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ABSTRACT

henol formaldehyde (PF) resin was successfully produced from empty fruit
Pbunch (EFB) fibres via liquefaction approach using sulphuric acid as catalyst.

The produced PF resin was used to blend with EFB fibres as filler to produce
PF-EFB composite boards. The effect of different percentages of EFB fibres on the
density, water absorption, impact strength, flexural strength, hardness and thermal
properties of the produced PF-EFB composite boards was investigated. The density of
the PF-EFB composite boards increased with the increase in EFB fibre content due to
the higher density of the EFB fibres relative to the PF resin. The water absorption of the
PF-EFB composite boards was also found to be increased with the increase in EFB
fibre content. This could be attributed to the hygroscopic nature of the EFB fibres, which
had promoted the water absorption process. The mechanical properties (flexural,
impact and hardness) of the produced PF-EFB composite boards were increased
linearly ‘and reached maximum value with the addition of 20% of EFB fibres. The
electron micrographs suggested good compatibility between the PF matrix and the EFB
fibres, which had enhanced the mechanical properties of the PF-EFB composite
boards. Our results had suggested that the EFB fibres not only could be used to
produce PF resin using liquefaction method, but also could be used as reinforcing fillers
to.enhance the physical and mechanical properties of the composite boards.
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activities, agricultural and wood
industries.  These
produce a huge number of ligno-
cellulosic wastes every year, which
result in pollution problems
without proper managements.
Previous studies reported different
utilizations of lignocellulosic
wastes, including the preparation
of novolak PF resins from
Cryptomeria japonica [1], solvoly-

industries

and liquefaction of cellulose in
phenol using sulphuric acid as a
catalyst [3]. Most polymer resins
used in industries today are
petrochemical based which are
non-renewable. As a result of the
depletion of crude oil resources,
alternative resources should be
studied and developed.

In Malaysia, palm oil industries
generate a huge amount of wastes,



such as empty fruit bunch (EFB) and oil palm
mesocarp fibre [4]. A number of studies have been
carried out recently to maximize the utilization of
palm oil wastes, including conversion of EFB fibre to
produce phenolic resins using liquefaction method
[5,6].

Liquefaction is one of the promising methods to
lignocellulosic phenolic
compounds. Our previous study found that the
maximum conversion yield (~ 47%) could be
achieved by using sulphuric acid as catalyst during
the liquefaction of empty fruit bunch fibres [6].
Several relevant studies on the liquefaction of
lignocellulosic materials have been reported
previously such as the preparation of resole type
adhesive from bamboo [7], novolak type phenolic
resin from Cryptomeria japonica [1] and resole type
phenolic resin from bark [8].

Phenolic resins, such as phenol formaldehyde,
have been widely used in the manufacturing of paints,
insulating and decorative varnishes, adhesive,
moulding and casting products [9]. Phenolic resin
possesses various advantages over other resins, such
as low cost, high rigidity, good dimensional stability,
better flame retardancy and chemical reactivity:
These can be attributed to its highly cross-linked
aromatic structure and greater wnumber of
resonance-intensifying hydroxyl groups [9,10].

Natural fibres generated from agricultural wastes,
such as palm oil, rice-husks, bagasse and wood chips,
are particularly important natural resources in the
manufacturing industries. These natural fibres
possess low density, low price, great deformability,
less abrasiveness to equipments than most inorganic
fillers [11]. Natural fibres have been widely used in
the preparation "of composite boards [12-14].
Cross-linking formed between matrix and fillers
provides better reinforcement and excellent final
properties [15].

In this study, we have maximized the usage of
EFB fibres to produce a totally wood-based
composite. Phenol formaldehyde (PF) resin was
produced by liquefying EFB fibres via liquefaction
technique. It was subsequently mixed with EFB
fibres to form fibre-reinforced composite board. We
have also investigated the effect of fibre content (EFB
fibres) on the physical and mechanical properties of

convert wastes to

the composite board. This study is an extension of our
previous reported results [16], which we have carried
out additional sample characterizations, including
density, thermal analysis, infrared analysis and
flexural tests.

