pure pitches, except
possibly at very low exposures. The reason for the
non- l inear responae in the pi tch ui th re_added QI is
unknown, but is of no importance for the purpose of
determining pr imary Qf in e lectrode binders.

The moEt direct evidence of mesophase tranE_
parency to Dicroyaves uras furnished by a petrol
p i tch measurement.  The "as received" p i tch was
almost free of particulate matter. MeEophase format_
ion by heat  t reatment gave Qf contents up to 25 %,
but  the pi tch cont inued to show complete
transparency.

Evidence of  p i tch matr ix  t ransparency is  more
indirect .  The curves in Figure 2 have two
signi f icant  propert ies;  they are l inear and they
extrapoLate to j .ntercept  the ordinate at  zero or
negat ive values.  I f  the pi tch matr ix  were not  t rans_
parent to microuaves, intercepts must have been
posi t ive.  The reason for  negat ive intercepts la
probably mesophase Eolubi l i ty  in quinol ine.  An
eat imate of  th is solubi l i ty  can be made f rom the
non-I inear i ty  at  Iow QI contents,  The curves wi l l
approach l inear i ty  asymptot ical ly  as the mesophase
of the or lg i .nal  p i tch is  "d i luted[  wi th extracted
mesophase f ron the same pi tch.  In pr incip le,  the
slope of  the l inear region y ie lds the eI
composi t ion,  hrhich together wi th the s lope at  the
or ig in provides the mesophase solubi l i ty .  As a f i rs t
approximat ion of  th is s lope,  we used the secant f rom
the or ig in to the f i rs t  point  on the curves.
Assuming that  the QI f ract ion of  p i tch A was f ree
from mesophase, the amounts of rnesophase in absolute
percent  d issolved dur ing the quinol ine extract ion
was  ca l cu l a ted  t o  1 .5 ,  4 .4 ,  and  2 .g  %  fo r  p i t ches  A ,
B ,  and  C ,  r espec t i ve l y .

The linearity of the curvea in Figure 2 shows
that microwaves are abgorbed by pitcñ ln direct
proportj.on to the primary eI content. The primary eI
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Figure 2. Absorbed microwave porrer as a function of
QI.  ?he QI content  has been art i f ic ia lJ.y enr iched by
re-adding Qf to the or ig inal  p i tch.

can thus be calculated from thc
percentage,  pQI,
equat j.on

PQI  =  f ' aP
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( 3 )

where AP is the porrer  absorpt ion,  and f  a constant .
f f  th is method is to be absolute,  f  nust  be obtained
from meagurenents on a pitch of known composition.
Al ternat ively,  f  may be calculated f rom the express_
ion

f  =  1oo (Qr -mQr ) / ap  (4 )

in yhich nQI ie the mesophase content .  In th is case,
f  wi l l  be subject  to the combined emors of  the QIdeterminat ion and the opt ical  mesophase analysis.

Figure 3 is  a 'scat tergran that  compares pr imary
QI contenta found by the microwave method and those
obtained by subtract ing opt ical ly  ctetermined
mesophase fron the QI content (optical analysis from
two laborator ies) .  Two pi tches ahow extrene
deviat ion f rom the diagonal  in Figure 3,  i .e.
mi.crowaves have been absorbed by the isotropic pild
matr ix .  Af ter  examining 1g binder p i tches f rom seven
producers we estimate the accuracy of the method in
pr imary QI deterrn inat ion to be 1 % absolute.
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Figure 3. Scattergram ahowing primary eI Easured
by microwave absorption compared to values found
from the difference betrreen eI and optical
mesophase,

Conclusion---iñ?-prirary 
QI content in anode binder pitches

can be determined with an accuracy of 1 absolute
pei.cent by the microwave absorption technique.

The pitctr matrix wilL not absorb ¡ucrouaves
unless being of  infer ior  qual i ty .  Combinat ion of
microtrave,  opt ical  and eI  delerminat ion y le lds
additional and unambigous information on pitch
propert ies.

Irlesophase can be estimated as the difference
!)etween QI and microwave determined grimary eI, thus
provid ing a s imple al ternat ive to microscopic
analysis.
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