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Abstract. Poly (methyl methacrylate) (PMMA)/Poly ethylene oxide
(PEO) (15 wt.% PMMA/85 wt.% PEO (PMMA/PEO-A) and 30 wt.%
PMMA/70 wt.% PEO (PMMA/PEO-B)) blends, and functionalized
multiwalled carbon nanotubes (F-MWNTs) filled PMMA/PEO-A
and PMMA/PEO-B composites were prepared via solution casting
technique. The morphological study showed the formation of cracks
in F-MWNTs/PMMA/PEO blend. The mechanical properties of
PMMA/PEO blend were decreased by incorporation of F-MWNTs,
which might be due to less compatibility between F-MWNTs and
PMMA/PEO blends. Neat PEO upon crystallization showed distinct
sized spherulites, which decreased by the incorporation of F-MWNTs
(nucleation effect of FMWNTSs). The X-ray diffraction (XRD) analy-
ses revealed that the intensity of peaks decreased by incorporation of
nanotubes, which means that the PEO crystallinity was suppressed in
the presence of F-MWNTs. The thermal stabilities of PMMA/PEO
blend were improved by incorporation of F-MWNTs.

Key words: Polymer blends, Multiwalled carbon nanotubes, Com-
posites, spherulites.

Resumen. Poli (metacrilato de metilo) (PMMA)/6xido de etileno Poli
(PEO) (15% en peso. PMMA/85% en peso PEO (PMMA/PEO-A) y
30 en peso PMMA/70% en peso.% PEO (PMMA/PEO-B)), mezclas y
nanotubos de carbono de pared multiple funcionalizados (F-MWNTs)
PMMA/PEO-A y PMMA/PEO-B fueron preparados mediante la téc-
nica de fundicion solucién. El estudio morfolégico mostrd la forma-
cion de grietas en la mezcla F-MWNTs/PMMA/PEO. Las propiedades
mecanicas de mezcla PMMA/PEO se redujeron mediante la incorpora-
ciéon de F-MWNT, lo que podria deberse a una menor compatibilidad
entre F-MWNT y de las mezclas de PMMA/PEO. PEO por cristaliza-
cién mostrd esferulitas de distintos tamafios, que disminuyeron en la
incorporacién de F-MWNT (efecto de nucleacion de FMWNTs). La
difraccion de rayos X (DRX) revelaron que la intensidad de los picos
disminuy6 mediante la incorporacion de nanotubos, lo que significa
que la cristalinidad de PEO fue suprimida en presencia de F-MWNT.
Las estabilidades térmicas de mezcla de PMMA/PEO se mejoraron
mediante la incorporacion de F-MWNT.

Palabras clave: Mezcla polimérica, nanotubos de carbono multicapas,
compositos, esferulitas.

Introduction

Carbon nanotubes (CNTs) were discovered in 1991 by S. Ii-
jema [1]. CNTs have unique thermal, mechanical, electrical,
and magnetic properties, high flexibility, low density, large
surface area per gram and high resistance toward chemicals.
The thermal conductivity for both SWNTs and MWNTs is 3000
W m™! K™!, which is twice as compared to diamond. CNTs
have high elastic modulus (1 TPa for SWNTs and 0.3-1 TPa for
MWNTs). The electric current capacity of CNTs is 1000 time
greater than copper wire. The density of SWNTs and MWNTSs
is 0.8 and 1.80 g/cm?, respectively. Specific surface area of
CNTs is 10-20 m?/g [2, 3]. Due to these outstanding properties,
CNTs are consider as important reinforcing materials in poly-
meric matrixes, actuators, hydrogen storage, chemical sensors,
field emission displays, transistors, biomedical applications,
advance materials for acrospace and nanoelectronic devices [4-
7]. Although, CNTs have unique properties in various fields but
the dispersion of CNTs is problem in various types of solvents
and polymeric materials. To overcome this problem various
approaches are used to get better dispersion of CNTs such as
chemical functionalization, wrapping, electrospinning, and use
of surfactants [8-11].

