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Editorial Corner

Throughout the human civilization the innovations 
in field of materials have been realized mainly due 
to the technological changes happened in terms of 
lifestyles, depleting man-made resources and ever  
increasing global ecological problems. This has made the  
researchers around the universe to look for more  
sustainable and versatile solutions for the above- 
mentioned issues. This has impacted in the alarming 
usage of green fibers in composite materials which has 
in turn benefited in keeping the tempo of tree growing  
which is essential for the endurance of mortality. 
Natural fibers are used either in fibrous or non-fibrous 
form and popularly known as natural fiber composites. 
They are obtained from different plant, animal and 
mineral resources. Plant or cellulosic fibers are the 
most preferred natural fibers because of their various 
eco-friendly properties and their capability to minimize 
world global energy crisis. 
 The natural fibers are accessible in various forms 
such as seed fibers (milkweed, kapok), grass fibers 
(bagasse, bamboo), leaf fibers (abaca, banana, curaua, 
sisal), bast fibers (jute, hemp, ramie, kenaf), fruit fibers  
(oil palm, coir), stalks (wheat, rice, maize) and wood 
fibers (hardwood and softwood) [1]–[25]. This plant 
based natural fibers are attractive mainly due to their  
biodegradable sustainable behaviour. They are reinforced  
efficiently with different polymers to consequence in 

natural fiber reinforced polymer composites. These 
composites possess several advantages like low cost, 
easy processing, recyclable and safe from human health 
point of few. 
 The natural fibers are extracted from the respective 
plants through several methods. Decortication and retting  
process are commonly used methods for separating bast 
stem and leaf fibers from their respective plants. In, 
decortication method, a decorticator is used for stripping  
the fiber bundles from the leaf or bast. A rotating wheel 
in decorticator consisting of a pair of blunt knives is 
going to crush the leaves and separate them for fibers. 
Next, the decorticated fibers will be washed with pure 
water and later dried under sun. Finally, the dried fibers  
are combed and made ready for further use. The other 
method utilized for separation of bast stem and leaf 
fibers are retting method. It is a process of treating a 
deseeded straw/ crop to various biological or chemical 
treatments and making fiber bundles more effortlessly 
detachable from woody piece of stem. Dew and water 
retting methods are two traditional retting methods 
employed. Dew retting method involves leaving 
the plant stem in the yield area to rot and should be  
continuously monitored for ensuring the bast fibers 
separation and quality. While the water retting method 
demands dipping of stem in the ponds or in the tanks or 
in slow moving rivers. This process may need a large 
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amount of fresh water thus making it more expensive 
method but produces finer quality fibers compared 
with dew retting process [26]–[33]. 
 Although the environmentally friendly advantages  
of natural fibers have made natural fibers to be used 
more frequently than synthetic fibers as reinforcement 
materials in polymeric matrix composite systems, 
these fibers have got some drawbacks which had  
limited their use in some polymer industries. The major  
detrimental feature of natural fibers are their poor  
moisture resistance and minimal strength characteristics  
which limits their utilization in moderate engineering 
and commercial applications when reinforced with 
polymer matrix composites. Momentous investigations 
have been made around the globe to allay the above-
mentioned obstacles and researchers have come up with 
several physical and chemical fiber surface modification 
methods which will essentially improve mechanical 
interlocking behaviour between hydrophilic fibers 
and hydrophobic matrices thus resulting in enhanced 
performance in natural fiber composites which have 
made them suitable for global applications. The fiber 
treatment methods commonly used are pre-treatment 
method, dispersing agent method, compatibilizer  
method and coupling agent method. Matrix modification  
method involves adding some chemical coupling agents 
or compatibilizer to polymer matrices to enhance  
polymer reactivity and reinforcing fibers wetting property  
[34]–[60]. 
 Although natural fibers have got some exemplary 
features to be implemented in certain automobile,  
household, and construction applications, they alone 
cannot exhibit enough mechanical properties to be  
exploited in several structural applications. The limited use 
of these fibers in structural applications is also attributed  
to their poor moisture absorption resistance as compared  
with manmade synthetic fiber composites. In this context, 
 there is growing attention in the developing hybrid 
fiber composites constituting of synthetic and natural 
fibers which is enhancing the optimal use of natural 
resources and understanding the physico mechanical 
properties of composites prepared from natural and  
synthetic fibers. These hybrid composite materials are 
becoming more attractive structural materials nowadays  
due to their reduced production cost and improved 
mechanical properties. The term “hybrid” in hybrid 
composites refers to the material structure comprising  
of diverse mixture of matrices coupled with more 

