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Abstract: In the composite industry, generally glass and carbon fibres are most widely used materials because
of their high strength to weight ratio. On the other hand, in recent years, the use of natural fibres as
reinforcement in composites have shown some esteem due to their properties such as light weight, low cost,
recyclability, biodegradability and an increasing requirement for developing sustainable materials. Some of
these natural fibres, such as jute, flax is cost-effective and can be much more in demand due to their specific
mechanical properties comparable to the glass fibres. This study focuses on natural fibre composites (NFCs)
in which polymeric resins are used as matrix materials. NFCs materials have at least one primary component
originated from a biological source. Here, fundamentals of NFC materials are presented according to the
reinforcement preforms, matrix resins, which are thermosets or thermoplastics, composite manufacturing
techniques and characterization. Since NFCs based on renewable resources can provide feasible low-cost
structural components and eco-friendly alternatives to conventional structural materials for many applications
such as equipment housings, roofing and in large diameter piping. This review is especially carried out in
more detail on the flax fibres which are the recently emerged offers for automotive industry. Additionally,
fibre/matrix interfaces of these studies are reported.
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1. INTRODUCTION

Natural fibre composites (NFCs) are composing from reinforced fibres which are derived
from renewable and carbon dioxide neutral resources such as wood or plants. NFC composites are
generally used where a moderate strength are required i.e. housings, roofing, in large diameter
piping for low-cost housing [1]. Natural materials have some advantages such as they are renewable,
reasonably cheap, biodegradable and ecologically freindly. More recently sustainable mobility is
also important; for instance, European Parliament and the Council reduced the deposition fraction of
a vehicle from 15% (2005) to 5% (2015). However, natural fibres have disadvantages too; for
example, they show variations in both fibre geometry and in physical properties, have lower
mechanical properties, poor interfacial adhesion and incompatibility with hydrophobic matrix resin
systems [2]. For this reason, researchers are willing to improve those advantages of NFCs on the
reinforced composites such as in automotive industry and other applications. This can be seen in
some studies [3],[4],[5] where natural fibres such as sisal,bamboo, jute, flax and wool were used to
attain good tensile properties comparable to glass fibres.

This review emphasizes on NFCs in which polymeric resins are used as matrix materials. As
is known, NFCs materials have at least one major component derived from a biological origin. The
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natural fbres can be used as the reinforcement fibres either long (i.e. flax, hemp, kenaf, jute, ramie
and sisal) or short (i.e. wood, wool,) from the fibre processing and/or recycled fibres [6]. The matrix
materials can be derived from biomaterials such as various epoxidized plant oils and soy protein [7].
The major ones of the NFC materials are made from a combination of natural fibres and polymeric
matrices.

NFCs can be produced with traditional composite fabrication methods such as resin transfer
moulding (RTM), vacuum infusion, compression moulding, a direct extrusion and compounding,
injection moulding. These different manufacturing techniques can affect various properties on the
resulted composite materials. The properties of NFCs, thus, can be modified for various types of
applications by choosing appropriate fibres, matrix resins (thermosets or thermoplastics), additives
and production method. NFCs can replace the traditional application areas of fibreglass reinforced
plastics (FRP) and thermoplastic composites (TPC) by choosing the proper natural reinforcement
fibre and its matrix resin. The most common thermoset resins are epoxy, polyester, vinylester,
polyamide, polyurethane and phenolics (see Table 1).

