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Application of SEM to detect the structure of mesocarbon microbeads
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The typical structure of mesocarbon microbeads
(MCMB) prepared from pitches is usually regarded
as Brooks-Taylor-type [1, 2] with the polyaromatic
molecules approximately parallel to one another and
perpendicular to the surface of the sphere. To determine
the structure of spherical carbonaceous mesophase, op-
tical microscopy is a traditional method, which is used
by detecting the changes of extinction contours or the
interference colors under polarized light when they are
still in the isotropic matrix of heat-treated pitch [1–
5]. Recently, much work was focused on the MCMB
formed through heterogeneous nucleation [6, 7] and
some results indicated that the quinoline insolubles
(QI) or other solid additives in the parent pitches would
transform the structures of MCMB into different types
from the Brooks-Taylor-type [6, 7]. It seems that opti-
cal microscopy is unsuitable when being used to de-
termine the complicated structures of those micron
spheres. In this letter, a method for making samples
for observation of MCMB structures using scanning
electron microscopy (SEM) was developed and its va-
lidity proved by comparison with structures examined
using optical microscopy. With this method, the com-
plicated structures of MCMB prepared from pitch with
more QI were also examined successfully and thus dis-
cussed the structure difference between two kinds of
MCMB prepared from coal tar pitches with different QI
concentrations.

Two kinds of MCMB, MCMB1 and MCMB2, are
used as our samples for analyses. They were prepared
from two coal tar pitches with different QI concen-
trations, 0.3 and 4.7 wt%, respectively. Since QI mat-
ter in the pitches could disorder the arrangement of
mesophase molecules and thus influence the structure
of as-obtained MCMB, MCMB1 and MCMB2 are ex-
pected to have different microtextures. Before making
samples for SEM observation, MCMB samples should
be carbonized at a high temperature in advance to elimi-
nate the light components in them and make clear their
carbon layers under SEM. In the present experiment,
carbonization at 1000 ◦C for 1 hr was adopted. The
carbonized MCMB samples were then embedded in a
thermosetting resin to obtain MCMB/resin bulks. Sub-
sequently, the as-received bulks were cut quickly and
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gently with a sharp scalpel on their surfaces. The formed
carbon fractions on the treated bulks were washed away
with the help of ultrasonic vibration before observating
on a PHILIPS SEM (XL30).

For comparison of the structures observed under
SEM with those under optical microscopy, mesophase
pitches containing above MCMB, MP1 and MP2, re-
spectively, were embedded in epoxy resin and the as ob-
tained bulks were then ground and polished according
to the usual method. The investigation of the obtained
pitch/resin bulks were carried out on a Nikon E600 POL
polarized light microscope and micrographs were cap-
tured using an in situ Nikon DXM1200 digital camera.

Fig. 1 shows the optical microscopy micrographs of
MP1 and Fig. 1b shows the extinction contour changes
of one sphere of MCMB1, pointed out by the arrow
in Fig. 1a, by rotating the stage of polarized light mi-
croscope per 15◦ anticlockwise. The regular extinction
contour changes indicate that the formed structures of
MCMB1 are Brooks-Taylor-type [1, 2] with the model
structure shown in Fig. 1c.

According to above-mentioned sample-making
method, the microtextures of MCMB1 were disclosed
and some typical cross-sections of them are shown in
Fig. 2. As can be seen, most of the microtextural layers
of MCMB1 (as shown by the dotted white circles in Fig.
2) approximately parallel to one another and perpendic-
ular to the surface of the sphere. Therefore, MCMB1
have Brooks-Taylor-type microstructure as deducted
from their extinction contours mentioned above, indi-
cating that the sample-making method for SEM ob-
servation of MCMB structures is valid and could be
adopted to analyze the structure of this kind of micron
spheres.

In Fig. 3, MCMB2, contained in mesophase pitch
(MP2), is shown under polarized light. It could be seen
that MCMB2 have irregular extinction contours, which
means they have complicated microstructures different
from MCMB1. When rotating the stage of optical
microscope, irregular changes of extinction contours of
MCMB2 also indicate their complicated structures, but
the definite structures are difficult or even impossible
to be deduced from them. Whereas, from the SEM mi-
crographs (as shown in Fig. 3) obtained with the help of
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Figure 1 Optical characteristics of MCMB1, which are still in MP1, under polarized light: (a) a typical micrograph, (b) regular extinction contour
changes of the sphere pointed out in a by the arrow when rotating the stage per 15◦ anticlockwise, and (c) model structure of Brooks-Taylor-type
MCMB.

Figure 2 SEM micrographs of the cross-sections of MCMB1.

Figure 3 Optical characteristics of MCMB2, which are contained in
MP2, under polarized light microscope.

the above-mentioned sample-making method, it can be
seen clearly that the microtextures of MCMB2 are com-
plicated. The microtextural layers of MCMB2 in Fig. 4a
are almost parallel, which could be regarded as a near
Brooks-Taylor-type structure, whereas those of the one
in Fig. 4b are deformed into gourd ladle shape and
are very different from Brooks-Taylor-type structure.
These characteristics of the microstructure of MCMB2
also proved the viewpoint that QI in the parent pitch can
influence the natural stacking of mesophase molecules.

From above analyses, it can be considered that the
sample-making method for SEM observation is effec-
tive for investigation of the microstructures of MCMB,
a kind of micron carbon sphere. After comparing the
microtextures of MCMB1 with MCMB2, a conclusion
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Figure 4 Complicated structures of MCMB2 detected by SEM.

can be drawn that MCMB prepared from coal tar pitches
with different QI can have different microtextures. In
addition, SEM observation with the help of the sample-
making method given here could be further extended to
analyze other micron materials including those without
optical activity.

Acknowledgment
The authors acknowledge the financial assistance by the
National Natural Science Foundation of China (NSFC).

References
1. J . D . B R O O K S and G. H. T A Y L O R , Carbon 3 (1965) 185.

2. H . H O N D A, H. K I M U R A and Y. S A N A D A , ibid. 9 (1971)
695.

3. T . I M A M U R A, Y. Y A M A D A, S . O I and H. H O N D A , ibid.
16 (1978) 481.

4. T . I M A M U R A, M. N A K A M I Z O and H. H O N D A , ibid. 16
(1978) 487.

5. T . I M A M U R A and M. N A K A M I Z O , ibid. 17 (1979)
507.

6. Y . C . C H A N G, H. J . S O H N, C. H. K U, Y. G.
W A N G, Y. K O R A I and I . M O C H I D A , ibid. 37 (1999)
1285.

7. E . M O R A, R. S A N T A M A R Í A , C . B L A N C O, M.
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