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Abstract The PMMA (polymethyl methacrylate)/clay nanocomposites were synthesized by in situ radical polymerizations
with different clay contents (3 and 7 wt%) using microwave heating. The nanostructure, optical, and thermal properties of
the synthesized PMMA/clay nanocomposites were measured by XRD, TEM, AFM, UV-vis, and TGA. It was found that
the intercalated- or exfoliated structure of PMMA/clay nanocomposites was strongly dependent on the content of clay.
Thus, the imposition of microwave-assisted polymerization facilitated a delamination process of layered silicates to achieve
exfoliation state of interlayer distance. The PMMA/3 wt% C10A nanocomposite with well-dispersed and exfoliated clay
nano-layers showed the good optical transparency similar to pure PMMA in this study. The thermal decomposition rates of
the PMMA/clay nanocomposites become to be lower compared to that of the pure PMMA, indicating the intercalated- or
exfoliated inorganic silicate has high thermal stability. A possible reason is that the thermally segmental motion of PMMA
polymer into inorganic silicate interlayer spacing has increased the thermal stability of the PMMA/clay nanocomposites.
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1. Introduction

Polymer/clay nanocomposites (PCN) have been widely

investigated because they usually exhibit remarkably

improved functional properties such as excellent mechan-

ical, thermal stability, bio-functional properties, etc.,

compared with pure polymeric materials [1-6].

Poly(methyl methacrylate) (PMMA), one of the ther-

moplastic materials, is widely used in an application of

polymer processing operations in electronics, optics, and

medicine. This is a transparent, hard, and stiff material

with good ultraviolet stability and low water absorption

[7]. However, thermoplastic PMMA has low impact

strength and heat distortion temperature. In order to

solve this problem, PMMA/clay nanocomposites have

been developed using polymer melt intercalation and in-

situ intercalative polymerization with organo-modified

clay. The partial exfoliated- or intercalated structures of

nanocomposites have been showed advanced thermal

and mechanical properties, and similar optical clarity

compared with pure PMMA [8-13].

Microwave irradiation has been developed into a highly

useful technique and has become an effective alterna-

tive energy source for polymer synthesis and process-

ing [14-17]. Recently, microwave irradiation processes

have been used to prepare polymer/clay nanocompos-

ites with exfoliated or intercalated nanostructure [18-21].

For polycarbonate (PC) and poly(ε-caprolactone) (PCL)

of nanocomposites, the microwave heating method

showed unique advantages over the conventional meth-

ods [19, 21]. However, there have been few works on

polymeric type of nanocomposites besides its intensive

applications in polymerizations.

In this work, we successfully synthesized the interca-

lated- and exfoliated PMMA/clay nanocomposites using

the microwave-assisted in situ radical polymerization

(MRP). The effects of the clay on the nanostructure,

thermal and optical properties of the nanocomposites

were characterized.

2. Experimental Methods

The organophilic clay modified by quaternary ammo-

nium cations containing hydroxyl groups (Cloisite 10A,

C10A) has been supplied by Southern Clay Products

(USA). In order to prepare the PMMA/clay nanocom-
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posites with two different clay contents, the desired

amount of the clay (3 and 7 wt%) was dispersed in

MMA (Methymethacrylate) (Junsei Chemicals, Japan)

with 0.1 wt% azobisisobutyronitrile (AIBN) as an initia-

tor. The polymerization of MMA was carried out with a

preset microwave power, and then stopped at desired

time by cooling. The reaction was fully maintained for

1 h with irradiation power of 200 W.

The phase analysis and microstructure of the synthe-

sized PMMA/clay nanocomposites was carried out using

an X-ray diffraction (XRD, D/max-IIA, Rigaku) and a

transmission electron microscopy (TEM, Philips CM200).

The XRD patterns were obtained with Ni filtered Cu K
α

radiation at a step size of 0.02
o
, scan rate of 2

o
/min,

voltage/current of 30 kV/25 mA. TEM specimens of

nanocomposites were obtained the thin-sectioned sam-

ples using an ultramicrotome equipment. The transpar-

ency of nanocomposites and homogeneity of the

disorderly exfoliated clay in PMMA matrix were exam-

ined by a UV-visible Spectrophotometer (UV-vis, Agi-

lent 8453) in wavelength range from 200 to 800 nm and

an atomic force microscopy (AFM, Park Systems XE-

100) in non-contact mode. To analyze the thermal prop-

erty of the synthesized PMMA/clay nanocomposites

with different clay contents, thermal gravimetric analy-

sis (TGA) is carried out with TA Instruments Q600 at a

heating rate of 10
o
C/min from 5

o
C to 550

o
C under a

nitrogen atmosphere.

3. Results and Discussion

XRD patterns for C10A, and PMMA/clay nanocom-

posites are shown in Fig. 1. The interlayer distance (d001,

i.e., basal spacing) of composites changed with two dif-

ferent clay contents (3 and 7 wt%). As shown in Fig.

1(b), the d (001) value of PMMA/clay nanocomposite

containing 7 wt% of C10A increased the interlayer spac-

ing compared to C10A, leading to a shift in the X-ray

diffraction peak toward a lower angle in which the peak

centered at 1.87 nm corresponding to organophilic clay

(Fig. 1(a)) was shifted to a new peak at 3.32 nm for the

PMMA/clay nanocomposites. In the case of PMMA/

clay nanocomposite containing 3 wt% of C10A (Fig.

