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A Review of Tensile PRoPeRTies of nATuRAl fibRes foR GeoTechnicAl APPlicATions

Natural fibres have recently gained attention as an alternative sustainable material for civil engineering applications due 
to natural fibres’ exceptional performance, including high strength, and their environmental-friendliness and cost-effectiveness. 
however, there are disadvantages to using natural fibres in extreme environments. Therefore, this paper reviewed the effect of 
moisture content and temperature on the tensile strength of potential natural fibres for engineering purposes. Furthermore, this paper 
also critically reviewed the influence of alkaline treatment on natural fibres’ tensile strength. This is significant because alkaline 
treatment enhances surface friction and the fraction of the revealed cellulose on the fibres’ surface, resulting in better mechanical 
interlocking. In conclusion, natural fibres demonstrate their potential for geotechnical applications due to the materials’ strong 
tensile properties after being subjected to treatment processes.
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1. introduction 

soil is one of the most critical and elemental media used 
in construction projects throughout the world [1]. all the loads 
attained on structures are carried directly to the ground. If the 
underlying soil is not stable enough to carry transferred loads, 
failures, such as structure settlement, cracks, and so on, can 
occur [2,3]. In reinforced soil, soil mass is improved by insert-
ing tensile-resistant reinforcement. If the soil contains discrete 
elements for improving its qualities by randomly distributing 
specified-length fibres, it is referred to as fibre-reinforced soil. 
soil reinforcement is a method of enhancing soil qualities through 
chemical or mechanical techniques, with the primary goals of 
increasing strength and reducing settlement and lateral deforma-
tions [4]. soil reinforcement with fibres is a composite material 
in which high-tensile-strength fibres are placed within the soil 
matrix. When the composite is put through shear stresses, the 
fibres’ tensile resistance is mobilised, and tensile resistance from 
the fibres confers additional strength to the soil [5]. Natural fibres 
are now widely employed in synthetic fibres, with environmen-
tally benign, biodegradable, and other unique characteristics [6]. 

Therefore, natural fibres provide the enhancement of 
mechanical properties in soil. Natural fibres are among agri-

cultural wastes with significant advantages of high strength 
[7,8], less abrasiveness [9], cost-efficient [7], lightweight [9], 
biodegradability [10], and being eco-friendly [11]. Natural 
fibres can be obtained abundantly from many types of plants, 
such as bamboo [12,13], kenaf [14], sisal [4,15], jute [15], and 
banana [16]. Waste generation at the global level is expected to 
increase by 70% in 2050. Nearly eight billion individuals are 
responsible for generating 2.5 billion tonnes of waste a year. 
agricultural waste is one of these types of massively disposed 
solid waste. over 90% of waste in developing and low-income 
nations are thrown in open fields, resulting in major health and 
environmental implications [17]. 

however, when a product with natural fibres reaches the 
end of its life cycle, it is disposed of and composted without af-
fecting the environment. Natural fibres outperform wood fibres 
in terms of physical and mechanical features; they also have 
a high cellulose content and crystallinity and lighter weight. 
These characteristics attract more recognition from industries 
nowadays [11]. moisture content, alkaline treatment, tempera-
ture, and fibre density have significant impacts on the properties 
of natural fibres, especially tensile strength, dimensional stability, 
and swelling behaviour, and hence the study of these factors is 
important for engineering purposes [18,19]. 
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2. Potential natural fibres for geotechnical applications

In recent decades, there has been a growing emphasis on 
utilizing renewable raw resources to create sustainable products 
in order to reduce the reliance on fossil fuels and to reduce en-
vironmental degradation [20]. due to their abundance in nature, 
natural fibres have become an effective alternative to current 
fibres as raw materials. Natural fibres have a lot of potential for 
geotechnical applications and have gotten a lot of attention lately 
because of their mechanical strength properties. Based on the 
literature, TaBle 1 shows the details of the chemical properties 
of various natural fibres. 

