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Abstract

Polyacrylonitrile (PAN)/Na-montmorillonite (Na-MMT)/SiO, nanocomposites were prepared via in situ emulsion polymerization. X-ray
diffraction (XRD) results suggest that the Na-MMT layers are exfoliated during the polymerization process. As evidenced by the
transmission electron microscope (TEM), the Na-MMT and nano SiO, particles exhibit good dispersion in the polymer matrix. It was found
that the PAN/Na-MMT/SiO, nanocomposites exhibit considerably enhanced mechanical properties compared with the PAN/Na-MMT and

PAN/SiO, nanocomposites.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Nanocomposites are a class of hybrid materials com-
posed of organic polymer matrix imbedded with inorganic
materials which have at least one dimension in the
nanometer size range [1-4]. Among various nanocompo-
sites, much attention has been paid to polymer/Na-
montmorillonite (Na-MMT) nanocomposites, because they
have high stiffness [5,6], enhanced mechanical property [7—
11], high thermal stability [10,11], flame-retarding [2,12],
and better barrier properties [13-15] even with small
amount of silicate. These excellent properties result from
the silicate layers dispersed in continuous polymer matrix.
Choi et al. reported synthesis of exfoliated polyacrylonitrile
(PAN)/Na-MMT nanocomposites via emulsion polymeriz-
ation [7]. It was demonstrated that the Na-MMT can be
exfoliated during the polymerization. The obtained nano-
composites had enhanced storage modulus when compared
with pure PAN.
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Another importantly used nano material for the enhance-
ment is nano SiO, particle [16—19]. For instance, the yield
strength, yield strain, and tensile strength of the poly
(vinylidene fluoride-tetrafluoroethylene)/nano SiO, compo-
sites are considerably increased with respect to the matrix
polymer [18]. Dramatical improvement of the flame-
retarding and thermal properties are also reported for
poly(methyl methacrylate)/SiO, nanocomposites [19].

However, no studies on the nanocomposites containing
both Na-MMT and nano SiO, particle have been reported so
far. New reinforcement mechanism may emerge, when two
kinds of nano materials with different forms, layered and
particle are incorporated into the polymer matrix. In this
work, the polymer/Na-MMT/SiO, nanocomposites were
prepared via in situ emulsion polymerization. The polymer
matrix used in the present studies is polyacrylonitrile
(PAN). PAN is commonly used for fiber-spinning, raw
material for fabrication of carbon fiber [20], precursor for
high temperature superconductor [21], electrospinning of
nano fiber [22,23] and matrix of nanocomposites [7,24]. The
mechanical properties and morphologies of the obtained
nanocomposites were examined. Incorporation of Na-
MMT/Si0, into the PAN matrix results in a nanocomposite
with highly enhanced mechanical properties compared with
the PAN/Na-MMT and PAN/SiO, nanocomposites.
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2. Experimental

PAN/Na-MMT/Si0, nanocomposites were synthesized
through an emulsion polymerization of acrylonitrile in
presence of Na-MMT and SiO, dispersed in deionized
water. 2-Acrylamido-2-methyl-1-propanesulfonic acid
together with OP10 (polyoxyethylenealkylphenol ether)
were used as surfactants. X-ray diffraction (XRD) patterns
were obtained by using a Rigaku D/max-2550VB/PC
diffractometer with a scanning rate of 2°/min in a 26 range
of 1.5-10° under room temperature. The storage modulus E’
was obtained by a Rheogel-E4000 (UBM Co., Ltd) dynamic
analyzer from 40 to 200 °C with a heating rate of 3 °C/min at
2 Hz of frequency. The film specimens for the DMA tests
were obtained by redissolving the nanocomposites in DMF
then cast from the solution. The cast films were further dried
at 60 °C under vacuum for 48 h to remove the residual
solvent. The morphology of the nanocomposite was
observed after the redissolved nanocomposite solution
dried on the copper grid by JEM-1200-EXII transmission
electron microscope. The accelerating voltage is 120 kV.

