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Interfacial Phenomena of Lignocellulose Fiber/
Thermoplastic Polymer Composites

Jungil Son*, Han-Seung Yang**, and Hyun-Joong Kim**'

ABSTRACT

Composite materials are created by combining two or more component to achieve desired
properties which could not be obtained with the separate components. The use of reinforcing
fillers, which can reduce material costs and improve certain properties, is increasing in
thermoplastic polymer composites. Currently, various inorganic fillers such as tale, mica,
clay, glass fiber and calcium carbonate are being incorporated inte thermoplastic composites.
Nevertheless, lignocellulose fibers have drawn attention due to their abundant availability,
low cost and renewable nature. In recent, interest has grown in composites made from
lignocellulose fiber in thermoplastic polymer matrices, particularly for low cost/high velume
applications. In addition to high specific properties, lignocellulose fibers offer a number of
benefits for lignocellulose fibenthermoplastic polymer composites. These include low hardness,
which minimize abrasion of the equipment during processing, relatively low density,
biodegradability, and low cost on a unit-volume basis. In spite of the advantage mentioned above,
the use of lignocellulose fibers in thermoplastic polymer composites has been plagued by
difficulties in cbtaining good dispersion and strong interfacial adhesion because lignocellulose
fiber is hydrophilic and thermoplastic polymer is hydrophobic.

The application of lignocellulose fibers as reinforcements in composite materials requires, just
as for glassfiber reinforced composites, a strong adhesion between the fiber and the matrix
regardless of whether a traditional polymer matrix, a biodegradable polymer matrix or cement is
used. Further this article gives a survey about physical and chemical treatment methods which
improve the fiber matrix adhesion, their results and effects on the physical properties of
composites.
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Coupling agents in lignoeellulose fiber and polymer composites play a very important role
in improving the compatibility and adhesion between polar lignocellulose fiber and non-polar
polymeric matrices. In this article, we also review wvarious kinds of coupling agent and
interfacial mechanism or phenomena between lignocellulose fiber and thermoplastic polymer.
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Table 1. Production of Lignocellulose Fibers
Compared to Production of Glass Fibers
{1993}]3]

Fiber Price in comparison | Production
to glass—fibers (%) (1000t
Jute 18 3600
E-glass 100 1200
Flax 130 800
Sisal 21 500
Banana 40 100
Coir 17 100
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Table 2. Mechanical Properties of Lignicellulose Fibers as Compared to Conventional Reinforcing

Fibers"”
Density (/o) | Elongation (%) |  Tensile | Young's modulus

Cotton 1.5~1.6 7.0~8.0 287~597 5.5~12.6
Jute 1.3 1514 26.5 26.5
Flax 1.5 2.7-3.2 27.6 27.6
Hemp - 1.6 e =
Ramie - 3.6--3.8 61.4~128 Gl.4~128
Sisal 1.5 2.0~25 9.4~22.0 9.4-22 ()
Colr 1.2 30.0 4.0~6.0 4.0-6.0
Viscose {eord) - 11.4 11.0 11.0
Soft wood kraft 1.5 = 40.0 40.0
F-glass 2.5 2.5 70.0 0.0
S-glass 2.5 2.8 86.0 86.0
Aramid (normal) 1.4 3.3—-3.7 63.0~67.0 63.0-67.0
Carbon (standard) 1.4 1.4~1.8 230.0~240.0 230.0~240.0

Structure Process Component Young’s Modulus

Wood

Pulping ————————»
v

‘ Single pulp fiber ‘

Hydrolysis
followed by _____ o
mechanical v
disintegration | Microfibril |
icrofibrils

No existing e i
technology

| Crystallites ‘

10 GPa

40 GPa

70 GPa

250 GPa

Figure 1. Correlation between structure, who to process, resulting component, and modulus.
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Table 3. Strength and Elongation at Break of Dry

and Wet Fibers'
Relative tensile Relative
Fiber strength elongation
(wet) (%) {wet) (%)
Cotton 105~110 110~116
Jute 100~ 105 100
Flax 102~ 106 125133
Ramie 115125 100
Sisal 90~ 120 100
Glass 75~ 100 100
Aramid T8~80 -
tarbon 100 100
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Figure 2. The cellulosic fiber treatment mechanism (MAH-FPP).
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