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Abstract 
The goal of this research is to study the effect of nanoparticles on immiscible polymer blends. 
Using layered silicate as nanoparticles and polystyrene – poly(methyl methacrylate) as 

immiscible blend model, the influence of nanoparticle on the phase-separated morphology, 
rheological and mechanical properties of the blends was examined. Theoretical models 

developed to predict the relationship between linear viscoelastic properties and morphology of 
immiscible polymer blends are used to quantify the effect of nanoparticles. Nanoparticle 
segregation at the interface of polymer blends was found to give better properties than one 

resides exclusively in one phase.  

1. Introduction 
More than a third of world plastic consumption is in forms of blends. When b lending two or 
more polymers to make new material, manufacturers can achieve certain properties 
(performance, processability) at reasonable costs and do not have to stock different raw 

materials in their warehouses. In recycling industry, input materials usually are mixtures of 
several polymers. However, using polymer blends is hindered by the fact that most polymers are 

not mixed with others.  High free energy of mixing causes components to retract to their own 
phases and reduce interfacial area. Hence, under processing conditions, blends tend to separate 
into large domains. The unpredictable changes in morphology lead to uncontrolled and usually 

lower than expected properties of the final materials. Therefore, to be able to control or predict 
the morphological evolution of the blend is a very important issue.  

2. Objective  

Observe and quantify the effect of nanoparticles in immiscible polymer blends by examining the 
morphological, rheological and mechanical properties of the blends.  

3. Experimental details 
Two sets of PS-PMMA blends with various silicate contents are formed by solution blending in 

THF: 20 vol.% PS – 80 vol.% PMMA – XX wt.% silicate (20-80-xx) and 80 vol.% PS – 20 
vol.% PMMA – XX wt.% silicate (80-20-xx). Hexane was used as non-solvent to precipitate the 

samples. Samples were dried in air at room temperature for a day before annealed in vacuum 
oven at 180ºC for 24 hrs. Solid samples were then mold to disk-shape 1-1.5 mm thick and kept 
away from moisture until being tested in rheometer. Transmission electron microscopic samples 

were sliced from the disk to make ~100 nm thick slices.  

4. Discussions 
When the silicates are introduced into PS-rich system, they mainly located in PS phase. None of 
them is found in the curvy interface between PMMA and PS domains. When the interface is 
relatively flat at the contact between very large domains, few silicates segregate there. As seen 

in figure 1 right, some of them locate at the interface of the small PS domains within large 
PMMA droplets. On the other hand, when the particles are added into the 20-80 blends, we 

found them segregate at the interface as expected (figure 1 left). Also, the size of PS domains in 
the blend that has silicate are more uniform and range from 200-500 nm, which are about the 
same order of the silicate disk size.  
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  20-80-1.0     80-20-1.0 

Figure 1. TEM images of 80-100 nm thick film microtomed from annealed bulk samples (dark region: PS, 

bright: PMMA): (left) 20-80-1.0, (right) 80-20-1.0. Note that on the 20-80-1.0 sample, the PS-rich droplets 

covered by silicates tend to separate when microtomed.   

 

In immiscible polymer blend, at low frequency region, an order of magnitude higher of 

'G  compared to either PS or PMMA is observed. In case of blends between two immiscible 

polymers, the increasing in 'G  is because of the relaxation of macroscopic droplet deformation 
under applied stress and directly related to the interfacial tension between two phases and size of 
the droplets. It is not easy to observe the relaxation experimentally because it normally occurs at 

low frequency and/or low stress. Theoretically, the relaxation of the droplet will cause a plateau 

in 'G  curve of the blends, and at frequency lower than the relaxation time of the droplet, the 
matrix behavior is dominate again. In 80-20 blends, as observed through TEM images, silicates 
mainly locate in PS-rich phase. Hence, the PS phase gets reinforced by the nanoparticles, but the 

interface between two polymers is not affected. The minimal increasing in storage modulus at 
low frequency region solely comes from the contribution of reinforced PS phase. On the other 

hand, in 20-80 blends, rheological data show magnitudes increasing in 'G  at terminal region 
with adding silicates. The increasing is significantly higher than in 80-20 blends in the measured 
low frequency region.   

          
Figure 2. Frequency dependence of storage modulus  at 180

0
C for 80-20-xx blends (left) and 20-80-xx blends 

(right) 

5. Conclusions 
The anisotropic nature of LS makes them a good candidate for being surface active agent. Due 
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to different affinity toward each polymer in PS-PMMA blends, the flat surfaces of LS prefer to 
contact with PS phase while the edges tend to point to PMMA phase. The segregation of LS at 
the interface leads to higher storage moduli of blends at low frequency. 
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