Table 1: Unfilled thermosetting resin properties [8]

Resin Density Tensile Modulus Tensile Strength
(g/cm?) (GPa) (MPa)
Epoxy 1.2-14 2.5-5.0 50-110
Phenolic 1.2-1.4 2.7-4.1 35-60
Polyester 1.1-14 1.6-4.1 35-95
Acrylated epoxidized soybean oil/styrene 1.0-1.2 1.0-1.6 15-21

Lately, NFCs are fabricated with bio-based thermosetting resins such as soybean
triglycerids. Petrovic et al. 2004 [9] and O’Donnell et al. [10] studied natural fibre/acrylated
epoxidized soybean oil composites which are known as bio-based green composites. However, one
of the disadvantages may be their component life which may be lower if compared to FRP
components. Therefore, it is necessary to obtain better component life, performance and sustainable
materials in the future studies. For example, in automotive components, natural fibres can be
chosen such as flax, ramie as a replacement of glass fibres. Some of these NFCs i.e. flax and
bamboo fibre composites are introduced at the below sections.

2. FLAX FIBRE

As mentioned earlier, natural fibres are used to replace glass fibres [11],[12]; for instance it
is estimated that approximately 830,000 tonnes of natural fibres will be consumed by 2020 and
hence the total reinforcement materials may go up to 28% [13]. As they are cost effective with low
density they will find various places for many engineering applications in the future. Before moving
to flax fibre composites, a summary on flax fibre is given below.

Flax is a plant fibre which belongs to linaceae family and is one of the widely utilised
natural fibres. Records from Babylonia and Anatolia from 3000 BC show that flax was cultivated in
Ancient Egypt for its seeds and for linseed oil; it is also one of the oldest to be extracted, spun and
woven into textiles where was found in graves in Egypt dating back to 5000 BC [14]. Flax fibres are
produced in the stems of flax bast plant and are a cellulose polymer. As its structure is more
crystalline than cotton it is therefore stronger too. Flax is also stiffer to handle and is more easily
wrinkled than cotton. Length of a flax plant ranges up to 100 cm which has strong fibres along its
stem with average fibre diameter 10-25 um [15]. The micro-structure of a flax fibre is complex due
to the hierarchical organisation at different length scale and different materials present in variable

138




ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

proportions (Fig.1). From the Fig.1, it can be seen that the thickest cell wall is S2. This wall contains
numerous crystalline cellulose micro-fibrils and amorphous hemicellulose which are oriented at 10°
with the fibre axis that gives the high tensile strength to the flax [16].

Flax fibre consists of cellulose, hemicelluloses, wax, lignin and pectin in different quantities
where reported by many authors [17], [18]. This variation of proportions in the constituents of flax
fibres is due to the plant variety, agriculture variables i.e. soil quantity, weathering conditions, level
of plant maturity, quality of retting process [19]. However, it is well known that flax is rich in
cellulose for about 70% of the total chemical composition and this makes it possible to be used as
reinforcement in composites. As for the natural fibres such as flax, the main disadvantage is their
hydrophilic nature which lowers the compatibility with hydrophobic polymeric matrices during the
composite production. On the other hand, natural fibres have low mechanical properties; flax fibres
do show better mechanical properties than the most natural ones; especially when retting is done to
improve its mechanical properties. Flax looks much agnate to cotton fibre except in pigment
intensity [20].

2.1. Flax Fibre Composites

Flax fibre reinforced composites are not only considered in the form of monofilament
configuration [21], [22] they can be also processed into mats [23], [24], rovings [25], [26], yarns
[27], and fabrics [28], [29] in composites. A series of manufacturing techniques have been
developed to produce composites, such as film stacking [24], hand lay-up [5], vacuum infusion,
filament winding [27], compression moulding [21], [22], resin transfer moulding (RTM) [23], [26],
injection moulding [21] and pultrusion [25].