TaBle 1

chemical properties of Natural Fibres

Type of 
fibre

cellulose 
(%) lignin (%) hemicellulose 

(%) References

Bamboo 73.83 10.15 12.49 [21] 
kenaf 66.47 2.39 9.43 [22]
sisal 65-68 9.9-14 10-22 [23]
Jute 64.4 11.8 12 [24]

Banana 63-64 5.0 19 [25]
hemp 70.2-74.4 3.7-5.7 17.9-22.4 [26]
agave 68.42 4.85 4.85 [26]
cotton 85-90 7-16 1-3 [27]

cellulose, hemicellulose, and lignin are the main com-
ponents of natural fibres’ cell walls [26,28] and the chemical 
properties of natural fibres may be found within certain ranges. 
cellulose ranged from 63% to 90% of the entire chemical proper-
ties of natural fibres. From the table, banana fibres had the least 
cellulose of 63%, while cotton fibres had the maximum cellulose 
of 90%. lignin ranged from 2.39% to 16%, where the minimum 
of 2.39% existed in kenaf fibres and the maximum lignin of 16% 
was observed in cotton fibres. hemicellulose ranged from 1% 
to 22.4%. cotton fibres had the minimum, while hemp had the 
maximum, of hemicellulose content. chemical treatments using 
different chemicals can be used to remove cellulose, hemicellu-
lose, and lignin from natural fibres. as determined by research-
ers, improvements in stiffness are attributed to the increased 
cellulose content in fibres and the decrease in composite porosity 
due to enhanced interface bonding between fibre polymers and 
matrix polymers [29].

lignin is an unwanted polymer that requires a lot of energy 
and chemicals to remove during pulping. lignin removal will re-
move celluloses and hydroxyl groups in natural fibres, improving 
their thermal stability and mechanical properties [30]. according 
to [31], hemicellulose removal via alkaline treatment resulted 
in increased viscosity of cellulosic solutions and improved the 
compactness and tensile strength of the regenerated fibres. The 
key to hemicellulose removal is removing branched hemicellu-
loses at lower alkali concentrations to preserve the unbranched 
hemicelluloses. additional treatments have also been applied 
to ensure that natural fibres can be used as a component for 
geotechnical applications.

due to its gelation capabilities, cellulose has several pos-
sible applications in geotechnical engineering. It can be used to 
make thickeners and stabilizing agents [32]. soils with natural 
cellulose have much higher tensile and flexural strength [33]. 
In addition, cellulose has been employed to construct open-
graded friction course (oGFc) pavement. oGFc comprises 
single-size coarse aggregates with wide voids, resulting in a high 
asphalt content, and cellulose helps it perform better by reducing 
coarse aggregate pop-out and reflective cracking [34]. lignin 
is an excellent alternative to traditional stabilizers. lignin con-
nects soil particles and reduces large pores, generating a stable 
soil structure [35].

3. effect of moisture content on tensile strength

The effect of moisture content on the mechanical properties 
of natural fibres is an important issue when employing natural 
fibres for geotechnical applications. due to their hydroscopic 
nature, bamboo fibres tend to modify their mechanical char-
acteristics depending on the amount of moisture present [36]. 
From [18], the moisture content has a considerable impact on 
the mechanical properties of fibres. hence, their vulnerability 
to moisture content has limited natural fibres’ application as 
reinforcements due to their chemical composition, which is rich 
in cellulose, and their hydrophilic nature. 

moisture content causes fibre swelling, which can degrade 
the mechanical and dimensional properties of composites. The 
swelling of fibres is attributed to the filling of the gaps between 
the fibres and the matrix, which is produced by the presence 
of moisture. however, moisture content may also result in the 
improvement in the mechanical properties of specific fibres 
[37]. It was discovered that the key components responsible 
for significant moisture absorption are cellulose and hemicel-
lulose [38]. 

