
1. Introduction

Fibre reinforced polymer composites are being
used in almost every type of applications in our
daily life and its usage continues to grow at an
impressive rate. The manufacture, use and removal
of traditional composite structures usually made of
glass, carbon and aramid fibres are considered crit-
ically because of the growing environmental con-
sciousness [1]. In recent years, there is a growing
interest in the use of biofibres as reinforcing com-
ponents for thermoplastics and thermosets. Sisal
fiber (SF), a member of the Agavaceae family is a
biodegradable and environmental friendly crop.
Moreover, sisal is a strong, stable and versatile
material and it has been recognized as an important
source of fibre for composites [2–4].
It is generally accepted that the mechanical proper-
ties of fiber reinforced polymer composites are

controlled by factors such as nature of matrix,
fiber-matrix interface, fiber volume or weight frac-
tion, fiber aspect ratio etc. Many scientists are
working in this field and the reinforcement of poly-
mer with SF has been widely reported. Low-density
polyethylene-sisal [5], Polyester-sisal [6], epoxy-
sisal [7], polypropylene-sisal [8, 9], urea-formalde-
hyde-sisal [10], phenol-formaldehyde-sisal [11,
12], polyvinyl-acetate-sisal [13], and starch-based-
sisal [14] are some of the promising systems. A fur-
ther attempt to use sisal fibre as reinforcement for
heat and pressure applications has been found in
the literature [15]. Manikandan Naira et al. [16]
studied the thermal behaviour of polystyrene com-
posites reinforced with short SF by means of ther-
mogravimetric and dynamic mechanical thermal
analysis. It has been found [17] that matrix crack-
ing, fibre bridging, fibre breakage and pull-out are
the major fracture modes of sisal textile reinforced
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composites with pre-cracks under the static loading
condition. However, despite the fact that several
methods have been used and great strides have been
made, there is still some lack of knowledge about
wear resistance property of sisal reinforced poly-
mer composites.
Urea-formaldehyde resins (UFR) are the most
prominent examples of the class of thermosetting
resins usually referred to as amino resins, even
though new research efforts are needed to address
to offset its major disadvantage. The use of UFR as
a major adhesive by the forest products industry is
due to a number of advantages, including low cost,
ease of use under a wide variety of curing condi-
tions, low cure temperatures, water solubility,
resistance to microorganisms and to abrasion, hard-
ness, excellent thermal properties etc.
The present paper describes the changes in the
Charpy impact, flexural and wear resistance prop-
erties of SF/UFR blend composite as a function of
weight fraction of SF. In addition to this, the effect
of SF loading on water absorption tendencies of the
composites has also been examined. Meanwhile,
the surface morphology is studied and described.
We conduct this study to determine whether the
compatibility between UFR and SF is strong or
weak, and to evaluate the abrasive wear resistance
of the composites. It is anticipated that this study
may open the way for future investigations in the
use of SF in fiberboard so that the range of sisal’s
potential applications can be widened.

2. Experimental

2.1. Materials

Fibres were soaked in 2% NaOH solution in a water
bath where the temperature was maintained
throughout at 22±2°C for 24 h, then washed with
distilled water and left to dry at room temperature
before being put in an oven for 15 h at 70°C.
Finally, fibers were chopped into 2–3 mm size.
Liquid urea-formaldehyde resin was synthesized by
us. The ratio of urea to formaldehyde used was
1:1.4. Melamine was added for improving adhesion
strength and its amount was 8 wt% of urea. The
reaction temperature was 90±1°C and reaction time
was about 2.5 h. It had an average viscosity of
3.5·10–2–4.5·10–2 Pa·s, pH between 7.0 and 7.5,
50±1% solid content and <1% free formaldehyde
content.

2.2. Sample preparation

A mixture of SF, UFR, and inorganic filler CaCO3,
curing agent (NH4Cl, 3 wt% of resin) and mold
release agent (zinc stearate, 1 wt% of the total mix-
ture mass) was prepared, and then put it in an oven
for 2 h at 90°C.The blends were taken for compos-
ite fabrication available as such. The specimens
were produced through compression molding under
a pressure of 8 MPa at 140–145°C for 4 min. After
that, the composites were post-cured at 120°C for
2 h. The composites containing 30, 40, 50, 60 and
70 wt% SF, contained UFR 50, 40, 30, 20 and
10 wt%, respectively.

