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1. Introduction

      Recently polymer and clay hybrid, called nanocomposite has been receiving special attention because of its various advantages in comparison to the traditional polymer composites. Common polymer composites usually involve high amount of inorganic filler (more than 10% by weight) for imparting desired mechanical properties. However, this high content of inorganic filler brings about the deteriorating properties such as the increase of product density and the loss of tenacity due to the interfacial incompatibility between organic polymer and inorganic filler. On the other hand, nanocomposites show enhanced mechanical and thermal properties at even small amount of clay because of the large contact area between polymer and clay through nano-scaled hybrid so that the nanocomposites are free from the above weak points of the traditional polymer composites [1,2]. 

   In this article we attempted to fabricate the nanocomposite of syndiotactic polystyrene (sPS)/clay system by melt intercalation. sPS has crystallinity and high melting point (about 270℃) due to its stereo-regularity [3]. However fabrication of nanocomposite by direct melt intercalation of sPS into organophilic clay has problems due to thermal instability of organic materials treated on inner layer surface of clay [4]. To solve this problem we approached indirect way such as melt intercalation of amorphous styrenic polymers into organophilic clay followed by blending with sPS. At first the thermal stability of amorphous styrenic polymers/clay nanocomposites is studied in order to confirm the possibility of the above fabrication method. And the microstructures of the fabricated sPS nanocomposites are investigated by X-ray diffraction and transmission electron microscope. The effect of mixing procedure on the properties of sPS nanocomposite is also investigated through two types of fabrication method, one is the step-wise mixing explained above and the other is the simultaneous mixing of all components.

2. Experimental

2.1. Materials

   sPS of which weight average molecular weight (Mw) was 313,200 was supplied by Samsung General Chem. aPS (Mw=412,000) was a commercial grade and SMA (Mw=224,000) in which the composition of maleic anhydride (MA) was 7wt% was purchased from Aldrich. SEBS-MA was the product of Shell Chem. in which 2wt% of maleic anhydride was grafted to ethylene-butylene block. The organophilic clay of montmorillonite type (Cloisite( 15A) was supplied by Southern Clay Co. 

2.2. Fabrication of nanocomposite

   In case of the step-wise mixing method, amorphous styrenic polymer and organophilic clay were mixed in Brabender roller mixer at temperature of 200℃ for 10minutes. sPS nanocomposite was fabricated by blending sPS with the above product at 280℃ for 5minutes. In case of the simultaneous mixing method all components of sPS, amorphous styrenic polymer and organophilic clay were mixed  together at room temperature then, melt mixed at 280℃ for 5minutes. For the thermal stability study, amorphous styrenic polymer /clay composite was heat-treated around sPS melting temperature. The amorphous styrenic polymer/clay composite fabricated in Brabender roller mixer was mixed once more in a small vial of mini molder (CSI co.) at 280℃.

2.3. Measurements

   X-ray diffraction (XRD) spectra were obtained using a Rigaku X-ray generator (CuK( radiation with (=1.5406Å) with 2( scan range of 0 to 10( at room temperature. 

3. Results and discussion

3.1. Thermal stability of amorphous styrenic polymers/clay nanocomposites

   The amorphous styrenic polymers/clay nanocomposites were fabricated as a first step of step-wise mixing method and their thermal stability was investigated. In case of aPS and SMA series, XRD patterns shows typical intercalated structure(Fig.1). The interlayer spacings of clay computed by Bragg’s law increase from 2.97nm to about 3.4nm, which is similar to the results by others [5]. After the heat treatment at 280℃, the intercalation peak for aPS nanocomposite is decreased and broadened. And a new peak considered as a contracted clay peak appeared around 2(=6.4( in case of nanocomposite with 30wt% clay. However in case of SMA the intercalation peak is more distinct than aPS after heat treatment. The intercalation peak of aPS nanocomposite almost disappeared with increasing heat treatment time whereas SMA nanocomposite retained its intercalation peak. It is known that aPS is intercalated in clay layer via weak Lewis acid/base interaction between phenyl group in aPS and clay surface [6]. Heat treatment weakens this interaction so that some portion of aPS exudes from the clay gallery, which leads to the decrease of interlayer spacing. On the other hand, maleic anhydride in SMA making a strong interaction with the hydroxide group in clay surface render the layered structure more firmly in spite of heat treatment. In case of SEBS-MA series the XRD patterns show no peak or broad peak meaning exfoliated or partially exfoliated structure. This is similar to the Hasegawa’s result which obtained the exfoliated polypropylene (PP) nanocomposite using maleic anhydride grafted PP (PP-MA) [7]. After heat treatment the exfoliated structure was retained in nanocomposites with 5wt% and 10wt% of clay. This means that already delaminated clay layers exist in individual layers in spite of heat treatment 

