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Figure S1: SEM images of Top surface and two orthogonal cross sections (i and ii) showing random distribution and 

orientation of short carbon fibres (CF) in (a-c) PBCF and (d-f) PCF composites. PBCF has 10 %wt CF whereas PCF 

has 30 %wt CF. SEM images were acquired using the In-Beam SE detector at 5kV on a TESCAN MIRA3 FEG-SEM. 

Prior to imaging the samples were sputtered coated with 10nm of Pt using a Quorum Technologies Q150T ES 

coater.   

(a) PBCF- Top Surface

(d) PCF- Top Surface

(b) PBCF- Cross section i

(e) PCF- Cross section i

(c) PBCF- Cross section ii

(f) PCF- Cross section ii
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Figure S2: The effects of CF and temperature on (a) and (b) steady state coefficient of friction; (c) 
and (d) wear volume of discs. Sliding speed = 2 m/s and applied load = 10 N.  

 

Figure S3: SEM image of wear track on PBCF showing randomly oriented carbon fibers exposed 

after 3600 m of sliding at 10 N and 2 m/s.  

   



 

Figure S4: Cross section of the wear scars (orthogonal to the rubbing direction) formed at 10 N 

and 2 m/s after 3600 m of sliding. They have been flattened and offset to highlight the profiles of 

the wear scars. 

  



 

Figure S5: FTIR spectra of (a) neat PEEK vs PBI vs PBP (b) PEEK vs PCF (c) PBP vs PBCF disc 

surfaces. 

 

  



 

Figure S6: Thermal IR images of (a) PEEK vs sapphire, (b) PBI vs sapphire, (c) PBP vs sapphire, 

(d) PCF vs sapphire, (e) PBCF vs sapphire. The dotted circle shows the contact with tailing of 

infrared heat at the back of the contact. Note that PEEK and PCF generate large wear debris while 

PBI and PBP and PBCF generate smaller powdery debris.  

  



Table 1: Properties of PEEK, PBI and their composites 

Properties+ Sapphire[24] 
Steel 

[25] 

PBI 

[26] 

PEEK 

[27] 

PEEK+CF 

(PCF) 

[27] 

PEEK-PBI 

(PBP) 

[26] 

PEEK-PBI+CF 

(PBCF) 

[26] 

Tensile Strength 23°C, MPa 400 600-2000 160 95 250 100 110 

Elongation at Break - 10-20 3 45 1.9 2.20 0.9 

Poisson’s Ratio 0.29 0.29 0.34 0.38 0.45 0.35 0.39 

Tensile Modulus, GPa 7747 200 5.9 4 25 5 18.0 

Compressive Strength, MPa 2068 2500 390 125 280 206 123 

Thermal conductivity, W/m-K 46 21[28] 0.41 0.29 
0.95 (average); 

2 (along flow) 
0.3 

0.764 (average); 

1.3 (along flow) 

Specific heat capacity, J/kg-°K 670 461 930 1340 1800 1135* 1170 

Density kg/m3 3970 7700 1300 1320 1400 1300 1430 

Melting point, °C - 1424 NA 343 343 - - 

Glass transition, °C NA NA 427 143 143 - - 

Heat deflection temperature, 

°C 
NA NA 435 160 333 262 310 

Roughness, µm 0.02 0.02 >1.4 1–1.2  >1.2 >1.2 1.35 ± 0.27 

+Material properties obtained from manufacturers’ website and [29]. Roughness of samples obtained by either surface 

profilometer or white lighter interferometry; NA-not applicable; * estimated based on rule of mixture, - data not available 



Table S2: FTIR Assignment [1,2] 

 Wavenumber 
cm-1 

Assignment Location 

P
C
F 

865-848 symmetric stretch of diphenyl ether Neat PEEK and PCF disc and wear track 

800-1000 C−H out of plane vibration of phenyl rings Neat PEEK and PCF disc and wear track 

1247  asymmetric stretch of diphenyl ether  Neat PEEK and PCF disc and wear track 

Peaks between 890 
and 820 (‘T’) 

symmetric stretch of diphenyl ether C−O−C or 
C-H of phenyl rings 

PCF transfer layer at 100°C 

Band between 1280 
and 1200 (‘A’) 

asymmetric stretch of aromatic ether C−O−C Largest peak found for PCF transfer layer at 
100°C 

1266 shifted diphenyl ether antisymmetric stretch  PCF transfer layer at 100°C 

1288 shifted diphenyl ether antisymmetric stretch  PCF transfer layer at 100°C 

1747 C=O stretch of ketone PCF transfer layer at 100°C and debris 

3446 OH bond stretching PCF transfer layer at 100°C  

903 (‘C’) C−H stretch of phenyl (aromatic) rings PCF transfer layer at 200°C 

P
B
C
F 

Band between 1500-
1400 (‘E’) 

ring vibration characteristics of conjugation 
between benzene, imidazole rings and 
carbon arrangement in carbon fiber 

PBCF debris at 100°C 

1446 (‘H’) 2,6 di-substituted benzimidazole ring 
vibration 

PBCF transfer film at 200°C 

Broad bands 
between 1365 and 
1302 (‘F’) 

aromatic C−N stretching PBCF transfer film at 100°C 

1000-800 (‘G’) aromatic C-H out of plane vibration PBCF debris and transfer film at 100°C 

1750 shoulder  O−C=O stretch of ester Wear track on disc of PBCF at 200°C and 
300°C 

1754 (‘L’) shift in O−C=O stretch of ester PBCF transfer layer at 200°C 

1651 (‘M’) ν(C=O) diaryl ketone stretching PBCF transfer layer 

1266 and 1106 (‘N’ 
and ‘O’) 

weak shoulders of diphenyl ether C−O−C PBCF central transfer layer 

1590 (‘P’) ring vibration of conjugation between 
benzene and imidazole rings 

PBCF debris  

1250 (‘Q’) aromatic C−N bond PBCF transfer layer at 300°C 

1550-1650 (‘J’) N−H bending vibrations PBCF transfer layer at 100°C and 300°C 

3070-3350 (‘K’) OH bonded N−H PBCF transfer layer at 100°C and 300°C 

 

 

 


