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1. Introduction

The natural composites are classified mainly in three biomaterial categories: green composites,

hybrid biocomposites, and textile biocomposites. In recent times, biological materials have

become essential materials for the construction and automotive industry. Natural fibers and

particles have been already used in various types of materials such as plastics, concrete, and

textile products as strengthening part of the fiber/matrix combination. These composite mate-

rials have very good mechanical thermal and acoustical properties; therefore, they have been

used in various engineering applications. The wood-plastic composites (WPCs) have been

used in many application areas as automotives, constructions, marine, electronic and aero-

space areas instead of fiber glass composites and steel materials. As a wood derivative, hemp

fibers have been used in generating thermoplastic matrix composites. These composites can

find its application area in the following five sectors: the first area is to modify some parts of

the internal and external automobile structures and electric cars. The second area is to obtain

strong cementation in building construction. Another area is the production of durable clothes

for army suppliers. The fourth one is to produce small electric hand tools and the last one is to

build supercapacitors in carbon nanosheets which are as strong as graphene. This review

covers a general overview of the preparation phase (chemical procedures), test techniques

(experiments) and results, and conclusions summaries (the gaining) of current studies on

hemp fiber plastic composites. The data obtained by literature search of the 63 publications

have been shown in Table A1 [1–63].

2. Scientific researches about natural hemp composites

The quality of the produced compounds depends on the elastic constants of the natural fibers

used in the composition and the shape and size of the fibers as well as the properties of the

matrix material. Factors influencing the strength of the composite material can be listed in more

detail as follows: Morphic structure, chemical composition, density, thickness of wood plastic
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composites (WPCs) as well as the type and amount of bonding agent and fiber percentage used

in composite material. According to the literature, the usage rate of the herb composites (WPCs)

in the industrial areas is stated as follows: in the field of aviation 1%, in the area of consumer

products 8%, in various fields 8%, in the field of electronics 10%, in the maritime field 12%, in the

construction industry 26%, in the automotive sector 31%, and miscellaneous 4% [46].

2.1. General properties of natural fibers in plastic composites

Interface conditions have been influenced at the nanoscale level depending on the thermal

sensitivity and the water content of the green materials in the process of preparing

composite material from natural fiber embedded in a polymeric matrix. The natural fiber

and the polymeric matrix interface features and the cell wall structure of the natural fibers

influence: (i) the mechanical properties, (ii) the durability, and (iii) the recyclability of the

Test

type

Experimental methods Test

type

Experimental methods

1 Accelerated weathering testing 20 Microscopy (optical light microscope, SEM, confocal laser

scanning microscopy (CLSM))

2 Acoustic emission monitoring 21 Moisture absorption method

3 Biodegradability test 22 Nanoindentation test

4 Chemical techniques 23 Nondestructive longitudinal and flexural free/forced vibration test

5 Compression test 24 Sample thickness measurements

6 Compression molding 25 Shear testing

7 Density measurements 26 Single-fiber pullout test

8 Diffusion measurement 27 Static/dynamic/vibration-damping testing

9 Differential scanning calorimetry

(DSC)

28 Surface energy and dynamic contact angle measurement

10 Digital images recording 29 Taguchi’s technique

11 Fatigue testing 30 Temperature field measurement

12 Flexural test 31 Tensile testing

13 Fourier transform infrared

spectroscopy (FTIR)

32 Thermal techniques (annealing)

14 Fracture toughness 33 Torsion test

15 Growth test 34 Vicat test

16 Impact test 35 Water absorption and volume change test

17 Liquid chromatography (HPLC) 36 Weibull statistics

18 Mass spectrometry 37 X-ray microtomography

19 Microbond test

Table 1. The list of performed experimental studies on natural fiber plastic composites.
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industrially produced green composites. The literature survey results both on mechanical

and chemical properties of the hemp fiber plastic composites and their usage in industrial

areas have been listed in Table A1. Table A1 gives brief information on: (i) the aim of this

research, (ii) the experimental methods used in compound production, and (iii) conclu-

sions according to the obtained results. In Table A1; 63 research articles have been listed

according to the fiber/matrix material characteristics. Of these 63 studies, 59 were related

to fiber composites, while only 4 of them were related to particle composites. In the

literature survey, the investigations were carried out in two groups: (a) original research

articles and (b) review articles. The 52 articles of the 63 articles were original research

articles. Researchers performed a series of experimental studies to obtain the information

about the following main subjects related with the natural fibers and plastic matrices in

biocomposites: (a) mechanical elastic constants, (b) strength, (c) failure stages, (d) the

effect of moisture content, (e) biodegradability, (f) fiber matrix interface stresses, (g) cell

wall properties, (h) hardness, and (i) the effect of chemical processing. The statistical

information according to the performed experiments has been presented in Table 1 and

Figure 1. The basic tests have been performed by tensile loading (23%) to obtain the

Young’s modulus and tensile strength of the composite material in addition to the micro-

scopic visualizations (optical light microscope, SEM) (17%) to observe deformation patterns

of the loaded specimens in micro and nanoscales.

