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Introduction

Reactive blending has been quite useful for developing new materials with desirable properties, and much research has done in this area.1, 2  The properties of a blend are governed by its morphology and interfacial properties such as interfacial tension and adhesion; therefore, the control of morphology and interfacial properties becomes important to designing a blend with desirable properties.  For a reactive blend, morphology and interfacial properties are affected by copolymers formed in-situ at the interface during the mixing in addition to rheological properties of blend components and processing conditions.  

In this study, we have focused on the effect of the concentration, molecular weight, and structure of the graft copolymers formed in-situ in an immiscible polymer blend on the blend morphology and interfacial properties.  The blend system employed in this study was 75/25 wt/wt poly(methyl methacrylate)(PMMA)/mono-carboxylated polystyrene (PS-mCOOH).  Two poly(methyl methacrylate-ran-glycidyl methacrylate)s (PMMA-GMA)s with different amount of GMA [2 mol % of GMA (PMMA-GMA2) and 0.3 mol % GMA (PMMA-GMA0.3)] were used as in-situ compatibilizers.  Also, we have studied the effect of the amount of the in-situ compatibilizer, poly(styrene-ran-glycidyl methacrylate) (PS-GMA) on the interfacial tension of polystyrene (PS) and poly(butylene terephthalate) (PBT) by the Newman triangle method. 

Experimental 

 The molecular characteristics of polymers employed in this study is given in Table 1. 75/25 wt/wt PS-mCOOH/PMMA blends with various amounts of PMMA-GMA were 
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prepared by two different blending methods: one was one-step mixing in which three blend components were put into the mixer at the same time, and the other was two-step mixing where the pre-mixed (PMMA+PMMA-GMA) and PS-mCOOH were melt-blended.
Symbol
Trade name, supplier
Mn
Mw/Mn
Number of 

reactant groups per chain

PMMA
Polyscience
31,000
2.3


PMMA-GMA0.3
Solution polymerization
76,000
1.46
2.6

PMMA-GMA2
Solution polymerization
67,000
1.38
12.7

PS-mCOOH
Aldrich
140,000
1.32
~1

PBT
HV1010, LG Chem. Co.
25,000
2.2
1.6

PS
GP-125, Miwon Petrochemical
55,000
3.6


PS-GMA
Suspension polymerization
46,000
2.5
6.4

A Solvent extraction method using by a selective solvent was employed to separate the graft copolymers formed in-situ from the blend.  The concentration and the MW of graft copolymers formed in-situ in the blend were measured using nuclear magnetic resonance (NMR) spectroscopy and size exclusion chromatography (SEC), respectively.

For the measurement of the interfacial tension of PBT and PS with various amounts of PS-GMA by the NT, the PS phase with PS-GMA and PMMA were compression molded to 1.2 mm thickness plates.  A small piece of PBT in a cylindrical shape with the ratio of length to diameter of about 1 was prepared, and was sandwiched between (PS+PS-GMA) and PMMA plates.  This sandwiched sample was annealed in the heating block at 240 oC for 30 min under nitrogen atmosphere, followed by quenched into cold water.  The cross section of the annealed sample was observed by optical microscope (OM). 

Results and Discussion

Figure 1 shows the SEM images of 75/25 wt/wt PS-mCOOH/PMMA blend with the amounts of PMMA-GMA prepared by melt blending.  PMMA-GMA2 and PMMA-GMA0.3 have 12.7 and 2.6 GMAs per a chain, respectively.  Also the number average molecular weights (Mn) of PMMA-GMA2 and PMMA-GMA0.3 are 67,000 and 76,000, respectively.  The mol of GMA in PMMA phase of 75/25 wt/wt PS-mCOOH/PMMA-GMA0.3 is 8.5 x 10-6 mol.  This is equivalent with the mol of GMA in the 75/25 wt/wt PS-mCOOH/(PMMA+PMMA-GMA2) blend consisting of 18.6 wt % of PMMA-GMA2 in the PMMA phse.  It is seen from Figure 1 that for the melt blended samples of (PMMA+PMMA-GMA)/PS-mCOOH, the sizes of the dispersed phase are different even though the concentrations of GMA in the blends are same.  The size of the disperse phase of the blend with 100 wt % (or 50 wt %) of PMMA-GMA0.3 in PMMA phase is smaller than that of the blend with 18.06 wt % (or 9.03 wt %) of PMMA-GMA2 in PMMA phase.  Therefore, it can be concluded that larger amounts of an in-situ compatibilizer with fewer reactive groups per a chain is better in the efficiency of reducing the dispersed domains, compared with the case of smaller amounts but more reactive groups. 
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Figure 2 gives the cross section of the sandwiched samples of PMMA (lower part) /PBT(middle part)/PS with various amounts of PS-GMA (upper part) annealed at 240 oC for 30 min.  When the amount of PS-GMA in the PS phase increased, the line exhibiting the interface between PMMA and PS phases moved down toward the lower phase, and a sphere-like shape of the PBT phase changed to an elliptical one.  This is due to the fact that since the interfacial tension between PS and PBT, PS/PBT is larger than PBT/PMMA for the case without PS-GMA, most PBT are located at the PMMA phase to reduce the interfacial energy.  However, with increasing the PS-GMA, the in-situ formed PS-g-PBT reduced the interfacial tension between PBT and PS phase, thus the PBT phase moved toward the PS phase.  
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Figure 1. SEM images of 75/25 wt/wt PS-mCOOH/(PMMA+PMMA-GMA) prepared by melt blending. The amount of PMMA-GMA is : (a) and (c) 100 wt % and 50 wt % of PMMA-GMA0.3, respectively, and (b) and (d) 18.06 wt % and 9.03 wt % of PMMA-GMA2, respectively, based on total PMMA phase.     
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Figure 2. Cross sectional view of NT samples of PMMA (lower part)/PBT(middle part)/PS with various amounts of PS-GMA (upper part). The amounts of PS-GMA are (a) 0 wt %; (b) 0.4 wt %; (c) 1.0 wt %; and (d) 5.0 wt %.





Table 1. Molecular Charateristics of Polymers
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