Polymers have different physical, thermal, electrical and
mechanical properties, which depends upon the nature of the
polymer. To achieve the required valuable properties, blending
is suitable technique, in which two/more polymers uniformly

mixed with each other.

The blending process is very attractive because of its versa-
tility, simplicity, inexpensiveness and producing new polymer-
ic materials with modified properties (morphological, thermal,
mechanical, electrical or degradation behaviour can be change
by a favourable choice of the second component of the blend)
without having to synthesize totally new materials. Blending
technology has important and valuable applications in various
fields of science and engineering. Various research groups pre-
pared polymer-polymer blend and reinforcing materials (CNTs,
carbon fibers etc.) filled polymer blend. Wu and Shaw, pre-
pared four different polymer blends and incorporated CNTs in
these blends and found that CNTs-filled polymer blend show
high electrical conductivity and high mechanical properties as
compared to pure polymer blends [12]. Chen et al. prepared
carbon fiber reinforced polyamide 66/polyphenylene sulfide
blend composite, which significantly enhanced the mechani-
cal properties of the polymer blend [13]. The polymer blend
system can also be applied for preparation of solid polymer
electrolyte by incorporating ionic liquid in suitable polymer
matrix [14, 15].

In the present study, we used F-MWNTs as filler in PM-
MA/PEO blends in order to study the effects of nanotubes on
various properties of PMMA/PEO blends. The films of pure
blend and F-MWNTs filled blend were prepared by solution
casting technique. The morphology, thermal and mechanical
properties of PMMA/PEO blends and F-MWNTs filled PM-
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MA/PEO composite were studied via scanning electron mi-
croscopy (SEM), POM, thermogravometric analyzer (TGA),
universal testing machine (UTM).

Results and Discussion
Morphology of F-MWNTs/PMMA/PEO composite

Fig. 1 show the SEM micrograph of PMMA/PEO-A and PM-
MA/PEO-B blends and F-MWNTs (6 wt %)/PMMA/PEO-A
and F-MWNTs (6 wt %)/PMMA/PEO-B composite. The SEM
images (Fig. 1a and c) of pure PMMA/PEO blend show that
there is no phase separation between PMMA and PEO, which
indicates that PMMA is miscible with PEO. The miscibility of
PMMA with PEO might be due to the interactions between the
carbonyl carbon atoms of PMMA and the oxygen atoms of PEO
(might be due to the trans estrification) [16].

The SEM micrographs of F-MWNTs filled PMMA/PEO-
A and PMMA/PEO-B nanocomposite are shown in Fig.1b and
d. The SEM images showed that the agglomeration/cracks are
formed within the F-MWNTs filled PMMA/PEO-A and PM-
MA/PEO-B nanocomposite films while such types of cracks
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are not observed within the pure polymer blends system. The
agglomeration/cracks formation might be due to less compat-
ibility between F-MWNTs and PMMA/PEO-A and PMMA/
PEO-B blends.

Thermal study of PMMA/PEO blend and
F-MWNTs/PMMA/PEQO nanocomposites

The TGA thermograms of PMMA/PEO-A and PMMA/PEO-B,
F-MWNTs (3 and 6 % wt) filled PMMA/PEO-A and PMMA/
PEO-B blend are shown in Fig. 2 and 3. TGA curves (Fig. 2)
shows that the PMMA/PEO-A blend remained stable at 250
°C. The weight loss is started at about 260 °C and decom-
posed completely at 520 °C. Fig. 2 also illustrate TG thermo-
gram of F-MWNTs/PMMA/PEO-A composite, which showed
higher thermal stability than pure PMMA/PEO-A blend. The
F-MWNTs (3 % wt)/PMMA/PEO-A composite started weight
loss at about 260 °C and decomposed at about 530 °C, which
was about 10 °C higher than pure PMMA/PEO-A blend. The
F-MWNTs (6 % wt)/PMMA/PEO-A composite started thermal
degradation at about 310 °C and decomposed completely at
about 540 °C, which showed about 20 °C higher thermal deg-
radation than pure PMMA/PEO-A blend.