Figure 1. Curve represents the hemp fiber plastic composites and percentage distributions of the performed experimental

studies in literature survey.
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3. Conclusions

The results obtained by the literature search were summarized below and very important

keypoints about fiber and matrix compositions, the physical features of the hemp fibers and

hemp fiber plastic composites were emphasized. The main results were as follows.

(1) It was found that tensile strength, Young’s modulus, and impact strength of the hemp short

fiber reinforced composites were increased in proportion to the increase in fiber content. (2)

Flexural strength of the hemp fiber reinforced polylactide and unsaturated polyester composites

were found to be decreased with increased fiber content. Additionally, flexural modulus was

found to be increased in proportion to the increased fiber content. (3) The impact energy required

to damage hemp composites was higher than in conventional laminates. (4) The deformation

characterization of hemp/epoxy composites has been developed in three stages. (5) It was shown

that natural fibers when compared to flexible fibers showed scattered and lower mechanical

properties. (6) Minor variations in terms of the mechanical properties of the woody hemp core

(WHC) cell walls were investigated at the nanoscale level. (7) The fiber/polymer interface was

modified by using two functionalized chemical procedures simultaneously, and in thisway, better

adhesion capacity was obtained at the interface (between hemp fibers and thermoplastic matrix).

Figure 2. The comparison for the hemp fiber, polypropylene and polyester resin materials according to the tensile

strength and Young’s modulus.
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(8)Variations obtainedusingnanodrawing tests showed slight variation in the cellwall properties,

while the polymer composition was more variable. (9) Hemp fiber composites showed a greater

resistance to crack formation and growth than glass fiber composites, although they had lower

fatigue strength. (10) Testing natural fiber composites under low impact loading provides impor-

tant information on the failuremechanisms of hemp (Cannabis sativa L.) fiber epoxy composites.

Characteristics of the deformed material such as matrix cracking, delamination, fiber breakage,

and fiber pullout phenomenon were examined microscopically [15, 16, 25, 44, 58]. In literature,

there were rare experimental studies on the characteristic determination of hemp cell wall struc-

tures. In a study on this subject, minor variations at the nanoscale level related to the mechanical

properties of the cell wall have been identified [19]. The comparison between the hemp fiber-

polypropylene matrix and hemp fiber-fabric reinforced polyester resin in terms of material prop-

ertieswere summarized inRefs. [30, 46, 47, 60, 62]. The graphical results onmentionedvalueswere

given in Figure 2.

A. Appendix

Author,

Reference

number

Research subject Testing methods Results

Moyeenuddin

et al. [1]

Mechanical properties of

hemp fiber reinforced

composites

Tensile testing, impact testing, and

fracture toughness testing

Tensile strength, Young’s

modulus, and impact

strength

Summerscales

et al. [2]

A review to obtain high

quality fiber

Growth, harvesting, and fiber separation

techniques

A review

Summerscales

et al. [3]

Properties of natural fiber

reinforced composites

Microscopy, mechanical, chemical, and

thermal techniques

A review

Pickering et al. [4] Plane-strain fracture

toughness (KIc)

Heat treatment “annealing” KQ of random short hemp

fiber reinforced (PLA).

Sawpan et al. [5] Flexural strength and

flexural modulus

Flexural test Flexural strength of the

composites increased with

fiber content

Summerscales

et al. [6]

The rules-of-mixture

(effects of porosity)

Weibull statistics A review

Newman et al. [7] Wood fiber reinforced in

polypropylene

Tensile testing Micromechanical models

predicted the tensile

modulus

Rachini et al. [8] Characteristics for hemp

fibers and thermoplastic

matrix

Chemical process, tensile and impact

testing, and SEM

Organosilane coupling

agents affecting the tensile

strength

Michel et al. [9] Failure modes of (PHB)

and PHB-hemp fiber

reinforced composites

Tensile testing and accelerated weathering

testing

Changes in the mechanical

properties

Vasconcellos et al.

