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potential uses in the automotive and construction sector, yet investigation of these applications reveals
that they are often an inappropriate match for the unique material attributes of green composites. This
review provides guidelines for engineers and designers on the appropriate application of green compos-
ites. A concise summary of the major material attributes of green composites is provided; accompanied
by graphical comparisons of their relative properties. From these considerations, a series of complemen-
A. Polymer-matrix composites (PMCs) tfa\ry application properti.es are deﬁned:_ these include applications that haye a short life—span and invglve
B. Environmental degradation limited exposure to moisture. The review concludes that green composites have potential for use in a
B. Mechanical properties number of applications, but as with all design, one must carefully match the material to the application.
© 2013 Elsevier Ltd. All rights reserved.

Keywords:
A. Fibres

Contents
B R o U o LTt o) P 281
1LY 1<) w1 PP 282
2.1, Natural fibres. . ..o e 282
D 107 510) 77 1 1<) )PP 283
3. AttribUtes Of GreeM COMIPOSITES . . . oottt ettt ettt et e e et et e et et et e e e e e e 283
3.1, MeChaniCal PrO eI ies. . . oottt ittt ettt et e et e e e e e e e e e e e e e e e e e, 283
3.2, Variable fIDre PrO e tieS . . o ot ottt ettt e e e e e e e e e e e e e e e e e e 284
3.3, RENEWADIIIEY . .ottt e e e e e e e e 284
3.4. Low embodied energy and COp @IMiSSIONS. . . .. v vttt ettt ettt et ettt et e e et et e et et e s 284
3.5, Biodegradability . .. ... ...t e e e e e . 284
38, LOW COSt. ettt e e e e e 285
3.7. High natural fibre water absorption . . ... ... .. it e e e 285
SR T oo Yo )l 110 =10} 2P 285
e TR () 1 0 )« [l 1 2P 286
3.10. Biocompatibility and DIOACtiVILY . .. ... ..ttt e e e e e 286
3.11. Fibre degradation at elevated teMPEratUres . . . . ...ttt ittt ettt et e e e e e ettt et et e e ettt et et 286
4, Defining complementary appliCations . . .. .. ... ...ttt ettt e e e e e, 286
5. Complementary apPliCatioNS. . . . ..ottt ittt et et e e e e e e e e e 286
5.1, Short life-Span PrOAUCES . . . . ..ottt ettt e e e et et et et e e e e e e e e 286
5.2, SPOITING EQUIPIMIENL. . o o\ttt ettt et ettt et e e et et et e et e e e e e e e et et e e e e e e e e e e 287
5.3.  Biomedical appliCatiOns . . . .. ...ttt e e e e e e e e e e e e e e 287
LG € )3 el 11 U ) o PP 287
ACKNOWIBAGIMENES . . . . oottt ettt ettt e et et e e et et et et e e e e e e e e e e e 288
RO ETIICES . . oottt ettt e e e e e e e e e e e e e e e e e e e e e e e e 288

* Corresponding author. Tel.: +44 (0) 117 33 15768.
E-mail address: michael.dicker@bristol.ac.uk (M.P.M. Dicker).

1359-835X/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.compositesa.2013.10.014


http://crossmark.crossref.org/dialog/?doi=10.1016/j.compositesa.2013.10.014&domain=pdf
http://dx.doi.org/10.1016/j.compositesa.2013.10.014
mailto:michael.dicker@bristol.ac.uk
http://dx.doi.org/10.1016/j.compositesa.2013.10.014
http://www.sciencedirect.com/science/journal/1359835X
http://www.elsevier.com/locate/compositesa

M.P.M. Dicker et al./ Composites: Part A 56 (2014) 280-289

1. Introduction

As global societies continue to grow, increasing emphasis is
being placed on ensuring the sustainability of our material sys-
tems. Topics such as greenhouse gas emissions, embodied energy,
toxicity and resource depletion are being considered increasingly
by material producers. Some of this practice is being driven by reg-
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Fig. 1. Structural constitution and arrangement of a natural vegetable fibre cell [9].
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ulations (particularly in Europe as a result of legislation such as the
end of life vehicle directive [1]), but increasingly, anecdotal evi-
dence would suggest consumers are also demanding improved
environmental credentials from the products they consume.
Improving the sustainability of our material systems will require
not just the development of new sustainable materials, but also
the increased application of existing green materials.

One existing class of materials with good environmental cre-
dentials are green composites. Green composites are defined, in
this work, as biopolymers (bio-derived polymers) reinforced with
natural fibres. More specifically, this work will only look at the
subset of green composites that are commonly considered as being
biodegradable (counter intuitively, not all biopolymers are biode-
gradable), as defined by an appropriate standard (EN 13432 [2],
EN 14995 [3]).

There are several recently published reviews on green compos-
ites, but unlike those, this work is not application specific, nor does
it present the detailed chemistry of natural fibre and biopolymer
enhancement. Instead, this work provides guidelines for engineers
and designers on the appropriate application of green composites.
For a detailed review of aspects relating to the materials science of
green composites or their application in the automotive and con-
struction sectors, the reader is referred to [4-8].

The initial part of this review provides a concise summary of the
major material attributes of green composites. Significant results
from literature are presented, as well as techniques and prospects

Carbon Fibre —o

-
-
s

-
PS

Z

~

—~

=

-~
= "Carbon | Steet S

-
= 102k CFRP—'». il = |
55 KE}{S% 7@V Glass Fibre 4@ — Aluminium
=~ Jute =} — = ’////
el g UD Flax/PLA Vy=6.72 207 - —<
< 10'F ~  Plywood —, - o GFRP |
g —— '/ - S .H Cotton
" - .

- )
g -7 E2  Polyester —i
s b
0 B
10" | Pl _
- 4
10*
Density, p (kg/m?)
' Carbon Fibre - —:’_’— -
Glass Fibre =" -
3L S St i
10 4 _ -~ Flax “CFRP @ L

S ,—ﬁ’z” -7 Carbon Steel

= -~ LA

IS _ -7, _ - TCoir ~>. 0 ' < Aluminium '

- - ai- -

® 102 F -y GERP i

=) , Epoxy

. lywood | I Metals
£ Plywood — [ Polymers
2 Ceramics

) 101 L I Woods E

% [ Bio—-Polymers
53 [ Composites

&= [ Natural Fibres

[ Synthetic Fibres
100 | Concrete =) [ Green Composites | |
— — — Design Guides

10°

10*

Density, p (kg/m)

Fig. 2. Density specific mechanical properties. Dashed lines indicate constant material performance for tie stiffness E/p and strength ¢/p, beam stiffness E'/?/p and strength
2P| p and plate stiffness E'”*/p and strength ¢'/2/p. Green composite properties from [76] (Long flax slivers/Randy PL-1000 PLA resin, 0.61-0.72 fibre volume fraction), [77]
(10 mm length kenaf/PLA 3051D resin, 0.2-0.4 fibre weight fraction, only flexural strength and modulus reported), [78] (Woven jute fabric/soy resin, 0.4-0.6 fibre weight
fraction), [79] (10 mm NaOH treated jute fibres/starch resin injection moulded, 0.1-0.3 fibre weight fraction), [80] (Abaca fibre pellets/PLA injection moulded, 0.3 fibre weight
fraction), [81] (Jute fibre pellets/PLA injection moulded, 0.3 fibre weight fraction), [82] (Flax fibres/PLA and PHB resins, 0.3 fibre weight fraction, film stacking compression
moulding), [83] (Flax fibres/PLA resin, 0.3 fibre weight fraction, film stacking compression moulding). (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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