Fig. 1. SEM images of fracture surfaces (a) PMMA/PEO-A and (b) F-MWNTs (6 wt %)/PMMA/PEO-A, (¢) PMMA/PEO-B and (d) F-MWNTs
(6 wt %)/PMMA/PEO-B composite blends.
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Fig. 2. TGA thermograms of PMMA/PEO-A blend, 3% F-MWNTs
filled PMMA/PEO-A blend and 6% F-MMWNTs filled PMMA/PEO-
A blend.

Fig. 3 shows the thermal degradation of PMMA/PEO-B
blend and F-MWNTs (3 and 6 % wt)/PMMA/PEO-B nanocom-
posite. The PMMA/PEO-B started weight loss at about 280 °C
and decomposed completely at about 530 °C. The F-MWNTs
(3 % wt)/PMMA/PEO-B composite started weight loss at about
340 °C and decomposed at about 540 °C. Similarly, the F-
MWNTs (6 % wt)/PMMA/PEO-B composite started weight
loss at about 340 °C and decomposed at about 550 °C. The
TGA thermograms showed that the incorporation of F-MWNTs
enhanced the thermal stability of the PMMA/PEO-B blend.
The residual amounts, which represent the F-MWNTs in the
composites, are remained at higher temperature.

Mechanical properties of PMMA/PEO-A, PMMA/PEO-B,
and F-MWNTs-filled PMMA/PEO-A and
PMMA/PEO-B composites

The mechanical properties of PMMA/PEO-A, PMMA/PEO-
B and F-MWNTs filled PMMA/PEO-A and PMMA/PEO-B
blend are listed in tables 1 and 2. Table 1 show that the tensile
strength, modulus and elongation at break of pure PMMA/
PEO-A blend was 12.9 N/mm?, 385.50 N/mm? and 58.3 %,
respectively. Table 1 also shows that the mechanical properties
of the PMMA/PEO-A were decreased when F-MWNTs were
added to the blend system. The tensile strength and moduli
of F-MWNTs filled PMMA/PEO-A blend was decreased in
the range of 5-6 N/mm? and 73-144 N/mm?, respectively. The
elongation at break (show the flexibility) was also decreased
in the case of F-MWNTs filled PMMA/PEO-A (4-37 %) than
pure PMMA/PEO-A.

Table 2 shows the mechanical properties of PMMA/PEO-
B and F-MWNTs filled PMMA/PEO-B, which also presented

100

F-MWNTs (6wt%)PMMA/PEO-B
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Fig. 3. TGA thermograms of PMMA/PEO-B blend, 3% F-MWNTs
filled PMMA/PEO-B blend and 6% F-MWNTs filled PMMA/PEO-B
blend.

that the mechanical properties of pure PMMA/PEO-B blend
was higher than F-MWNTs filled PMMA/PEO-B blends. The
lower mechanical properties of the F-MWNTs filled PMMA/
PEO-A and PMMA/PEO-B blends was due to the presence of
cracks within the samples, which was not observed in the case
of pure PMMA/PEO-A and PMMA/PEO-B blends (Fig. 1a and
b). The other reason for the decreased of mechanical properties
is the less compatibly of CNTs with PMMA/PEO blend. Wu
and Shaw were also observed the decrease in mechanical prop-
erties of CNTs-filled PET/PVDF blends. They reported that
the cracks formation is responsible for the suppressing of the
mechanical properties of CNTs-filled PET/PVDF blends [17].