Flax fibre composites are being used such as in the forms of panels, tubes, sandwich plates,
to replace the wooden fittings, fixtures, furniture, and noise insulating panels in the last decade.
There is also an increasing demand from automotive companies for materials both with sound
reduction capability and lower weight for fuel efficiency. NFCs have excellent sound absorbing
efficiency and are more shatter resistant and have better energy management features than glass fibre
reinforced composites. In automotive parts, bio-composites not only reduce the mass of the
component but also lower the energy needed for production by 80% [30]. Although flax fibres have
potential to replace glass fibres as reinforcement in composite, their main disadvantage is the
variability in their properties. Environmental effects such as high relative humidity can degrade the
tensile properties of these fibres. However, an appropriate chemical curing, i.e. Silane (Si), can
increase the breaking strength and strain of the flax fibres (see Fig.2) [31].
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Fig.1: Flax fibre cell [16] Fig.2: Stress-strain diagram of untreated and

chemical treated flax fibres [31]
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Also, the tensile properties of flax fibres are not consistent along its length. Their tensile
strength and modulus can decrease with an increase in fibre length, fibre diameter and gauge length.
Therefore, because of flax fibres at the mid-span and tip in the stem have high content of cellulose
[32], it is suggested to use as raw materials for flax fibre reinforced composites.

Before using flax fibre as a reinforced material, another important object is fibre surface
condition which is critical for interfacial bond between fibre and matrix. Hence, alkali treatment is
beneficial to clean the fibre surface, modify the chemistry on the surface, lower the moisture uptake
and increase the surface roughness prior to the composite production [5] (see Fig.3. and Fig.4.). It
was observed that dewaxed flax fibre reinforced composites exhibited better impact energy
absorption capability when compared to untreated flax fibre reinforced composites.

Fig.3: Dewaxed flax fibre Fig.4: lzod imp‘)éct test of untreated flax fibre
(X1000) [5] reinforced composite (X1000) [5]

3. GREEN COMPOSITES FOR AUTOMOTIVE INDUSTRY

Automotive industry has been pioneer for the long NFCs. Comparing to glass, natural fibres
with low density reduces vehicle weight and consequently lowers fuel consumption. It is estimated
that no more than 50 kg of natural fibres can be used in a car. This corresponds to a reduction of
about 10 kg if glass fibre composites are replaced with natural fibre composites in an automobile. If
the weight of a car can be reduced by 10 to 20 kg, the effect on the environment will be significant.
The European car production is about 55000000 cars/year. This indicates that more or less 1000000
metric tons of natural fibre materials are targeted for the consumption in the automotive industry.

Today, beside flax, other plant-based fibres i.e. hemp, sisal, jute are also used to produce
various parts in automotives; for example, door and trunk panels, headliners, floor panels,
dashboards, insulations. NFCs can also be formed in various degrees of strength and rigidity.

Compression moulding is one of the simple production methods for the automotive industry
and can take advantage of non-woven mats that can be impregnated with thermoplastics or
thermosets. Recently, the automotive industry has also shown a lot of interest in injection mould
NFCs for lower cost interior or exterior panels. Germany is the leader in the green composites and
the German auto manufacturers have taken the initiative to introduce NFCs for interior and exterior
applications. As am example, the first commercial inner door panel was made of 35% Baypreg F
semi-rigid (PUR) elastomer from Bayer and 65% of a blend of flax, hemp and sisal [33].

4. CONCLUSIONS

NFCs with an appropriate matrices exhibit promising mechanical properties such as in flax
fibre reinforced composites. A major limitation of using flax fibres as reinforcement in composites is
their inconsistency. However, this may overcome if appropriate alkali treatment is carried out prior
to composite production; therefore, a good fibre/matrix interfacial bonding can be achieved and
thereby the tensile properties can be improved. Also, the selection of suitable manufacturing process
and physical/chemical modification is very important, i.e. NaOH for bleaching and/or cleaning the
surface of the plant fibre to improve its mechanical properties of the flax composites. Flax
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composites have the potential to be the next generation materials for structural application for
automotive industry and for other consumer applications. Imminent studies on flax composites can
be attentive to understand environmental assessment, durability, improving the mechanical
properties and moisture resistance. We also believe that, novel manufacturing processes and surface
modification methods can be developed in the future.

