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A biocomposite was originally fabricated with biodegradable polymer PBS and jute fibre, and the effects
of fibre surface modification on characteristics of jute fibre and mechanical properties of the biocompos-
ite were evaluated in this paper. The experimental results show that surface modification can remove
surface impurities and reduce diameter of jute fibres. Regarding the mechanical properties of biocompos-
ites, it is observed that the biocomposites with jute fibres treated by 2% NaOH, 2 + 5% NaOH or coupling
agent, respectively, an optimum in mechanical properties can obtain at fibre content of 20 wt.%, which
exhibit an obvious enhancement in mechanical strength and modulus compared to the ones with
untreated jute fibre. Furthermore, surface modification also exhibits less effects on flexural properties
compared to tensile properties and more on flexural or tensile modulus than on the strength.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Composites enhanced with short fibre have been receiving great
attention because of their advantages of processing, anisotropy in
properties and easy dispersion over the last two decades [1–5].
Glass, carbon, and some synthetic fibres also can be used as rein-
forcing fillers for composites. Nevertheless, these fibres are expen-
sive and non-renewable. With the uncertainties prevailing in
supply and increasing price of petroleum-based fibres in recent
years, it is particularly important to use naturally occurring alter-
natives. Natural lignocellulosic fibres with excellent biodegradable
ability and acceptable mechanical and thermal properties can be
regarded as the alternatives [6–10]. Lignocellulosic fibres are of
low cost, low density, also with acceptable specific strength, good
thermal insulation properties, reduced tool wear, renewable re-
source and recycling possible without affecting the environmental
damage, and together with biodegradation ability [1,11–13]. The
attraction of lignocellulosic fibres as reinforcing fillers is also
attributed to their application being diversified into engineering
end uses such as building materials and structural parts for motor
vehicles where light weight is required, for which they can give
composites with improved mechanical properties compared to
those containing non-fibrous fillers [3,14].
ll rights reserved.

extile Science & Technology,
201620, China. Tel.: +86 21
Lignocellulosic fibres like sisal, jute, hemp, flax have been often
used as reinforcements in polymer matrices, among which jute is
of particular interest in that its composites have high impact
strength in addition to moderate tensile and flexural properties
compared to other lignocellulosic fibres [3,6–10,15,16]. However,
jute fibres like all other lignocellulosic fibres are composed of lig-
nocellulose, which contains strongly polarized hydroxyl groups
[1,17,18]. So they have inevitable bottle-necks as reinforcing fillers
for hydrophobic polymer matrix, such as high moisture absorption,
poor wettability and compatibility with polymer matrix
[2,6,10,19,20]. In order to obtain reliable composite materials in
structural applications and to utilize fully the potential of reinforc-
ing fibres, both perfect impregnation and strong interfacial bond
formation have to be guaranteed, since the final mechanical behav-
ior of composite depends to a great extent on the interfacial adhe-
sion between the reinforcing fibre and the polymer matrix
[1,21,22]. The interfacial adhesion can be improved by the modifi-
cation of polymer matrix and/or jute fibres. As for jute fibres, large
numbers of researches have been done about their surface modifi-
cation carried by physical and chemical treatment
[10,15,19,20,23–27]. Park et al. [1] evaluated the interfacial proper-
ties of jute fibre reinforced polypropylene (PP) and modified maleic
anhydride polypropylene (MAPP-PP) composites, demonstrating
that fibre surface modification by NaOH and silane coupling agent
can effectively improve the compatibility of composites. Gassan
and Bledzki [27] found that alkali treatment on jute fibre can
improve the mechanical properties of jute/epoxy composites. Ray
et al. [4] found that alkali treatment on jute fibres can improve
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the impact fatigue strength of jute/vinylester composites. Gassan
[15] modified jute fibre with alkali, maleic anhydride polypropyl-
ene (MAH-PP) and silane, and found that surface modification have
obvious effects on the fatigue behavior of jute fibre reinforced
polypropylene composites.

However, very limited studies have been reported about the
properties of jute fibre reinforced poly(butylene succinate) (PBS)
composites. PBS is a white crystalline thermoplastic with melting
point of about 90–120 �C (similar to LDPE), glass transition temper-
ature of about �45 to �10 �C (between PE and PP), tensile strength
between PE and PP, and stiffness between LDPE and HDPE [1]. PBS
has excellent processing capabilities and can be processed on poly-
olefin processing machines into various products [1]. Furthermore,
PBS is a biodegradable polymer polymerized by butanediol and
succinic acid which may both be soon available from bio-based
renewable resources [6,7]. So composites fabricated with biode-
gradable polymer PBS as matrix phase and jute fibres as enhance-
ment fillers are also biodegradable, which have achieved more and
more progress for environmental protection as well as governmen-
tal regulations in some countries in recent years [2,28–31]. In this
paper, the jute/PBS biocomposites were fabricated and the effects
of surface modification of jute fibre on their mechanical properties
were discussed.