POM study PMMA/PEO-A, PMMA/PEO-B, and
F-MWNTs filled nanocomposites of PMMA/PEO-A
and PMMA/PEO-B

The effect of PMMA and F-MWNTs on the spherulites of PEO
is shown in Fig. 4. The Fig. 4 (a) presented that pure PEO upon
cooling showed distinct sized crystalline spherulites. The size
of spherulites in pure PEO film is in the range of 20-50 um and
has similar arrangement. The POM images also showed that the
size of spherulites were decreased in both PMMA/PEO-A and
PMMA/PEO-B blends gradually when PMMA (amorphous
polymer) was incorporated in PEO (Fig. 4b and e). The de-
crease in size of spherulites is due to inter molecular interaction
on crystallization behaviour of two polymers [18].

It was also found that the size of spherulites are decreased
at regular pattern in 3 and 6% wt F-MWNTs/PMMA/PEO-A
composites and 3 and 6% wt F-MWNTs/PMMA/PEO-B nano-
composites, which might be due to nucleation role of F-MWNTs
in F-MWNTs/PMMA/PEO-A and F-MWNTs/PMMA/PEO-B
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Fig. 4. POM images of (a) pure PEO, (b) PMMA/PEO-A blend, (¢) F-MWNTs(3 wt%)/ PMMA/PEO-A blend and (d) F-MWNTs(6 wt%)/
PMMA/PEO-A, (¢) PMMA/PEO-B blend, (f) F-MWNTSs(3 wi%)/ PMMA/PEO-B blend and (g) F-MWNTSs(6 wt%)/ PMMA/PEO-B.
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Table 1. Mechanical properties of PMMA/PEO-A, F-MWNTs (1 wt%)/ PMMA/PEO-A and F-MWNTs (3 wt%)/ PMMA/PEO-A.

Sample Tensile-Strength Modulus Elongation at Break
(N/mm?) (N/mm?) (%)
PMMA/PEO-A 12.9 385.5 58.3
F-MWNTs (3 wt%)/ PMMA/PEO-A 7.1 312.4 56.5
F-MWNTs (6 wt%)/ PMMA/PEO-A 6.9 241.0 21.0

Table 2. Mechanical properties of PMMA/PEO-B, F-MWNTs (1 wt%)/ PMMA/PEO-B and F-MWNTs (3 wt%)/ PMMA/PEO-B.

Sample Tensile-Strength Modulus Elongation at Break
(N/mm?) (N/mm?) (%)
PMMA/PEO-B 13.1 298.9 33.1
F-MWNTs (3 wt%)/ PMMA/PEO-B 10.0 469.1 12.2
F-MWNTs (6 wt%)/ PMMA/PEO-B 8.2 465.1 3.6

nanocomposites. The decreased in size of spherulites was also
observed by Saeed ef al. [19] in case of MWNTSs/PCL.

XRD Study

The XRD patterns of PMMA/PEO-A and PMMA/PEO-B, F-
MWNTs (3 and 6 % wt) filled PMMA/PEO-A and PMMA/
PEO-B are shown in Fig. 5 and 6. The PMMA/PEO-A and
PMMA/PEO-B demonstrates two prominent diffraction peaks
with diffraction angles 20 close to 19.2° and 23.5°, which are
the characteristics of crystalline PEO. The XRD patterns pre-
sented that the characteristic peaks of PEO are preserved in
the case of the blend as well as in F-MWNTs-filled blend.
However, the intensity of diffraction peaks decreased by ad-
dition of nanotubes, which means that the PEO crystallinity
was suppressed in the presence of F-MWNTs. The suppressed
crystallinity of PEO is in complete agreement with that of POM

(a)
Whoiheg
(b)

20 (Degree)

Fig. 5. XRD patterns of (a) PMMA/PEO-A blend and (b) F-MWNTs(6
wt%)/ PMMA/PEO-A.

results. Similarly, Ghelichi et al. [20] reported similar XRD
patterns for pure PMMA/PEO blend. They were also found that
the intensity of the diffraction peaks decreased when lithium
salt was incorporated in the blend system.

