
Study on Synthesis and Dispersion Characteris-
tics of MWNTs/PBO Composites Prepared by

In-situ Polymerization

Dispersion of carbon nanotubes (CNTs) in polymeric matrix is a key factor on form-
ing CNTs/polymer composits. In this work the raw multi-walled carbon nanotubes
(MWNTs) at first were treated with a mixed solution of concentrated sulphuric acid

and concentrated nitric acid (named as O-MWNTs); then the O-MWNTs were dispersed
with ultrasonic in phosphoric acid and the products were denoted as U-MWNTs. Poly(p-
phenylene-2,6-benzoxazole) (PBO) had been synthesized in the presence of O-MWNTs
or U-MWNTs in poly(phosphoric acid) using typical PBO polymerization conditions.
Raman spectra, scanning electronic microscope and atomic force microscopy techniques
were used to analyze the morphology of MWNTs/PBO composites. Topographies showed
the better dispersion of U-MWNTs in the composites.
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Since the discovery of carbon nano-
tubes (CNTs) in 1991 [1], a great
deal of interests have been attracted
to them due to their unique physical,
chemical, and structural properties
[2]. Along with the development of
their applications, CNTs- reinforced

polymer (including polyethylene,
polypropylene, epoxy, and poly
(methyl methacrylate)) composites
have been reported, and their
mechanical and electrical properties
have been enhanced [3-6]. 

CNTs occur in two discrete
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forms, one is single-walled nanotubes (SWNTs), which
are composed of graphite sheets rolled into cylinders;
and the other is multi-walled nanotubes (MWNTs),
which consist of multiple concentric graphite cylinders.
But the MWNTs are more commonly used because of
their lower cost. Since the CNTs have a large aspect
ratio (nanometer scale diameter vs. micrometer scale
length), low densities, and possess intrinsic large van
der Waals forces attraction among tubes that can lead to
the aggregation, it is quite difficult for CNTs to be
aligned and dispersed in a polymeric matrix by using
ordinary composite fabrication methods. Therefore, a
fine and homogeneous dispersion of CNTs in polymer
matrix is considered as one of the key issues in using
CNTs [7]. Although synthesis of poly(p-phenylene-2,6-
benzoxazole) (PBO)/SWNT has been reported [8], the
dispersion of SWNT in PBO matrix has not been char-
acterized. Besides, most production technologies of
CNTs can generate a range of carbonaceous particles,
such as amorphous carbon, nanocrystalline graphite
and metal catalysts. Thus, in order to make full use of
CNTs, purification is necessary. The most commonly puri-
fying methods include thermal annealing in air or oxygen,
acid treatment, and mechanical techniques [9-11]. 

In this work, to improve dispersing performance of
MWNTs in PBO matrix, raw MWNTs were treated
with a mixed solution of concentrated sulphuric acid
and nitric acid (O-MWNTS), followed by ultrasonica-
tion in phosphoric acid dispersion medium before syn-
thesis (U-MWNTS). PBO was synthesized in the pres-
ence of treated MWNTs (O-MWNTS) and ultrasonicated
MWNTs (U-MWNTS) in PPA using typical PBO poly-
merization conditions. The dispersion properties of
O-MWNTs/PBO composites and U-MWNTs/PBO
composites were characterized in detail by SEM and
AFM. It was found that U-MWNTs were better dis-
persed in PBO matrix than O-MWNTS.

EXPERIMENTAL

Raw Materials
The MWNTs used in this study were thermal chemical
vapor deposition materials with a diameter of 10-30 nm
obtained from Shenzhen Nanotech Port. Co., China.
Nitric acid, sulphuric acid and phosphoric acid were
used without further purification. Terphthalic acid (TA)

was dried at 100oC .

Characterization
Raman spectrum was recorded with T64000 Raman
spectrometer from JY Co. equipped with an Ar gas
laser (514-532 nm). The Raman band of a silicon wafer
at 520 cm-1 was used to calibrate the spectrometer. The
laser power at the sample was 100 mW. The laser beam
was focused on the samples using an optical micro-
scope with a 50 × objective lens. The spectral resolution
was 0.15 cm-1. 

A HITACHI S-4700 scanning electron microscope
was used to observe the microstructure of the samples
at an accelerating voltage of 15 kV. The samples were
coated with a thin layer of gold before observation. 