2.3. Characterization

Charpy impact strengths of the specimens (120×
10×4 mm length, width and depth, respectively)
were determined with an impact tester (Chengteh
China, Model JC-25 4J) in the flatwise, unnotched
mode. The striking velocity was 2.9 m/s and the
reported values reflect an average from five meas-
urements.
Three-point bend tests were performed using Shi-
madzu electronic universal test machine (Model
AG-201).The specimens were 120×10×4 mm
length, width and depth, respectively. The span of
the supports was 60 mm, and the loading speed was
2 mm/min. The reported values reflect an average
from five measurements.
Sliding wear tests were conducted on an abrasive
wear tester (Yihua China, Model M-2000) at room
temperature according to GB3960-83. The diame-
ter of the steel ring (45#steel) was 40 mm, the hard-
ness was 45–50 HRC, and the rotation speed of the
steel was 200 rpm during operation. Before the
testing, the specimen and the steel ring were
washed with acetone and air dried. The size of the
wear specimens were 30×7×6 mm length, width
and depth, respectively. The tests were performed
at a normal load of 200 N and for 40 min. The wear
volume loss and friction coefficient were adopted
to evaluate wear resistance property. The reported
values reflect an average from five measurements.
Water absorption testing of composites has been
carried out by taking circular sheet which the diam-
eter was 50 mm and thickness was 4 mm.Samples
were first dried by heating in an oven at 50°C for
about 24 h, weighed (W1) and then soaked in dis-
tilled water in beakers at room temperature. After
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24 h, the composite samples were removed from
water, dried by a cotton cloth and weighed (W2).
Percentage water absorption of the samples was
calculated. The reported values reflect an average
from five measurements.
SEM micrographs of SF surfaces and fractured sur-
faces following impact were taken using a scanning
electron microscope (Model JEOL JSM-6380LV).
Prior to SEM evaluation, the samples were coated
with carbon by sputtering technique. The worn sur-
faces were observed using the same method.

3. Results and discussion

3.1. SEM examination of treated SF

SEM micrographs of untreated and alkali-treated
SF are shown in Figure 1. It can be observed that
the untreated SF (a) presents a network structure
and includes waxes and other low molar mass
impurities. Compared to the (b), it is clear that SF
gets thinner after treatment. It is possible that treat-
ment led to micro-fiber fibrillation. The surfaces of
the SF (b) become rather smoother as compared to
that of untreated SF. In addition, this fibrillation
could have increased the effective surface area
available for contact with the matrix in the compos-
ites, as well as reduced the diameter of sisal fibers,
thereby increasing their aspect ratio. This may offer
better fiber-matrix interface adhesion and improve

stress transfer. These will give rise to improvement
in mechanical properties.

3.2. Impact strength

Impact strength is defined as the ability of a mate-
rial to resist the fracture under stress applied at high
speed. The impact properties of composite materi-
als are directly related to its overall toughness.
Composite fracture toughness is affected by inter-
laminar and interfacial strength parameters [18].
Figure 2 shows the variation of Charpy unnotched
impact strength of SF/UFR composite with SF
loading. The impact strength of composite with
30 wt% SF is 5.78 kJ/m2.With increase in SF load-
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Figure 1. SEM micrographs of (a) untreated SF, (b) alkali-treated SF

Figure 2. Effects of sisal fibre loading on the impact
strength of SF/UFR composites



ing from 30 to 50 wt%, the impact strength
increases by 62.98%, namely achieves 9.42 kJ/m2.
With further increase in SF loading (60 wt%), there
is a considerable decrease in impact strength. The
impact strength of a composite is influenced by
many factors including the matrix fracture, fibre-
matrix debonding and fibre pull out. It has been
reported by van der Oever et al. [19] that the
Charpy impact strength decreases with enhanced
fibre-matrix adhesion. For the composite with
30 wt% SF, the UFR is sufficient and excessive;
hence, the interfacial friction stress and chemical
bond between matrix and fibre is generally higher
when compared to other samples. This is likely to
cause a drop in toughness and can explain why the
impact strength is much lower. Moreover, the supe-
rior strength of composite with 50 wt% may be
associated with proper interfacial adhesion between
the fibre and matrix; the fibres have reasonable
amounts and act as stress transferring medium. In
addition, the interspaces and stress concentrations
shoot up with the increase of the SF. These fibers
could have acted as crack initiation points during
impact. Therefore, inferior impact strength is
obtained in the composite containing 60 wt% SF.

Figure 3 shows several micrographs of the frac-
tured surface of SF/UFR composite on impact. The
images (a) and (b) show the fibres are well
anchored in the matrix and a very small amount of
fibres are pulled out. The fractured surfaces are
smooth and clear. This is observed due to the brittle
nature of the matrix. It can be concluded that the
fracture mainly happens in the matrix and the per-
formance of fibres is not available. However, in (c)
and (d), fiber bundle debonding, deformation in the
fiber leading to microcracking and fracture, and
fibers splitting are presented. Toughness is signifi-
cantly enhanced due to the fibres acting as stress
transferring medium.