The results of natural fibre’s tensile strength from moisture 
studies are shown in TaBle 2. Based on the findings, it can 
be concluded that moisture content played a substantial role in 
determining the mechanical properties of most of the fibres. The 
highest tensile strength was recorded for sisal fibres with 65% 

TaBle 2

effect of moisture content on Tensile strength

Type of fibre Moisture 
content (%)

Tensile 
strength (MPa) Reference

Bamboo 15
20

232
231

[39]
[39]

kenaf 65
90

275
430

[40]
[40]

sisal 65
90

680
250

[40]
[40]

Jute 65
90

430
563

[40]
[40]

Banana 20
40

525
540

[40]
[40]
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moisture content, while the least was at 20% for bamboo fibres. 
however, the effect of moisture content on tensile strength was 
not statistically significant. The data may be affected by the 
different densities, lengths, and ages of the fibres.

4. effect of alkaline treatment on tensile  
strength

alkaline treatment is one of the variables that influence 
the mechanical properties of fibres. Natural fibres cannot be 
used in their natural state because of their hydrophilic character, 
which causes them to absorb water. however, their mechanical 
properties can be improved using the alkaline treatment [41], 
which results in surface alteration. an alkaline treatment usu-
ally removes lignin, hemicellulose, and other impurities in 
fibres [42]. other than that, based on [43], the alkaline treat-
ment considerably adjusts the structure of fibres to release the 
hydrogen connection, which increases the harshness of the 
surface of fibres.

The alkaline treatment enhances surface friction and the 
proportion of revealed cellulose on the fibres’ surface, resulting in 
more excellent mechanical interlocking [44]. Thus, the alkaline 
treatment creates different mechanical locking sites, improving 
interfacial bonding and increasing fibre strength [45]. alkaline 
treatments of natural fibres using sodium hydroxide (Naoh) 
were reviewed to validate the treatment’s effectiveness in terms 
of optimal tensile strength. 

Bamboo fibres’ tensile strength and modulus of elasticity 
were enhanced after being treated with alkali [46]. This was due 
to the removal of lignin and hemicellulose via the treatment, 
which increased the fibres’ roughness and effective surface 
area. It was reported that the tensile strength of alkali-treated 
bamboo fibres improved compared to that of untreated bamboo 
fibres [46]. In addition, sisal fibres with the alkaline treatment 
had the highest tensile strength, with 12% higher tensile strength 
than that of untreated sisal fibres, which agrees with the find-
ing that the removal of hemicellulose and a portion of lignin 
increased the interfacial adhesion between the treated fibres 
and the matrix [47].

alkaline treatment improved the surface roughness of kenaf 
fibres and increased mechanical interlocking, which concurs 
with the findings from a previous study [48]. alkali-treated jute 
fibres showed enhanced tensile and flexural strength and did not 
affect impact and fatigue behaviours [49]. It can be concluded 
that different treatment procedures of natural fibres affected 
fibre length, volume percentage, and orientation in different 
manners [50].

TaBle 3 shows the result of optimal tensile strength with 
various alkali concentrations for five different fibres. It was dis-
covered that the alkaline treatment of natural fibres is the most 
extensively applied and the most versatile method to significantly 
improve tensile strength. however, the concentration of Naoh, 
treatment periods, and treatment temperature may influence fibre 
effectiveness in terms of tensile strength.

5. conclusion

In summary, kenaf fibres had the minimum lignin content, 
which was 2.39%, and cotton fibres had the greatest lignin at 
16%. on the other hand, cotton fibres had the minimum hemicel-
lulose at 1% to 3% and hemp had the maximum hemicellulose 
content at 17.9% to 22.4%. Therefore, kenaf fibres had the overall 
minimum cellulose, lignin, and hemicellulose. Furthermore, 
based on the effect of moisture content on tensile strength, it can 
be concluded that sisal fibres had the highest tensile strength 
at 680 mpa with 65% moisture content, while the least was at 
20% for bamboo fibres with tensile strength of 231 mpa. In ad-
dition, sisal fibres with alkaline treatment had the highest tensile 
strength, with 12% higher tensile strength than that of untreated 
sisal fibres, where the removal of hemicellulose and a portion of 
the lignin increased the interfacial adhesion between the treated 
fibres and the matrix.

