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Introduction

  The morphological development of polymer blends has long been investigated since it significantly affects the final mechanical properties.  It is found that the major reduction of the dispersed phase size during a melt blending occurs at an initial stage of less than 1 - 2 min.1-3   For reactive blends, reaction kinetics should be considered. If the reaction rate is much faster than the morphological development rate, the size of the dispersed phase will be very small compared to that of micro-phase separated block copolymer.4,5  However, in spite of its importance, there has been little research on the effect of reaction rate on the morphology of a reactive blend.  According to the theories on reaction kinetics at polymer interfaces, the reaction rate constant k is expressed differently depending on the chain dynamics and the reactivity.  For sufficiently large reactivity the reaction kinetics is diffusion controlled, but mean field kinetics is applied to the small reactivity for both the Rouse and reptation regimes.

  In this study we investigated the effect of the reaction rate on the morphology of a reactive blend consisting of mono-carboxylated polystyrene (PS-mCOOH) and poly(methyl methacrylate) (PMMA) with poly(methyl methacrylate-ran-glycidyl methacrylate) (PMMA-GMA) as an in-situ compatibilizer.  The reaction between the carboxylic acid in PS-mCOOH and the epoxy groups in PMMA-GMA occurs easily at higher temperatures,12,18-22 giving the in-situ graft copolymers of PMMA-g-PS.  The reaction rate of this blend was systemically varied by changing the amount of PMMA-GMA in the blend, the molar concentration of GMA, CGMA,0 in PMMA-GMA at fixed molecular weight, and the molecular weight of PMMA-GMA at fixed CGMA,0.  

Experimental 
  PS-mCOOH and PMMA were purchased from Aldrich Chemical Co. and Polysciences, Inc., respectively.  All PMMA-GMAs used in this study were prepared by free radical polymerization. The GMA concentration in PMMA-GMA was easily controlled by using different mole ratios of GMA monomer to MMA monomer added initially into a reactor since the reactivity ratios of GMA and MMA are 0.71 and 0.52, respectively.  We prepared PMMA-GMAs with two different molecular weights.  All polymers were dried for 24 hours at 70 oC under vacuum before melt blending.

  The 75/25 (wt/wt) PS-mCOOH/PMMA blends with various amounts of PMMA-GMA as an in-situ compatibilizer were prepared using a MiniMax molder at 220 oC.  Total weight of each blend was 0.5 g, and the maximum shear rate was 20 s-1.  The mixing was carried out for 20 min under nitrogen atmosphere.  The morphology of the blend was observed using a Field Emission Scanning Electron Microscope (FE-SEM; S-4200, Hitachi).  
The (PMMA+unreacted PMMA-GMA) phase and PMMA-g-PS formed in-situ during melt blending were separated from the unreacted PS-mCOOH in each blend by using the solvent mixture of 80/20 v/v cyclohexane/toluene.  It was confirmed that this mixed solvent was a nonsolvent for PMMA but a good solvent for the unreacted PS-mCOOH.  Gel permeation chromatography (GPC; Waters 600E, Millipore) with UV detector and 1H-NMR were employed to measure the molecular weight and the weight fraction of PMMA-g-PS formed in-situ in the blend, respectively. 
Results and Discussion
  The change in Dv with amount of L-series of PMMA-GMA for 75/25 PS-mCOOH/PMMA with three different PMMA-GMAxLs is given in Figure 1. Interestingly, Dv for blends with 100 wt % of L-series of PMMA-GMA is not proportionally decreased to f, even though the higher f the smaller Dv. 
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The variation of Dv with the amount of H-series of PMMA-GMA is given in Figure 2.  The largest decrease in Dv was observed at ~ 50 wt % for PMMA-GMA2H, while that was observed at ~ 75 wt % for PMMA-GMA0.3H.  This behavior is similar to the results given in Figure 1.  The reduced domain size (Dr), defined by the ratio of the domain size (Dv) of each blend composition with 100 % of PMMA-GMA to that (Dv,o) of respective blend composition without PMMA-GMA, for PMMA-GMA2H was 0.17, which is smaller than that (0.38) for PMMA-GMA0.3H.  Thus, the efficiency of the domain reduction (1 – Dr) for PMMA-GMA2H is just 1.3 times larger than that for PMMA-GMA0.3H, even though f in the former is 6.25 times larger than that in the latter.  Also, if we lower the molecular weight of PMMA-GMA at the constant molar concentration of GMA (compare PMMA-GMA2L with PMMA-GMA2H), the amount of PMMA-GMA2L at which the largest decrease in Dv is observed is smaller than that of PMMA-GMA2H.  Therefore, these results led us to conclude that the dispersed domain size was easily stabilized for in-situ compatiblizer having a large total number of chains per unit volume but smaller f compared with another having smaller total number of chains per unit volume but larger f.  Furthermore, the increase in f at the same 
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molecular weight lowers the critical amount of PMMA-GMA above which the largest decrease in Dv is observed.  
[image: image4.png]


[image: image5.wmf]wt. fr. of 

PMMA-GMAH

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D

v 

(

m

m)

0

1

2

3

4


  The results given in Figures 1 and 2 suggest that the changes in the reaction rate due to different amounts of GMA in PMMA-GMA and/or molecular weight of PMMA-GMA affect profoundly the final dispersed domain size.  Especially, for a lower concentration of GMA in PMMA-GMA, with increasing amount of PMMA-GMA, Dv does not decrease up to a critical amount; then a sharp decrease in Dv is observed.  It is known that Dv can be estimated by the relative magnitude of the reaction rate (dCcopolymer/dt) to the interfacial area generation rate (dAint/dt).  If dAint/dt is faster than dCcopolymer/dt (namely slow reaction), the newly generated area by the external flow does not have enough amounts of the in-situ formed copolymers.  Thus, in this situation the final Dv would be larger. 
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Figure 2.  Plots of Dv versus the amount of H-series of PMMA-GMA based on total PMMA phase for 75/25 (wt/wt) PS-mCOOH/PMMA: (�) PMMA-GMA0.3H, and (�) PMMA-GMA2H.








Figure 5.4.  Plots of Dv versus the amount of H-series of PMMA-GMA based on total PMMA phase for 75/25 (wt/wt) PS-mCOOH/PMMA: (�) PMMA-GMA0.3H, and (�) PMMA-GMA2H.
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Figure 1. Plots of Dv versus the amount of L-series of PMMA-GMA based on total PMMA phase for 75/25 (wt/wt) PS-mCOOH/PMMA: (�) PMMA-GMA0.7L, (�) PMMA-GMA2L, and (�)PMMA-GMA8L.








� EMBED JandelGraphicObject.2  ���








[image: image6.png]


[image: image7.png]


[image: image8.png]


[image: image9.wmf]wt. fr. of PMMAGMAL

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D

v 

(

m

m)

0

1

2

3

4

[image: image10.wmf]wt. fr. of PMMAGMAL

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D

v 

(

m

m)

0

1

2

3

4

[image: image11.wmf]wt. fr. of 

PMMA-GMAH

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

D

v 

(

m

m)

0

1

2

3

4

_996859977.unknown

_996859871.unknown

