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Abstract: PEEK, short for Poly Ether Ether Ketone, is an aromatic crystalline thermoplastic polymer. In order to meet the 

requirements of high temperature applications like aerospace, automobile etc., different types of fibers and nano fillers are 

reinforced with PEEK. The method of fabrication is one of the factors which affects the properties of composite materials. The 

aim of this review is to study the various fabrication methods used for PEEK and reinforcements so far and also the present 

scenario of application of PEEK with reinforcements.  
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1. INTRODUCTION:  

Even though metals tends to be more heat-resistant materials than plastic, 

there are many situations where engineers would get benefit from using 

heat-resistant plastics for their high-performance applications. In addition 

to being heat-resistant, these high performance thermo plastic materials are 

chemical-resistant, corrosion-resistant, and excellent electrical and thermal 

insulators. Common high-performance applications include piston 

components in the automotive industry, cable conduits in the aerospace 

industry, subsea connectors in the semiconductor industry, and more. 

PEEK, short for polyether ether ketone is composed of repetitive units of 

polyaryletherketone and is an aromatic crystalline thermoplastic polymer 

That’s resistant to chemicals, wear, fatigue, creep, and heat. This material is 

so strong and adaptable to harsh environments that manufacturers use it as 

a replacement for metal in many applications, no matter the temperature. 

PEEK can withstand temperatures as high as 310°C for short periods and 

has a melting point of over 371°C. And also it has the highest tensile and 

flexural strength of any high-performance polymer. The main limitation of 

this thermoplastic is its susceptibility to UV light and certain acids. And 

another main drawback is that difficulty in Fabrication when reinforced 

with fibers and nanoparticles. However, PEEK is still a highly versatile 

thermoplastic that all engineers should have in their repertoire. 

 Chunyang Chen and others [1] reported that the fiber distribution of short 

glass fiber reinforced (SGFR-PEEK) composites processed by extrusion 

was uniform compared to that processed by injection molding, which 

affected the strain-rate-sensitivity and fracture toughness. The injection 

specimen showed better fracture toughness than that of the extrusion 

specimen. 

 

 The mechanical properties of PEEK and PEEK composites has been       

extensively studied, in the aspects of damage characterization, analysis of 

failure mechanism, and analytical and numerical simulations [2–5]. The 

moderately reinforced system between un-reinforced PEEK and continuous 

fiber reinforced PEEK is short fiber reinforced PEEK, where carbon and 

glass fibers are commonly used as reinforced materials. Sarasua and 

coworkers [2] reported that the interface between carbon fiber and PEEK 

matrix revealed a higher adhesion to that of glass fiber-PEEK interface, 

under uniaxial tension. Rasheva and coworkers [3] studied the interaction 

between mechanical properties and tribological behavior for short carbon 

fiber reinforced PEEK composites. Li and coworkers [4] observed pulled-

out fibers and smoother surface of pulled out fibers for PEEK composites 

stretched at cryogenic temperatures (20 K and 77 K), which indicates the 

transition of ductile-to-brittle bonding of fiber-matrix interface with the 

decreasing of testing temperature. Similarly, for the impact behavior of 

PEEK composites reported by Arias and coworkers [5], there is also a 

ductile-to-brittle transition resulting in a sudden decrease of impact energy 

absorption. Although thermoplastic polymer could get a lot of advantages 

after reinforced with short fibers, the reinforced inorganic fibers would 

have a serious negative effect on material damage due to the poor 

interfacial interaction between fibers and matrix [6–8]. The complexity of 

failure mechanism for PEEK composites comes from the microstructures of 

the material itself, like the heterogeneities and orientation of fibers due to 

injection molding process. For short fiber reinforced composites (SFRC), 

fiber breakage would result in material softening due to the weakening of 

bearing capacity of fibers, which may lead to the material failure. 

 

. 
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2. FABRICATION METHODS: 

From the literature, the studies reveals that the fabrication method is one of 

the factors on which the properties of any composites is depends. Many 

fabrication methods can be employed to fabricate PEEK with fibers and/or 

reinforcements. These methods include Injection moulding method, 

Extrusion method, hot pressing method, FDM etc. depending on the 

properties which we need to tailored. In this study a light is thrown on the 

different PEEK composites fabrication methods with their benefits and 

challenges. 

2.1 Injection molding Method: 

Injection moulding is a manufacturing technology for the mass-production 

of identical plastic parts with good tolerances. In Injection Molding, 

polymer granules are first melted and then injected under pressure into a 

mold, where the liquid plastic cools and solidifies. The materials used in 

Injection Molding are thermoplastic polymers that can be colored or filled 

with other additives. Almost every plastic part around you was 

manufactured using injection molding: from car parts, to electronic 

enclosures, and to kitchen appliances.  

Injection molding is so popular, because of the dramatically low cost per 

unit when manufacturing high volumes. Injection molding offers high 

repeatability and good design flexibility. The main restrictions on Injection 

Molding usually come down to economics, as high initial investment for 

the mold is required. Also, the turn-around time from design to production 

is slow. 

2.2 Extrusion Method: 

Extrusion is predominantly a thermos-mechanical processing operation that 

combines several unit operations, including mixing, coating, kneading, 

venting, shearing, heating, forming, partial drying or puffing, depending on 

the material and equipment used [9]. Extrusion processing involves a 

combination of transport processes, including flow of materials within the 

virtually controlled environment system, thermal energy transfer to and 

within the material, and mass transfer to and within the material during 

extrusion. 