[10]

Typical tests of a woven

hemp fiber reinforced

epoxy composite

Tensile and fatigue testing, optical

microscopic, X-ray micro-tomography,

Three stages of damage

mechanisms
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Author,

Reference

number

Research subject Testing methods Results

temperature field measurement, and

acoustic emission monitoring (AE)

John et al. [11] The classification of

composites

– A review

Ude et al. [12] A summary about

Bombyx mori woven silk

fiber and its composite

– A review

Misnon et al. [13] An overview of

describing natural textile

materials

– A review

Shah [14] Ashby-type materials

selection charts

Tensile testing A review

Caprino et al. [15] Natural composites in

applications

Impact loading, optical microscope,

penetration test, and indentation test

An higher impact energy is

necessary to obtain damage

inside hemp composites

Kim et al. [16] The effect of pH on the

tensile properties

Tensile testing, microbond test, SEM. The fracture toughness of

the composites

Shah et al. [17] The mechanical

properties of silk

Charpy impact testing and short beam

shear testing

Silk fiber composites

(SFRPs) offer advantages

Marrot et al. [18] The mechanical

properties of hemp fibers

(Fedora 17)

Tensile testing, nanoindentation test, and

X-ray diffraction test

Plant fibers showed low

mechanical properties

Beaugrand et al.

[19]

The micromechanical

properties (WHC) cell

walls

Nanoindentation test, density

measurements, flexural tests, and

biochemical analysis

The mechanical properties

of the cell walls

Salentijn et al.

[20]

Fiber hemp (Cannabis

sativa L.) breeding

programs

– A review

Liu et al. [21] The mechanical

properties of hemp fibers

Tensile testing, chemical analysis,

microscopic tests, and digital images

recording

Less variable and high

strength fibers

Almusawi et al.

[22]

The particle sizes, the

moisture content, and the

heating temperatures

Three point flexural testing and tensile

testing

The importance of particle

size

Christian et al.

[23]

Diffusion properties and

mechanical properties

Tensile testing and diffusion measurement Larger change in properties

of the hemp/cellulose

Yan et al. [24] The effect of fibers

(MAPP)

Tensile testing, flexure testing, and impact

testing

(MAPP) improved the fiber-

PP adhesion

Lu et al. [25] The improvement of the

fiber-matrix interface by

5 wt% NaOH treatment

SEM and Fourier transform infrared

spectroscopy

Mechanical and thermo-

mechanical properties

Shah et al. [26] Investigation of the

mechanical testing cases

Tensile testing and fatigue testing Flax is a potential structural

replacement to E-glass

Kabir et al. [27] The tensile properties of

single hemp fibers

Optical microscopy (OM) measuring and

tensile testing

The tensile strength of

chemically-treated fibers
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Author,

Reference

number

Research subject Testing methods Results

Vasconcellos et al.

[28]

The resistance for low

velocity impact of hemp/

epoxy

Tensile testing, impact testing, fatigue

testing, acoustic, emission (AE)

monitoring, and microscopic observations

A decrease of the residual

tensile strength

Landro et al. [29] The characteristics and

performance of a

thermoset bioepoxy resin

Static/dynamic/vibration-damping testing Laminated composites

reinforced with hemp fibers

Sukmawan et al.

[30]

Steam exploded bamboo

(SEB) fibers

Tensile testing The tensile strength of alkali

treated bamboo fiber

Vukcevic et al.

[31]

The optimal production

of hemp fibers (ACh)

SEM, mass spectrometry, and temperature

programmed chemical reaction

High efficiency in pesticides

removal on hemp fibers

Kord [32] Mechanical properties of

(PP)/hemp fiber

Tensile and impact testing, and X-ray

diffraction (XRD) testing

The PP/hemp fiber

composites

Kavianiboroujeni

et al. [33]

The effects of different

design parameters

Three-point bending flexural testing, and

SEM

Hemp content parameters

Alhuthali et al.

[34]

A new infiltration method Three point bending testing, impact

testing, and fracture testing

The development of new

composite materials

Saikia [35] The mechanical

properties of the

composite

SEM, the gravimetric moisture absorption

method, and three point bending test

The thermodynamic

parameters of the

absorption process

Dalmay et al. [36] The effects of adding

natural fibers

SEM, Vicat test, and three point bending

testing.

