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Morphological structure study of pitch fibre 
surfaces by scanning tunnelling microscopy: 
influence of the mesophase content 
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The surface morphology of pitch fibres with different mesophase contents was studied by 
scanning tunnelling microscopy (STM) and the results were related to their mechanical 
properties. The tensile strength and modulus increase with the mesophase content and 
Correspondingly thesurface structure becomes more anisotropic. Inversely, the STM 
method.can also be used to evaluate the precursor mesophase content of a pitch-based 
carbon fibre. 

1. Introduction 
Several methods have been used to study the surface 
microstructure of carbon fibres, for example, scanning 
electron microscopy (SEM) [1, 2] which can give in- 
formation about the pores, fissures and channels of the 
surface and the cross-sectional morphology, but is not 
able to see the surface crystal sizes and orientation. 
Recently, the local probe microscopies (scanning tun- 
nelling microscopy, STM, and atomic force micro- 
scopy, AFM) have proved to be very powerful 
methods to study the surface microstructure. Several 
authors have studied the surface microstructures of 
carbon fibres by STM from the surface morpfiology to 
atomic resolution [3-6]. Hoffman has reported some 
STM results of carbon fibre morphology before and 
after surface treatments [51. The STM study of ther- 
mal-treatment influence on pitch fibre surface organ- 
ization was also performed by the groups of Effler [6] 
and Donnet [3]. In this paper, we present an STM 
morphology investigation of pitch fibres having differ- 
ent mesophase contents, from < 10% to 100%, 
treated at carbonization and graphitization temper- 
atures, and we try to correlate it to their mechanical 
performance. 

2. Experimental procedure 
Three series of carbon fibre samples were used in this 
study. 

1. 1-01, an isotropic series with two samples, one 
carbonized at 1000 ~ 1-01CF, and the other graph- 
itized at 2300 ~ 1-01GF. 

2. 4-31, mesophase content 80%. This series has 
also two samples, 4-31CF and 4-31GF, treated, re- 
spectively, at 1000 and 2500 ~ 

3. 4-57GF, a graphitized sample (2500~ with 
a mesophase content of 100%. The sample 4-57CF, 
treated at 1000~ was only used for mechanical 
measurement. 

These fibres were directly taken from the production 
line without surface treatment, and were solvent ex- 
tracted systematically by acetone to eliminate possible 
contaminants before the sample preparation for STM 
study. 

We used a scanning tunnelling microscope of type 
Nanoscope II (Digital Co. Santa Barbara, USA). Two 
types of piezo-head were used: head "A" for measured 
surfaces smaller than 500 x 500 nm 2 and head "G" for 
larger surfaces. The tips (Nanotip TM, Pt-Ir  type of size 
0.010 in x 1/4 in; ~ 0.03 cm x 0.6 cm) were checked 
with a sample of highly ordered pyrolytic graphite 
(HOPG) to ensure their quality. The images were 
mainly obtained by the current constant mode which 
images better the morphological features of the sur- 
face. Using a low-pass filter which decreases the high- 
frequency noises, the images are presented in the 
three-dimensional form in two sizes: 500 nm x 500 
nm x 100 nm and 2000 nm x 2000 nm x 300 nm. 

Elemental analysis was taken on a Carloerba's EA- 
1106 element analyser. 

Mechanical performances of the fibres were meas- 
ured by a universal materials machine Instron 1121. 

3. Results and discussion 
Table I reports the main~ information about the three 
series of samples studied. With increasing heat-treat- 
ment temperature (HTT), the carbon content becomes 
richer and the oxygen was practically eliminated at the 
carbonization temperature for the mesophase pitch 
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T A B LE I Influence of different mesophase content on element composition and mechanical performance of CF and GF 

Sample 

1-01 4-31 4-57 

CF GF CF GF CF GF 

Mesophase content of spinnability (%) < 10 
C (%) 94.94 
H (%) 0.33 
o (%) 0.88 
n (%) 3.04 
O/C atom ratio 0.01 
H/C atom ratio 0.04 
Tensile strength (GPa) 0.91 
Tensile modulus (GPa) 60.8 
Elongation (%) 1.43 

< 10 80 80 100 100 
- 98.28 99.67 98.24 >99:0 
- < 0.30 < 0.30 < 0.30 
- 0.00 0.00 0.00 - 

- < 0.30 < 0.30 < 0.30 - 

- 0.00 0.00 0.00 - 

- < 0.04 < 0.04 < 0.04 - 
0.59 2.11 2.52 2.60 3.40 

64.7 - 605.2 810.0 
0.95 - 0.42 0.38 

fibres,  bu t  h y d r o g e n  a n d  n i t r o g e n  were  a lways  p r e sen t  

in w e a k  p r o p o r t i o n s .  F o r  the  th ree  G F  samples ,  t he  

tensi le  s t r eng th  i nc rea sed  fou r  o r  f ive t imes  w h e n  the  

m e s o p h a s e  c o n t e n t s  v a r i e d  f r o m  < 1 0 %  to > 8 0 % ;  

the  tensi le  m o d u l u s  fo l l owed  the  s a m e  t e n d e n c y  bu t  in 

a m o r e  p r o n o u n c e d  w a y  (near ly  one  o r d e r  greater) ,  
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Figure 1 (a, b) Morphological structure of isotropic pitch fibres: (a) 1-01CF, (b) 1-01GF, observed by STM (500 x 500 nm a) and (c, d) their 
respective height profiles in the fibre axis direction (V-V') and cross-sectional direction (H-H'). 
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consequently the elongation decreased. We can also 
see in Table I that for isotropic pitch fibres, 1-01 series, 
the tensile strength decreased with increasing the 
HTT, while the tensile modulus increased. However, 
the tensile strength for two other mesophase fibres 
increased with HTT. 