2. Experimental

2.1. Materials

The jute fibre used in this study is produced in Bangladesh, and
have average diameter of 60 lm. Poly(butylene succinate) (PBS),
white masterbatch with melting point of about 115 �C, was kindly
supplied from Showa Highpolymer Co., Ltd. (Japan) and vacuum-
dried at 40 �C for 24 h prior to use. The coupling agent used here
is c-methacryloxypropyltrimethoxysilane KH-570 with molecular
weight of 248.35, whose molecular formula was shown in Eq.
(1). All the other chemicals used in this study were reagent grade
and used without further purification.

ð1Þ
2.2. Surface modification of jute fibre

The jute fibres were cleaned and dried at 60 �C for 24 h in a vac-
uum oven, then pretreated by 0.1% H2SO4 solution at 55 �C for
1.5 h, and then filtered off and washed. The cleaned fibre were sur-
face modified with the following processes, respectively (1) soaked
in a solution of 2% NaOH, 0.2% Na2SiO3, 0.2% Na2P3O10, 0.15%
Na2SO3 and 0.2% penetrate JFC at 100 �C for 1 h, referred to as
‘‘2% NaOH treatment”, (2) firstly treated by the process (1), and
then soaked in 5% NaOH solution at 20 ± 1 �C for 4 h, referred to
as ‘‘2 + 5% NaOH treatment”, and (3) firstly treated by the process
(1), and then soaked in a solution of 1.5% coupling agent and
98.5% anhydrous ethanol at 20 ± 1 �C for 4 h, referred to as ‘‘cou-
pling agent treatment”. All the fibres were washed and dried at
60 �C for 24 h in a vacuum oven.

2.3. Fabrication of biocomposites

Jute fibres after different treatment were cut into about 2–3 mm
lengths, then mixed at given contents with PBS in HAAKE Rheom-
eter Systems (Rheocord 90, Germany HAAKE Co., Ltd., Germany) at
a rotary speed 80 rpm for 15 min at 120 �C to obtain the mixture of
jute fibre and melted PBS. The mixture were cooled to room
temperature, and then cut to desired size and heated again at
140 �C under a pressure of 15 MPa for 15 min in a flat sulfide ma-
chine (Shanghai No. 1 Rubber and Plastics Plant, China) to obtain
biocomposite plates.

2.4. Test of fibre specification

(a) Fibre compositions. The test of main compositions of jute
fibre after different treatment, such as content of cellulose,
hemicellulose, lignin, and residual pectin, were performed
according to GB 5886-86.

(b) Fibre diameter. The diameter of jute fibre was tested by Opti-
cal Fibre Diameter Analyzer, and more than 2000 replicate
specimens were taken to obtain average data for each test.

(c) Fibre moisture regain. The moisture regain was calculated
using the following formula:

W ¼ G1 � G0

G0
� 100%

where W is the moisture regain of jute fibre, G1 is the mass of jute
fibre at standard atmospheric conditions with a temperature of
20 ± 1 �C and a relative humidity of 65 ± 3% for 24 h, and G0 is the
mass of jute fibre oven dried at 80 �C for 6 h.

2.5. Test of biocomposite mechanical properties

Tensile testing was done with dumbbell shaped specimens in
accordance to GB 1447-1983 at a cross head speed of 5 mm/min
and five replicate specimens were tested for each set. Flexural test-
ing was done as per GB 1449-1983 with span of 16 mm and speed
of 5 mm/min and five replicate specimens were tested for each set.

2.6. Picture analysis

The surface properties and FTIR spectra of jute fibre before and
after modification were examined by scanning electron microscope
(SEM) (JSM - 5600LV, JEOL Ltd., Japan) and Fourier Transform Infra-
red spectrophotometer (FTIR) (NEXUS-670, Nicolet Company, US)

3. Results and discussion

3.1. Surface modification of jute fibre

It is observed that jute fibres after surface modification have
some changes in their structure and properties, as shown in Table
1. The jute fibres after treatment are somewhat leached, leading to
dissolution of hemicellulose, lignin and pectin, with destructing of
the mesh structure and splitting the fibres into finer filaments. This
fibre fibrillation reduces the fibre diameter from 60 to 48 lm for 2%
NaOH and to 45 lm for 2 + 5% NaOH and to 46 lm for coupling
agent treated jute fibres, respectively. The removal of surface
impurities can make the fibre cleaner and rougher than before,
as shown in Fig. 1. The cleaner and rougher surface is advantageous
in jute/PBS adhesion, as it facilitates both mechanical interlocking
and the bonding reaction due to the exposure of the hydroxyl
groups to PBS [14,26]. The moisture regain of jute fibre after sur-
face modification has been sharply reduced by 18.5%, 26.1% and
28.6% than that of untreated ones, respectively. Surface modifica-
tion can also change the fine structure of the native cellulose I to
cellulose II and the crystallographic structure by alkalization,
which is likely to result in stiff and strong fibres of interest in the
formation of biocomposites. Furthermore, Fourier Transform Infra-



Fig. 2. FTIR spectra of jute fibres (a) without modification, (b) treated with 2 + 5%
NaOH, and (c) treated with coupling agent.

