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G1651 HU SEBS Thin 

Films  

Percent 

Surface 

Area of 

Red Phase  

5% Mass Concentration, 

2000 RPM, Untreated  
45.1938 

5% Mass Concentration, 

2000 RPM, Annealed  
52.2498 

5% Mass Concentration, 

3000 RPM, Untreated  
47.5086 

5% Mass Concentration, 

3000 RPM, Annealed  
52.7688 

7% Mass Concentration, 

2000 RPM, Untreated  
44.7304 

7% Mass Concentration, 

2000 RPM, Annealed  

43.2359 

7% Mass Concentration, 

3000 RPM, Untreated  
52.5818 

7% Mass Concentration, 

3000 RPM, Annealed  
49.152 

Spin-Coating SEBS Polymers Into 

Thin Films 

Experimental Results 

Conclusions & Implications 
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G1651 HU SEBS at 5%  

Mass Concentration Spun at 2000rpm  
G1651 HU SEBS Annealed at 5%  

Mass Concentration Spun at 2000 rpm 
G1651 HU SEBS at 5%  

Mass Concentration Spun at 3000 rpm 
G1651 HU SEBS Annealed at 5%  

Mass Concentration Spun at 3000 rpm 

G1651 HU SEBS at 7%  

Mass Concentration Spun at 3000 rpm 

G1651 HU SEBS Annealed at 7%  

Mass Concentration Spun at 2000 rpm 

G1651 HU SEBS at 7%  

Mass Concentration Spun at 2000 rpm 

G1651 HU SEBS Annealed at 7%  

Mass Concentration Spun at 3000 rpm 

Kraton Performance Polymers first introduced a styrene block copolymer 

to exhibits many of the properties of vulcanized rubber while retaining the 

ability to be molded and extruded with inexpensive thermoplastic 

processes. Many conventional polystyrene block copolymers are 

manufactured in linear segments with an elastomer embedded in 

polystyrene on both sides of the chain.  

◦  Matlab was implemented to 

calculate the surface volume 

percentage of each of the phases 

for the first 8 untreated and 

annealed samples. 

 

◦  An algorithm was created that 

could upload the photo and process 

the surface area for each color in 

the picture.  

 

◦  Numerical values ranging from 0 

to 255 were assigned for the 

red/green/blue colors for each 

individual pixel within the photo to 

determine a value range for both 

the red and yellow phases.  

 

◦  Every pixel was then counted 

and added up for every pixel that 

lied in the red and yellow phase 

color ranges.  

 

◦  Percent surface area was then 

calculated for both phases 

◦  Percent surface area values for the first eight thin films ranged from forty five to fifty percent.  

◦  Five percent mass concentration showed an increase in percent surface area of the red polystyrene phase from the 

untreated to the annealed film samples.  

◦  Seven percent mass concentration samples, however, show an opposite trend with the percent surface area of red 

polystyrene decreasing when annealed..     

G1651 HU SEBS at 5%  

Mass Concentration Spun at 2000rpm  

G1651 HU SEBS at 5%  

Mass Concentration Spun at 2000rpm  

Annealed  

G1651 HU SEBS at 5%  

Mass Concentration Spun at 2000rpm  

Silica Nano-Particles  

G1651 HU SEBS at 5%  

Mass Concentration Spun at 2000rpm  

Silica Nano-Particles Annealed 

Yellow Phase = 

Polyethylene/Polybutylene 

Red Phase = Polystrene  

At room temperature, the polystyrene within the block chain act as physical 

cross-links that weave the embedded elastomer into a network similar to 

vulcanized rubber. Unlike vulcanized rubber which is a thermoset polymer, 

polystyrene block copolymers behave as thermoplastics. When the 

thermoplastic material is heated the polystyrene cross-links in the network 

melt allowing the elastomer segments within the chain to freely flow.  

Poly(stryrene-ethylene/butylene-styrene), or SEBS, is a commercial styrene 

block copolymer that demonstrates these properties and characteristics. Since 

SEBS is a soft, flexible polymer that can withstand extreme weather and heat 

conditions, it is modernly employed for adhesives and sealants. When SEBS 

polymers are spun into thin films, the elastomer and polystyrene segments 

separate into distinct phases on the film.  

 The purpose of this research is to understand the effects of thermal 

annealing and nano-particle infusion on the phase morphology of 

SEBS polystyrene block copolymers thin films. 

The SEBS polystyrene block copolymer was first spun from undusted 

powder bulk into thin films for experimentation. This was 

accomplished by:  Spin-Coating Process 

Overall, 8 polymer film samples were spun 

to test the effects of thermal annealing at:  

◦  5% and 7% SEBS mass concentrations       

◦  2000 and 3000 rpm speeds 

◦  One for both the thermal annealing and     

untreated heat conditions.  

◦  AFM was used to analyze the 

phase distribution and morphology 

due to thermal annealing and nano-

particle infusion.  

◦  AFM  showed that the 

polyethylene/polybutylene 

elastomeric segments gathered in 

separate regions from the 

polystyrene crosslinks.  

◦  The silica nano-particles samples showed the polyethylene/polybutylene phase remaining distributed across the surface of 

the film when heat treated above its glass transition temperature.  

The heat treatment of 50°C for the first 8 films showed the contrasting difference 

of how the SEBS mass percent in toluene affects how the polystyrene and 

polyethylene/polybutylene phases change. A lower mass concentration of the 

polymer showed an increase in polystyrene surface area relative to the rubbery 

phase while a higher mass concentration showed a decrease in polystyrene surface 

area. The slight increase or decrease in polystyrene surface area distribution could 

have significant consequences on the performance and mechanical properties of 

this material.  

The last four thin films were used to study the effects of thermal annealing past the 

glass transition temperature of the polyethylene/polybutylene rubbery phase. The 

annealing treatments had a profound effect on the SEBS thin films depending on 

whether or not the film was infused with silica nano-particles. The thin films 

without the nano-particles showed a drastic change in the phase distribution across 

the surface of the film. This implies that the heat treatment has significant effects 

on the mechanical properties of the polymer material. The infusion of nano-

particles showed a less drastic redistribution of the rubbery phase. This shows that 

the nano-particles directly affects the thermodynamic equilibrium of the phases 

within the polymer film. Further empirical testing is needed to quantifiably 

describe the effects of nano-particles on the phase morphology and mechanical 

properties of the films.       

1.  Making 5% and 7 SEBS mass                  

 concentration solutions dissolved 

in  toluene.  

2. Making 5% SEBS mass concentration 

 solutions dissolved in toluene and 

silica  nano-particles  

3. Spinning the polymer solutions into 

thin  films at 2000 and 3000 rpm 

speeds    

 

Currently only 4 polymer film 

samples were spun to test the 

effects of silica nano-particle 

infusion and thermal 

annealing at:  

◦  5% SEBS mass 

concentration, 2000 rpm 

speed 

◦  With thermal annealing and 

without thermal annealing,  

◦  With silica nano-particles 

and without silica 

nanoparticles 

 ◦   Specific scanning probe microscope that can effectively be used 

to distinguish unique morphological characteristics within a SEBS 

thin film sample.  

◦ Characteristics, such as height, friction, magnetism, and phase 

displacement can be quantifiably measured and mapped in a visual 

image.  

◦  Atomic force microscopy (AFM) probe contains a triangular 

cantilever tip that maps the phases present on the surface of the thin 

film via Van der Waals forces 

◦  The regular heat treated samples showed an unequal dispersion of rubbery phase across the film.  

 


