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Introduction

The preferred orientat ion of the carbon
layer planes in carbon f ibers vith respect to the
fiber axis has been studied in detai l l ,  notably in
connection with the relat ionshio between structure
and nechanical properties2, in relation to the mj,-
cropore orientat ion J, to intercalat ion 4 and to
f luorination ).  In al l  these studies i t  was assu-
ned that no preferred orientat ion exists for the
internal structure of the carbon layers, i .e. the
orientation of the tvo-di¡nensional hexagonal struc-
ture of these layers was considered randon with re-
spect to the layer normal.

Prel irninary X-ray studies on carbon f ibers
from mesophase pitch carr ied out in this laboratory
indicated that a preferred orientat ion of the inter-
nal layer structure is observable in certain cases.
The aim of the work reported here was to investi-
gate this effect in detai l .

Theoret ical

In the case of a randon orientation of the
internaf  st ructure of  the carbon layers n i th re-
spect  to the layer norrnals,  the or ientat ion dist r i -
but ion (pole f igures) of  a l l  ref lect ions are comple-
te ly def ined by the or ientat ion dist r ibut ion of  the
layer nornal5 (s inple f iber syrnnetry) .  A detai led
theoretical trgatnent for this case was given in an
earlier paper o. In order to extend this treat-
ment to include a preferred orj.entation of the in-
ternal  st ructure of  the carbon layers,  let  us assu-
ne that  the or ientat ion of  the layer nonnals (c-

axj.s) and of the internal layer structure (a-axis)
are not  correlated and that  the lat ter  is  def ined
by the or ientat ion di .s t r ibut ion ga(y) .  F igure I
shows a schernatic presentation of the geornetry in-
volved.  B is  the angle between the c-ar is  and the
f iber axis,  I  is  the angle betneen the a-axis and
the section of the layer plane and the plane i-nclu-
ding the f iber axis and the c-axis.  I f  one consi-
ders only the intensi ty d ist r ibut ions on the (hk0)
interference ri.ngs one obtains the relationship

s " ( r )  s " (o )  s i n  B  dB

where g"(B) is  the or ientat ion dist r ibut ion of  the
layer nornals and q is  the angle between the f iber
axis and the di rect ion of  the i .ntensi ty measurement
in reciprocal-  space.

F ig .  I

For carbon f ibers wi th a h igh preferred
or ientat ion of  the layer norrnals,  g"(B) is  non-zero
only in a narrow range of  g values in the v ic in i ty
o f  r / 2 .  I n  t ha t  case ,  equa t i on  ( t )  can  be  app rox i -
mated by"  

r h k ( o )  -  g a ( o )  F c (  l , o )  ,

where F"( i ,o) i"  a function of g"(B) only ó.

A sinplified deter¡nination of the a-axis
orientat ion consists in neasuring the intensity
d i s t r i b u t i o n  I 1 9 ( 0 )  a n d  1 1 1 ( 0 ) .  T h e  r a t i o  J ( 0 )
o f  these d is t r ibu t ions  is  re la ted  to  g" (O)  by

r r o ( o )  c a ( o )

r l r ( o )  c a ( o - á ) '

i .e .  the maxina and minima in gr(0)  are enhanced.
Choosing a sui table nathenat ical  expression for
ga(0) which def ines an or ientat ion paraneter  qa
ranging from -1 to I one can shon chat the ratio
Q of the maxinun to the minimun values of J(0) are
related to q. by 
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The sign of q" is deternined by the direc-
t ion of the a-axis orientat ion. For an orientat ion
of the carbon hexagons wlth the corner in the direc-
t ion of the f iber axis, q" is posit ive, for an ori-
entation yith the side of hexagons in this direc-
t ion i t  is negative, qa = 0 represents randon ori-
entat ion, lq¿l = t  perfect orientat ion.

Experinental

Four samples of mesophase pitch carbon fi-
bers (M), f ive sanples of PAt{-base f ibers (p) and
four sanples of cel lulose-base carbon f ibers (C)
nere chosen for the studies. X-ray scattering in-
tensities were obtained by photofiln and by coun-
ter techniques. CuKo radiat ion was used in both
cases. The dif fractoneter set-up for the counter
measurenents consi,sts of a curved quartz crystal
as focussing nonochro¡nator with the sample in syn-
metrical transnission.

Results and Discussi.on

Figure 2 shows the evaluation of J(O) in
terrns of equati .on (Z) for the sanple MJ in compari-
son  w i rh  a  theorer ica l  curve  fo r  ga(o) /ga(o_  i ) .
Systematic deviat ions from the theoretical cu$ve
occur for O < l5o and O > 75o. The former are due
to the fact that the calculat ion neglects the in-
f luence of the f ini te width of the (hk) rods on
f¡¡(O), the latter are due to the inf luence of the
ta i l s  o f  the  (001)  l ines .

The type of  preferred or ientat ion of  the
a-axis or ientat ion resembles the expected or ienta_
t ion of  che intermediate stages of  pyrolys is in the
case  o f  PAN- f i be r s  7 rU  1 r , 51 "¿ *  o r l on i , )  and  o f  ce l _
lu lose f ibers 9 (" longi tudinal  polyrner izat ion ' r ) .
This or ientat ion is ,  hovever,  not  detectable at
Iower HTT. This rnay bé due to the fact that the
orientation of the carbon hexagons forrned in the
ear ly stages of  pyrolys is is  pr i rnar i ly  wi th respect
to the di rect ion of  growth of  the r ibbon-shaped
carbon layers and that the increase bf the c-axis
or ientat ion is  correlated ni th an increase of  the
or ientat ion of  the long axis of  the r ibbons in the
direct ion of  the f iber axls.  This does,  however,
not  expla i -n the decrease of  the a-axi .s or ienracron
at h igher HTT in the case of  pAN-base f ibers.

An explanat ion for  the a-axis or ientat ion
in the case of  mesophase pi tch f ibers would be the.
preponderance of  arornat ic  molecules in the ¡neso-
phase pi tch wi th a shape in favor of  a corner-on
or ientat ion of  the carbon hexagons on uni-axia l .  de_
format i ,on.

Table t

q-a

607
s8ó
634

400
434
483

Sanple HeatTreatnent Tensi l-e
Tenperature ModuLus

( o c )  ( G P a )

l q l

MI
u)
M ?

M4

P 1
P2
P 3

P4
P6

( t he rmose t  p i t ch )
2500
27 50
3000
2500
27 50
3000
I 350
2700

0 ,30  0 ,90
0 ,  33  0  , 92
0 ,41  0 rg3

-0 ,30  0 ,82
-o,27 0,83
- 0 , 1 9  o , 8 7

o  0 , ó 2
-0  ' 27  0 ,82
o  0 , 8 3
o  0 , 8 5
0 , 3 0  o , 8 7
0 , 3 1  0 , 8 8

c 1
c2
U J

c4

29o
359
455
524
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The q¿-values listed in table I indicate
that mesophas€ pitch and cellu1ose-base fibers
shon an a-axis orientation rith the corner of the
hexagon in the direction of the fiber axis, vhere-
as PAN-base fibers show a-axis orientation nith
the side of the hexagon in the direction of the
f iber axis.  In the case of  nesophase pi tch and
cellulose-base fibers the a-axis orientation in-
creases with increasing heat treat¡rent tenperature
(HTT),  no a-axis or ientat ion is  present at  louer
HTT. In PAN-base f ibers the a-axis or ientat ion
goes apparently through a maxirnun with increasing
HTT.
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