Flax, lowered the crack

propagation

Wretfors et al. [37] The improvement of

fiber-matrix interactions

Tensile testing, SEM, (HPLC), (CLSM) Getting a better fiber

distribution

Erchiqui et al. [38] The mechanical and

structural properties

– The variations of the process

parameters

Etaati et al. [39] The distribution and

effects of the interfacial

shear strength (IFSS)

Tensile testing The hemp fibers had lower

tensile properties

Fotouh et al. [40] The effect of strain rate Tensile testing, (SEM) The mechanical behavior is

dominated by the matrix

Han et al. [41] Surface treatment effects (FTIR), moisture analysis, (DSC), and

Tensile testing

Improvement of the thermal

stability of hemp fiber

Sawpan et al. [42] Mechanical properties of

chemically treated

random short fiber

Impact testing and fracture testing Mechanical properties of

(PLA) increased

Mantia et al. [43] Polymer composites filled

with natural-organic

fillers.

– A review

Sawpan et al. [44] The interfacial shear

strength (IFSS)

Optical light microscope, Fourier

transform infrared spectroscopy (FT-IR),

scanning electron microscope (SEM).

(IFSS) of PLA/hemp and

UPE/hemp fiber samples

John et al. [45] Cellulosic fiber reinforced

polymeric composites

– A review

Ashori et al. [46] Wood-plastic composites

(WPC).

– A review
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Author,

Reference

number

Research subject Testing methods Results

Koronis et al. [47] Green composites – A review

Schirp et al. [48] Wood and hemp fibers Tensile testing, three-point bending test,

Charpy impact testing, water absorption

and volume change test, and dynamic

mechanical analysis test.

Flexural strength values.

Wretfors et al.

[49]

Reinforcing wheat gluten

(WG) plastics with hemp

fibers

Compression molding, tensile testing,

SEM, and sample thickness measurements

Hemp fibers in composite

material

Ismail et al. [50] The influence of drilling

parameters and fiber

aspect ratios

Taguchi’s technique The delamination factor and

surface roughness of drilled

holes

Jalili et al. [51] The acoustic parameters

of three different

polyester composites

Non-destructive longitudinal and flexural

free/forced vibration tests

The results obtained from

longitudinal free vibration

method

Kakroodi et al.

[52]

Hemp fibers and

particles, in hybrid

composites

Tensile, flexural, three-point bending,

torsion and impact tests, and SEM

The mechanical properties

of the composites

Ochi, et al. [53] The hemp fiber

reinforced biodegradable

plastics

Tensile testing, SEM, and biodegradability

test

The tensile strength of the

composites

Shahzad et al.

[54]

The effects of alkalization

surface treatment on

hemp fiber properties

Tensile testing, impact testing, fatigue

testing, and SEM

The tensile properties,

interfacial shear strength

Shahzad et al.

[55]

The fatigue properties

of nonwoven hemp

fiber

Tensile testing and fatigue testing The hemp fiber composites

with less fatigue sensitivity.

Terzopoulou

et al. [56]

The study about fully

biodegradable (“green”)

composite materials

Tensile testing, impact testing, Fourier

transform, infrared spectroscopy, X-ray

diffraction, differential scanning

calorimeter, and scanning electron

microscopy

Tensile and impact strength

Toupe et al. [57] Phase compatibilization

of four mechanical

properties

Tensile testing, flexural testing, and impact

testing

Fiber concentration

parameter

Kabamba et al.

[58]

The effect of hemp fibers. Shear testing and elongation test. The rheological properties

Muneer [59] Hemp fiber reinforced

wheat gluten (WG)

composites

Biodegradability test using the ASTM

D5988-03 standard

A review

Scutaru [60] The mechanical

properties hemp fiber

composites

Tensile testing The measured Young’s

modulus distribution

Gassan [61] The elastic properties Analytical solution, SEM. The experimental data and

calculations

Natural and Artificial Fiber-Reinforced Composites as Renewable Sources10



Author details

Ezgi Günay

Address all correspondence to: ezgigunay@gazi.edu.tr

Gazi University, Engineering Faculty, Mechanical Engineering Department, Ankara, Turkey

References

[1] Moyeenuddin AS, Pickering KL, Fernyhough A. Improvement of mechanical perform-

ance of industrial hemp fibre reinforced polylactide biocomposites. Composites: Part A.