Fig. 1 shows the morphology of isotr0pic pitch 
fibres as seen by STM at a medium enlargement; both 
the carbonized and graphitized samples have no pref- 
erential orientation (compare the height profiles in the 
two directions). The carbonized fibre exhibits some 
rugosities with "peaks" and "valleys" up to about  
40 nm deep (Fig. la), the "peak" density being relative- 
ly high. This confirms the similar observation of an 
isotropic pitch fibre (Kureha) treated at 900 ~ [7] but 
the egg-like microstructure we described earlier [7] 
was not observed here at the 100 nm scale. For  the 
graphitized sample, the image seems to be a little 
different but its height profiles have essentially the 
same feature as for the 1-01CF (Fig. lb). 

The s~rface morphology of the 4-31 series shown in 
Fig. 2 isi'very different from the morphology observed 
with isotropic fibres. The "peak" and "valley" charac- 
ter disappears, as seen in the profiles, and the surfaces 
look much more smoother. There are ribbons parallel 
to the fibre direction, the width of the bands is about 
150-200 nm. This surface feature was observed early 
for similar carbon fibres [3,6].  The graphitized 
sample (Fig. 2b) has a more pronounced orientation 
than the carbonized one (Fig. 2a). The ribbons are 
believed to be formed during the spinning process 
followed by stretching [-3] and seem to be reinforced 
by heat treatment. We can also compare the sub- 
structure change with the HTT. The carbonized 
sample has a surface composed of "grains" with differ- 
ent sizes from 30-100 nm with their borders a little 
diffuse, and apparently with little deformation, but 
these "grains" become greatly dilated in the graph- 
itized sample surface. This type of structure develop- 
ment with H T T  was also observed earlier [8]. We 
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Figure 2 (a, b) Morphological structure of mesophase pitch fibres, (a) 4-31CF, (b) 4-31GF, observed by STM 2 (500 x 500 nm ) and (c, d) their 
respective height profiles in the fibre axis di.rection (V-V') and cross-sectional direction (H-H'). 
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Figure 3 (a) Morphological structure of mesophase pitch fibre (4- 
57GF) observed by STM (500 x 500 mr12) and (b) its height profiles 
in the fibre axis direction (V=V ') and cross-sectional direction 
(H-H'). 

think that the change of mechanical performance i s  
related, at least partly, to this surface structure evolu- 
tion at different HTT.  

In Fig. 3, we present an image of the 4-57GF sample 
which is constituted of 100% mesophase pitch. Apart  
from the main orientation parallel to the fibre direc- 
tion, we have observed also a cord-like sub-structure 
with a twist angle of about  45 ~ to the fibre direction, 
a similar feature observed for other carbon fibres 
[3, 4]. This structure is probably responsible for the 
high tensile strength and modulus exhibited by this 
fibre. 

The three graphitized samples are compared in 
Fig. 4 on a larger scale (lower enlargement, 2000 
x 2000 nm2). These images confirm the observations 

illustrated by Figs. 1 3. We can see more clearly that 
the isotropic sample has a surface without preferential 
orientation (Fig. 4a) but the sample with 100% me- 
sophase content shows very clear parallel ribbons 
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Figure 4 (a-c) Morphological structure of three graphitized fibres 
with different mesophase contents, (a) 1-01GF, (b) 4-31GF, (c) 
4-57GF, observed by STM (2000 x 2000 nm z) and (d-f) their re- 
spective height profiles in the fibre axis direction (V-V') and cross- 
sectional direction (H~H'). 
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which seem to be composed of aligned "grains" 
(Fig. 4c). The 4-31GF has a similar ribbon pattern 
(Fig. 4b) with the "grain" structure being not as clear 
as in Fig. 4c but which also has some features of 

Fig. 4a. Therefore, the STM image at this scale can 
give a qualitative estimation of the mesophase con- 
tents of a graphitized pitch fibre. 

From the above discussion, we can see that there is 
a good correlation between the surface morphology 
and the mechanical performance of the fibres. The 
surface structure orientation order observed by STM 
increases with the mesophase content, and the mech- 
anical properties change in the same direction, as 
indicated in Table I. The heat treatment has the effect 
of increasing crystallization and orientation (compare 
Figs 1 and 2a and b), thus improves the mechanical 
performance of the mesophase pitch fibres. For the 
isotropic fibres, the STM images also show the same 
tendency of structural change with heat-treatment 
temperature. On the other hand, the decrease of the 
tensile strength with the graphitization treatment 
seems related adversely to factors other than the 
surface morphology. 

4. Conclusion 
A correlation between the surface morphology of the 
carbon fibres observed by STM and their mechanical 
properties is shown. For three series of samples with 
mesophase contents from < 10% to 100%, the mech- 
anical performance increases and the surface structure 
has more and more anisotropic features. For the 
100% mesophase content sample, 4-57GF, both par- 
allel band and twist substructures, were observed 
which correspond to the best fibre performance. 
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