than one reinforcing and filler materials. The main 
advantage of hybrid composite material systems is that, 
as it is composed of more than one fiber, if one fiber 
lags in some properties it will be compensated by the 
other fiber and helps in better cost balance as well as 
by proper material design considerations performance 
of the composites will be enhanced. The hybrid fiber 
reinforced polymer composites (FRPCs) are fabricated 
using different processes namely hand layup process,  
hydraulic press process, cold press process, compression  
molding process etc. [61]–[85]. 
 The increasing environmental concerns around 
the world have made many engineering sectors to  
produce their products by utilizing natural fiber reinforced  
polymer-based hybrid composites. Also, their 
biodegradability, inexpensiveness and better strength 
properties make them to be effectively used in many 
industrial, structural, and commercial applications. 
Major car manufacturing companies in Germany 
including Mercedes, Audi, Ford, Daimler Chrysler, 
Volkswagen, Opel and BMW are making wide use 
of natural fiber reinforced hybrid composites for 
the production of some of their major automotive 
parts. Mercedes-Benz, one of the world’s leading car 
manufacturers pioneered the use of jute-based polymer  
laminates for the development of door panels in their 
A-class vehicles. Also, some of the companies in 
Germany, are utilizing flax-hemp based needles in 
few of their high segmental cars. Other automobile 
giant Ford automobiles merchant Visteon automotive 
systems made an agreement with Kafus bio-composites 
to manufacture interior panels, fittings and linings 
using natural fiber hybrid composites. Audi Groups 
have introduced A2 Midrange cars where their door 
trim boards are being fabricated using flax-sisal mat  
reinforced polyurethane composites. 
 Some of the interior parts manufactured by 
some of the world’s renowned car manufacturing 
companies include Roof cover, engine cover, engine 
insulation, interior insulation, bumper and sun visor 
(Mercedes-Benz); Boot liner, B-pillar and Door panels 
(Ford); Spare tyre lining, roadster, coupe, side and 
back door panels, seat backs, hat racks and boot lining  
(Audi); Door panels, headliner panel, boot lining, seat 
backs, noise insulation panels and molded foot well  
linings (BMW); Door panel, boot liner & lid finish panel  
and seat back (Volkswagen); Rear parcel shelf (Renault);  
Cargo floor tray, natural foams and seat padding (Volvo)  
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to name a few. The sisal-based epoxy composites is 
used in the production of cylinders; banana fiber based 
polyester composites for manufacturing of projector 
covers, paper weights, voltage stabilizers and mirror 
casings; and coir fiber based polyester composites for 
fabrication of roofing, helmets and post boxes. Some 
vehicle interior parts like door panels, seat backrest, 
glove box, seat coverings, trunk floor and panels 
were made from sisal/flax reinforced thermosetting 
polymer, coconut fiber-natural rubber, wood-cotton 
fibers, leather-wool backing, cotton with Polyethylene/ 
Polypropylene Terephthalate based cotton fiber composites,  
while outer division of floor panel mat is prepared 
by using flax fiber reinforced polypropylene hybrid 
composite laminates. Door frames are made from 
hessian/jute cloth based phenolic composites using 
pultrusion method, while the door shutters were made 
from sandwiching jute-sisal composite laminates with 
wood plastic slabs. The sisal-glass fabric reinforced 
epoxy composites are used in fabricating high pressure  
compression molded sheets and coir fibers reinforced 
with cement materials of different lengths and thickness  
are used to fabricate roofing sheets. 
 Some of the other application fields of natural 
fiber reinforced hybrid composites are: Transportation 
sector (automobiles, railway coach interior parts, gears, 
boats), Construction and building industry (partition 
boards, floors, walls, false ceiling, partition panels, 
roof tiles, door and window frames), Electric devices  
(electrical appliances and pipes), Furniture (tables, 
chairs, bath units), Storage devices (post boxes, silos for 
grain storage, biogas containers), Every-day applications  
(suitcases, lampshades, helmets) [86]–[105]. The 
positive ecological behaviour and easy processing of 
natural fiber composites makes them appropriate to 
be used in all the above-mentioned applications which 
have and will serve for the betterment of each and every  
human being across the universe. Overall, the invention  
of natural fiber composites has certainly been a boon 
for the earth for keeping its ecological balance in 
check and has also greatly helped in solving the global 
environmental issues in poise.  

References

[1] P. Narayanasamy, P. Balasundar, S. Senthil, S. M.  
Rangappa, S. Siengchin, A. Khan, and A. M. Asiri,  
“Characterization of a novel natural cellulosic 

fiber from Calotropis gigantea fruit bunch for 
ecofriendly polymer composites,” International 
Journal of Biological Macromolecules, vol. 150, 
pp. 793–801, 2020. 

[2] J. S. Binoj, R. E. Raj, S. A. Hassan, M. Mariatti, S. 
Siengchin, and S. M. Rangappa, “Characterization 
of discarded fruit waste as substitute for harmful 
synthetic fiber-reinforced polymer composites,” 
Journal of Materials Science, vol. 55, no. 20,  
pp. 8513–8525, 2020. 

[3] P. Madhu, S. M. Rangappa, M. Jawaid, S. Siengchin, 
A. Khan, and C. I. Pruncu, “A new study on effect  
of various chemical treatments on Agave 
Americana fiber for composite reinforcement: 
Physico-chemical, thermal, mechanical and  
morphological properties,” Polymer Testing,  
vol. 85, p. 106437, 2020. 

[4] S. Radoor, J. Karayil, S. M. Rangappa, S. 
Siengchin, and J. Parameswaranpillai, “A review 
on the extraction of pineapple, sisal and abaca 
fibers and their use as reinforcement in polymer 
matrix,” eXPRESS Polymer Letters, vol. 14,  
no. 4, pp. 309–335, 2020. 

[5] R. Siakeng, M. Jawaid, M. Asim, N. Saba, S. M. 
Rangappa, S. Siengchin, and H. Fouad, “Alkali 
treated coir/pineapple leaf fibres reinforced PLA 
hybrid composites: Evaluation of mechanical, 
morphological, thermal and physical properties,” 
eXPRESS Polymer Letters, vol. 14, no. 8, pp. 717– 
730, 2020. 

[6] M. Ramesh, C. Deepa, L. R. Kumar, S. M. Rangappa,  
and S. Siengchin, “Life-cycle and environmental  
impact assessments on processing of plant fibres  
and its bio-composites: A critical review,” 
Journal of Industrial Textiles, 2020, Art. no. 
1528083720924730. 

[7] S. Dinesh, P. Kumaran, S. Mohanamurugan, R. Vijay,  
D. L. Singaravelu, A. Vinod, S. M. Rangappa,  
S. Siengchin, and K. S. Bhat, “Influence of wood 
dust fillers on the mechanical, thermal, water 
absorption and biodegradation characteristics of 
jute fiber epoxy composites,” Journal of Polymer 
Research, vol. 27, no. 1, pp. 1–3, 2020. 

[8] N. Sumrith, S. M. Rangappa, R. Dangtungee, 
S. Siengchin, M. Jawaid, and C. I. Pruncu, 
“Biopolymers-based nanocomposites: Properties 
and applications,” in Bio-based Polymers and 
Nanocomposites. New York: Springer-Cham, 



546

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

2019, pp. 255–272. 
[9] A. Verma, A. Parashar, N. Jain, V. K. Singh, S. M. 

