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ABSTRACT:  

High Temperature Polysupersulfones (T-PSS) is high performance polymer that has superior heat resistance, 

outstanding glass transition temperature and continuous use temperature, but its viscosity is very high and it shows poor 

flowability. Under above considerations, specialty blends of T-PSS/PES (Polyethersulfone) were developed by physical 

melt blending. Different compositions were studied for rheological properties. The study showed that flowability and 

color of T-PSS was improved by PES without much deterioration of mechanical properties. 
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INTRODUCTION: First time in the world ‘Gharda Chemcials Limited’(Solvay Specialty India Pvt. Limited) 

got success in developing two new varieties of polysfulfones called PolySuperSulfones (PSS). These 

polymers (Listed in Table: 1) are manufactured using a patent filed process resulting in sulfones with exotic 

range of properties i.e one with very high temperature resistance and the other with high toughness and impact 

resistance. 

Table: 1 Grades of PolySuperSulfones 

Description Grade Type 

Pellete form/Powdered form 

 

Pellete form 

GAFONE
™ 

T-6300 

 

GAFONE
™ 

T-6500 

 

 

High Temperature 

Polysupersulfones 

Pellete form/Powdered form GAFONE
™ 

B-2300 

 

GAFONE
™ 

B-2315 GF 

                      (Glass Fiber) 

 

Super Tough 

Sulfones 

T-PSS is super tough sulfone whose mechanical properties are similar to that of PES, glass transition 

temperature (Tg) is 265ºC and estimated continuous use temperature is 220ºC. These unique properties make 

T-PSS an ideal polymer of choice to suit application such as electrical switches, high temperature resistant 

covers etc. where other specialty and engineering polymers (PSU, PES, PEI etc.) fails. Like other sulfones, T-

PSS is synthesized by aromatic nucleophilic substitution [3]. Reaction is carried out by suitable choice of 

bisphenol. High glass transition temperature is attributed to type of bisphenol. The rheological behavior of 

polysulfones is characterized by its weak response to the shear compared with most aliphatic backbone 

polymers. These polymers show shear thinning behavior [1,2,5]. The resistance to shear thinning is due to the 

rigidity of the aromatic back bone, which limits polymer chain orientation during shearing and  exhibits poor 

flow properties even at 380ºC. A good melt flow behavior is necessary to achieve fast moudling cycles and to 

permit moulding of complex parts. At the same time, mechanical properties such as tensile, flexural, impact 

must be maintained [4]. So, to improve melt volume rate and lowering the melt viscosity of T-PSS without 

consequence loss of the other properties, it is blended with high melt volume rate PES. Polyethersulfone 

belongs to the polysulfone group of thermoplastics have both aryl ether (ArOAr) and aryl sulfone (ArSO2) 
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linkage (Figure:1)  in the polymer backbone. The greatest characteristic of PES is that it has by far better high-

temperature properties than conventional engineering plastics.  

Specifically, PES remains in satisfactory condition in log-term continuous use without causing any 

dimensional change or physical deterioration at temperatures as high as 200ºC [6,7].  

 

n indicates Degree of Polymerization 

Figure: 1 Structure of Polyether Sulfone 

 

EXPERIMENTAL 

Materials: T-PSS (GAFONE T-6300) and PES (GAFONE-3200) were provided by Gharda Chemicals Ltd., 

(Ankeshwar, Gujarat). Phosphate base antioxidant was used to reduce degradation during the processing. 

Fatty acid amide base lubricant was used to impart slip and anti-block properties in polymers.  

Compounding: Polymers (in different compositions) in the powdered form with additives were physically 

blended in high-speed mixer for 5 minutes. 

Melt Blending: The compounded material was fed in ZE-25 twin screw extruder (BERSTROFF) and melt 

blending was carried out at the temperature ranges from 325ºC to 375ºC for different compositions. The 

extrudate was cooled at the room temperature and pelletization was done. The compositions studied during the 

experimental work are listed in table:2. 

Blend Composition 100/0 90/10 80/20 70/30 60/40 50/50 40/60 30/70 20/80 10/90 0/100 

T-PSS (wt %) 100 90 80 70 60 50 40 30 20 10 0 

PES (wt %) 0 10 20 30 40 50 60 70 80 90 100 

Sample Preparation: Pellets obtained through melt blending were sent for rheological measurements and 

thermal property measurement. 

