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HIGH PERFORMANCE ENGINEERING THERMOPLASTICS 

Gharda G-PAEKTM  & Gharda G-PAENTM 

By 
Dr. H.P. Natu 

Gharda Chemicals Ltd, Mumbai 
Introduction 
 
The development of plastic materials is one of the most successful stories of the 
twentieth century. In the sixties, plastics represented a small fraction of the total 
annual consumption of materials, but 20 years later they surpassed metallic 
materials in terms of consumed volume. At the end of the century, plastics reached 
the astonishing consumption of  150 million metric tons per year. Of this amount, 
70% is comprised by the so-called commodity plastics (HDPE, LDPE, PP, PVC, and PS), 
11% by thermoset resins, 7% by elastomer, and 12% by engineering thermoplastics. 
 
Engineering and high performance polymers cover a wide spectrum of materials 
from well-established plastics such as Nylon and ABS to developing polymers such as 
LCP and Ketones. They are valued, amongst other things, for their temperature 
resistance, strength, dimensional stability and chemical resistance in many 
demanding applications. Engineering and high performance polymers experienced 
high growth during the second half of the 1990s because of high demand for 
IT/telecoms, aerospace products and automotive components. Product and 
applications development and substitution of traditional materials were also key 
drivers of growth. 
 
This article mainly emphasizes on ultra high performance engineering polymers like 
Poly Aryl Ether Ketone (G-PAEKTM) and  Poly Aryl Ether Nitrile (G-PAENTM ). These 
polymers are find application in the temperature range of 250-300°C. The polymers 
are having diverse areas of application e.g. aerospace, medical, transportation, 
electronics , industrial & chemical industries  etc.  
 

Poly Aryl Ether Ketone 
G-PAEKTM 

 
Polymers containing ketone group > C = O and flanked by aromatic rings in their 
main chain are called as ketone group resins. Ketone group resins have the highest 
heat resistance among the engineering plastics and higher than PEEK. 
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Structure G-PAEKTM PEEK
 

Properties Tg:162°C,   
Tm:374°C  

Tg:145°C 
Tm: 343°C 
 

 

 
G-PAEKTM possesses molecular structure similar to PEEK as shown in above figure. 
Moreover, it possesses all properties with PEEK.  
 

G-PAEKTM Grades 
G-PAEKTM is available in different grades for specific applications, and the main 
grades available are the following: 
 

• Standard unfilled: 
This is a general-purpose grade, available in granule form.  
 

• 20 % and 30% glass filled: 
The addition of glass fiber reinforcement greatly increases the general mechanical 
properties at a given temperature (tensile strength, flexural strength and flexural  
modulus), and Thermal Properties like HDT.  
 

Glass fiber filled grades of G-PAEKTM also show reduced thermal expansion rates and 
are ideal for high temperature structural applications. 
 

• 20 %  and 30% carbon filled: 
The addition of carbon fiber reinforcement further increases the general mechanical 
properties at a given temperature better than glass filled grades (tensile strength, 
flexural strength and flexural modulus),. Carbon fiber filled grades of G-PAEKTM also 
have much reduced thermal expansion rates and greatly improved thermal 
conductivity. 
 
• Coating Grade:  
G-PAEK is available in fine powder form having particle size in the range of d(50) 20 microns and 
d(100) 60 microns. 
 
Properties 
There are many superlatives that can be used to describe the properties of G-
PAEKTM, and it is regarded by many as the best performing thermoplastic. For heat 
resistance G-PAEKTM has the reputation of providing the ultimate performance in a 
commercially available melt-processable thermoplastic. G-PAEKTM is a semi-
crystalline material and many of the properties derive from the degree of 
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crystallinity in the final product. Degree of crystallinity is affected by the processing 
parameters, and therefore the properties quoted here should be regarded as being 
indicative only. 
 
Physical and Mechanical Properties 
G-PAEKTM has greater strength and rigidity than many of the other engineering 
thermoplastics, making it tough over a wide range of temperatures. 
 