Rangappa, and S. Siengchin, “Surface modification  
techniques for the preparation of different 
novel biofibers for composites,” in Biofibers 
and Biopolymers for Biocomposites. New York: 
Springer-Cham, 2020, pp. 1–34. 

[10] S. Radoor, J. Karayil, A. Jayakumar, E. K.  
Radhakrishnan, L. Muthulakshmi, S. M. Rangappa,  
S. Siengchin, and J. Parameswaranpillai,  
“Structure and surface morphology techniques 
for biopolymers,” in Biofibers and Biopolymers 
for Biocomposites. New York: Springer-Cham, 
2020, pp. 35–70. 

[11] H. Mohit, H. B. Vishwanath, G. H. Kumar, V. 
A. Selvan, S. M. Rangappa, and S. Siengchin,  
“Applications and drawbacks of bamboo fiber 
composites,” in Bamboo Fiber Composites.  
Singapore: Springer, 2021, pp. 247–270.

[12] M. Puttegowda, Y. G. T. Girijappa, S. M. Rangappa,  
J. Parameswaranpillai, and S. Siengchin, “Effect  
of process engineering on the performance 
of hybrid fiber composites,” in Hybrid Fiber  
Composites: Materials, Manufacturing, Process 
Engineering. Germany: Wiley-VCH, 2020,  
pp. 17–40. 

[13] N. R. J. Hynes, R. Sankaranarayanan, J. S. 
Kumar, S. M. Rangappa, and S. Siengchin,  
“Mechanical behavior of synthetic/natural  
fibers in hybrid composites,” in Hybrid Fiber 
Composites: Materials, Manufacturing, Process  
Engineering. Germany: Wiley-VCH, 2020,  
pp. 129–146.

[14] H. Mohit, S. M. Sanjay, S. Siengchin, G. H. 
Kumar, V. A. Selvan, and R. Ruban, “Future 
challenges and applications of polymer coatings,” 
in Polymer Coatings. Florida: CRC Press, 2020, 
pp. 325–337. 

[15] S. M. Rangappa and S. Siengchin, “Lightweight 
natural fiber composites,” Journal of Applied 
Agricultural Science and Technology, vol. 3,  
no. 2, p. 178, 2019. 

[16] G. R. Arpitha, S. M. Rangappa, P. Senthamaraikannan,  
C. Barile, and B. Yogesha, “Hybridization effect 
of sisal/glass/epoxy/filler based woven fabric  
reinforced composites,” Experimental Techniques,  
vol. 41, no. 6, pp. 577–584, 2017. 

[17] D. Athith, S. M. Rangappa, T. G. Yashas Gowda, 

P. Madhu, G. R. Arpitha, B. Yogesha, and M. A. 
Omri, “Effect of tungsten carbide on mechanical  
and tribological properties of jute/sisal/ 
E-glass fabrics reinforced natural rubber/epoxy  
composites,” Journal of Industrial Textiles, vol. 
48, no. 4, pp. 713–737, 2018. 

[18] N. R. Hyness, N. J. Vignesh, P. Senthamaraikannan,  
S. S. Saravanakumar, and S. M. Rangappa,  
“Characterization of new natural cellulosic fiber 
from heteropogon contortus plant,” Journal of 
Natural Fibers, vol. 15, no. 1, pp. 146–153, 2018. 

[19] G. R. Arpitha, S. M. Rangappa, and B. Yogesha, 
“State-of-Art on hybridization of natural fiber 
reinforced polymer composites,” Colloid and 
Surface Science, vol. 2, no. 2, pp. 59–65, 2017. 

[20] S. M. Rangappa and S. Suchart, “Natural fibers 
as perspective materials,” International Journal 
of Applied Science and Technology, vol. 11,  
p. 233, 2018.

[21] A. Vinod, T. Y. Gowda, R. Vijay, S. M. Rangappa, 
M. K. Gupta, M. Jamil, V. Kushvaha, and S. 
Siengchin, “Novel Muntingia Calabura bark fiber 
reinforced green-epoxy composite: A sustainable  
and green material for cleaner production,” Journal  
of Cleaner Production, vol. 20, p. 126337, 2021. 

[22] V. Vignesh, A. N. Balaji, N. Nagaprasad, S. M. 
Rangappa, A. Khan, A. M. Asiri, G. M. Ashraf, 
and S. Siengchin, “Indian mallow fiber reinforced 
polyester composites: Mechanical and thermal 
properties,” Journal of Materials Research and 
Technology, vol. 1, pp. 274–284, 2021. 

[23] K. J. Nagarajan, N. R. Ramanujam, S. M. Rangappa,  
S. Siengchin, B. Surya Rajan, K. S. Basha, P. 
Madhu, and G. R. Raghav, “A comprehensive 
review on cellulose nanocrystals and cellulose 
nanofibers: Pretreatment, preparation, and  
characterization,” Polymer Composites, vol. 42, 
no. 4, pp. 1588–1630, 2021. 

[24] J. Praveenkumara, P. Madhu, T. G. Yashas 
Gowda, S. M. Rangappa, and S. Siengchin,  
“A comprehensive review on the effect of  
synthetic filler materials on fiber-reinforced  
hybrid polymer composites,” The Journal of the 
Textile Institute, pp. 1–9, 2021. 

[25] T. G. Yashas Gowda, A. Vinod, P. Madhu, V. 
Kushvaha, S. M. Rangappa, and S. Siengchin, “A 
new study on flax‐basalt‐carbon fiber reinforced 
epoxy/bioepoxy hybrid composites,” Polymer 



547

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

Composites, vol. 42, no. 4, pp. 1891–1900, 2021. 
[26] M. N. Arshad, H. Mohit, S. M. Rangappa, S. 

Siengchin, A. Khan, M. M. Alotaibi, A. M. 
Asiri, and M. A. Rub, “Effect of coir fiber and 
TiC nanoparticles on basalt fiber reinforced 
epoxy hybrid composites: Physico–mechanical  
characteristics,” Cellulose, vol. 28, no. 6, pp. 3451– 
3471, 2021. 