Experimental
Materials

The PEO (average molecular weight 6,000,000) and PMMA
were purchased from Aldrich. The chloroform was purchased
from BDH and was used as received. The MWNTSs were pro-
vided by Iljin Nanotech and prepared by thermal chemical
vapour deposition (CVD). Diameter and length of the CVD
MWNT were 10-20 nm and 10-50 um respectively, and its
purity was higher than 97 wt %. The MWNTs were func-

(@)

(b)

T T T T T T
10 15 20 25 20 35 40

20 (Degree)

Fig. 6. XRD patterns of (a) PMMA/PEO-B blend and (b) F-MWNTs(6
wt%)/ PMMA/PEO-B.
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tionalized by the same method as discussed somewhere else
[21].

Preparation of PMMA/PEO blend

The PMMA/PEO-A blend solution was prepared in chloroform
at room temperature. The solution was stirred for 4 h in order
to get homogeneous solution. The film of PMMA/PEO-A was
obtained after the complete evaporation of solvent. The same
method was used for the preparation of PMMA/PEO-B blends.

Preparation of F-MWNTs/PMMA/PEO composite

The known amount of F-MWNTs was first dispersed in 10 mL
chloroform in the presence of minute quantity of Poly ethylene
glycol (PEQG) via stirring (15 min) and then sonicated (Power
Sonic 405, Hwashin, Technology Co.) for 40 min. The homog-
enous dispersed F-MWNTs were introduced in known amount
of PMMA/PEO solution. The F-MWNTs/PMMA/PEO solu-
tion was stirred for 5 min and then sonicated for 1 h. The 1wt
% F-MWNTs/PMMA/PEO-A composite films were obtained
by complete evaporation of solvent at room temperature. The
same procedure was used to prepared 3 and 6 wt % F-MWNTs/
PMMA/PEO-A composite films. Similarly, 1, 3 and 6 wt % F-
MWNTs/PMMA/PEO-B composite films were also prepared
by the same method.

Instrumentation

The morphological study of gold-coated fracture surfaces of
PMMA/PEO blend and F-MWNTs/PMMA/PEO composites
(broken in nitrogen atmosphere) were analyzed using JEOL,
JSM-5910 Scanning Electron Microscope. The TG thermo-
grams of PMMA/PEO blends and their F-MWNTs/PMMA/
PEO composites were obtained in nitrogen atmosphere at heat-
ing rate of 20 °C/min from room temperature to 800 °C using
TGA (TG/DTA, Perkin Elmer). The mechanical properties of
PMMA/PEO blends and F-MWNTs/PMMA/PEO composites
were analyzed using UTM (Model 100-500 KN, Iestomeric
Inc. UK). The study was performed at room temperature with
a crosshead speed of 50 mm/min. The dimensions of sample
were 70.9 (gauge length) x 27 (width)x 0.1 (thickness) mm.
The POM study of pure blend and F-MWNTs/PMMA/PEO
was performed using Optika B-600 POL POM. The sample
was melt on heater and squeeze between two glass slides for
10 min.

Conclusion

In this study PMMA/PEO blends and F-MWNTs/PMMA/PEO
composites were prepared via solution casting technique. The
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morphological study presented that F-MWNTs were embedded
in PMMA/PEO-A and PMMA/PEO-B blends. The SEM im-
ages of F-MWNTs filled PMMA/PEO-A and PMMA/PEO-B
showed cracks formation in these blend systems, which might
be less compatibility between F-MWNTs with PMMA/PEO-A
and PMMA/PEO-B blends. The POM study showed that the
pure PEO having spherulites size from 20-50 pm. The sizes
of these spherulites were decreased by the addition of PMMA
and F-MWNTs in PEO. The decreased in the size of spheru-
lites might be due to the nucleation role of F-MWNTs. It was
also found that the thermal stabilities of PMMA/PEO-A and
PMMA/PEO-B blends were increased by the incorporation of
F-MWNTs while the mechanical properties were decreased.
The decrease in mechanical properties might be due to the
less compatibility between F-MWNTs and PMMA/PEO-A and
PMMA/PEO-B polymer blends.
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