It has good mechanical properties, including impact resistance, low wear rate, and a 
low coefficient of friction, but more importantly, these properties are also retained 
over a wide temperature range. 
  Approximate value 
Property Test 

Method
Units Standard 

PEK
G-PAEKTM 

General   
Density ISO 1183 g/cc  
Granule Size - mm/m 1-3 
Mechanical   
Tensile Strength ASTM 638 MPa 110 >100 
Tensile Modulus ASTM 638 MPa 3800 >4000 
Elongation at Break ASTM 638 % 10 > 5 
Flexural Strength ASTM 790 MPa 180 >180 
Flexural Modulus ASTM 790 MPa 4000 >3800 
Izod Impact Strength 
(Notched)

ASTM 256 J/m 50 >50 

Thermal   
Glass Transition Temp. DSC °C 157 148 - 155 
Crystalline Melting Point DSC °C 374 370-373 
Melt Flow Behavior   
MVR (Melt Volume 
Ratio) 

ASTM 1238 
(400°C/2.1
6Kg/6min) 

cc/10 
min 

20-30 5-15 

Capillary Rheometer   
Viscosity @ 6 min 
(1000 shear rate 1/s ) 

Capillary 
Test 

Pa.s 180 270 

Viscosity @ 60 min 
(1000 shear rate 1/s ) 

Capillary 
Test 

Pa.s 200 217 

 
Thermal 
The thermal oxidative stability of G-PAEKTM is excellent and the material has  
continuous operating temperature of around 250oC (depending on the grade used). 
G-PAEKTM has excellent resistance to burning and very low flame spread being rated 
as UL 94 V-0 for thicknesses down to 0.8 mm. The LOI (Limiting Oxygen Index) is 35% 
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(depending on grade) and even when burning the material has one of the lowest 
smoke generation characteristics of the engineering thermoplastics. 
 
Electrical 
G-PAEKTM has good dielectric properties, with high volume and surface resistivity 
and good dielectric strength. These properties are retained at temperatures as high 
as 200°C. 
 
Chemical resistance 
G-PAEKTM has outstanding chemical resistance and is extremely resistant to most 
organic and inorganic chemicals. It is dissolved or decomposed only by concentrated 
anhydrous or strong oxidizing agents. The material has exceptionally good resistance 
to hydrolysis in hot water and remains unaffected after several thousand hours at 
more than 250°C in pressurized water. G-PAEKTM is not greatly resistant to UV 
radiation but has good resistance to beta and X-rays, as well as exceptional 
resistance to gamma rays.  
 
Advantages and Limitations 
Advantages Limitations  
Excellent high temperature 
performance for all mechanical 
properties  

High cost but the properties can 
justify this when it becomes almost 
the only polymer capable of being 
used  

Excellent electrical performance at 
high temperatures  

Limited supplier base 

Excellent wear and abrasion 
resistance at high temperatures  

Limited range of colors  

Excellent chemical resistance at 
high temperatures  
Excellent gamma radiation 
resistance  
Excellent hydrolysis resistance at 
high 
temperatures 
 
 
Processing 
Processing of G-PAEKTM is carried out by heating and melting. It cannot be processed 
by using solvent since it does not dissolve in any solvent as mentioned above. G-
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PAEKTM absorbs about 0.5 % moisture and therefore, it needs pre-drying at 150°C for 
more than 3 hours by air circulating type dry furnace or at 120°C for 4 hours in 
vacuum dryer. Processing temperature of G-PAEKTM is high as described below 
however thermal stability of G-PAEKTM is high and therefore, instability of thermal 
deterioration at the time of processing is less. Moreover, there is no risk of 
hydrolysis that is seen in case of general engineering plastics. Therefore, cost 
reduction is possible by recycling by crushing the spooler or runner. Ratio of 
regenerated material to virgin material changes with requirement of molded 
product and conditions of quality management of crushing however it is generally 
less than 30 %.  
 
It can be processed by all the conventional processing techniques like Injection 
Molding, Extrusion etc. 
 
Typical Applications 
The outstanding mechanical properties of G-PAEK at high temperatures make it 
suitable for the most demanding applications, but the high cost sometimes limits 
applications to those where the properties are very necessary. Typical applications 
are the following: 
 
Automotive:  
Piston components and bearing linings. These applications are particularly suitable 
for the carbon fiber reinforced grades where the improved thermal conductivity 
means that heat is dissipated very quickly. 
 
Electrical engineering:    
Wire insulation for extremely high temperature applications, cable couplings, and 
connectors. In some of these applications, PEEK is even better than PTFE or other 
fluoropolymers because it has a greater resistance to cut-through by sharp edges. 
 
Appliances: 
 Handles and cooking equipment.  Coating on cooking utensils.  
 
Medicine: 
 Prosthetics, instruments, and diagnostics. In body In-plants.  
 
Nuclear Industry : G-PAEK is widely used in nuclear industry due to radiation 
resistance. 
 
Others: Aircraft parts and wire insulation, pump casings and impellers, 
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monofilament for production of woven products for filters, belting, and meshes. 
Poly Aryl Ether Nitrile 

G-PAENTM 

 
Polyarylether nitrile  G-PAENTM  is a new total aromatic polyether possessing nitrile 
group having high polarity in its side chain. It has glass transition temperature (Tg) of 
145°C, melting point (Tm) of 340°C and it is substitute for crystalline super 
engineering plastics. 
 