3. Results and discussion

Fig. 1 shows the XRD diffraction patterns of Na-MMT
and PAN nanocomposites containing Na-MMT and Na-
MMT/Si0,. Pristine Na-MMT exhibits a diffraction peak of
the (001) plane at 5.7° in a 26 value, and its basal spacing is
1.55 nm (curve a). Curve b is the result obtained for PAN/
Na-MMT. No diffraction peak is shown, suggesting that the
Na-MMT layers are exfoliated. Choi et al. reported similar
results for PAN/Na-MMT nanocomposites [7]. According
to their studies, the basal space of the Na-MMT are enlarged
in the aqueous solution of AN with surfactant 2-acrylamido-
2-methyl-1-propanesulfonic acid. When polymerization
occurs, the Na-MMT layers can be fully exfoliated. Curve
c gives typical XRD patterns of PAN/Na-MMT/SiO,. The
XRD results suggest that the Na-MMT layers are also
exfoliated as indicated by the disappearance of the Na-
MMT diffraction peak in curve c.
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Fig. 1. X-ray diffraction patterns of pristine Na-MMT (a), PAN/Na-MMT
with 4.0 wt% Na-MMT (b), and PAN/Na-MMT/SiO, with 2.0 wt% Na-
MMT and 2.0 wt% SiO (c).
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Fig. 2. Dependence of storage modulus E’ (50 °C) on the content of nano
materials for PAN/SiO, (O), PAN/Na-MMT ([J) and PAN/Na-MMT/
SiO, (A). For the PAN/Na-MMT/SiO,, the Na-MMT/SiO, weight ratio is
maintained at 1:1.

Shown in Fig. 2 is a plot where the storage moduli, E', at
50°C of the PAN/SiO,, PAN/Na-MMT, and PAN/Na-
MMTY/SiO, nanocomposites are plotted against the total
nano material loadings (Na-MMT + SiQO,). For all the three
systems examined, the storage modulus increases with
increasing the nano material content to a maximum value,
and then followed by a decrease. At a fixed nano material
content, the PAN/Na-MMT/SiO, nanocomposites exhibit
the highest elevated moduli among the three kinds of
nanocomposites.

Further results regarding the reinforcement effect of
incorporating Na-MMT/SiO, into the PAN matrix are
demonstrated in Fig. 3 where the total nano material
loadings are maintained at 4.0 wt%. For comparison, the
results obtained for pure PAN, PAN/Na-MMT, and PAN/
SiO, are also included. The E’ values of the nanocomposites
are higher than that of pure PAN over the entire range of
temperature. The reinforcement effect of the Na-MMT/SiO,
binary system is considerably better than that of either Na-
MMT or SiO,. With changing the Na-MMT/SiO, weight
ratio from 4:6 to 7:3, the E’ value increases first, and then
decreases. The E’ value at 50 °C of the nanocomposite
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Fig. 3. Dependence of storage modulus E' on temperature for PAN matrix
(a), PAN/Na-MMT with 4.0 wt% Na-MMT (b), PAN/SiO, with 4.0 wt%
Si0, (c) and PAN/Na-MMT/SiO, with 2.8 wt% Na-MMT and 1.2 wt%
Si0, (d), with 1.6 wt% Na-MMT and 2.4 wt% SiO; (e), with 2.0 wt% Na-
MMT and 2.0 wt% SiO; (f).
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Fig. 4. TEM micrograph of PAN/Na-MMT/SiO, with 2.0 wt% Na-MMT
and 2.0 wt% SiO..

containing 2.0 wt% Na-MMT and 2.0 wt% SiO, is 535.7%
higher than that of the pure PAN, 381.1 and 196.7% higher
than those of PAN/Na-MMT and PAN/SiO, nanocompo-
sites, respectively.