Acknowledgement 

This research was supported by universiti Tun hussein onn malaysia 
(uThm) through Tier 1 (vot h801).

reFereNces

[1] a. stuart-street, N.s. dr, p. Galloway, N.r. schoknecht, a simple 
Guide for describing soil, department of primary Industries and 
regional development, June 2020. 

[2] I.Y. salena, a case study of Foundation Failure in the existing 
residential Building, Jurnal Teknik sipil Fakultas Teknik. 4 (2), 
91-103 (2016). doI: https://doi.org/10.35308/jts-utu.v2i1.340 

[3] Y. Yuriz, T.N.h. Tuan Ismail, N. N. mat hassan, an overview of 
Waste materials for sustainable road construction. sustain dev. 
11 (1), 215-229 (2020). 

 doI: https://doi.org/10.30880/ijscet.2020.11.01.021 
[4] r. ramkrishnan, m.r. sruthy, a. sharma, v. karthik, effect of 

random Inclusion of sisal Fibres on strength Behavior and slope 
stability of Fine Grained soils, mater Today-proc. 5 (11), 25313-
25322 (2018). doI: https://doi.org/10.1016/j.matpr.2018.10.334 

[5] k.s. kulhar, m. raisinghani, engineering performance review 
of soil reinforcement with Natural Fibers, Journal of civil en-
gineering and environmental Technology 5 (1), 20-26 (2018). 

TaBle 3

effect of alkaline Treatment on Tensile strength

Type of fibre Alkaline 
concentration (%)

Tensile 
strength (MPa) Reference

Bamboo 10 368.33 [46]
sisal 3 55.02 [47]
kenaf 1 396 [48]
Jute 5 393-800 [49]

Banana 1 443 [50]

https://doi.org/10.35308/jts-utu.v2i1.340
https://doi.org/10.30880/ijscet.2020.11.01.021
https://doi.org/10.1016/j.matpr.2018.10.334


1620

[6] v.k. shrivastava, a review: sisal Fibre Behavior as reinforce-
ment in composites, Journal of Basic and applied engineering 
research. 4 (2), 172-175 (2017).

[7] r. dungani, m. karina, subyakto, a. sulaeman, d. hermawan, 
a. hadiyane, agricultural Waste Fibers Towards sustainability 
and advanced utilization: a review, plant sci. 15 (1-2), 42-55. 
doI: https://doi.org/10.3923/ajps.2016.42.55 

[8] N. ramli, N. mazlan, Y. ando, Z. leman, k. abdan, a.a. aziz, 
N.a. sairy, Natural Fiber for Green Technology in automotive 
Industry: a Brief review, Iop conference series: materials sci-
ence and engineering 368 (1), 012012 (2018). 

 doI: https://doi.org/10.1088/1757-899x/368/1/012012
[9] F.x. espinach, advances in Natural Fibers and polymers, materi-

als 14 (10), 2607 (2021). 
 doI: https://doi.org/10.3390/ma14102607 
[10] T. khan, m.T. hameed sultan, a.h. ariffin, The challenges of 

Natural Fiber in manufacturing, material selection, and Technol-
ogy application: a review, reinforced plastics and composites 
37 (11), 770-779 (2018). 

 doI: https://doi.org/10.1177/0731684418756762 
[11] a. Gholampour, T.a. ozbakkaloglu, review of Natural Fiber 

composites: properties, modification and processing Techniques, 
characterization, applications. mater sci. 55, 829-892 (2020). 
doI: https://doi.org/10.1007/s10853-019-03990-y 

[12] a. darwis, a.h. Iswanto, morphological characteristics of Bam-
busa vulgaris and The distribution and shape of vascular Bundles 
Therein, korean Wood sci. Technol. 46 (4), 315-322 (2018). 
doI: https://doi.org/10.5658/Wood.2018.46.4.315 