Extruders comes in a wide variety of shapes, sizes and methods of 

operation, but can be categorized into one of three main types: Piston, roller 

and screw extruders. Among these, twin – screw extruder is commonly 

used in extrusion of thermoplastic composites. Twin-screw extruder means 

that there are two screws inside the closed barrel (Fig. 1). The outcome of 

the extruder is pallets of required material composition. This pallets will be 

used to make the required test specimens by injection moulding process. In 

1970s, twin-screw extruders were introduced to the food industry 

Moreover, twin-screw extruders have found a wide application in the 

chemical and paper industry due to their better process control and 

versatility, their flexible design permitting easy cleaning and rapid product 

changeover and their ability to handle a wide variety of formulations. 

 

 

Fig.1 Twin-screw extruder 

 

2.3 Hot pressing Method: 

 
The molding process in this method is divided into two stages: pre-pressing 

and hot compression. The pre-pressing process removes a certain amount 

of air, which ensures full contact between the mold and the raw PEEK 

materials. Heat preservation before hot compression also ensures that the 

temperature of the material reaches a specified temperature of hot 

compression. To obtain products of the same size, during the hot 

compression process at the end of a certain period the pressure is 

maintained, and a certain pressure is applied on the melt to prevent the 

mold cavity from shrinking during the cooling process of the mold, which 

causes the product to shrink to a large dimensional error [10]. 

 
 

Fig.2 Hot Pressing process. 

 

2.3 Fused deposition modelling: 

Polyetheretherketone an emerging high-performance thermoplastic for 

FDM-3D printing. The density of PEEK is 1.3 g/cm3 and the melting 

temperature of PEEK is 343 °C. The tensile strength, flexural strength and 

Charpy un-notched impact strength of PEEK are 107 MPa, 163 MPa and 

136 kJ/m2 respectively. Different types of chopped fibers such as carbon 

fiber and glass fiber were added into PEEK respectively as reinforcement 

to fabricate composites filaments. Prior to blending, these fibers were 

treated by anodic oxidation and silane coupling agent, respectively. Silane 

coupling agent and anodic oxidation methods are commonly used to 

improve fiber-matrix interfacial bonding [48-50]. The surface roughness of 

CF increases effectively through anodic oxidation treatment which also 

improves the amount of oxygen functional groups on the surface of CF.  

Prior to preparing filaments, all materials were dried at 150 °C for 24 h to 

remove any moisture. Afterwards, PEEK and fibers were blended 

sufficiently in the high-temperature twin-screw extruder to fabricate 

composite filaments. During the extrusion processes, heater temperature, 

filament yield speed, and strand die diameter were set at 400 °C, 1.8 

http://www.jetir.org/


© 2023 JETIR December 2023, Volume 10, Issue 12                                                  www.jetir.org (ISSN-2349-5162)  
 

 

JETIR2312409 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e70 
 

m/min, and 2.5 mm, respectively. Then the filaments were successively 

cooled down, pulled into strand cutter and chopped to pellets, dried for the 

second extrusion carried out by a single-screw extruder 

After twice extruding, composite filament filled with well-distributed fibers 

was obtained consequently. The filament diameter and cylindricity was 

strictly controlled using a customized mold and an automatic tension 

control system. The prepared composite filaments were dried in a drying 

oven at 80 °C for 24 h in preparation for 3D printing. FDM-3D printer was 

used to fabricate test samples of Fiber/PEEK composites. 

 

 

Fig. 3. Preparation process of composite filaments. [47] 

 

3. APPLICATIONS OF PEEK: 

                   

                
 

 
 

Fig.4. Ball Bearing and screws made with PEEK. 

 
3.1 Automotive Industry: 
Environmental and safety standards are driving factors in the automotive 

industry, which also has a continual focus on lowering production costs and 

increasing efficiency and longevity in support of extended warranties. 

There is a growing trend to replace more and more metal parts with plastic 

ones or other materials such as carbon fiber. PEEK’s mechanical properties 

over a wide temperature range make it useful in the manufacture of car 

components such as seals, washers and bearings. 

 

Fig.5. Balance shaft gear 

 

3.2 Aerospace industry: 

Even though aluminium is the material of choice for the aerospace industry, 

PEEK can still find application in some aircraft since it is lighter than 

aluminium. The only drawback is that PEEK is quite expensive to 

manufacture, yet it has even better recyclability than aluminium. 

 

Fig.6. Aerospace component 

 

3.3 Medical applications: 

PEEK is insoluble in most polymeric solvents and also does not undergo 

hydrolysis, even at high temperatures. This, coupled with PEEK’s relative 

inertness to chemical reactions, means that it is perfect for biomedical 

applications where constant sterilisation at high temperatures is important. 

It also finds application as dental implants when it is reinforced with carbon 

fibres.  

 

 

 

Fig.7. PEEK in Knee Implant 

3.4 Electrical/electronic applications: 

PEEK is an excellent electrical insulator and retains its mechanical 

properties at high temperatures. It can thus find application in electrical 

instruments that operate at high temperatures, such as soldering machines. 
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Fig.8. PEEK in Electrical applications 

 

3.5 Future applications: 

PEEK has potential in the food packaging industry after approval from the 

US Food and Drug Administration. It is also replacing stainless steel in 

impeller wheels for regenerative pumps because it offers less noise and 

improved wear resistance. 

 

4. CONCLUSIONS: 
 
From this review, we can conclude that, there are many fabrication 

methods to fabricate PEEK reinforced with various fibers and Nano – 

particles, and also the fabrication method has a strong impact on PEEK 

composite properties. The application prospects of PEEK material are broad 

and bright, and also there is a lot of scope for study, as still it is at the early 

stage of research. 
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