Structure  
G-PAENTM 

Properties  Tg: 145°C, Tm: 340°C
Crystalline 

 
G-PAENTM possesses various excellent properties based on high heat resistance as 
super engineering plastic and because of satisfactory balance between these 
properties, its various applications are being studied. Properties, basic grades and 
applications of G-PAENTM have been introduced below.  
 
(1) Heat resistance  
Its natural heat distortion temperature is 165°C however it rises up to 260°C when 
reinforced with glass fibers or carbon fibers due to inherent properties of crystalline 
resin. Moreover, it shows excellent heat resistance with continuous usage 
temperature as per UL746B of approximately 230°C. 
 
2. Grade  
As basic grades of G-PAENTM for injection molding, there are natural grade in granule 
form, fiber-reinforced grade.   
 
(1) Natural grade  
There are 3 types in natural grade namely regular flow (RF), middle flow (MF) and 
high flow (HF). MF and HF have improved  flow during molding wherein high 
mechanical strength of G-PAENTM does not lower and this is used in complex shaped 
parts or matrix of composites.  
 
(2) Fiber-reinforced grade  
This grade has further improved heat resistance and mechanical strength due to 
(reinforcement with) glass fibers and carbon fibers and has excellent fatigue 
resistance. Bending fatigue properties of carbon fiber-reinforced products. 
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Properties: 
Physical and Mechanical Properties 
 

  Approximate value
Property Test Method Units PEN- 

Idemitsu 
G-PAENTM 30% GF 

G-
PAENTM 

General   
Density ISO 1183 g/cc 1.32 1.32 1.53
Granule Size - mm/mm - 1-3 1-3
Mechanical   
Tensile Strength ASTM 638 MPa 100 >110 200
Tensile Modulus ASTM 638 MPa 3600 >4000 8700
Elongation at Break ASTM 638 % 10 >10 3
Flexural Strength ASTM 790 MPa 190 >185 260
Flexural Modulus ASTM 790 MPa 3900 >3800 11000
Izod Impact 
Strength (Notched) 

ASTM 256 J/m 50 >50 90

Thermal   
Glass Transition 
Temp. (Tg) 

DSC °C 145 144 

Crystalline Melting 
Point ™ 

DSC °C 340 337 

Melt Flow 
Behaviour 

  

MVR (Melt Volume 
Ratio) 

ASTM 1238 
(400°C/2.16
Kg/6min) 

cc/10 
min 

20-30 15-30 

Capillary 
Rheometer 

  

Viscosity @ 6 min 
(1000 shear rate 
1/s ) 

Capillary 
Test 

Pa.s 200 150-200 

 
Processing:  
Super engineering plastics having high heat resistance generally need high molding 
temperature as compared to conventional engineering plastics due to high glass 
transition temperature or melting point. Moreover, resins reinforced with glass 
fibers or carbon fibers easily undergo wear of cylinder, screw of molding machine 
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and therefore, rise in molding temperature further accelerates the wear. This 
problem is almost solved by the use of cylinder, screw having wear resistance 
however this increases cost and therefore, material that can be molded at as low 
temperature as possible is desired.  
 
G-PAENTM also needs high molding temperature as compared to conventional 
engineering plastics however it can be molded at a comparatively low temperature 
than super engineering plastics due to high flowability at the temperature above 
melting point (340°C). Melt viscosity of G-PAENTM regular flow type (RF) at 350°C is 
near that of other super engineering plastics seen at 3900C. Melt viscosity of middle 
flow type (MF) and high flow type (HF) is further lower and ID300 shows extremely 
satisfactory molding flowability around 300°C. 
 
Application examples of G-PAENTM  
 
Electrical and electronic 
machines  

Connector, socket, switch, copy machine parts, 
bearing or guides, electronic range parts, CD parts 
etc.  

General industrial use  Bulbs, bearings, seal rings, cylinders, pipes, 
compressor parts etc.  

Automobile  Distributor parts, exhaust gas countermeasure parts, 
parts for turbines etc.  

Space and aviation  ACM such as antenna shells, panels, pipes  
 
Summary 
 
PEK is one of the few polymers that can be considered for use as a true metal 
replacement for high temperature applications. As one of the first designer 
polymers, the superb range of properties has opened up new and highly demanding 
markets for plastics. Initially, PEEK was considered an exotic material, but now it is 
an essential tool in the materials engineer’s armory for applications when no other 
material can meet the requirements 
 
Dr. H. P. Natu 