Rheological Properties: Rheological properties were studied by measuring the melt volume rate and melt 

viscosity. Melt Volume Rate (MVR) of blend was measured in Dynisco Melt flow Indexer (Model: LMI-

4000). The pellets(10-20 grams) were dried at 140ºC-150ºC for 3-5 hours in dehumidifying dryer or in air-

circulating oven to minimize the moisture and testing was carried out at 380ºC for 10 kg load for 10 minutes. 

The melt viscosity of T-PSS/PES blends as function of compositions at different shear rate was measured by 

using Dynisco Capillary Rheometer (Model: LCR 7000 USA) at 380ºC. 

Thermal Properties: Thermal properties of blends were studied by measuring glass transition temperature 

and vicat softening temperature. DSC study was carried out in TA instrument DSC 2910. Testing was carried 

out in inert atmosphere of nitrogen by keeping purging rate 60ml/minute. First scan was carried out at heating 

rate of 20ºC/minute and temperature range was kept 28ºC to 308ºC. Rescanning was done at heating rate of 

20ºC/minute and temperature was kept 50ºC to 308ºC. Vicat softening temperature testing was carried out in 

HDT-Vicat from CEAST. Rectangular bars were placed on specimen support and lowering the needle rod so 

that the needle can rest on the surface of the specimen. Assembly was inserted in oil bath and analysis was 

carried out by keeping heating rate of 120ºC/hour. 

 

RESULT AND DISCUSSION: The flow behavior of the blends shows the beneficial influence of PES. 

MVR of T-PSS/ PES blends as a function of PES content is shown in figure: 2. The addition of 40wt% PES 

causes 100% increase MVR value compared to neat T-PSS. So, based on MVR 60/40 (T-PSS/PES) 

composition is good. In the area of phase inversion (above 40% PES content) further addition of PES gives 

rise to an even higher MVR values. This correlates with change of the matrix phase in the blends from the 

highly viscous T-PSS to low viscosity material PES. Again improved MVR values show positive indication of 

flowability.  
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Figure: 2 MVR of T-PSS/PES blends as function of PES content 

The steady shear viscosities of T-PSS and their blends measured by capillary rheometer at 380ºC are depicted 

in figure:3. Both the pure components and their blends show Non-Newtonian behavior in the shear range 

investigated. At the shear rates obtainable using the capillary rheometer, the viscosities of the blends are 

closer to that of neat PES between 400 second
-1

 to 1000second
-1

. One explanation for why blending  

T-PSS with PES can cause low melt viscosity generally, is that PES ‘lubricates’ the T-PSS on the molecular 

level, giving rise orientation of rigid sequences in T-PSS. These lubricating effects lower the internal overall 

friction of the blends.  

 

Figure:3 Capillary shear viscosity vs. Shear rate of T-PSS/ PES blends at 380°C 

T-PSS has Tg value 265ºC and Tg of PES is 227ºC. It can be seen from the curve (figure: 4), all compositions 

show single Tg which is an indication of blend miscibility. It can be seen from VST (figure:5) results that they 

are very close to Tg values. Reason for this is that both blends components are amorphous polymers. 

Amorphous polymers have no sharp melting temperature; they are processed in their rubbery state. 

 
Figure: 4 Glass Transition Temperature of T-PSS: PES blends as a function of PES Content 
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Figure: 5 Vicat Softening Temperature of T-PSS: PES blends as a function of PES Content 

 

CONCLUSION: The flow behavior of the blends showed beneficial influence of PES. The addition of 

40wt% PES caused 100% increase MVR value compared to neat T-PSS. Viscosities of the blends T-PSS/PES 

(70/30) and T-PSS/PES (60/40) were closer to that of neat PES between shear rate of  400 second
-1

 to 

1000second
-1

.  

There was shift in Tg values from Neat T-PSS to PES due to additional contribution of low molecular weight 

PES species to T-PSS plasticization. DSC results showed single Tg, which was an indication of blend 

miscibility and strong phase adhesion.  

Finally, looking at the term ‘commercial polymer blend’ based on rheological and thermal properties, blend 

composition T-PSS/PES (60/40) was the best which replaced neat T-PSS to achieve fast moudling cycles and 

to permit moulding of complex parts. 
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