[27] K. N. Bharath, P. Madhu, T. Y. Gowda, A. Verma, 
S. M. Rangappa, and S. Siengchin, “Mechanical  
and chemical properties evaluation of sheep 
wool fiber–reinforced vinylester and polyester  
composites,” Materials Performance and  
Characterization, vol. 10, no. 1, pp. 99–109, 
2021. 

[28] H. Mohit, R. Srisuk, S. M. Rangappa, S. Siengchin,  
A. Khan, H. M. Marwani, H. Dzudzevic-Cancar, 
and A. M. Asiri, “Nanoparticles addition in coir‐
basalt‐innegra fibers reinforced bio-synthetic 
epoxy composites,” Journal of Polymers and 
the Environment, 2021, doi: 10.1007/s10924-
021-02133-2. 

[29] G. Rajeshkumar, V. Hariharan, G. L. Devnani, J. 
Prakash Maran, S. M. Rangappa, S. Siengchin, N. A.  
Al‐Dhabi, and K. Ponmurugan, “Cellulose fiber 
from date palm petioles as potential reinforcement  
for polymer composites: Physicochemical and 
structural properties,” Polymer Composites, 
2021, doi: 10.1002/pc.26106.

[30] H. M. Kavya, S. Bavan, S. M. Rangappa, S. 
Siengchin, and S. Gorbatyuk, “Effect of coir fiber 
and inorganic filler on physical and mechanical 
properties of epoxy based hybrid composites,” 
Polymer Composites, 2021, doi: 10.1002/
pc.26103. 

[31] B. S. Keerthi Gowda, K. Naresh, S. Ilangovan,  
S. M. Rangappa, and S. Siengchin, “Effect of fiber 
volume fraction on mechanical and fire resistance  
properties of basalt/polyester and pineapple/
polyester composites,” Journal of Natural Fibers,  
2021, doi: 10.1080/15440478.2021.1904479. 

[32] Y. G. T. Girijappa, S. M. Rangappa, J.  
Parameswaranpillai, and S. Siengchin, “Natural 
fibers as sustainable and renewable resource 
for development of eco-friendly composites: A 
comprehensive review,” Frontiers in Materials, 
vol. 6, p. 226, 2019. 

[33] P. Kumaran, S. Mohanamurugan, S. Madhu, R. 

Vijay, D. Lenin Singaravelu, A. Vinod, S. M. 
Rangappa, and S. Siengchin, “Investigation on 
thermo-mechanical characteristics of treated/
untreated Portunus sanguinolentus shell powder-
based jute fabrics reinforced epoxy composites,” 
Journal of Industrial Textiles, vol. 50, no. 4,  
pp. 427–459, 2020. 

[34] A. Vinod, R. Vijay, D. L. Singaravelu, M. R.  
Sanjay, S. Siengchin, and M. M. Moure,  
“Characterization of untreated and alkali 
treated natural fibers extracted from the stem of  
Catharanthus roseus,” Materials Research Express,  
vol. 6, no. 8, p. 085406, 2019. 

[35] R. Vijay, S. Manoharan, A. Vinod, D. L. Singaravelu,  
S. M. Rangappa, and S. Siengchin, “Characterization  
of raw and benzoyl chloride treated Impomeapes 
caprae fibers and its epoxy composites,” Materials  
Research Express, vol. 6, no. 9, p. 095307,  
2019. 

[36] R. Vijay, D. L. Singaravelu, A. Vinod, I. F. Raj, S. M.  
Rangappa, and S. Siengchin, “Characterization of 
novel natural fiber from saccharum bengalense 
grass (Sarkanda),” Journal of Natural Fibers, 
vol. 17, no. 12, pp. 1739–1747, 2019. 

[37] R. Vijay, D. L. Singaravelu, A. Vinod, S. M. 
Rangappa, and S. Siengchin, “Characterization 
of alkali-treated and untreated natural fibers from 
the stem of Parthenium hysterophorus,” Journal 
of Natural Fibers, vol. 18, no. 1, pp. 80–90, 2019. 

[38] P.  M a n i m a r a n ,  S .  M .  R a n g a p p a ,  P.  
Senthamaraikannan, S. S. Saravanakumar, S. 
Siengchin, G. Pitchayyapillai, and A. Khan,  
“Physico-chemical properties of fiber extracted 
from the flower of Celosia argentea plant,” 
Journal of Natural Fibers, vol. 18, no. 3,  
pp. 464–473, 2019. 

[39] A. Vinod, R. Vijay, D. L. Singaravelu, S. M. 
Rangappa, S. Siengchin, Y. Yagnaraj, and S. 
Khan, “Extraction and characterization of natural  
fiber from stem of Cardiospermum halicababum,” 
Journal of Natural Fibers, vol. 18, no. 6,  
pp. 898–908, 2019. 

[40] G. Rajeshkumar, G. L. Devnani, J. P. Maran, S. M. 
Rangappa, S. Siengchin, N. A. Al-Dhabi, and K. 
Ponmurugan, “Characterization of novel natural 
cellulosic fibers from purple bauhinia for potential  
reinforcement in polymer composites,” Cellulose,  
2021, doi: 10.1007/s10570-021-03919-2. 



548

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

[41] G. Rajeshkumar, S. A. Seshadri, G. L. Devnani, 
S. M. Rangappa, S. Siengchin, J. P. Maran, N. 
A. Al-Dhabi, P. Karuppiah, V. A. Mariadhas, N. 
Sivarajasekar, and A. R. Anuf, “Environment 
friendly, renewable and sustainable poly lactic  
acid (PLA) based natural fiber reinforced  
composites–A comprehensive review,” Journal 
of Cleaner Production, vol. 310, p. 127483, 2021. 

[42] A. Vinod, S. M. Rangappa, S. Suchart, and 
P. Jyotishkumar, “Renewable and sustainable 
biobased materials: An assessment on biofibers,  
biofilms, biopolymers and biocomposites,”  
Journal of Cleaner Production, vol. 258,  
p. 120978, 2020. 