Typical TEM photograph of PAN/Na-MMT/SiO, nano-
composite is given in Fig. 4. The dark slices stand for Na-
MMT layers while the spherical dark particles are SiO,. The
PAN matrix appears as light region. The Na-MMT layers
together with the SiO, particles show a good dispersion in
the PAN matrix.

For the PAN/Na-MMT nanocomposites, the enhance-
ment of the storage modulus results from the delamination
of the silicates in the PAN matrix and the strong interactions
between the polymer chains and the Na-MMT layers [7,8].
However, due to the strip shape of the Na-MMT layers, the
reinforcement could be anisotropic. The crack along the
direction of Na-MMT layers may not be resisted. Introduc-
tion of the SiO, particles dispersed in the nano scale could
bridge the cracks which are not stopped by the Na-MMT
layers. Coexistence of the Na-MMT layers and the nano

Si0, particles could give rise to a considerably enhanced
mechanical properties of PAN/Na-MMT/SiO, with respect
to the PAN/Na-MMT and PAN/SiO, nanocomposites.

Acknowledgements

This work was supported by Shanghai Nano Project
(0252 nm009). Supports from the National Natural Science
Foundation of China (50273011) and Shanghai Shuguang
Project (02SG025) are also appreciated.

References

[1] Pinnavaia TJ. Science 1983;220:365-71.
[2] GilmanJW, Jackson CL, Morgan AB. Chem Mater 2000;12:1866—73.
[3] Giannelis EP. Adv Mater 1996;8:29-35.
[4] Bergman JS, Chen H, Giannelis EP. Chem Commun 1999;2179-80.
[5] Usuki A, Kojima Y, Kawasumi M. J Mater Res 1993;8:1179-84.
[6] Kojima Y, Usuki A, Kawasumi M. J Mater Res 1993;8:1185-9.
[7]1 Choi YS, Wang KH, Xu M, Chun 1J. Chem Mater 2002;14:2936-9.
[8] Choi YS, Choi MH, Wang KH. Macromolecules 2001;34:8978-85.
[9] Krikorian V, Kurian M. J Polym Sci, Part B: Polym Phys 2002;40:
2579-86.
[10] Strawhecker KE, Manias E. Chem Mater 2000;12:2943-9.
[11] Tyan H, Leu C, Wei K. Chem Mater 2001;13:222-6.
[12] Hsiue GH, Liu YL, Liao HH. J Polym Sci, Part A: Polym Chem 2001;
39:986-96.
[13] Kato M, Usuki A. Materiaru Raifu 1999;11:62-5.
[14] Wang Z, Pinnavaia TJ. Chem Mater 1998;10:3769-71.
[15] Ji X, Hampsey JE, Hu Q. Chem Mater 2003;15:3656-62.
[16] Jang J, Park H. J Appl Polym Sci 2002;83:1817-23.
[17] Hajji P, David L, Gerard JF, Pascault JP. J Polym Sci, Part B: Polym
Phys 1999;37:3172-87.
[18] Cho WJ, Sul KI. Polymer 2001;42:727-36.
[19] Morgan AB, Antonucci JM, VanLandingham MR, Harris RH,
Kashiwagi T. Polym Mater Sci Eng 2000;83:57-8.
[20] Rangarajan P, Bhanu VA, Godshall D, Wilkes GL, McGrath JE,
Baird DG. Polymer 2002;43:2699-709.
[21] Silverstein MS, Najary Y, Lumelsky Y, Lampe I, Grader GS,
Shter GE. Polymer 2004;45:937-47.
[22] Qin XH, Wan YQ, He JH, Zhang J, YuJY, Wang SY. Polymer 2004;
45:6409-13.
[23] Fennessey SF, Farris RJ. Polymer 2004;45:4217-25.
[24] Guo H, Sreekumar TV, Liu T, Minus M, Kumar S. Polymer 2005;46:
3001-5.



	Novel polyacrylonitrile nanocomposites containing Na-montmorillonite and nano SiO2 particle
	Introduction
	Experimental
	Results and discussion
	Acknowledgements
	References