2011;42:310-319. DOI: 10.1016/j.compositesa.2010.12.004

[2] Summerscales J, Dissanayake NPJ, Virk A, Hall W. A review of bast fibres and their

composites. Part 1 – Composites. Composites: Part A. 2010;41:1329-1335. DOI: 10.1016/j.

compositesa.2010.06.001

[3] Summerscales J, Dissanayake NPJ, Virk A, Hall W. A review of bast fibres and their

composites. Part 2 – Composites. Composites: Part A. 2010;41:1336-1344. DOI: 10.1016/j.

compositesa.2010.05.020

[4] Pickering KL, Sawpan MA, Jayaraman J, Fernyhough A. Influence of loading rate, alkali

fibre treatment and crystallinity on fracture toughness of random short hemp fibre rein-

forced polylactide bio-composites. Composites: Part A. 2011;42:1148-1156. DOI: 10.1016/

j.compositesa.2011.04.020

[5] Sawpan MA, Pickering KL, Fernyhough A. Flexural properties of hemp fibre reinforced

polylactide and unsaturated polyester composites. Composites: Part A. 2012;43:519-526.

DOI: 10.1016/j.compositesa.2011.11.021

[6] Summerscales J, Virk A, Hall W. A review of bast fibres and their composites: Part 3 –

Modelling. Composites: Part A. 2013;44:132-139. DOI: 10.1016/j.compositesa.2012.08.018

Author,

Reference

number

Research subject Testing methods Results

Shahzad [62] Physical and mechanical

properties of hemp fibers

Tensile testing, thermal characterization,

single fiber pull-out test, surface energy

and dynamic contact angle measurement,

and SEM

The tensile strength,

Young’s modulus, and

surface energy

Niyigena [63] The impact properties of

hemp concrete

Compression test, impact test Mechanical behaviors of

hemp concrete material

Table A1. Literature survey: the main characteristic properties of the hemp fiber reinforced epoxy composites.

Introductory Chapter: Natural Fiber Plastic Composites - A Brief Review
http://dx.doi.org/10.5772/intechopen.71477

11



[7] Newmana RH, Hebert P, Dickson AR, Even D, Fernyhough A, Sandquist D. Micro-

mechanical modelling for wood–fibre reinforced plastics in which the fibres are neither stiff

nor rod-like. Composites: Part A. 2014;65:57-63. DOI: 10.1016/j.compositesa.2014.05.012

[8] Rachini A, Mougin G, Delalande S, Charmeau JY, Barrès C, Fleury E. Hemp fibers/

polypropylene composites by reactive compounding: Improvement of physical proper-

ties promoted by selective coupling chemistry. Polymer Degradation and Stability.

2012;97:1988-1995. DOI: 10.1016/j.polymdegradstab.2012.03.034.

[9] Michel AT, Billington SL. Characterization of poly-hydroxybutyrate films and hemp fiber

reinforced composites exposed to accelerated weathering. Polymer Degradation and

Stability. 2012;97:870-878. DOI: 10.1016/j.polymdegradstab.2012.03.040

[10] Vasconcellos DS, Touchard F, Chocinski-Arnault L. Tension–tension fatigue behaviour of

woven hemp fibre reinforced epoxy composite: A multi-instrumented damage analysis.

International Journal of Fatigue. 2014;59:159-169. DOI: 10.1016/j.ijfatigue.2013.08.029

[11] John MJ, Thomas S. Biofibres and biocomposites. Carbohydrate Polymers. 2008;71:343-

364. DOI: 10.1016/j.carbpol.2007.05.040

[12] Ude AU, Eshkoor RA, Zulkifili R, Ariffin AK, Dzuraidah AW, Azhari CH. Bombyx Mori

silk fibre and its composite: A review of contemporary developments. Materials and

Design. 2014;57:298-305. DOI: 10.1016/j.matdes.2013.12.052

[13] Misnon MI, Islam MM, Epaarachchi JA, Lau K. Potentiality of utilising natural textile

materials for engineering composites applications. Materials and Design. 2014;59:359-

368. DOI: 10.1016/j.matdes.2014.03.022

[14] Shah DU. Natural fibre composites: Comprehensive ashby-type materials selection

charts. Materials and Design. 2014;62:21-31. DOI: 10.1016/j.matdes.2014.05.002

[15] Caprino G, Carrino L, Durante M, Langella A, Lopresto V. Low impact behaviour of

hemp fibre reinforced epoxy composites. Composite Structures. 2015;133:892-901. DOI:

10.1016/j.compstruct.2015.08.029

[16] Kim JT, Netravali AN. Development of aligned-hemp yarn-reinforced green composites

with soy protein resin: Effect of pH on mechanical and interfacial properties. Composites

Science and Technology. 2011;71:541-547. DOI: 10.1016/j.compscitech.2011.01.004

[17] Shah DU, Porter D, Vollrath F. Can silk become an effective reinforcing fibre? A property

comparison with flax and glass reinforced composites. Composites Science and Technol-

ogy. 2014;101:173-183. DOI: 10.1016/j.compscitech.2014.07.015

[18] Marrot L, Lefeuvre A, Pontoire B, Bourmaud A, Baley C. Analysis of the hemp fiber

mechanical properties and their scattering (fedora 17). Industrial Crops and Products.