[43] A. George, S. M. Rangappa, R. Srisuk, J.  
Parameswaranpillai, and S. Siengchin, “A  
comprehensive review on chemical properties  
and applications of biopolymers and their  
composites,” International Journal of Biological 
Macromolecules, vol. 154, pp. 329–338, 2020. 

[44] A. Khan, R. Vijay, D. L. Singaravelu, S. M. Rangappa,  
S. Siengchin, F. Verpoort, K. A. Alamry, and 
A. M. Asiri, “Characterization of natural fibers  
from Cortaderia selloana grass (pampas) as  
reinforcement material for the production of the 
composites,” Journal of Natural Fibers, 2020, 
doi: 10.1080/15440478.2019.1709110. 

[45] A. Khan, R. Vijay, D. L. Singaravelu, S. M.  
Rangappa, S. Siengchin, M. Jawaid, K. A. 
Alamry, and A. M. Asiri, “Extraction and  
characterization of natural fibers from Citrullus 
lanatus climber,” Journal of Natural Fibers, pp. 1– 
9, 2020, doi: 10.1080/15440478.2020.1758281. 

[46] A. Khan, V. Raghunathan, D. L. Singaravelu, 
S. M. Rangappa, S. Siengchin, M. Jawaid, 
K. A. Alamry, and A. M. Asiri, “Extraction 
and characterization of cellulose fibers from 
the stem of Momordica Charantia,” Journal  
of Natural Fibers, p. 1, 2020, doi: 10.1080/ 
15440478.2020.1807442. 

[47] P. Jagadeesh, Y. G. T. Girijappa, M. Puttegowda,  
S. M. Rangappa, and S. Siengchin, “Effect  
of natural filler materials on fiber reinforced  
hybrid polymer composites: An overview,”  
Journal of Natural Fibers, 2020, doi: 10.1080/ 
15440478.2020.1854145. 

[48] M. Maran, R. Kumar, P. Senthamaraikannan, S. S. 
Saravanakumar, S. Nagarajan, S. M. Rangappa,  

and S. Siengchin, “Suitability evaluation of 
Sida mysorensis plant fiber as reinforcement in  
polymer composite,” Journal of Natural Fibers, 
2020, doi: 10.1080/15440478.2020.1787920. 

[49] P. Madhu, S. M. Rangappa, A. Khan, A. A. Otaibi, 
S. A. Al-Zahrani, S. Pradeep, B. Yogesha, P. 
Boonyasopon, and S. Siengchin, “Hybrid effect 
of PJFs/E-glass/carbon fabric reinforced hybrid 
epoxy composites for structural applications,”  
Journal of Natural Fibers, 2020, doi: 10.1080/ 
15440478.2020.1848724. 

[50] V. K. Shravanabelagola Nagaraja Setty, G. Goud, 
S. Peramanahalli Chikkegowda, S. M. Rangappa, 
and S. Siengchin, “Characterization of chemically  
treated Limonia Acidissima (wood apple) 
shell powder: Physicochemical, thermal, and  
morphological properties,” Journal of Natural  
Fibers, 2020, doi: 10.1080/15440478.2020. 
1853925. 

[51] A. Stalin, S. Mothilal, V. Vignesh, S. M. Rangappa,  
and S. Siengchin, “Mechanical properties of 
hybrid vetiver/banana fiber mat reinforced vinyl 
ester composites,” Journal of Industrial Textiles, 
2020, doi: 10.1177/1528083720938161. 

[52] A. Vinod, R. Vijay, D. Lenin Singaravelu, A. 
Khan, S. M. Rangappa, S. Siengchin, F. Verpoort, 
K. A. Alamry, and A. M. Asiri, “Effect of alkali 
treatment on performance characterization of  
Ziziphus mauritiana fiber and its epoxy composites,”  
Journal of Industrial Textiles, 2020, doi: 
10.1177/1528083720942614. 

[53] L. Prabhu, V. Krishnaraj, S. Gokulkumar, S. Sathish,  
S. M. Rangappa, and S. Siengchin, “Mechanical,  
chemical and sound absorption properties of 
glass/kenaf/waste tea leaf fiber-reinforced hybrid 
epoxy composites,” Journal of Industrial Textiles,  
2020, doi: 10.1177/1528083720957392. 

[54] S. A. Varghese, H. Pulikkalparambil, S. M. Rangappa,  
S. Siengchin, and J. Parameswaranpillai, “Novel 
biodegradable polymer films based on poly 
(3-hydroxybutyrate-co-3-hydroxyvalerate) and 
Ceiba pentandra natural fibers for packaging 
applications,” Food Packaging and Shelf Life, 
vol. 25, p. 100538, 2020. 

[55] K. N. Bharath, P. Madhu, T. Y. Gowda, S. M.  
Rangappa, V. Kushvaha, and S. Siengchin, “Alkaline  
effect on characterization of discarded waste of 
Moringa oleifera fiber as a potential eco-friendly 



549

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

reinforcement for biocomposites,” Journal of 
Polymers and the Environment, vol. 28, no. 11, 
pp. 2823–2836, 2020. 

[56] G. Rajeshkumar, V. Hariharan, S. Indran, S. M.  
Rangappa, S. Siengchin, J. P. Maran, N. A. Al-Dhabi, 
and P. Karuppiah, “Influence of sodium hydroxide  
(NaOH) treatment on mechanical properties and 
morphological behaviour of Phoenix sp. fiber/
epoxy composites,” Journal of Polymers and the 
Environment, vol. 29, no. 3, pp. 765–774, 2021. 

[57] R. Vijay, A. Vinod, D. L. Singaravelu, S. M. 
Rangappa, and S. Siengchin, “Characterization 
of chemical treated and untreated natural fibers 
from Pennisetum orientale grass-A potential  
reinforcement for lightweight polymeric  
applications,” International Journal of Lightweight  
Materials and Manufacture, vol. 4, no. 1, pp. 43– 
49, 2021. 