[13] a. rochim, k. latifah, B. supriyadi, characterization of compres-
sion and Tensile properties of Bamboo Jawa (Gigantochloa atter) 
and Bamboo apus (Gigantochloa apus) for application as soil 
reinforcement,, Iop conference series: earth and environmental 
science 498 (1), 012040 (2020). 

 doI: https://doi.org/10.1088/1755-1315/498/1/012040 
[14] c. Tezara, J.p. siregar, h.Y. lim, F.a. Fauzi, m.h. Yazdi, 

I.k. moey, J.W. lim, Factors That affect The mechanical proper-
ties of kenaf Fiber reinforced polymer: a review, mech. eng. 
sci. 10 (2), 2159-2175 (2016). 

 doI: https://doi.org/10.15282/jmes.10.2.2016.19.0203 
[15] s. sathees kumar, r. muthalagu, c.h. Nithin chakravarthy, ef-

fects of Fiber loading on mechanical characterization of pine-
apple leaf and sisal Fibers reinforced polyester composites for 
various applications,, mater. Today-proc. 44 (1), 546-553 (2021). 
doI: https://doi.org/10.1016/j.matpr.2020.10.214 

[16] F. Jahan, m. soni, effects of chemical Treatment on mechani-
cal properties of various Natural Fiber reinforced composite: 
a review, mater. Today-proc. 46 (15), 6708-6711 (2021). 

 doI: https://doi.org/10.1016/j.matpr.2021.04.175 
[17] d.s. vijayan, d. parthiban, effect of solid Waste Based stabi-

lizing material for strengthening of expansive soil – a review, 
environmental Technology and Innovation 20, 101108 (2020). 
doI: https://doi.org/10.1016/j.eti.2020.101108 

[18] c. mizera, d. herak, p. hrabe, a. kabutey, effect of Temperature 
and moisture content on Tensile Behaviour of False Banana Fibre 

(ensete ventricosum), Int. agrophys. 31 (3), 377-382 (2017). 
 doI: https://doi.org/10.1515/intag-2016-0067 
[19] N. razali, m.s. salit, m. Jawaid, m.r. Ishak, Y. lazim, a study 

on chemical composition, physical, Tensile, morphological, and 
Thermal properties of roselle Fibre: effect of Fibre maturity, 
Bioresources 10, 1803-1823 (2015). 

[20] h. chen, J. Wu, J. shi, W. Zhang, h. Wang, effect of alkali 
Treatment on microstructure and Thermal stability of paren-
chyma cell compared with Bamboo Fiber, Ind. crop. prod. 164, 
113380 (2021). 

 doI: https://doi.org/10.1016/j.indcrop.2021.113380 
[21] a.a. salih, r. Zulkifli, c.h. azhari, Tensile properties and mi-

crostructure of alkali Treatment, Fibers 8 (5), 26 (2020). 
 doI: https://doi.org/10.3390/fib8050026 
[22] J.a. lolo, s. Nikmatin, h. alatas, d.d. prastyo, a. syafiuddin, 

Fabrication of Biocomposites reinforced with Natural Fibers and 
evaluation of Their physio-chemical properties, Biointerface 
research in applied chemistry 10 (4), 5803-5808 (2020). 

 doI: https://doi.org/10.33263/BrIac104.803808  
[23] J. Naveen, m. Jawaid, p. amuthakkannan, m. chandrasekar, 

mechanical and physical properties of sisal and hybrid sisal 
Fiber-reinforced polymer composites, Woodhead publishing 
series in composites science and engineering 426-440 (2019). 
doI: https://doi.org/10.1016/B978-0-08-102292-4.00021-7 

[24] d.B. Guido, F. vincenzo, v. antonino, Natural Fibre reinforced 
composites, mater. sci. Tech. ser. 57-90 (2012). 