Fig. 1. The surface of jute fibre (a) without modification and (b) with 2 + 5% NaOH
treatment.

Table 1
Characteristics of jute fibre with different surface modification.

Jute fibre Moisture regain (%) Diameter (lm) Main compositions (%)

Cellulose Hemicellulose Lignin Residual pectin

Without treatment 11.9 60 67.4 14.0 14.8 24.8
2% NaOH treatment 9.7 48 76.7 11.6 10.1 6.3
2 + 5% NaOH treatment 8.8 45 79.6 10.1 9.0 5.4
Coupling agent treatment 8.5 46 80.3 9.5 9.2 5.2
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red (FTIR) spectroscopy also provides additional information on
the reactivity of fibres after surface modification, as shown in
Fig. 2. A broad absorption band in the region 3400–3200 cm�1, as
well as the characteristic of hydrogen bonded AOH stretching
vibration, both can be found in the FTIR spectra of jute fibre treated
or not. However, the strong and sharp peak at 1740 cm�1 attrib-
uted to >C@O stretching vibration of hemicellulose is weakened
after treatment, especially after coupling agent treatment, illumi-
nating that surface treatments promotes the ionization of the hy-
droxyl group to the alkoxide, as shown in Eqs. (2) and (3) that
illuminates the reactions between jute fibre and alkali or coupling
agent, respectively [26]. The hydrophilic behavior of jute fibre in-
duced by predominance of AOH groups will thus be weakened,
and its compatibility with hydrophobic PBS will accordingly be im-
proved [6,26].

NaOHþ Cell-OH! Cell-O-NaþH2O ð2Þ
CH2@CðCH3ÞCOOðCH2Þ3SiðOHÞ3 þ Cell-OH!
CH2@CðCH3ÞCOOðCH2Þ3SiðOHÞ2O-CellþH2O ð3Þ

It can be found that the main defects of lignocellulosic fibre as
reinforcing fillers, such as high moisture absorption, poor wettabil-
ity, and incompatibility with hydrophobic polymer, all can be im-
proved by surface modification, which demonstrates that surface
modification can produce composites with improved mechanical
properties.

3.2. Tensile properties

Fibre surface modification is particularly necessary to develop
biocomposites with improved properties, because it can obviously
decrease the moisture absorption and increase the wettability and
interfacial bond strength with matrix polymer. The effects of sur-
face modification with different fibre content from 0 to 30 wt.%
on tensile properties of biocomposites are represented in Fig. 3.

It is observed that with the increase of fibre content from 0 to
20 wt.%, the tensile strength and modulus are gradually increased,
and with 30 wt.% fibre content they are decreased or nearly remain
constant; however, the breaking elongation are evidently de-
creased than pure PBS film. The increase in tensile strength or
modulus is primarily attributed to the presence of jute fibre, which
allowed a uniform stress distribution from continuous PBS matrix
to dispersed fibre phase [32,33]. The decrease in tensile strength at
30 wt.% fibre content may be due to the presence of so many fibre
ends in the biocomposites that cause crack initiation and hence po-
tential composite failure as well as nonuniform stress transfer due
to fibre agglomeration within the matrix [10,33–35]. The experi-
mental results show that the tensile strength of composite exits
an optimum value at certain fibre content. The optimum fibre con-
tent varies with the nature of both fibre and matrix, fibre aspect ra-
tio, fibre/matrix interfacial adhesion etc. Similar investigations
have also been reported by Mohanty et al. [10] for jute/biopol com-
posites in which the optimum fibre content is about 20–25%, by
Mohanty et al. [33] for jute/HDPE composites is about 30%, and
by Rana et al. [36] for jute/PP composites is about 30%. In this
study, the optimum fibre content is 20%. Furthermore, the contin-
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Fig. 3. Effects of surface modification on (a) tensile strength, (b) tensile modulus,
and (c) breaking elongation of PBS/jute biocomposites with different fibre content.