[58] K. N. Bharath, P. Madhu, T. G. Gowda, A. Verma, S. M.  
Rangappa, and S. Siengchin, “A novel approach  
for development of printed circuit board from  
biofiber based composites,” Polymer Composites,  
vol. 41, no. 11, pp. 4550–4558, 2020. 

[59] M. Puttegowda, S. M. Rangappa, A. Khan, S. 
A. Al‐Zahrani, A. Al Otaibi, P. Shivanna, M. 
M. Moure, and S. Siengchin, “Preparation and  
characterization of new hybrid polymer composites  
from Phoenix pusilla fibers/E‐glass/carbon fabrics  
on potential engineering applications: Effect of 
stacking sequence,” Polymer Composites, vol. 41,  
no. 11, pp. 4572–4582, 2020. 

[60] M. Hemath, S. Mavinkere Rangappa, V. Kushvaha,  
H. N. Dhakal, and S. Siengchin, “A comprehensive  
review on mechanical, electromagnetic radiation 
shielding, and thermal conductivity of fibers/ 
inorganic fillers reinforced hybrid polymer  
composites,” Polymer Composites, vol. 41, no. 10,  
pp. 3940–3965, 2020. 

[61] R. Srisuk, L. Techawinyutham, S. M. Rangappa, 
S. Siengchin, and R. Dangtungee, “Development 
of masterbatch for composites using bamboo 
charcoal powders in poly (lactic) acid,” Polymer 
Composites, vol. 41, no. 12, pp. 5082–5095, 
2020. 

[62] M. K. Marichelvam, P. Manimaran, A. Verma, S. M. 
Rangappa, S. Siengchin, K. Kandakodeeswaran, 
and M. Geetha, “A novel palm sheath and sugarcane  
bagasse fiber based hybrid composites for  

automotive applications: An experimental  
approach,” Polymer Composites, vol. 42, no.1, 
pp. 512–521, 2021. 

[63] A. Verma, N. Jain, S. M. Rangappa, S. Siengchin, 
and M. Jawaid, “Natural fibers based bio-phenolic  
composites,” in Phenolic Polymers Based  
Composite Materials. Singapore: Springer, 2021, 
pp. 153–168.

[64] Y. G. Girijappa, V. Ayyappan, M. Puttegowda, 
S. M. Rangappa, J. Parameswaranpillai, and S. 
Siengchin, Plastics in Automotive Applications. 
Amsterdam, Netherlands: Elsevier, 2020. 

[65] H. Pulikkalparambil, S. M. Rangappa, S. Siengchin,  
and J. Parameswaranpillai, “Introduction to 
epoxy composites,” in Epoxy Composites:  
Fabrication, Characterization and Applications. 
New Jersey: Wiley, 2021, pp. 1–21. 

[66] S. M. Rangappa and S. Siengchin, “Exploring the 
applicability of natural fibers for the development 
of biocomposites,” eXPRESS Polymer Letters, 
vol. 15, no. 5, p. 193, 2021.

[67] S. M. Rangappa, S. Siengchin, and H. N. Dhakal,  
“Green-composites: Ecofriendly and sustainability,”  
Applied Science and Engineering Progress, vol. 31,  
no. 3, pp. 183–184, 2020, doi: 10.14416/j.asep. 
2020.06.001.

[68] E. Syafri, S. M. Rangappa, and N. H. Sari,  
“Environmental friendly materials for lightweight  
structural components,” Journal of Applied  
Agricultural Science and Technology, vol. 4,  
no. 1, p. 1, 2020. 

[69] K. Sałasińska, M. Kirpluks, P. Cabulis, A. Kovalovs,  
E. Skukis, P. Kozikowski, M. Celiński, K. Mizera,  
M. Gałecka, K. Kalnins, and U. Cabulis, “Experimental  
investigation of the mechanical properties and 
fire behavior of epoxy composites reinforced by 
fabrics and powder fillers,” Processes, vol. 9,  
no. 5, p. 738, 2021. 

[70] P. Madhu, S. Mavinkere Rangappa, A. Khan, 
A. Al Otaibi, S. A. Al‐Zahrani, S. Pradeep, M. 
K. Gupta, P. Boonyasopon, and S. Siengchin, 
“Experimental investigation on the mechanical 
and morphological behavior of Prosopis juliflora 
bark fibers/E‐glass/carbon fabrics reinforced 
hybrid polymeric composites for structural  
applications,” Polymer Composites, vol. 41, no. 12,  
pp. 4983–4993, 2020.  

[71] K. Yorseng, S. M. Rangappa, J. Parameswaranpillai,  



550

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

and S. Siengchin, “Influence of accelerated weathering  
on the mechanical, fracture morphology, thermal 
stability, contact angle, and water absorption 
properties of natural fiber fabric-based epoxy 
hybrid composites,” Polymers, vol. 12, no. 10, 
p. 2254, 2020.  

[72] L. Prabhu, V. Krishnaraj, S. Sathish, S. Gokulkumar,  
S. M. Rangappa, and S. Siengchin, “Mechanical  
and acoustic properties of alkali-treated Sansevieria  
ehrenbergii/Camellia sinensis fiber–reinforced 
hybrid epoxy composites: Incorporation of 
glass fiber hybridization,” Applied Composite  
Materials, vol. 27, no. 6, pp. 915–933, 2020.  

[73] S. M. Rangappa, S. Siengchin, J. Parameswaranpillai,  
M. Jawaid, C. I. Pruncu, and A. Khan, “A  
comprehensive review of techniques for natural 
fibers as reinforcement in composites: Preparation,  
processing and characterization,” Carbohydrate 
Polymers, vol. 207, pp. 108–121, 2019.  