3.3. Flexural property

Results from the bend tests on SF/UFR composite
are given in Table 1. It is observed that with
decrease of SF content from 70 to 30 wt%, the flex-
ural strength increases sharply i. e. from 15.28 to
58.58 MPa, increasing by about 283.4%. Mean-
while, the flexural modulus increases from 1.59 to
7.63 GPa. As the improved mixing will provide
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Figure 3. SEM micrograph of Charpy impact fractured surface of SF/UFR composites with (a, b) 30 wt% and (c, d)
50 wt% sisal fibre



better distribution of sisal, the bridging gaps
between the fibres can conduct more effectively.
To obtain qualitative information about the flexural
behavior of the composite, the load-stroke traces
are taken into consideration. In Figure 4, although
the composite with 30 wt% sisal loading yields cat-
astrophically, it bears a higher load than other sam-
ples, resulting in a higher flexural strength. In addi-
tion, it deforms less until maximum load, which
gives a higher flexural modulus. As a consequence,
the flexural strength and the flexural modulus of
the composites show larger values. Apparently, the
stroke of the composite with 50 wt% sisal loading
is larger, and this can support the impact results as
discussed earlier.

3.4. Wear resistance property

The variation of wear volume loss and friction
coefficient with weight fraction of SF for steady-
state sliding of SF/UFR composite against the
stainless steel ring under dry conditions is shown in
Figures 5 and 6. Evidently the wear volume losses
and friction coefficients of SF/UFR composite go
up with increasing sisal weight fraction. Better per-
formance of the sample with 30 wt% sisal relies

heavily on its strong interfaces, and the higher sur-
face hardness nature of the matrix. This indicates
that wear of the composite is mostly due to the
fibre-matrix adhesion and partly due to the nature
of components.
The surface in Figure 7a is significantly smoother
and one can conclude that the inclusion of SF hin-
ders the microcutting, microploughing and defor-
mation of the worn surface. Thus, adhesion and
ploughing of the composite are much reduced,
leading to a very low wear rate. In addition, the
resin may be released from the composite during
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Table 1. Effect of sisal fibre loading on the bending property of SF/UF composite

SF content
[wt%]

Flexural strength
[MPa]

Flexural modulus
[GPa]

Density
[g/cm3]

Specific strength
[MPa·cm3/g]

Specific modulus
[GPa·cm3/g]

30 58.58 7.63 1.53 38.29 4.99
40 55.80 5.27 1.52 36.71 3.47
50 53.07 4.93 1.48 35.86 3.33
60 37.73 4.09 1.44 26.20 2.84
70 15.28 1.59 1.22 12.52 1.31

Figure 4. Relationships between lode and stroke as a func-
tion of sisal fibre loading

Figure 5. Effects of sisal fibre loading on the hardness of
SF/UFR composites

Figure 6. Relationships of the wear volume loss and fric-
tion coefficient to the hardness of SF/UFR com-
posites



sliding and transfer to the interface between the
composite and the steel counter-face. The thin
transfer film adhering strongly to the metallic coun-
terpart serves as spacer, preventing the direct con-
tact between the two mating surfaces, thereby
slowing the wear rate and reducing the friction
coefficient. By contrast, as shown in Figure 7b, the
worn surface of composite with 50 wt% SF is quite
rough, displaying cracks and microploughing fur-
rows. Fibre and some other components are frac-
tured into fragments and many small filler particles
are detached from the composite leaving cavities in
the surface. These cavities are themselves stress
concentrators and resulted in more cracks and a
higher friction coefficient.

3.5. Water absorption property

Figure 8 shows the result of water absorption. We
can find out the water absorption of composite with
30 wt% SF is only 0.98 wt% .This can be attributed
to the greater adhesion between the fibre and
matrix, the low water absorption nature of the
matrix. It is observed that with increase of SF con-
tent from 30 to 70 wt%, the water absorption rock-
ets. This might be due to the poor distribution of
fibres in the composite which result in the forma-
tion of fibre lumps. These lumps require more force
to deform during hot pressing, and as a result more
stresses are built in the composites [20]. When the
composites are tested (water absorption test), a
greater proportion of these stresses are released,
causing a high water absorption. In addition, sisal
fibres are lignocellulosics and therefore hydrophilic
in nature; sisal absorbs moisture readily.

4. Conclusions

In this paper, mechanical properties of SF rein-
forced urea-formaldehyde resin composites have
been described. The composite with 50 wt% SF has
the optimal Charpy impact strength and it reaches
9.42 kJ/m2. Whereas the flexural, wear resistance
and water absorption properties are proved to be
excellent in the composite with 30 wt% SF under
the present experimental conditions adopted. The
SEM micrographs of impact fractured and worn
surfaces reveal that the proper sisal fibre addition
can improve the fracture energy, strengthen inter-
faces and lower wear rate. The composite has sig-
nificant potential for improving resistance to
abrasive wear due to sisal characteristic properties.
The fibres themselves possess a higher wear resist-
ance than the matrix and should protrude from the
surface after some time. Hence, the applicability of
these composites in fibreboard can be expanded.
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Figure 7. SEM micrograph of worn surface of SF/UFR composites with (a) 30 wt% and (b) 50 wt% sisal fibre

Figure 8. Effects of sisal fibre loading on the water
absorption property of SF/UFR composites
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