Fig. 4. Fracture surface of biocomposites reinforced with (a) untreated, (b) 2%
NaOH, and (c) coupling agent treated jute fibre.
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ually decrease in breaking elongation is mainly because of the
structural integrity of PBS being destroyed by the loading of jute fi-
bre, and increasing fibre content imply poor fibre/PBS adhesion
which promote microcracks formation at the interface, resulting
in quicker fracture than pure PBS film.
Surface modification by alkali or coupling agent both can im-
prove the tensile properties of biocomposites, as demonstrated in
Fig. 3. The biocomposites of jute fibre treated by 2% NaOH, 2 + 5%
NaOH and coupling agent with the same fibre content of 20 wt.%
exhibit 10.0%, 16.3% and 21.7% enhancement in tensile strength,
22.5%, 41.1% and 49.6% in tensile modulus, 25.3%, 53.0% and
85.7% in breaking elongation compared to the one with untreated
jute fibre, respectively. As described above, surface modification
can improve the compatibility between jute fibre and PBS, leading
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to less microvoids and fibre–PBS debondings in the interphase re-
gion. As illuminated in Fig. 4(a), visible gaps can be found between
fibre and PBS matrix, suggesting poor interfacial adhesion. The
gaps are obviously reduced after jute fibre treated with 2% NaOH
in Fig. 4(b), and nearly disappeared after treated with coupling
agent in Fig. 4(c), proving good compatibility being formed in bio-
composites. Furthermore, the stronger fibre–matrix interface can
lead to lowering of the critical fibre length for effective stress
transfer, which can also improve the mechanical properties of bio-
composites. Surface modification has more obvious effects on the
breaking elongation as shown in Fig. 3. It can be explained that fi-
bre can be easily pulled out from the interfacial region with poor
compatibility, resulting in rapid partial-collapse of biocomposite;
however, surface modified fibre of good adhesion with PBS matrix
can effectively disperse and transfer stress, leading to overall
deformation of biocomposite. Furthermore, tensile modulus that
denotes the stiffness of biocomposites is also increased with the
increasing compatibility after fibre surface modification.

3.3. Flexural properties

The effects of surface modification with different fibre content
from 0 to 30 wt.% on flexural properties of biocomposites are rep-
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Fig. 5. Effects of surface modification on (a) tensile strength and (b) tensile
modulus of PBS/jute biocomposites with different fibre content.
resented in Fig. 5. It is observed that with the increase of fibre con-
tent from 0 to 20 wt.%, the flexural strength and modulus are
gradually increased, and with 30 wt.% fibre content they are de-
creased or nearly remain constant. It is interesting to note that
the flexural properties have the same trend as the tensile proper-
ties with the increase of fibre content. Regarding the jute fibre
without surface modification, the flexural strength of biocompos-
ites at 10, 20 and 30 wt.% fibre content are 11.3%, 15.9% and
10.0% more than those of pure PBS film, and the flexural modulus
are 23.1%, 88.5% and 36.5%, respectively. So 20 wt.% fibre content
can produce biocomposite with the optimum flexural properties,
in accordance with the experimental results of tensile strength.
As for the effects of fibre surface modification, the biocomposties
of jute fibre treated by 2% NaOH, 2 + 5% NaOH and coupling agent
with the same fibre content of 20 wt.% exhibit 4.9%, 10.4% and
13.5% enhancement in flexural strength, 15.3%, 28.6% and 38.8%
in flexural modulus compared to the one with untreated jute fibre,
respectively. However, surface modification has less effect on flex-
ural properties compared to tensile properties. The flexural failure
mode usually shows little or no fibre pull-out. The crack always ini-
tiates on the tension side of materials and slowly propagates in an
upward direction [5]. And the flexural modulus, as well as tensile
modulus, is very sensitive to the matrix properties and fibre/matrix
interfacial bonding, so surface modification has more effects on
flexural or tensile modulus than on strength.

4. Conclusion

The effect of fibre surface modification on characteristics of jute
fibre and mechanical properties of biocomposites were evaluated
in this paper. Surface modification can remove a certain amount
of hemicellulose, lignin and pectin covering the external surface
of the cell wall of the fibre, destructing the mesh structure and
splitting the fibres into finer filaments. The main defects of ligno-
cellulosic fibre as reinforcing materials, such as high moisture
absorption, poor wettability, and incompatibility with hydropho-
bic polymer, all can be improved by surface modification. Regard-
ing the mechanical properties of biocomposites, it is observed that
with the increase of fibre content from 0 to 20 wt.%, the mechanical
strength or modulus are all gradually increased, and with 30 wt.%
fibre content they are decreased or nearly remain constant, how-
ever the breaking elongation are evidently decreased than pure
PBS film. The experimental results show that the mechanical
strength or modulus of biocomposites exits an optimum value at
certain fibre content, which is 20 wt.% in this study. Surface mod-
ification by alkali or coupling agent both can improve the mechan-
ical properties of biocomposites. It is because that surface
modification can improve the compatibility between jute fibre
and PBS, leading to less microvoids and fibre–PBS debondings in
the interphase region. And the stronger fibre–matrix interface
can lead to lowering of the critical fibre length for effective stress
transfer.
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