EXPERIMENTAL

Materials

Empty fruit bunch (EFB) fibres were provided by
SzeTech Engineering Sdn. Bhd. Malaysia. The fibre
length is ~1-2"mm. The EFB fibres were dried at
105°C for 8 h to remove moisture. Formalin (104003)
(37%), methanol (106009), acetone (100014) and
analytical grade ‘of phenol (100206) (~99.5%),
hexamethylenetetramine (818712) (HMT) and
calcium hydroxide (102047) were purchased from
Merck, Germany. Magnesium oxide (1304-48-4) and
sulphuric acid (7664-93-9) (95-98%) were purchased
from Systerm (ChemPur). Zinc stearate (26423) was
purchased from Sigma-Aldrich, Germany. All
chemicals were used without further purification.

Liquefaction of EFB Fibres

Mixture of EFB fibre and phenol (ratio 1:3) was
prepared by mixing 75 g EFB fibres and 225 g
phenol in a round bottom flask equipped with a
mechanical stirrer, thermometer and reflux
condenser. Sulphuric acid (5.0 wt% of phenol) was
added into the mixture and followed by heating to
130°C. The mixture was continuously heated and
stirred for ~90 min. Afterwards, 75 g formalin was
added into the mixture and the temperature was
maintained at 100°C for another 60 min. After
completion the liquefaction process, methanol was
added to dilute the liquefied product and followed by
filtration using glass-fibre filter (~3.1 um) to separate
residue. Residue was oven-dried at 105°C for 8 h and
weighed for conversion calculation. Magnesium
oxide was added into methanol-phenol formaldehyde
fraction to neutralize the liquefied product. Methanol
and free phenol were then extracted at 80°C and
190°C, respectively, using rotor evaporator. The
resulting PF fraction was then dried and grinded into
powder for further composite board preparation. The
melting point and free phenol of the PF resin is
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~180°C and ~39.83 g, respectively [17].

Composite Preparation

Composite board was prepared according to the
method we have reported previously with some minor
modifications [16]. Briefly, PF resin dissolved in
acetone was mixed with HMT (25 wt%), zinc stearate
(2.5 wt%), calcium hydroxide (6 wt%) and various
amounts of EFB fibre (0, 10, 20, and 30 wt% PF). The
mixture was stirred and dried in oven at 70°C for 2 h
to remove acetone. After that, the sample was ground
into fine powder. The resin powder was then
compress moulded in a die with dimension 13 X 10 X
0.3 cm3. The preheating time, ventilation time and
curing time are 20 s, 35 s and 350 s, respectively. The
press temperature was 185°C and the pressure was
150 kg/cm?2. The sample was then post cured in oven.
The samples were then cut to specific dimensions for
further characterizations.

Characterization

The density of PF/EFB composite was measured
using a densitometer (MD 300s) under atmospheric
condition using water-immersion method. For. the
water absorption test (ASTM D 570), specimens were
dried in an oven at 105°C for 24 h and weighed
(Wdry)' The specimens were immersed.in water at
room temperature for 24 h, 48 h and 72 h. In time
intervals, the specimens were taken out and blotted
with filter paper to dry before measuring the sample's
weight (Wy,e). The amount of water absorbed was
calculated using equation below:

Wwvet =Wy

Water absorbed (%) = x100% (D

dry

Thermogravimetry Analysis

Thermal degradation of the PF board was studied
using a Mettler Toledo (TGA/SDTAS851)
thermogravimetric analyzer. The sample was heated
from 30°C to 600°C at a heating rate of 10°C/min.

Flexural Test

Flexural test was performed using a Universal
Testometric (Micro 350-10CT) according to ASTM
D790. The dimension of the sample was 130.0 x 12.7

x 3.0 mm3. The crosshead speed and span distance
were 5.0 mm/min and 100 mm, respectively.

The flexural strength and flexural modulus were
calculated by:

3PL )
Flexural strength = —
2bd
Fli [ modul L3AP
exural modulus =
4bd>AS )

where P = ultimate failure load (N), L = support span
(mm), b = width of sample (mm), d = thickness of
sample (mm), AP = increase in load (N), AS =
increase in deflection (mm).

Impact Test (Izod)

Impact tests were carried out using a Pendulum Tester
Ceast Code 6545/000. Unnotched sample with a
dimension 65.0 x 12.7 X 3.0 mm was tested according
to ASTM D256-73 and five samples were repeated to
obtain the average value for each sample.

Hardness Test

Hardness of the samples was obtained using a
Shore-D Durometer according to ASTM 2240.
Sample was put on a flat surface and a sharp-pointed
cone of Shore-D was inserted on the surface of
sample. Average value was obtained from at least five
areas of each sample.