3.2. Microstructure of sPS nanocomposite
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Fig.1 XRD patterns of styrenic polymer nanocomposites with increasing heat treatment time, (a) aPS nanocomposite, (b) SMA nanocomposite and (c)SEBS-MA nanocomposite(number means the heat treatment time)

The composition of the sPS nanocomposites is revealed in Table 1. The XRD patterns of fabricated sPS nanocomposite in Fig.2, Fig.3 and Fig.4 show intercalation or exfoliation structures as expected in previous thermal stability experiment. In case of using aPS or SMA as an amorphous polymer, the intercalation peak with increased (001) d-space is observed. In SEBS-MA series, the exfoliation structure was obtained in nanocomposite with 3wt% organophilic clay. By the way, we could obtain one notable result that the XRD patterns of the nanocomposites by simultaneous mixing are almost same as those of nanocomposites by step-wise mixing. It is known that the kinetics of melt intercalation depends on the diffusion coefficient of polymer. In simultaneous mixing method the diffusion coefficient of amorphous polymer used here increases greatly due to high temperature so that the amorphous polymer may diffuse into the clay gallery very rapidly before the contraction of the interlayer spacing [8]. 

Table 1. The compositions of sPS nanocomposites and their d-space

Abbreviation
SPS

(wt%)
Amorphous styrenic polymer

(wt%)
Organo-philic clay, 15A(wt%)
Fabrication method
d-space

(nm)

SPS

SPAPS0

SPAPS3

SPAPS6

SPAPS9

SPAPS3-1

SPSMA0

SPSMA3

SPSMA6

SPSMA9

SPSMA3-1

SPKMA0

SPKMA3

SPKMA6

SPKMA9

SPKMA3-1
100

70

70

70

70

70

70

70

70

70

70

70

70

70

70

70
0

aPS 30

aPS 27

aPS 24

aPS 21

aPS 27

SMA 30

SMA 27

SMA 24

SMA 21

SMA 27

SEBS-MA 30

SEBS-MA 27

SEBS-MA 24

SEBS-MA 21

SEBS-MA 27
0

0

3

6

9

3

0

3

6

9

3

0

3

6

9

3
-

-

Stepwise

Stepwise

Stepwise

Simultaneous

-

Stepwise

Stepwise

Stepwise

Simultaneous

-

Stepwise

Stepwise

Stepwise

Simultaneous
-

-

3.52

3.44

3.60

3.56

-

3.25

3.33

3.29

3.33

-

exfoliation

3.37

3.38

exfoliation
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Fig.2 XRD patterns of sPS     Fig.3 XRD patterns of sPS     Fig.4 XRD patterns of sPS

nanocomposite using aPS      nanocomposite using SMA     nanocomposite using 

as amorphous polymer        as amorphous polymer         SEBS-MA as amorphous 

  polymer

4. Conclusions

   The fabrication of sPS nanocomposite was conducted by melt intercalation method. In order to avoid the thermal instability problem of organophilic clay, various amorphous styrenic polymers were introduced. By using amorphous styrenic polymers during melt mixing process, sPS nanocomposite could be obtained successfully in both fabrication methods, step-wise mixing method and simultaneous mixing method. The microstructures of the nanocomposites depend on the kind of amorphous styrenic polymers. Nanocomposites using SMA have firmer intercalation structure than those using aPS due to the interaction of maleic anhydride with layer surface of clay. And the exfoliated structure is obtained in nanocomposite using SEBS-MA. 
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