The phase morphologies of both O-MWNTs/PBO
and U-MWNTs/PBO composites were examined using
a Solver P47 atomic force microscope made in NT-
MDT Corp. All phase images were obtained in the non-
contact mode at room temperature. The scanning scope
was 4 × 4 m2. 

Purification and Acid Treatment of MWNTs
To eliminate impurities which were produced during
the manufacture of CNTs and introduce polar groups,
raw MWNTs were treated as follows. First, raw
MWNTs (1.5 g) were treated by reflux in 200 mL mix-
ture solution of concentrated H2SO4 and HNO3
(1:3,v/v) at 100oC for 3 h. Second, the processed
MWNTs were washed with distilled water until no
residual acid was present. Third, the samples were
dried at 80oC under vacuum condition. Then the so-
called O-MWNTs were obtained. The acid treatments
are known to introduce carboxyl and hydroxyl func-
tional groups onto the surface of MWNTs, which ren-
der MWNTs more dispersible and compatible with
common solvents.

At last, the O-MWNTs were dispersed by ultrason-
ication in H3PO4 at room temperature using a
SK2200HP ultrasonic cleaner from Kedao Ultrasonic
Instrument Co. operating at 38 kHz for 40 min. The dis-
persed O-MWNTs were denoted as U-MWNTs.

Prepared MWNTs/PBO Composites
4,6-diamionophenol dihydrochloride(DADHB) was
prepared through nitration, substitution, and hydro-
genation of 1,2,3-trichlorobenzene as the starting mate-
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rial [12] and was purified by recrystallization from
diluted hydrochloric aqueous solution with SnCl2.
Terephthalic acid was ground fine with ball mill and
dried at 100oC before use.

All glassware and stirring bars were oven-dried
before use. 25 mmol DADHB and 25 mmol TA were
mixed together with newly prepared 83 wt% polyphos-
phric acid (PPA) (25.30 g) in a 100 mL glass flask
equipped with a mechanical stirrer and two gas ports.
Removal of HCl from DADHB is performed at 100oC
for 20 h under nitrogen atmosphere and subsequently at
140oC for 4 h. At this stage, 10.487 g mixture contain-
ing H3PO4 and U-MWNTs was first added to the reac-
tion flask, then total 21.11 g fresh P2O5 is added to the
mixtures in reaction flask in multiple times to make the
final P2O5 concentration to 83 wt%. The mixture was
heated at 160oC for 24 h with constant and strong stir-
ring. Stir opalescence was observed, indicating the
appearance of the nematic phase [13]. The mixture was
finally heated to 200oC for 6 h while stirring. The dope
was drew out a threadlike thing by a glass stick and cast
to film by using a blade with a spacer, coagulated and
washed to remove the PPA completely in distilled
water, then dried under vacuum at 100oC. 

Under the same condition O-MWNTs/PBO com-
posites and pure PBO polymer were prepared, respec-
tively. The two kinds of composites concentrations and
PBO polymer concentration are finally fixed to 9 wt%
in PPA; CNTs concentration is 5 wt% with respect to
the polymer. 

RESULTS AND DISCUSSION

During polymerization the onset time of stir opales-
cence was later than that of pure PBO, which indicates
that MWNTs have affected the generation of PBO
macromolecules. After polymerization, the color of two
kinds of composites became darken blue instead of the
goldenness of the pure PBO.

Raman Spectra of Raw MWNTs, PBO, and O-
MWNTs/PBO and U-MWNTs/PBO Composites
Raman spectra of raw MWNTs, PBO, O-MWNTs/PBO
composites and U-MWNTs/PBO composites are given
in Figure 1. There are two dominant optically active
phonon modes in the first order Raman spectrum of raw

MWNTs. The line at 1581 cm-1 is G line which corre-
sponds to the optically active in-plane E2g vibrational
mode, and D line at 1334 cm-1 is related to the defects
in CNTs [14]. The characteristic peaks of PBO can be
obviously observed in the spectra of the prepared PBO,
and O-MWNTs/PBO and U-MWNTs/PBO composites
[15] as a strong peak at 1620cm-1 along with prominent
peaks at 928, 1178, 1207, 1278, 1306, and 1543 cm-1.
However, a new peak at 1588 cm-1 is also observed in
U-MWNTs/PBO composite spectrum. Due to the lack
of theoretical Raman analyses, it has not been possible
to assign them to the molecular vibrations.