[74] R. Vijay, D. L. Singaravelu, A. Vinod, S. M. 
Rangappa, S. Siengchin, M. Jawaid, A. Khan, 
and J. Parameswaranpillai, “Characterization 
of raw and alkali treated new natural cellulosic 
fibers from Tridax procumbens,” International 
Journal of Biological Macromolecules, vol. 125, 
pp. 99–108, 2019. 

[75] M. D. Alotaibi, B. A. Alshammari, N. Saba, O. 
Y. Alothman, S. M. Rangappa, Z. Almutairi, and 
M. Jawaid, “Characterization of natural fiber 
obtained from different parts of date palm tree 
(Phoenix dactylifera L.),” International Journal 
of Biological Macromolecules, vol. 135, pp. 69– 
76, 2019. 

[76] P. Manimaran, S. P. Saravanan, S. M. Rangappa,  
S. Siengchin, M. Jawaid, and A. Khan,  
“Characterization of new cellulosic fiber:  
Dracaena reflexa as a reinforcement for polymer  
composite structures,” Journal of Materials  
Research and Technology, vol. 8, no. 2,  
pp. 1952–1963, 2019. 

[77] P. Madhu, S. M. Rangappa, S. Pradeep, 
K. S. Bhat, B. Yogesha, and S. Siengchin,  
“Characterization of cellulosic fibre from  
Phoenix pusilla leaves as potential reinforcement 
for polymeric composites,” Journal of Materials  
Research and Technology, vol. 8, no. 3, pp. 2597– 
2604, 2019. 

[78] A. Khan, R. Vijay, D. L. Singaravelu, G. R. Arpitha,  

S. M. Rangappa, S. Siengchin, M. Jawaid, 
K. Alamry, and A. M. Asiri, “Extraction and  
characterization of vetiver grass (Chrysopogon  
zizanioides)  and kenaf fiber (Hibiscus  
cannabinus) as reinforcement materials for epoxy 
based composite structures,” Journal of Materials  
Research and Technology, vol. 9, no. 1, pp. 773– 
778, 2020. 

[79] P. Senthamaraikannan, S. S. Saravanakumar, 
S. M. Rangappa, M. Jawaid, and S. Siengchin, 
“Physico-chemical and thermal properties of  
untreated and treated Acacia planifrons bark 
fibers for composite reinforcement,” Materials 
Letters, vol. 240, pp. 221–224, 2019. 

[80] B. A. Alshammari, M. D. Alotaibi, O. Y. Alothman,  
S. M. Rangappa, L. K. Kian, Z. Almutairi, and 
M. Jawaid, “A new study on characterization and 
properties of natural fibers obtained from olive 
tree (Olea europaea L.) residues,” Journal of 
Polymers and the Environment, vol. 27, no. 11, 
pp. 2334–2340, 2019. 

[81] P. Manimaran, S. P. Saravanan, S. M. Rangappa, 
M. Jawaid, S. Siengchin, and V. Fiore, “New 
lignocellulosic Aristida Adscensionis fibers as 
novel reinforcement for composite materials:  
Extraction, characterization and Weibull distribution  
analysis,” Journal of Polymers and the Environment,  
vol. 28, no. 3, pp. 803–811, 2020. 

[82] N. Premalatha, S. S. Saravanakumar, S. M.  
Rangappa, S. Siengchin, and A. Khan, “Structural 
and thermal properties of chemically modified 
Luffa cylindrica fibers,” Journal of Natural Fibers,  
pp. 1–7, 2019. 

[83] A. Khan, R. Vijay, D. L. Singaravelu, S. M. Rangappa,  
S. Siengchin, F. Verpoort, K. A. Alamry, and 
A. M. Asiri, “Extraction and characterization 
of natural fiber from Eleusine indica grass as 
reinforcement of sustainable fiber-reinforced 
polymer composites,” Journal of Natural Fibers, 
pp. 1–9, 2019. 

[84] N. H. Sari, S. M. Rangappa, G. R. Arpitha, C. I. Pruncu,  
and S. Siengchin, “Synthesis and properties 
of pandanwangi fiber reinforced polyethylene  
composites: Evaluation of dicumyl peroxide 
(DCP) effect,” Composites Communications,  
vol. 15, pp. 53–57, 2019. 

[85] S. M. Rangappa, P. Madhu, M. Jawaid, P. 
Senthamaraikannan, S. Senthil, and S. Pradeep, 



551

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

“Characterization and properties of natural fiber 
polymer composites: A comprehensive review,”  
Journal of Cleaner Production, vol. 172,  
pp. 566–581, 2018. 

[86] P. Manimaran, P. Senthamaraikannan, S. M. 
Rangappa, M. K. Marichelvam, and M. Jawaid, 
“Fiber characterization of Furcraea foetida 
natural fiber as potential reinforcement of bio-
composite,” Carbohydrate Polymers, vol. 181, 
pp. 650–658, 2018. 

[87] E. Syafri, A. Kasim, H. Abral, G. T. Sulungbudi, 
S. M. Rangappa, and N. H. Sari, “Synthesis 
and characterization of cellulose nanofibers 
(CNF) ramie reinforced cassava starch hybrid  
composites,” International Journal of Biological 
Macromolecules, vol. 120, pp. 578–586, 2018. 

[88] S. M. Rangappa, G. R. Arpitha, P. Senthamaraikannan,  
M. Kathiresan, M. A. Saibalaji, and B. Yogesha, 
“The hybrid effect of jute/kenaf/E-glass woven  
fabric epoxy composites for medium load  
applications: Impact, inter-laminar strength, 
and failure surface characterization,” Journal of 
Natural Fibers, vol. 16, no. 4, pp. 600–612, 2019. 

[89] P. Madhu, S. M. Rangappa, P. Senthamaraikannan,  
S. Pradeep, S. Siengchin, M. Jawaid, and 
M. Kathiresan, “Effect of various chemical  
treatments of Prosopis juliflora fibers as  
composite reinforcement: Physicochemical,  
thermal, mechanical, and morphological  
properties,” Journal of Natural Fibers, vol. 17, 
no. 6, pp. 833–844, 2020. 

