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Figure 1.11 Morphological characterization of abaca fiber-epoxy laminates. Source:
Kurien et al. [41]/with permission of Springer Nature.

this chapter has studied numerous aspects of natural fibers and the impact
associated with wear performance in order to build effective tribo-composites.

References

1 Ramesh, M. (2016). Kenaf (Hibiscus cannabinus L.) fibre based bio-materials: a
review on processing and properties. Prog. Mater. Sci. 78: 1-92.

2 Ramesh, M. (2018). Flax (Linum usitatissimum L.) fibre reinforced polymer com-
posite materials: a review on preparation, properties and prospects. Prog. Mater.
Sci. 102: 109-166.

3 Paul, R., Gouda, K., and Bhowmik, S. (2021). Effect of different constraint on
tribological behaviour of natural fibre/filler reinforced polymeric composites: a
review. Silicon 13 (8): 2785-2807. https://doi.org/10.1007/s12633-020-00613-z.

4 Ramesh, M., Palanikumar, K., and Reddy, K.H. (2017). Plant fibre based
bio-composites: sustainable and renewable green materials. Renew. Sustain
Energy Rev. 79: 558-584.

5 Ramesh, M., Deepa, C., Kumar, L.R. et al. (2020). Life-cycle and environmental
impact assessments on processing of plant fibres and its bio-composites: a critical
review. J. Ind. Text. https://doi.org/10.1177/1528083720924730.

6 Chaudhary, V., Bajpai, P.K., and Maheshwari, S. (2018). An investigation on wear
and dynamic mechanical behavior of jute/hemp/flax reinforced composites and

15



16 | 1 Tribological Characterization of Biocomposites: An Overview

10

11

12

13

14

15

16

17

18

its hybrids for tribological applications. Fibers Polym. 19 (2): 403-415. https://doi
.0rg/10.1007/s12221-018-7759-6.

Karthikeyan, S., Rajini, N., Jawaid, M. et al. (2017). A review on tribological
properties of natural fiber based sustainable hybrid composite. Proc. Inst. Mech.
Eng. J. Eng. Tribol. 231 (12): 1616-1634.

Kanakannavar, S., Pitchaimani, J., and Ramesh, M. (2021). Tribological
behaviour of natural fibre 3D braided woven fabric reinforced PLA composites.
Proc. Inst. Mech. Eng. J. Eng. Tribol. 235 (7): 1353-1364.

Adeniyi, A.G., Onifade, D.V., Ighalo, J.O., and Adeoye, A.S. (2019). A review of
coir fiber reinforced polymer composites. Composites, Part B 176: 107305. https://
doi.org/10.1016/j.compositesb.2019.107305.

Yousif, B.F. (2008). Frictional and wear performance of polyester composites
based on coir fibres. Proc. Inst. Mech. Eng. J. Eng. Tribol. 223: 51-59. https://doi
.0rg/10.1243/13506501JET455.

Chavali, P.J. and Taru, G.B. (2020). Effect of fiber orientation on mechanical
and tribological properties of Banana-reinforced composites. J. Fail. Anal. Prev.
https://doi.org/10.1007/s11668-020-01048-9.

Vinay Kumar, D. and Mohan, N. (2019). Fabrication and tribological investiga-
tion of coconut coir/banana fiber/glass fiber reinforced hybrid polymer matrix
composites—a Taguchi’s approach. Mater. Res. Exp. https://doi.org/10.1088/2053-
1591/ab3d4a.

Kumar, N., Singh, T., Grewal, J.S., and Patnaik, A. (2019). Experimental inves-
tigation on the physical, mechanical and tribological properties of hemp
fiber-based non-asbestos organic brake friction composites. Mat. Res. Exp. 6

(8): 085710.

Kumar, R., Haq, M.I.U., Sharma, S.M., and Raina, A. (2021). Effect of water
absorption on mechanical and tribological properties of Indian ramie/epoxy
composites. Proc. Inst. Mech. Eng. J. Eng. Tribol. https://doi.org/10.1177/
13506501211005635.

Ramesh, G., Subramanian, K., Sathiyamurthy, S., and Jayabal, S. (2020). Study
on influence of fiber length and fiber weight proportion in mechanical behav-
ior of Calotropis gigantea fiber-epoxy composites. Polym. Compos. 41 (11):
4899-4906. https://doi.org/10.1002/pc.25761.

Dwivedi, UK., Singh, S., Shukla, S.C., and Hashmi, S.A.R. (2022). Investigation
on tribo-characteristics of Calotropis gigantea fiber-reinforced-CNT modified
polymer composites. Polym. Bull. 79 (2): 697-707. https://doi.org/10.1007/s00289-
020-03532-6.

Ramesh, M., Deepa, C., Rajeshkumar, L. et al. (2021). Influence of fiber surface
treatment on the tribological properties of Calotropis gigantea plant fiber rein-
forced polymer composites. Polym. Compos. 42 (9): 4308-4317. https://doi.org/10
.1002/pc.26149.

Narish, S., Yousif, B.F., and Rilling, D. (2010). Adhesive wear of thermoplastic
composite based on kenaf fibres. Proc. Inst. Mech. Eng. J. Eng. Tribol. 225 (2):
101-109. https://doi.org/10.1177/2041305X10394053.



19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

References

Chin, C.W,, Yousif, B.F., Ayer, J., and Lama, K. (2010). Tribological behaviour of
KFRE composite. Int. J. Mod. Phys. B 24 (28): 5589-5599. https://doi.org/10.1142/
S50217979210056232.

Gill, N.S. and Yousif, B.F. (2009). Wear and frictional performance of betelnut
fibre-reinforced polyester composite. Proc. Inst. Mech. Eng. J. Eng. Tribol. 223 (2):
183-194. https://doi.org/10.1243/13506501JET516.