2013;51:317-327. DOI: 10.1016/j.indcrop.2013.09.026

[19] Beaugrand J, Nottez M, Konnerth J, Bourmaud A. Multi-scale analysis of the structure

and mechanical performance of woody hemp core and the dependence on the sampling

location. Industrial Crops and Products. 2014;60:193-204. DOI: 10.1016/j.indcrop.2014.06.

019

Natural and Artificial Fiber-Reinforced Composites as Renewable Sources12



[20] Salentijn EMJ, Zhang Q, Amaducci S, Yang M, Trindade LM. New developments in fiber

hemp (Cannabis sativa L.) breeding. Industrial Crops and Products. 2015;68:32-41. DOI:

10.1016/j.indcrop.2014.08.011

[21] Liu M, Fernando D, Meyer AS, Madsen B, Daniel G, Thygesen A. Characterization and

biological depectinization of hemp fibers originating from different stem sections. Indus-

trial Crops and Products. 2015;76:880-891. DOI: 10.1016/j.indcrop.2015.07.046

[22] Almusawi A, Lachat R, Atcholi KE, Gomes S. Proposal of manufacturing and character-

ization test of binderless hemp shive composite. International Biodeterioration & Biodeg-

radation. 2016;115:302-307. DOI: 10.1016/j.ibiod.2016.09.011

[23] Christian SJ, Billington SL. Moisture diffusion and its impact on uniaxial tensile response

of biobased composites. Composites: Part B. 2012;43:2303-2312. DOI: 10.1016/j.compos

itesb.2011.11.063

[24] YanZL,WangaH,LauKT,Pather S, Zhang JC, LinG,DingY.Reinforcement of polypropylene

withhemp fibres.Composites: Part B. 2013;46:221-226.DOI: 10.1016/j.compositesb.2012.09.027

[25] Lu N, Oza S. A comparative study of the mechanical properties of hemp fiber with virgin

and recycled high density polyethylene matrix. Composites: Part B. 2013;45:1651-1656.

DOI: 10.1016/j.compositesb.2012.09.076

[26] Shah DU, Schubel PJ, Clifford MJ. Can flax replace E-glass in structural composites? A

small wind turbine blade case study. Composites: Part B. 2013;52:172-181. DOI: 10.1016/j.

compositesb.2013.04.027

[27] Kabir MM, Wang H, Lau KT, Cardona F. Tensile properties of chemically treated hemp

fibres as reinforcement for composites. Composites: Part B. 2013;53:362-368. DOI: 10.1016/j.

compositesb.2013.05.048

[28] Vasconcellos DS, Sarasini F, Touchard F, Arnault LC, Pucci M, Santulli C, Tirillò J, Iannace

S, Sorrentino L. Influence of low velocity impact on fatigue behaviour of woven hemp

fibre reinforced epoxy composites. Composites: Part B. 2014;66:46-57. DOI: 10.1016/j.

compositesb.2014.04.025

[29] Landro LD, Janszen G. Composites with hemp reinforcement and bio-based epoxy

matrix. Composites: Part B. 2014;67:220-226. DOI: 10.1016/j.compositesb.2014.07.021

[30] Sukmawan R, Takagi H, Nakagaito AN. Strength evaluation of cross-ply green composite

laminates reinforced by bamboo fiber. Composites Part B Engineering. 2016;84:9-16. DOI:

10.1016/j.compositesb.2015.08.072

[31] Vukcevic MM, Kalijadis AM, Vasiljevic TM, Babic BM, Lausevic ZV, Lausevic MD. Produc-

tion of activated carbon derived from waste hemp (Cannabis sativa) fibers and its perfor-

mance in pesticide adsorption. Microporous and Mesoporous Materials. 2015;214:156-165.