SEM Analysis of O-MWNTs/PBO and U-MWNTs/
PBO Composites
Figures 2 and 3 show the SEM images of the surface
and fractured profile of O-MWNTs/PBO and U-
MWNTs/PBO composites, respectively. In Figure 2a,
many entangled bundles of O-MWNTs can be observed
in the surface of O-MWNTs/PBO composite. It means
that the dispersion of O-MWNTs are poor and insuffi-
cient. In Figure 2b, a large number of O-MWNTs that
have been pulled out are easy to be seen in fractured
profile of O-MWNTs/PBO composite (as showed by an
ellipse). Individual U-MWNTs with diameter of
approximate 70 nm can be seen in PBO matrix in Fig-
ure 3a. Thus, U-MWNTs/PBO composites are consid-
ered to have a uniform and fine dispersion without any
aggregatation of U-MWNTs. Figure 3b shows that U-

Figure 1. Raman spectrum of (a) PBO, (b) raw MWNTs, (c)

O-MWNTs/PBO, and (d) U-MWNTs/PBO composites.



MWNTs are embedded in PBO matrix and have a
homogeneous distribution, indicating a satisfactory dis-
persion. The SEM image of raw MWNTs has been
shown in Figure 3c.

In fractured surface of U-MWNTs/PBO compos-
ites, individual U-MWNTs are shown. It is observed
that the diameter of raw MWNTs is smaller than that of
U-MWNTs in composites and the U-MWNTs has been
enwrapped by PBO matrix. Thus, both U-MWNTs and
PBO matrix have physical or chemical interactions.
That is to say, a good interfacial adhesion between U-
MWNTs and PBO matrix in U-MWNTs/PBO compos-
ites has been occurred. If poor interfacial adhesion
between filler and matrix occurs, it is really difficult to
find the individually embedded U-MWNTs in the poly-
mer matrix. 

320

Study on Synthesis and Dispersion Characteristics of... Li X. et al. 

Iranian Polymer Journal / Volume 15 Number 4 (2006)

(a)

(b)

Figure 2. SEM Images of (a) the surface of O-MWNTs/PBO

composite (b) the fractured surface of O-MWNTs/PBO

composite.

Figure 3. SEM Images of (a) the surface of U-MWNTs/PBO

composite; (b) the fractured surface of U-MWNTs/PBO com-

posite; (c) raw MWNTs.

(a)

(b)

(c)
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Atomic Force Microscope Analysis of O-MWNTs/
PBO and U-MWNTs/PBO Composites
The phase images of O-MWNTs/PBO and U-
MWNTs/PBO composites are observed by AFM, as
shown in Figure 4. The scanning scope is 4 4 m2. 

It can be seen that two phases appear in the phase
image of O-MWNTs/PBO composites. However, indi-
vidual MWNTs are not observed but only tanglesome
MWNTs are showed appearly in Figure 4a. The phase
morphology of U-MWNTs/PBO composites also
shows the evidentce of two phases, and individual U-
MWNTs in approximate 70 nm diameter can be

observed in polymer matrix as shown in Figure 4b.
That is to say, a sufficient and well dispersion of U-
MWNTs have been occured in PBO matrix, but it has
not occured in O-MWNTs/PBO composites. Thus, the
combined SEM and AFM images give a strong evi-
dence that U-MWNTs disperse well in the matrixs of
U-MWNTs/PBO composite, and the chemical func-
tionalization can be used to enhance the combined
strength of U-MWNTs and PBO matrix. It comes from
either physical absorbtion between matrix and filler or
chemical interaction between polymer and polar groups
at U-MWNTs surfaces. Increasing the interfacial bond
between U-MWNTs and PBO matrix will improve
their interfacial strength. Thereby, some properties of
PBO composites will be improved. By the way, ultra-
sonication [16] may also be useful to accelerate the dis-
persal of CNTs and introduce energy at CNTs-CNTs
interface, sufficiently high to cause initial separation.
This permits access to the CNTs surface by the treat-
ment chosen to maintain dispersal.

CONCLUSION

MWNTs/PBO nanocomposites are synthesized with in-
situ polymerization method, and their dispersion per-
formances are experimentally analyzed. The SEM
images and AFM phase images showed that the dis-
persing properties of O-MWNTs/PBO composites are
inferior to that of U-MWNTs/PBO composites. U-
MWNTs have a much better embedment in PBO
matrix. It means that U-MWNTs/PBO composites have
more homogeneous morphological characteristics and
much better dispersion property. 
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