Nirmal, U., Hashim, J., Lau, S.T. et al. (2012). Betelnut fibres as an alternative to
glass fibres to reinforce thermoset composites: a comparative study. Text. Res. J.
82 (11): 1107-1120. https://doi.org/10.1177/0040517512439945.

Ali, A. and Ogaili, F. (2020). Mechanical and tribological properties of wal-
nut/polypropylene natural composites. J. Mech. Eng. Res. Dev. 43 (4): 372-380.
Krishnan, G.S., Babu, L.G., Kumaran, P. et al. (2020). Investigation of Caryota
urens fibers on physical, chemical, mechanical and tribological properties for
brake pad applications. Mat. Res. Exp. 7 (1): 015310.

Parbin, S., Waghmare, N.K., Singh, S.X., and Khan, S. (2019). Mechanical prop-
erties of natural fiber reinforced epoxy composites: a review. Proc. Comput. Sci.
152: 375-379.

Ruggiero, A., Valasek, P., and Muller, M. (2016). Exploitation of waste date seeds
of Phoenix dactylifera in form of polymeric particle biocomposite: investigation
on adhesion, cohesion and wear. Comp. Eng. 104: 9-16.

Chaudhary, V. and Ahmad, F. (2020). A review on plant fiber reinforced ther-
moset polymers for structural and frictional composites. Polym. Test. 91: 106792.
Sumithra, H. and Sidda Reddy, B. (2018). A review on tribological behaviour of
natural reinforced composites. J. Reinforced Plast. Compos. 37 (5): 349-353.
Ramesh, M., Rajeshkumar, L., Deepa, C. et al. (2021). Impact of silane treat-
ment on characterization of Ipomoea staphylina plant fiber reinforced epoxy
composites. J. Nat. Fibers 19: 1-12.

Ramesh, M., Balaji, D., Rajeshkumar, L. et al. (2021). Tribological behavior of
glass/sisal fiber reinforced polyester composites. In: Vegetable Fiber Composites
and Their Technological Applications, 445-459. Singapore: Springer.

Basumatary, K.K., Mohanta, N., and Acharya, S.K. (2014). Effect of fiber loading
on abrasive wear behaviour of Ipomoea carnea reinforced epoxy composite. Int. J.
Plast. Technol. 18 (1): 64-74.

Ibrahem, R.A. (2015). Effect of date palm seeds on the tribological behaviour of
polyester composites under different testing conditions. J. Mater. Sci. Eng.ss 4 (6).
Kumar, S. and Singh, K.K. (2020). Tribological behaviour of fibre-reinforced ther-
moset polymer composites: a review. Proc. Inst. Mech. Eng. J. Mater. Des. Appl.
234 (11): 1439-1449.

Ramesh, M., Tamil Selvan, M., and Niranjana, K. (2022). Hygrothermal aging,
kinetics of moisture absorption, degradation mechanism and their influence

on performance of the natural fibre reinforced composites. In: Aging Effects on
Natural Fiber-Reinforced Polymer Composites, 257-277. Singapore: Springer.
Ramesh, M., Deepa, C., Tamil Selvan, M., and Reddy, K.H. (2020). Effect of
alkalization on characterization of ripe bulrush (Typha domingensis) grass fiber
reinforced epoxy composites. J. Nat. Fibers 1-12.

17



18

1 Tribological Characterization of Biocomposites: An Overview

35

36

37

38

39

40

41

42

43

Vijay, B.R. and Srikantappa, A.S. (2020). Influence of fillers on tribological
behaviour of glass-coir reinforced epoxy composites-an ANN approach. IOP
Conf. Ser. Mater. Sci. Eng. 852 (1): 012065.

Liu, Y., Xie, J., Wu, N. et al. (2019). Influence of silane treatment on the
mechanical, tribological and morphological properties of corn stalk fiber rein-
forced polymer composites. Tribol. Int. 131: 398-405.

Mohammed, L., Ansari, M.N., Pua, G. et al. (2015). A review on natural fiber
reinforced polymer composite and its applications. Int. J. Polym. Sci. 2015:
https://doi.org/10.1155/2015/243947.

Mylsamy, B., Chinnasamy, V., Palaniappan, S.K. et al. (2020). Effect of sur-

face treatment on the tribological properties of Coccinia indica cellulosic fiber
reinforced polymer composites. J. Mater. Res. Technol. 9 (6): 16423-16434.
Vigneshwaran, S., Sundarakannan, R., John, K.M. et al. (2020). Recent advance-
ment in the natural fiber polymer composites: a comprehensive review. J. Clean.
Prod. 277: 124109.

Ramesh, M., Deepa, C., Selvan, M.T. et al. (2021). Mechanical and water absorp-
tion properties of Calotropis gigantea plant fibers reinforced polymer composites.
Mater. Today Proc. 46: 3367-3372.

Kurien, R.A., Selvaraj, D.P., and Koshy, C.P. (2021). Worn surface morpholog-
ical characterization of NaOH-treated chopped abaca fiber reinforced epoxy
composites. J. Bio- Tribo-Corrosion 7 (1): 1-8.

Behera, S., Gautam, R.K., Mohan, S., and Chattopadhyay, A. (2021). Dry sliding
wear behavior of chemically treated sisal fiber reinforced epoxy composites. J.
Nat. Fibers 1-14.

Suresh, S., Sudhakara, D., and Vinod, B. (2019). Investigation of bio-waste
natural fiber-reinforced polymer hybrid composite: effect on mechanical and
tribological characteristics of biodegradable composites. Mech. Soft Mater. 1 (1):
1-16.