DOI: 10.1016/j.micromeso.2015.05.012

[32] Kord B. Effect of nanoparticles loading on properties of polymeric composite based on

hemp fiber/polypropylene. Journal of Thermoplastic Composite Materials. 2011;25

(7):793-806. DOI: 10.1177/0892705711412815

Introductory Chapter: Natural Fiber Plastic Composites - A Brief Review
http://dx.doi.org/10.5772/intechopen.71477

13



[33] Kavianiboroujeni A, Cloutier A, Rodrigue D. Mechanical characterization of asymmetric

high density polyethylene/hemp composite sandwich panels with and without a foam

core. Journal of Sandwich Structures and Materials. 2015;17(6):748-765. DOI: 10.1177/

1099636215597667

[34] Alhuthali AM, Low IM. Effect of prolonged water absorption on mechanical properties in

cellulose fiber reinforced vinyl-ester composites. Polymer Engineering and Science.

2015;55(12):2685-2697. DOI: 10.1002/pen.23617

[35] Saikia D. Studies of water absorption behavior of plant fibers at different temperatures.

International Journal of Thermophysics. 2010;31:1020-1026. DOI: 10.1007/s10765-010-0774-0

[36] Dalmay P, Smith A, Chotard T, Turner PS, Gloaguen V, Krausz P. Properties of cellulosic

fibre reinforced plaster: Influence of hemp or flax fibres on the properties of set gypsum.

Journal of Materials Science. 2010;45:793-803. DOI: 10.1007/s10853-009-4002-x.

[37] Wretfors C, Cho SW, Kuktaite R, Hedenqvist MS, Marttila S, Nimmermark S, Johansson

E. Effects of fiber blending and diamines on wheat gluten materials reinforced with hemp

fiber. Journal of Materials Science. 2010;45:4196-4205. DOI: 10.1007/s10853-010-4514-4

[38] Erchiqui F, Talla ASF, Kaddami H. A numerical investigation of the use of novel melt

processed PET-hemp fiber composites for thermoforming applications. Polymer Engi-

neering & Science. 2016;56:1021-1030. DOI: 10.1002/pen.24332

[39] Etaati A, Pather S, Cardona F, Wang H. Injection molded noil hemp fiber composites: Inter-

facial shear strength, fiber strength, and aspect ratio. Polymer Composites. 2016;37:213-220.

DOI: 10.1002/pc.23172

[40] Fotouh A, Wolodko JD, Lipsett MG. Characterization and modeling of strain rate harden-

ing in natural-fiber-reinforced viscoplastic polymer. Polymer Composites. 2014;35:2290-

2296. DOI: 10.1002/pc.22894

[41] Han HC, Gong XL. One-step green treatment of hemp fiber used in polypropylene

composites. Polymer Composites. 2016;37:385-390. DOI: 10.1002/pc.23191

[42] Sawpan MA, Pickering KL, Fernyhough A. Improvement of mechanical performance of

industrial hemp fibre reinforced polylactide biocomposites. Composites: Part A. 2011;42:

310-319. DOI: 10.1016/j.compositesa.2010.12.004

[43] Mantia FPL, Morreale M. Green composites: A brief review. Composites: Part A. 2011;42:

579-588. DOI: 10.1016/j.compositesa.2011.01.017

[44] Sawpan MA, Pickering KL, Fernyhough A. Effect of fibre treatments on interfacial shear

strength of hemp fibre reinforced polylactide and unsaturated polyester composites. Com-

posites: Part A. 2011;42:1189-1196. DOI: 10.1016/j.compositesa.2011.05.003

[45] John MJ, Thomas S. Review-biofibres and biocomposites. Carbohydrate Polymers.

2008;71:343-364. DOI: 10.1016/j.carbpol.2007.05.040.

[46] Ashori A. Wood–plastic composites as promising green-composites for automotive indus-

tries. Bioresource Technology. 2008;99:4661-4466. DOI: 10.1016/j.biortech.2007.09.043

Natural and Artificial Fiber-Reinforced Composites as Renewable Sources14



[47] Koronis G, Silva A, Fontul M. Green composites: A review of adequate materials for

automotive applications. Composites: Part B. 2013;44:120-127. DOI: 10.1016/j.composi

tesb.2012.07.004

[48] Schirp A, Stender J. Properties of extruded wood-plastic composites based on refiner

wood fibres (TMP fibres) and hemp fibres. European Journal of Wood and Wood Prod-

ucts. 2010;68:219-231. DOI: 10.1007/s00107-009-0372-7

[49] Wretfors C, Cho SW, Hedenqvist MS, Marttila S, Nimmermark S, Johansson E. Use of

industrial hemp fibers to reinforce wheat gluten plastics. Journal of Polymers and the