REFERENCES

[1] C.Alves, P.M.C.Ferrao, A.J.Silva, L.G.Reis, M. Freitas, L.B. Rodrigues and D.E. Alves,
“Ecodesign of automotive components making use of natural jute fiber composites”, in Journal of
Cleaner Production, vol.18, 2010, pp.313-27

[2] A.N. Netravali, Biodegradable and Sustainable Fibres, in Biodegradable natural fiber
composites, in R. S. Blackburn (ed.), Cambridge: Woodhead Publishing, chapter 9, 2005.

[3] AV.R. Prasad and K.M. Rao, “Mechanical properties of natural fibre reinforced polyster
composites: Jowar, sisal and bamboo”, in Materials and Design, vol.32, 2011, pp.4658-4663.

[4] C.Alves, P.M.C.Ferrao, A.J.Silva, L.G.Reis, M. Freitas, L.B. Rodrigues and D.E. Alves,
“Ecodesign of automotive components making use of natural jute fiber composites”, in Journal of
Cleaner Production, vol.18, 2010, pp.313-27.

[5] S.M.Yukseloglu and H.Yoney, The Mechanical properties of flax fibre reinforced
composites, in Natural Fibres-Advances in Science and Technology Towards Industrial
Applications, : from Science to Market, RILEM Bookseries, Springer, ISBN 978-94-017-7513-7,
12, 2016, pp.255-266.

[6] S.M.Yukseloglu and M. Caliskan, Mechanical and Thermal of wool waste fabric
reinforced composites, in Journal of Textiles and Engineer,
http://dx.doi.org/10.7216/130075992015229703, 22, 97, 2015, pp.14-20.

[71 A.Hodzic and R. Shanks, “Natural fibre composites, Materials, processes and
properties”, in Woodhead Publishing Limited, Alma Hodzic and Robert Shanks Ed. ISBN 978-0-
85709-922-8 (online), 2014, pp.10.

[8] R.PWool and X.S.Sun, Bio-Based Polymers and Composites,Boston,
MA:Elsevier/Academic Press, 2005

[9] Z.S.Petrovic, A. Guo, I. Janvi and W. Zhang, Plastics and composites from soybean oil,
in F. T. Wallenberger and N. E. Weston (eds.), Natural Fibers, Plastics and Composites . Norwood,
MA: Kluwer Academic Publishers, chapter 11, 2004.

[10] A. O’Donnell, M.A. Dweib and R.P. Wool, Natural Fiber Composites with Plan Oil-
Based Resin, in Composites Science and Technology, 64, 2004, pp.1135-1145.

11. L.B. Yan LB, N. Chouw and XW. Yuan, Improving the mechanical properties of
natural fibre fabric reinforced epoxy composites by alkali treatment, in J Reinf Plast Comp;31, 6,
2012, pp.425-437.

12.A.K. Mohanty, M.Misra, L.T. Drzal, S.E. Selke, B.R.Harte and G. Hinrichsen G, Natural
fibres, biopolymers, and biocomposites an introduction in natural fibres,natural fibres, biopolymers,
and biocomposites, in Boca Raton, FL: CRC Press, Taylor & Francis Group; 2005. pp. 1-36.

13. M. Carus and L. Scholz, Targets for bio-based composites and natural fibres, in
Biowerkstoff report. ISSN 1867-1217, 8th ed.; March 2011, pp. 24.

14. A. Lucas and J.R.Harris, Ancient Egyptian materials and industries, Dover Publications,
Mineola, New York, 4" Edition, ISBN 0-486-40446-3, 1962, pp.142-146.

15. H.L.Bos, M.J.A.Van Den Oever and O.C.J.J. Peters, Tensile and compressive properties
of flax fibres for natural fibre reinforced composites, in Journal of Material Science, 37, 2002,
pp.1683-1692.

141


http://dx.doi.org/10.7216/130075992015229703

ANNALS OF THE UNIVERSITY OF ORADEA
FASCICLE OF TEXTILES, LEATHERWORK

16. C. Baley, Analysis of the flax fibres tensile behaviour and analysis of the tensile stiffness
increase, in Composites Part A: Applied Science and Manufacturing, 33, 7, 2002, pp.939-948.

