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Electronic propert ies have long been used as a
means for studying the structure of carbons. A recent
series of studies of PAN-based carbon f ibersl showed
that al l  of the electronic and structural propert ies could
be correlated with processing condit ions. A single
parameter, such as the resist ivi ty rat io, was found to
be a good indicator of the structural evolut ion of the
fibers with processing. The present work is an attempt
to apply the same principles to the study of mesophase
pitch-based carbon and graphite f ibers. The purpose
is two-fold: f i rst,  to provide a better understanding of
the structure of these f ibers and i ts relat ion to the f iber
propert ies; and second, to clari fy the dif ferences in
structure and propert ies between pitch-based and PAN-
based carbon f ibers .

Several series of f ibers were studied, each pro-
cessed at various temperatures up to 3000"C. Fibers
having both radial and random microstructures were
included. Resist ivi ty and magnetoresistance measure-
ments were made on single f i laments by four-contact ac
and dc methods at temperatures between room tempera-
tu re  and 4 .2K.  S tandard  ESR techn iques  were  used to
measure the g-anisotropy, l inewidth, and effect ive spin
concentrat ion of strands of f ibers.

The res is t i v i t y  ra t io  i s  de f ined as  p  (300oK) /

¡  (4 .  PK)  .  For  f ibers  heat  t rea ted  to  1000"C,  th is  para-
meter  has  a  va lue  o f  about  0 .4 ,  inc reas ing  to  0 .93  fo r
HTT =  1700"C.  Above l70OoC,  the  res is t i v i t y  ra t io
decreases  aga in ,  reach ing  va lues  around 0 .4  fo r  HTT =

3000oC. Radial structure f ibers have lower resist ivi ty
rat ios (above 1700oC) than random structure f ibers
processed a t  the  same tempera ture .

Figure 1 shows the transverse magnetoresistance
at  4 .2K-  fo r  se lec ted  f ibers .  A t  low HTT 's ,  the  magne-
toresistance (MR) is very small  ,  becoming larger and
negat ive  as  HTT increases  to  a round 2000oC to  2500oC.
At  h igher  HTTrs ,  the  MR becomes pos i t i ve  a t  h igh  f ie lds ,
but remains negative at low f ields unti l  the highest
HTTrs. Radial f ibers show a stronger tendency toward
posit ive MR than equally processed random structure
fibers. The results of Ingram and coworkersl on PAN
fibers show a negative MR (at 77K) even for samples
heat  t rea ted  up  to  3000oC.

The above results are i l lustrated more dramatic-
a l l y  in  F igure  2 ,  where  the  t ransverse  MR a t  l4kG is
plotted against resist ivi ty rat io. Al l  samples fal l  pre-
cisely on the same curve . Two dist inct regions are
evident, corresponding approximately to HTTrs below
and above 2500oC. The low-temperature region is
charac ter ized  by  negat ive  MR and la rger  res is t i v i t y
ra t ios .  The h igh- tempera ture  reg ion ,  in  wh ich  the  MR
is posit ive, corresponds to the onset of three-dimensional
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ordering as evidenced by the appearance of three-
dimensional X-ray dif fract ion 1ines. The results of
Ingram and coworkersr for PAN f ibers cannot be com-
pared direct ly since they were measured at a dif ferent
temperature, but they fal l  roughly in the low-HTT
region for al l  samples .

Figure 3 shows the crystal l i te size in the c-axis
d i rec t ion ,  L " ,  p lo t ted  aga ins t  res is t i v i t y  ra t io .  Agá in ,
al l  samples fal l  on a single curve. The results for PAN
fibersr fal l  on a separate curve. Presumably, this is
due to the fact that the resist ivi ty rat io is more closely
related to L. than to L" and ref lects the dif ference
between PAN and pitch in their crystal l izat ion behavior.

Crystal l i te size (L") and interlayer d-spacing
results show similar correlat ion with electronic proper-
t ies and offer further confirmation that radial structure
f ibers are capable of a higher degree of graphit ic order
than random structure f ibers.

From ESR, the rreffect ive spin concentrat ion,r l
calculated assuming no skin effect and Curiers law, was
similar to that obtained by Robson et al .1 for heat treated
PAN f ibers viz .  ,  a decrease from -15 to -10 x 161 8 /B
over an HTT range from 1800oC to 3000oC.

The l inewidth is sensit ive to impurit ies and
narrows by as much as a factor of f ive when the sample
is puri f ied with chlorine. The effect is reversible when
one dif fuses impurit ies back into these same samples .
The purif icat ion process has no effect on any of the other
electr ical or ESR propert ies, indicating the phenomenon
is purely one of relaxation. The broad l inewidths
observed by  Robson e t  a l  . r  a re  most  l i ke ly  due to
impur i t ies .

In Figure 4, the f iber g-anisotropy is plotted
aga ins t  HTT.  The dashed l ine  ind ica tes  tha t  the  an iso-
tropy was so large that the spread in g-values broad-
ened the signal in the perpendicular orientat ion beyond
detection. The g-anisotropy of the PAN derived f ibersr
saturates at high HTTrs at a value equal to that of pitch-
based f ibers heat treated in the 2000"C to 2300oC range.
This f inding is consistent with the fact that mesophase
pitch-based f ibers are graphit izable whereas PAN-based
fibers are not

This study has shown that reproducible correla-
t ions exist between various electr ical ,  mechanical ,  and
structural propert ies of mesophase pitch-based carbon
fibers. Radial f ibers are more graphit ic than random
fibers at a given HTT above 170OoC and reach a higher
ult imate degree of graphit izat ion at the highest HTT.
These observations strongly imply that the graphit iza-
t ion process is inhlbi. ted from proceeding beyond a cer-
tain stage in the random fibers. The most l ikely expla-
nation for this is that the random structure is more
highly defected and grain growth is inhibited at an
earl ier stage than in the radial structure.

The exploratory ESR experiments described here
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demonstrate that effects of preferred orientat ion, degree
of graphit ic character, nature of the unparied spins,
and impurity and other defects are all apparent and
seem to have interpretable effects on the observed ESR
sPect ra .

Final ly, the electr ical measurements suggest
that mesophase pitch fibers are very similar to pyrolytic
carbons treated in the same temperature range. This is
consistent with the high degree of graphitization attain-
able by these fibers. On the other hand, PAN-based
fibers have been foundr to exhibit a much lower ultimate
degree of crystalline order, comparable to pitch fibers
treated in the f 70fC to 2300pC range.
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