Environment. 2009;17:259-266. DOI: 10.1007/s10924-009-0147-6

[50] Ismail SO, Dhakal HN, Dimla E, Beaugrand J, Popov I. Effects of drilling parameters

and aspect ratios on delamination and surface roughness of lignocellulosic HFRP com-

posite laminates. Journal of Applied Polymer Science. 2016;42879(1–8). DOI: 10.1002/

app.42879

[51] Jalili MM, Mousavi SY, Pirayeshfar AS. Investigating the acoustical properties of carbon

fiber-, glass fiber-, and hemp fiber-reinforced polyester composites. Polymer Composites.

2014;35:2103-2111. DOI: 10.1002/pc.22872.

[52] Kakroodi AR, Leduc S, Rodrigue D. Effect of hybridization and compatibilization on the

mechanical properties of recycled polypropylene-hemp composites. Journal of Applied

Polymer Science. 2012;124:2494-2500. DOI: 10.1002/app.35264

[53] Ochi S. Durability of starch based biodegradable plastics reinforced with manila hemp

fibers. Materials. 2011;4:457-468. DOI: 10.3390/ma4030457

[54] Shahzad A. Effects of alkalization on tensile, impact, and fatigue properties of hemp fiber

composites. Polymer Composites. 2012;33:1129-1140. DOI: 10.1002/pc.22241.

[55] Shahzad A, Isaac DH. Fatigue properties of hemp and glass fiber composites. Polymer

Composites. 2014;35:1926-1934. DOI: 10.1002/pc.22851

[56] Terzopoulou ZN, Papageorgiou GZ, Papadopoulou E, Athanassiadou E, Reinders M,

Bikiaris DN. Development and study of fully biodegradable composite materials based

on poly(butylene succinate) and hemp fibers or hemp shives. Polymer Composites.

2016;37:407-421. DOI: 10.1002/pc.23194

[57] Toupe JL, Trokourey A, Rodrigue D. Simultaneous optimization of the mechanical prop-

erties of postconsumer natural fiber/plastic composites: Phase compatibilization and

quality/cost ratio. Polymer Composites. 2014;35:730-746. DOI: 10.1002/pc.22716

[58] Kabamba ET, Mechraoui A, Rodrigue D. Rheological properties of polypropylene/hemp

fiber composites. Polymer Composites. 2009;30:1401-1407. DOI: 10.1002/pc.20704

[59] Muneer F. Evaluation of the Sustainability of Hemp Fiber Reinforced Wheat Gluten Plas-

tics, [Master’s thesis]. Swedish: Swedish University of Agricultural Sciences, Faculty of

Landscape Planning, Horticulture and Agricultural Sciences, Department of Agrosystems;

2012. 44 p. Available from: https://stud.epsilon.slu.se/5179/1/Muneer_F_130114.pdf

Introductory Chapter: Natural Fiber Plastic Composites - A Brief Review
http://dx.doi.org/10.5772/intechopen.71477

15



[60] Scutaru ML, Cofaru C, Horatiu TD, Timar J. Properties of advanced new hemp fiber

materials used in automotive engineering. Advances in Production, Automation and

Transportation Systems. 2013. ISBN: 978-1-61804-193-7:365-368. Available from: http://

www.wseas.us/e-library/conferences/2013/Brasov/ICAPS/ICAPS-67.pdf

[61] Gassan J, Chate A, Bledzki AK. Calculation of elastic properties of natural fibers. Journal

of Materials Scıence. 2001;36:3715-3720

[62] Shahzad A. A study in physical and mechanical properties of hemp fibres. Advances in

Materials Science and Engineering, Hindawi Publishing Corporation. 2013 Article ID:

325085. http://dx.doi.org/10.1155/2013/325085

[63] Niyigena C, Amziane S, Chateauneuf A. Investigating hemp concrete mechanical prop-

erties variability due to hemp particles. The Society for Experimental Mechanics, Inc. WC

Ralph et al. (eds) Mechanics of Composite and Multi-functional Materials. Conference

Proceedings of the Society for Experimental Mechanics Series. Cham, Switzerland:

Springer. 2017;7:9-17. DOI:10.1007/978-3-319-41766-0_2. ISBN: 978-3-319-41765-3

Natural and Artificial Fiber-Reinforced Composites as Renewable Sources16