[25] k. senthilkumar, I. siva, N. rajini, J.T.W. Jappes, s. siengchin, 
mechanical characteristics of Tri-layer eco-Friendly polymer 
composites for Interior parts of aerospace application, Wood-
head publishing series in composites science and engineering 
35-53 (2018). 

 doI: https://doi.org/10.1016/B978-0-08-102131-6.00003-7 
[26] sagar chokshi, vijay parmar, piyush Gohil, vijaykumar chaud-

hary, chemical composition and mechanical properties of Natural 
Fibers, Natural Fibers 19 (10), 3942-3953 (2020). 

 doI: https://doi.org/10.1080/15440478.2020.1848738 
[27] a.l. mohamed, a.G. hassabo, Flame retardant of cellulosic ma-

terials and Their composites, Flame retardants 247-314 (2015). 
 doI: https://doi.org/10.1007/978-3-319-03467-6_10 
[28] s. Zhang, B. Fei, Y. Yu, h. cheng, c. Wang, effect of the amount 

of lignin on Tensile properties of single Wood Fibers, Forest 
science and practice 15, 56-60 (2013). 

 doI: https://doi.org/10.1007/s11632-013-0106-0 
[29] m. liu, a.s. meyer, d. Fernando, d.a.s. silva, G. daniel, 

a. Thygesen, effect of pectin and hemicellulose removal 
from hemp Fibres on the mechanical properties of unidirec-
tional hemp/epoxy composites, compos. part a – appl. s. 90,  
724-735 (2016). 

 doI: https://doi.org/10.1016/j.compositesa.2016.08.037 
[30] Z. Yang, h. peng, W. Wang, T. liu, crystallization Behavior of 

Poly(Ε-Caprolactone)/layered	double	hydroxide	nanocom-
posites, applied polymer science 116 (5), 2658-2667 (2010). 
doI: https://doi.org/10.1002/app.31787 

https://doi.org/10.3923/ajps.2016.42.55
https://doi.org/10.1088/1757-899X/368/1/012012
https://doi.org/10.3390/ma14102607
https://doi.org/10.1177/0731684418756762
https://doi.org/10.1007/s10853-019-03990-y
https://doi.org/10.5658/WOOD.2018.46.4.315
https://doi.org/10.1088/1755-1315/498/1/012040
https://doi.org/10.15282/jmes.10.2.2016.19.0203
https://doi.org/10.1016/j.matpr.2020.10.214
https://doi.org/10.1016/j.matpr.2021.04.175
https://doi.org/10.1016/j.eti.2020.101108
https://doi.org/10.1515/intag-2016-0067
https://doi.org/10.1016/j.indcrop.2021.113380
https://doi.org/10.3390/fib8050026
https://doi.org/10.33263/BRIAC104.803808
https://doi.org/10.1016/B978-0-08-102292-4.00021-7
https://doi.org/10.1016/B978-0-08-102131-6.00003-7
https://doi.org/10.1080/15440478.2020.1848738
https://doi.org/10.1007/978-3-319-03467-6_10
https://doi.org/10.1007/s11632-013-0106-0
https://doi.org/10.1002/app.31787


1621

[31] J. chen, k. Wang, F. xu, r. sun, effect of hemicellulose removal 
on the structural and mechanical properties of regenerated Fibers 
from Bamboo’, cellulose 22 (1), 63-72 (2015). 

 doI: https://doi.org/10.1007/s10570-014-0488-8 
[32] a. khosro, m.r.s. shadbad, a. Nokhodchi, a. Javadzedeh, m. 

