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ABSTRACT 

Fiber reinforced polymer composites (FRPs) are being increasingly favored for structural 

applications. Efforts are being focused on developing and exploring the potential of high 

performance thermoplastic polymers such as; Polytetrafluoroethylene (PTFE), Polyetherimide 

(PEI), Polyethersulphone (PES), Polyetheretherketone (PEEK) etc. along with the fiber 

reinforcement. Carbon fabrics (CF) being multifunctional are the most sought reinforcement; 

however, these are also known for their inertness towards matrix and hence need treatment prior 

to the use in the composites form. 

The present research work was aimed for evaluating the potential of cold remote nitrogen 

oxygen plasma (CRNOP) treatment to CF and enhances their adhesion towards the matrix. It was 

also of interest to compare the potential of an amorphous (PES) and semi crystalline (PEEK) 

polymers in the composites reinforced with identical amount of CF to enhance performance 

properties along with tribological in various wear situations. 

Inclusion of micro and nano particles for performance enhancement is also very much 

sought area. Surface designing of CF reinforced PES composites with PTFE particles to enhance 

the tribo performance specially was another objective of the work. 

Thus in this work CF (untreated and CRNOP treated) reinforced PES and PEEK 

composites were developed and characterized. Some special composites with tailored surfaces 

with PTFE particles of various sizes were also developed apart from a graded composite which 

had a tailored surface, interface and body. 

The thesis is divided into seven chapters. Each chapter starts with the introduction on the theme 

of the topic, followed by a brief literature survey, methodology, results, discussion and 

conclusions. 
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First chapter is dedicated to the introduction of polymers composites in tribology with relevant 

literature survey, followed by research gaps, motivation for work and definition of problem 

along with the objectives. 

Chapter 2 highlights the details of materials and characterization, followed by methods for 

composites development and results on characterization for fibers, fillers and composites. First 

series consists of six composites (PES, PEST, PESBFU, PESBFT,  PEScFu,  PESCFT;  where A, B, 

C are the three grades of PES with decreasing molecular weights (MW); FU stands for untreated 

and FT stands for CRNOP treated carbon fabric). Surface designed series of composites with 

PTFE particles designated as PESCFTN, PESCFTSM and PESCFTM; where N is for nano (50-80 nm), 

SM for sub micron (200-250 nm) and M for micron (400-450nm) PTFE. The last series contains 

CF-PEEK composites; P1u  and PKYT; (PK  stands for PEEK). 

Various characterization methods such as field emission scanning electron microscopy 

(FESEM), high resolution transmission electron microscopy (HRTEM), atomic force microscopy 

(AFM), attenuated total reflectance- Fourier transform infrared spectroscopy (ATR-FTIR), micro 

Raman spectroscopy (MRS) etc. were adopted to analyze the surface modifications onto the fiber 

surface due to CRNOP treatment. 

Polymers and composites were characterized using physical (density, composition, 

theoretical void content), thermal {melt flow index (MFI), heat deflection temperature (HDT), 

differential thermal analysis (DTA) / thermo gravimetric analysis (TGA)} and mechanical 

{Tensile, flexural, interlaminar shear strength (ILSS)} properties. Composites developed with 

CRNOP treated CF showed enhanced physical and mechanical properties due to increased fiber - 

matrix adhesion. 

Chapter 3 describes the results obtained on the tribo-characterization in adhesive wear. CF 

reinforcement enhanced the tribo-utility (limiting PV values), wear resistance (WR) and friction 
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performance of pristine polymers significantly. The plasma treatment exhibited positive 

influence on the friction and wear properties. In case of pure polymers, higher the MW, better 

was the performance (thermal, mechanical and tribological) while opposite was true in the case 

of composites. In composite form, lower MW polymer has better wetting capacity with CF and 

higher fiber-matrix adhesion which in turns imparts higher strength and tribo-behavior. Surface 

designing of PESCFT  composites with PTFE particles led to improve limiting load values of 

composites from 700N-950N at very low g values. For CF-PEEK composites, MRS studies 

proved beneficial to analyze the compressive stresses on the fiber surface embedded in the 

matrix. 

Chapters 4 on fretting wear evaluation led to the conclusion in tune to the sliding wear 

(adhesive wear) mode. 

Chapter 5 describes tribo- performance of composites in abrasive wear mode. CF reinforcement 

proved beneficial for enhancing the mechanical properties significantly but not the abrasive wear 

performance. A fairly good correlation was observed between the product of Ko  and ILSS with 

increasing strain (gp/E) for selected composites indicating that the two material properties viz. 

ILSS and E (modulus) play dominating roles in controlling abrasive wear performance. 

Chapter 6 deals with the performance evaluation of CF-PEEK composites in erosive wear 

mode. MRS studies showed very good correlation with the compressive strain produced in the 

fibers as a result of treatment as well as erosion at various angles of impingements under 

different temperatures. Studies conclusively proved that Raman spectroscopy was very useful 

tool to map the stresses on CF as well as to quantify wear behavior of CF composites. 

Chapter 7 is for conclusions on whole work and overall comments along with the scope for the future 
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