17. S.K. Bastra, Other long vegetable fibres, In: Lewin M, Pearce EM, editors. Handbook of
fibre science and technology, Fibre chemistry, New York: Marcel Dekker; 1998 pp. 505-575.

18. H. Lilholt, H. Toftegaard, A.B.Thomsen and A.S. Schmidt, Natural composites based on
cellulosic fibres and polypropylene matrix, their processing and characterization. In: Proceedings of
ICCM 12, Paris; July 1999, pp. 9.

19. K. Charlet, J.P.Jernot, M. Gomina, J. Bréard, C. Morvan and C. Baley, Influence of an
Agatha flax fibre location in a stem on its mechanical, chemical and morphological properties,in
Composite Science and Technology, 69, 9, 2009, pp.1399-1403.

20. V.S.Srinivasan, S.R.Boopathy, D. Sangeetha and B.V.Ramnath, Evaluation of
mechanical and thermal properties of banana-flax based natural fibre composite, in Materials and
Design, 60, 2014, pp.620-627.

21. N.M.Barkoula,S.K.Garkhail, T.Peijs,Biodegradable  composites based on flax/
polyhydroxybutyrate and its copolymer with hydroxyvalerate,in Ind Crops Prod,31,1,2010,pp.34-42.

22. J. Modniks and J. Andersons, Modeling elastic properties of short flax fibrereinforced
composites by orientation, in Computer Material Science,50,2, 2010, pp.595-599.

23. K. Oksman, High quality flax fibre composites manufactured by the resin transfer
moulding process, in. J Reinf Plastic Comp,;20, 7, 2001, pp.621-627.

24. 1. Van de Weyenberg, T. Chi Truong, B. Vangrimde and I. Verpoest, Improving the
properties of UD flax fibre reinforced composites by applying an alkaline fibre treatment, in
Composites Part A, 37, 9, 2006, pp.1368-1376.

25. Oksman K, Skrifvars M, Selin JF. Natural fibres as reinforcement in polylactic acid
(PLA) composites. Compos Sci Technol 2003;63(9):1317-24.

26. J. Andersons and R. Joffe, Estimation of tensile strength of an oriented flax
fibrereinforced polymer composite, in Composites Part A, 42,9, 2011, pp.1229-1235.

27. M. Rask, B. Madsen, B.F. Surensen, J.L.Fife, K. Martyniuk and E.M. Lauridsen, In situ
observation of microscale damage evolution in nidirectional natural fibre composites, in
Composites Part A, 2012.

28. Q. Liu Q and M. Hughes, The fracture behaviour and toughness of woven flax fibre
reinforced epoxy composites, in Composites Part A, 39,10, 2008, pp.1644-1652.

29. S. Liang, P.B. Gning and L.Guillaumat, A comparative study of fatigue behaviour of
flax/epoxy and glass/epoxy composites, in Compo. Science and Technolgy,72,5,2012, pp.535-543.

30. Malkapuram R, Kumar V, Negi YS. Recent development in natural fibre reinforced
polypropylene composites. J Reinf Plast Compos 2008;28(10):1169-89.

31. Alix S, Philippe E, Bessadok A, Lebrun L, Morvan C, Marais S. Effect of chemical
treatment on water sorption and mechanical properties of flax fibres. Bioresour Technol
2009;100(20):4742-9.

32. Charlet K, Jernot JP, Gomina M, Bréard J, Morvan C, Baley C. Influence of an Agatha
flax fibre location in a stem on its mechanical, chemical and morphological properties. Compos Sci
Technol 2009;69(9):1399-403.

33. Kenny, J.M. 2001. Natural Fibre Composites in the European Automotive Industry.
Proceedings of the 6th International Conference on Woodfibre-Plastic Composites, May 15-16,
Madison, Wisconsin, 9-12.

142



