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Abstract 

Ability of high temperature thermoplastic polymers (TPs) to create strong bonds with metals 

provides an attractive solution to develop adhesives for harsh operating conditions. However, 

exploration of such TP based adhesives needs its evaluation in simulated operating conditions 

along with understanding of failure mechanism, which will serve as a platform for developing 

successive batches of composite adhesives or blends for enhanced performance. The adhesive 

strength/lap shear strength (LSS) is strongly influenced by various parameters such as 

functional groups in the high performance TPs, crystallinity, molecular weight (or rheological 

properties), method of application, type of adherend, its texture, coating on it etc. The research 

findings in this area are still inadequate to address all these issues satisfactorily. The thesis 

work is based on investigating on some of the significant issues in this area. 

It is composed of seven chapters. Each chapter starts with introduction on the theme of the 

topic, followed by methodology, results, discussions and summary of work. 

Chapter 1 elaborates on the introduction of the area of adhesives, polymeric adhesives in 

particular; followed by various mechanisms of functioning and failure, evaluation techniques 

for quantifying the adhesive strength followed by the literature survey in typical areas leadings 

to research gaps, objectives and implementation of work plan.  

Chapter 2 provides the details of selected materials for developing adhesives followed by 

preparation of lap shear joints and development of composite adhesives apart from details of 

techniques selected for determining lap shear strength of the joints. The chapter ends with 

description of techniques for failure analysis. 

Chapter 3 focusses on exploration of various high performance thermoplastic (TP) polymers 

for evaluating their potential as adhesives. Semi-crystalline TPs such as poly (ether ketone) 

(PAEK), poly (ether ether ketone) (PEEK), polyimide (PI) and amorphous TPs such as  poly 

(ether imide) (PEI), poly (amide-imide) (PAI) and poly (ether sulfone) (PES), were explored 

as adhesives for joining cold rolled stainless steel lap joints. These were evaluated for bond 

performance under various temperatures. The chapter is divided into two parts, Part A deals 

with study of PEK, PEEK and PES; while Part B deals with different polyimides i.e. PI, PEI 
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and PAI. All polymers showed very high LSS in the range of 16 to 8 MPa at ambient 

temperature and 3 to 18 MPa at 225 0C. The performance of these TPs varied with respect to 

test temperature and followed the order; PAI > PI> PES > PEK > PEEK ≥ PEI at ambient 

temperature. However, for temperature ≥ 225°C only PEK, PEEK and PI could sustain while 

other TPs failed. The maximum service temperatures as adhesives of these six polymers were 

found as;  PES < 225°C, PEK ≈ 300°C, PEEK ≈ 300°C, PI≈ 300°C, PEI < 225°C, PAI > 225°C 

but less than 300°C. Also in the case of PEK, PEEK and PAI delamination or adhesive- failure 

was observed. PI, PES and PEI, on the other hand showed cohesive- failure.  

Chapter 4 explores the influence of molecular weight (MW) of polymers on adhesive 

performance under various temperatures. MW of polymers plays a critical role on controlling 

the properties such as mechanical strength, cohesive strength, thermal stability, capability of a 

molten liquid to percolate in the asperities leading to “wetting”, which in turn should affect the 

adhesivity with metals etc. In the present thesis three different molecular weights of PES, PAI 

and PAEK were studied for the adhesion properties.  

Chapter 5 focusses on development of composite adhesives. The chapter is divided into two 

parts, first was based on development of composite micro-adhesives using ultrafine PEEK 

powder while other was based on developing nano-adhesives using aqueous suspension of 

PEEK.  Particles of SiC and B4C in micro and nano sizes were used in different amounts to 

develop composite-adhesives. Composite-adhesives and nano-adhesives (based on aqueous 

suspension) exhibited significantly higher LSS. Fracture mechanisms were studied using 

scanning electron microscopy, energy dispersive X-ray analysis Micro-Raman Spectroscopy 

X-ray photo-electron-spectroscopy and Time of Flight Secondary Ion Spectroscopy. 

Chapter 6 focusses on investigating correlation between LSS and other surface properties such 

as scratch hardness and scratch adhesion.  

Chapter 7 is the concluding chapter, with conclusions on the whole work and overall 

comments along with scope for future work. 
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 Abbreviations 
PEEK: Polyetheretherketone 

PEK: Polyetherketone 

PES: Polyethersulphone 

PPS: Polyphenylenesulphide  

PI: Polyimides 

PEI: Polyether imide 

PEKK: Polyetherketoneketone 

PEKEKK: Polyetherketoneetherketoneketone 

EPDM: Ethylenepropylenedienemonomer 

PAI: Polyamide-imide 

µ: coefficient of friction 

RT: room temperature 

SS: Stainless steel 

CRS: Cold rolled steel 

TS-tensile strength 

DSC: Differential Scanning Calorimetry 

TGA: Thermogravimetric analysis 

XRD: X-ray Diffraction 

MRS: Micro Raman Spectroscopy 

XPS: X-ray Photo electron Spectroscopy 

LSS: Lap shear strength 

SEM: Scanning electron microscopy 

EDAX: Energy Dispersive Spectroscopy 

AlN: Aluminium nitride 

MWNT: Multi-walled carbon nanotube  

POSS: Polyoligermic Silsesquioxane 

ASTM: American Standard Test Method 

ISO: International Organisation for Standardization 

NPs: Nano-particles 

TOF-SIMS: Time of Flight Secondary Ion Spectroscopy 

fwhm: full width at half maxium 
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