[90] P. Madhu, S. M. Rangappa, P. Senthamaraikannan,  
S. Pradeep, S. S. Saravanakumar, and B. Yogesha, 
“A review on synthesis and characterization of 
commercially available natural fibers: Part-I,”  
Journal of Natural Fibers, vol. 16, no. 8,  
pp. 1132–1144, 2018. 

[91] P. Madhu, S. M. Rangappa, P. Senthamaraikannan,  
S. Pradeep, S. S. Saravanakumar, and B.  Yogesha,  
“A review on synthesis and characterization of 
commercially available natural fibers: Part II,” 
Journal of Natural Fibers, vol. 16, no. 1, pp. 25– 
36, 2019. 

[92] K. N. Bharath, S. M. Rangappa, M. Jawaid, 
Harisha, S. Basavarajappa, and S. Siengchin, 
“Effect of stacking sequence on properties of 
coconut leaf sheath/jute/E-glass reinforced  
phenol formaldehyde hybrid composites,”  

Journal of Industrial Textiles, vol. 49, no. 1, 
2019, Art, no. 152808371876992. 

[93] M. Puttegowda, S. M. Rangappa, M. Jawaid, 
P. Shivanna, Y. Basavegowda, and N. Saba,  
“Potential of natural/synthetic hybrid composites  
for aerospace applications,” in Sustainable  
Composites for Aerospace Applications.  
Cambridge, UK: Woodhead Publishing, 2018, 
pp. 315–335. 

[94] P. Manimaran, S. M. Rangappa, P. Senthamaraikannan,  
M. Jawaid, S. S. Saravanakumar, and R. George, 
“Synthesis and characterization of cellulosic fiber 
from red banana peduncle as reinforcement for 
potential applications,” Journal of Natural Fibers,  
vol. 16, no. 5, pp. 768–780, 2019. 

[95] P. Senthamaraikannan, S. M. Rangappa, K. S. Bhat,  
N. H. Padmaraj, and M. Jawaid, “Characterization  
of natural cellulosic fiber from bark of Albizia 
amara,” Journal of Natural Fibers, vol. 16, no. 8,  
pp. 1124–1131, 2018. 

[96] T. Y. Gowda, S. M. Rangappa, K. S. Bhat, P. 
Madhu, P. Senthamaraikannan, and B. Yogesha, 
“Polymer matrix-natural fiber composites: An 
overview,” Cogent Engineering, vol. 5, no. 1,  
p. 1446667, 2018. 

[97] S. Abhishek, S. M. Rangappa, R. George, S. 
Siengchin, J. Parameswaranpillai, and C. I. 
Pruncu, “Development of new hybrid Phoenix 
pusilla/carbon/fish bone filler reinforced polymer 
composites,” Journal of the Chinese Advanced 
Materials Society, vol. 6, no. 4, pp. 553–560, 
2018. 

[98] P. Manimaran, P. Senthamaraikannan, S. M. 
Rangappa, and C. Barile, “Comparison of  
fibres properties of Azadirachta indica and Acacia  
arabica plant for lightweight composite applications,”  
Structural Integrity and Life-integritet I Vek 
Konstrukcija, vol. 18, no. 1, pp. 37–43, 2018. 

[99] K. Ganesan, C. Kailasanathan, S. M. Rangappa, 
P. Senthamaraikannan, and S. S. Saravanakumar, 
“A new assessment on mechanical properties of 
jute fiber mat with egg shell powder/nanoclay-
reinforced polyester matrix composites,” Journal 
of Natural Fibers, vol. 17, no. 4, pp. 482–490, 
2018. 

[100] A. Saravanakumaar, A. Senthilkumar, S. S. 
Saravanakumar, S. M. Rangappa, and A. Khan, 
“Impact of alkali treatment on physico-chemical, 



552

M. Puttegowda et al., “Trends and Developments in Natural Fiber Composites.”

Applied Science and Engineering Progress, Vol. 14, No. 4 (Special Issue), pp. 543–552, 2021

thermal, structural and tensile properties of  
Carica papaya bark fibers,” International Journal  
of Polymer Analysis and Characterization,  
vol. 23, no. 5, pp. 529–536, 2018. 

[101] B. G. Babu, D. P. Winston, P. Senthamaraikannan,  
S. S. Saravanakumar, and S. M. Rangappa, 
“Study on characterization and physicochemical 
properties of new natural fiber from Phaseolus 
vulgaris,” Journal of Natural Fibers, vol. 16,  
no. 7, pp. 1035–1042, 2019. 

[102] E. Syafri, A. Kasim, A. Asben, P. Senthamaraikannan,  
and S. M. Rangappa, “Studies on Ramie cellulose 
microfibrils reinforced cassava starch composite: 
influence of microfibrils loading,” Journal of 
Natural Fibers, vol. 17, no. 1, pp. 122–131, 2020. 

[103] A. Karakoti, S. Biswas, J. R. Aseer, N. Sindhu, 
and S. M. Rangappa, “Characterization of  
microfiber isolated from Hibiscus sabdariffa var. 
altissima fiber by steam explosion,” Journal of 
Natural Fibers, vol. 17, no. 2, pp. 189–198, 2018. 

[104] S. Jothibasu, S. Mohanamurugan, R. Vijay, D. L.  
Singaravelu, A. Vinod, and S. M. Rangappa,  
“Investigation on the mechanical behavior of 
areca sheath fibers/jute fibers/glass fabrics  
reinforced hybrid composite for light weight  
applications,” Journal of Industrial Textiles,  
vol. 49, no. 8, pp. 1036–1060, 2020. 

[105] S. M. Rangappa, G. R. Arpitha, L. L. Naik, K. 
Gopalakrishna, and B. Yogesha, “Applications of 
natural fibers and its composites: An overview,” 
Natural Resources, vol. 7, no. 3, pp. 108–114, 
2016. 

Dr. Madhu Puttegowda

Dr. Harikrishnan Pulikkalparambil

Dr. Sanjay Mavinkere Rangappa
Editorial Board