Barzegar-Jalali, J. Barar, G. mohammadi, Y. omidi, piroxicam 
Nanoparticles for ocular delivery: physicochemical characteri-
zation and Implementation in endotoxin-Induced uveitis, drug 
Targeting 15 (6), 407-416 (2008). 

 doI: https://doi.org/10.1080/10611860701453125 
[33] G.l. sivakumar Babu, a.k. vasudevan, strength and stiffness 

response of coir Fiber-reinforced Tropical soil, materials in 
civil engineering 20 (9), 571-577 (2008). 

 doI: https://doi.org/10.1061/(asce)0899-1561(2008)20:9(571) 
[34] I. chang, J. Im, G.-c. cho, Introduction of microbial Biopoly-

mers in soil Treatment for Future environmentally-Friendly and 
sustainable Geotechnical engineering, sustainability-Basel. 8 (3), 
251 (2016). 

 doI: https://doi.org/10.3390/su8030251 
[35] T. Zhang, s. liu, G. cai, a.J. puppala, experimental Investigation 

of Thermal and mechanical properties of lignin Treated silt, eng 
Geol. 196, 1-11 (2015). 

 doI: https://doi.org/10.1016/j.enggeo.2015.07.003 
[36] h. Wang, G. Tian, W. li, d. ren, x. Zhang, Y. Yu, sensitivity 

of Bamboo Fiber longitudinal Tensile properties to moisture 
content variation under The Fiber saturation point, Wood sci. 
61 (3), 262-269 (2015). 

 doI: https://doi.org/10.1007/s10086-015-1466-y 
[37] e. muñoz, J.a. García-manrique, Water absorption Behaviour and 

Its effect on The mechanical properties of Flax Fibre reinforced 
Bioepoxy composites, polymer science (2015). 

 doI: http://dx.doi.org/10.1155/2015/390275 
[38] a.d. Gudayu, l. steuernagel, d. meiners, r. Gideon, effect 

of surface Treatment on moisture absorption, Thermal, and 
mechanical properties of sisal Fiber, Industrial Textiles 51 (2), 
2853s-2873s. 

 doI: https://doi.org/10.1177/1528083720924774 
[39] d. awalluddin, m.a. mohd ariffin, m.h. osman, m.W. hus-

sin, m.a. Ismail, h. lee, N.h. abdul shukor lim, mechanical 
properties of different Bamboo species. International confer-
ence of euro asia civil engineering Forum 138, 01024 (2017). 
doI: https://doi.org/10.1051/matecconf/201713801024 

[40] m.c. symington, W.m. Banks, o.d. West, r.a. pethrick, Tensile 
Testing of cellulose Based Natural Fibers for structural composite 
applications, composite materials 43 (9), 1083-1108 (2009). 
doI: https://doi.org/10.1177/0021998308097740 

[41] l. prabhu, v. krishnaraj, s. sathish, s. Gokulkumar, N. karthi, 
l. rajeshkumar, d. Balaji, N. vigneshkumar, k.s. elango, a re-
view on Natural Fiber reinforced hybrid composites: chemical 
Treatments, manufacturing methods and potential applications, 
mater. Today-proc. 45 (9), 8080-8085 (2021). 

 doI: https://doi.org/10.1016/j.matpr.2021.01.280 
[42] x. Yang, k. Wang, G.T., x. liu, s. Yang, evaluation of chemical 

Treatments to Tensile properties of cellulosic Bamboo Fibers, 
Wood Wood prod. 76 (4), 1303-1310 (2018). 

 doI: https://doi.org/10.1007/s00107-018-1303-2 
[43] mukesh, s.s. Godara, effect of chemical modification of Fiber 

surface on Natural Fiber composites: a review’, mater. Today-
proc. 18 (7) 3428-3434 (2019). 

 doI: https://doi.org/10.1016/j.matpr.2019.07.270 
[44] m.h. Zin, k. abdan, N. mazlan, e.s. Zainudin, k.e. liew, The 

effects of alkali Treatment on The mechanical and chemical 
properties of pineapple leaf Fibres (palF) and adhesIoN To 
epoxY resIN’, Iop conference series: materials science and 
engineering 368 (1), 012035. 

 doI: https://doi.org/10.1088/1757-899x/368/1/012035 
[45] Y. shireesha, G. Nandipati, state of art review on Natural Fibers, 

mater. Today-proc. 18 (1), 15-24 (2019). 
 doI: https://doi.org/10.1016/j.matpr.2019.06.272 
[46] F.s. Tong, s.c. chin, m.T. mustafa, h.r. ong, m.m.r. khan, 