1(c)), diffraction peak did not observe in the low angle

range. These results mean that PMMA are intercalated

between the organophilic clay interlayer by free radical

polymerization of monomer [8]. Thus, PMMA/clay

nanocomposite containing 3 wt% of organophilic clay

showed that the organophilic clay sheets could be exfo-

liated and randomly dispersed in the PMMA matrix

through the polymerization with the microwave energy

[19, 21].

Fig. 2 shows the proposed process of PMMA/clay

nanocomposites in the applied microwave-assisted

polymerization. In the presence of organophilic clay and

MMA, the formation of PMMA chains is able to exfoli-

ate the clay through radical polymerization of MMA

Fig. 2. Schematic illustration of microwave assisted polymerization of PMMA in clay gallery resulting in PMMA/clay nanocomposites.

Fig. 1. XRD patterns of (a) C10A, (b) PMMA/C10A (7 wt%),
and (c) PMMA/C10A (3 wt%) nanocomposites.
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and AIBN with microwave volume heating. This inter-

pretation can be evidenced by XRD and TEM results.

Fig. 3 shows the TEM images of the PMMA/clay

nanocomposites prepared by microwave assisted polym-

erization with two different C10A contents of 3 wt%

and 7 wt%. The white light area is the PMMA matrix

and the black line is made of the silicate layers. PMMA/

clay nanocomposite containing 3 wt% of C10A shows

that the nano-layer of clay (dark lines) was well dis-

persed in the PMMA (white part) matrix, indicating the

exfoliation state as shown in Fig. 2(a and b). This result

could be due to microwave energy assisted the delami-

nating process of layered silicate to achieve exfoliation

[19]. On the other hand, in the presence of organophilic

clay in liquid MMA, the hydroxyl groups existing in the

chemical structure of the quaternary ammonium cation

could be served as initiators such AIBN for radical

polymerization of MMA in layered silicate gallery [21].

However, PMMA/clay nanocomposite containing 7 wt%

of C10A exhibits the intercalated state, which is the

well-ordered layer of the clay. Although this nanocom-

posite does not show the full exfoliation of clay, we

believe that the microwave heating has been effective

for preparation of PMMA/clay nanocomposites.

The dispersion of clay particles in the nanocompos-

Fig. 3. TEM images of (a and b) PMMA/C10A (3 wt%), and (c and d) PMMA/C10A (7 wt%) nanocomposites (White allows
indicate silicate layers and inset image is magnified from dotted line of Fig. 2(d)).

Fig. 4. AFM height images (a and b) and UV-vis transmit-
tance spectra (c) of PMMA/C10A nanocomposites (White
allows indicate aggregated clay particles).
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ites of dip-coated thin films was determined by AFM

measurements. Fig. 4(a and b) shows the AFM height

images of the PMMA/clay nanocomposites with two

different organoclay contents of 3 wt% and 7 wt%. All

samples showed homogeneously dispersing regions of

clay. However, PMMA/clay nanocomposite containing

7 wt% of C10A showed morphology of clay particles

agglomerated. Fig. 4(c) shows the UV-visible transmis-

sion spectra of the PMMA/clay nanocomposite disks

with a thickness of 5 mm. PMMA/clay nanocomposite

containing 3 wt% of C10A showed result similar to high

transparency of pure PMMA in the visible light region.

In contrast, PMMA/clay nanocomposite containing 7 wt%

of C10A has very low transmittance, indicated the aggre-

gation of clay particle in PMMA matrix. These spectra

confirm that the transparency of these nanocomposites

decreased with increasing content of clay. Generally, the

high optical clarity of PMMA/clay nanocomposite can

be related from the disorderly exfoliated morphology.

Therefore, aggregation of intercalated clay in the PMMA

matrix is relatively smaller than the wavelength of visi-

ble light [12]. This result is amended with the XRD and

TEM results.

Fig. 5 presents the TGA thermograms of the pure

PMMA and PMMA/clay nanocomposites prepared by

microwave assisted polymerization with two different

C10A contents of 3 wt% and 7 wt%. As could be

expected from results XRD, TEM, AFM, and UV-vis,

the decomposition rates of the PMMA/clay nanocom-

posites become to be lower compared to that of the pure

PMMA, indicating the inorganic silicate has a high ther-

mal stability. A possible reason is that inorganic materi-

als with high thermal stability and the great barrier

properties of the nano-layers dispersed in the nanocom-

posites. Moreover, thermal decomposition behaviors of

PMMA between clay sheets due to the segmental motion

of into silicate interlayer spacing [2].

4. Conclusions

PMMA/clay nanocomposities were successfully syn-

thesized by microwave assisted in situ radical polymer-

ization. The intercalated or exfoliated nanostructure of

PMMA/clay nanocomposites was strongly dependent of

the content of organophilic clay (C10A). With micro-

wave energy, at lower C10A content of 3 wt%, the

nano-layer of clay was well-dispersed in the PMMA

matrix, indicating the exfoliation state. Nanocomposite

with homogeneously dispersed and exfoliated clay in

PMMA matrix showed the high optical transparency

similar to result of pure PMMA. The thermal decompo-

sition rate of the PMMA/clay nanocomposites become

to be lower compared to that of the pure PMMA, indi-

cating the inorganic silicate has a high thermally stabil-

ity. The improvement of thermal properties is attributed

to that the PMMA chains are fixed inside of the sheets

of the clay, and layers of the clay can effectively sup-

press quick transmit of the heat and segmental motions

of the polymer chains.
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