J. Gimbun, s.I. doh, Influence of alkali Treatment on physico-
chemical properties of malaysian Bamboo Fiber: a preliminary 
study, anal. sci. 22 (1), 143-150 (2018). 

 doI: https://doi.org/10.17576/mjas-2018-2201-18 
[47] p.s. kumar, s. prakash, J. prakash, The effect of chemical Treat-

ment on The Tensile properties of sisal Fibre reinforced epoxy 
composite’, engineering and Technology 5 (8), 1431-1435 (2018). 
doI: https://www.irjet.net/archives/v5/i8/IrJeT-v5I8245.pdf 

[48] r. ahmad, r. hamid, s.a. osman, effect of Fibre Treatment on 
the physical and mechanical properties of kenaf Fibre reinforced 
Blended cementitious composites, civil engineering 23 (9), 
4022-4035 (2019). 

 doI: https://doi.org/10.1007/s12205-019-1535-7 
[49] B. koohestani, a.k. darban, p. mokhtari, e. Yilmaz, e. darez-

ereshki, comparison of different Natural Fiber Treatments: 
a literature review, environmental science and Technology 16 
(1), 629-642 (2019). 

 doI: https://doi.org/10.1007/s13762-018-1890-9 
[50] u.s. Gupta, m. dhamarikar, a. dharkar, s. chaturvedi, s. Tiwari, 

r. Namdeo, surface modification of Banana Fiber: a review, 
mater Today-proc. 43 (2), 904-915 (2021). 

 doI: https://doi.org/10.1016/j.matpr.2020.07.217

https://doi.org/10.1007/s10570-014-0488-8
https://doi.org/10.1080/10611860701453125
https://doi.org/10.1061/(ASCE)0899-1561(2008)20:9(571)
https://doi.org/10.3390/su8030251
https://doi.org/10.1016/j.enggeo.2015.07.003
https://doi.org/10.1007/s10086-015-1466-y
http://dx.doi.org/10.1155/2015/390275
https://doi.org/10.1177/1528083720924774
https://doi.org/10.1051/matecconf/201713801024
https://doi.org/10.1177/0021998308097740
https://doi.org/10.1016/j.matpr.2021.01.280
https://doi.org/10.1007/s00107-018-1303-2
https://doi.org/10.1016/j.matpr.2019.07.270
https://doi.org/10.1088/1757-899X/368/1/012035
https://doi.org/10.1016/j.matpr.2019.06.272
https://doi.org/10.17576/mjas-2018-2201-18
https://www.irjet.net/archives/V5/i8/IRJET-V5I8245.pdf
https://doi.org/10.1007/s12205-019-1535-7
https://doi.org/10.1007/s13762-018-1890-9
https://doi.org/10.1016/j.matpr.2020.07.217

	A. Nalborczyk-Kazanecka1,2*, G. Mrówka-Nowotnik1, A. Pytel1,2
	The Effect of the Heat Treatment Condition of the Base Material on the Microstructure 
and Mechanical Properties of 17-4PH Stainless Steel Electron Beam Welded Joints 

	P. Palutkiewicz1*, A. Kalwik1, T. Jaruga1
	The Influence of the Processing Conditions on Changes in Physical and Structural Properties 
of Injection Moulded Parts Made of Polypropylene

	A. Kalwik1*, P. Postawa1 
	Analysis of Changes in the Physical Properties and Structure of Poly(Oxymethylene) 
After Ageing in Natural Conditions and Accelerated by UVB-313 nm Radiation

	Lingen Luo1, Jianming Pang1*, Yaoxin Song1, Shulan Liu2*, Guoliang Yin3, 
Hao Peng4, Chunlei Pu5, Yinhe Lin4, Jingwei Li6, Xuefeng Shi7
	Microstructure Evolution Mechanism of AISI 1045 Steel Under High Speed Deformation