Scanning Electron Microscope

Morphology for the sample was observed using a
Philips XL 30 scanning electron microscope. Sample
was coated with a thin layer of gold before the
examination.

RESULTS AND DISCUSSION

Density and Water Absorption

Figure 1 shows the effect of EFB fibre content on the
density of the PF-EFB board. The density of the
control PF board (without fibre) is 0.21 g/cm3 and it
increases to 0.52 g/cm3 when the fibre content
increases to 30%. This can be attributed to the high
density of EFB fibre, i.e. 0.7-1.55 g/cm3 [18]. In
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Figure 1. Density of PF board with different fibre content
(0-30%).

addition, high pressure during the pressing process
may also result in densification of fibre and
subsequently increase the density of the composite
board. Figure 2 illustrates the water absorption of PF
boards with different fibre content. It can be clearly
seen that the amount of water absorbed is increased
with the fibre content. This is due to the hydrophilic
nature and high porosity of the EFB fibres which will
enhance the water diffusion process. It should also be
noted that the higher the fibre content in the PF board
the longer the water absorption takes part to achieve
saturation.

Izod Impact and Flexural Tests

The 1zod impact of the PF-EEB board with different
fibre content is presented in-Figure 3. The impact
strength of the PF-EFB board increases linearly to

90
(<) 0% EFB
80 1 (0) 10% EFB /
70 { (»)20% EFB h
(%) 30% EFB

60 1
50 1

40
30 1
20 1

10
0 T T
0 24 48 72

Time (h)

Water absorption (%)

Figure 2. Water absorption of PF board with different fibre
content (0-30%).
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Figure 3. Impact strength of PF board with different fibre
content (0-30%).

0.58 kJ/m? with the addition of 20% of EFB fibres.
Similar result has been reported in the preparation of
kenaf fibre reinforced soy based biocomposites [15].
The presence of EFB fibre in the PF matrix, as
fibrouswreinforced agent, has strengthened the
resulting composite board [14]. The impact strength
of the PF-EFB board decreases to 0.48 kJ/m? when
the fibre content increases to 30%. According to
Sreekala et al. [18], high EFB fibre loading causes
difficulties during the processing due to the poor
dispersion of fibres in the matrix, leading to weak
stress transfer from the matrix to fibres when load is
applied [19].

A similar trend can also be observed in the
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Figure 4. Flexural strength of PF board with different fibre
content (0-30%).
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Figure 5. Flexural modulus of PF board with different fibre
content (0-30%).

flexural strength and flexural modulus data
(Figures 4 and 5). It should be noted that the flexural
strength increases linearly with increasing fibre
content. While the flexural modulus of the PF-EFB
board increases linearly with the addition of EFB
fibres and reaches a maximum value of 1085.17 MPa
at 20% of EFB fibres, it drops to 916.77 MPa when
the EFB fibres content increases to 30%. The
reduction may be due to poor dispersion of EFB fibres
in the PF matrix. This is consistent with:the previous
study reported on the preparation of fibre reinforced
composite using flax fibres [20].

Hardness Test
The effect of fibre content on the hardness of the PF
board is shown in Figure 6. The addition of EFB
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Figure 6. Effect of fibre content on the hardness of PF-EFB
boards.

fibres has significantly increased the hardness of the
PF board. The hardness of the PF board increases
from 16.75 to 63.5 Shore-D when 20% fibre is added.
This is because of the strong interfacial bonding
strength between fibre and matrix which greatly
increases the hardness of PF-EFB board. Due to
increase the fibre content, the board becomes stiffer
and harder. Thus, an increase in hardness with
increasing fibre content was obtained [11]. Beyond
30% fibre content the hardness of the PF board
slightly decreases to 54.75 Shore-D.

Thermogravimetric Studies

TG curves of control PF board and PF board with
different fibre content (10, 20 and 30%) are
presented. in Figure 7. It can be seen that all samples
undergo three main degradation stages, i.e. around
80-100°C, 200-350°C, 400-600°C. The first stage of
degradation is due to the removal of water
moisture from the composite boards. The second
stage of weight loss of PF and PF-EFB
boards with 10, 20 and 30% of EFB fibres are
approximately 6.7, 10.8, 14.3 and 18.1%,
respectively, which can be attributed to the degrada-
tion of EFB fibres, associated to the decomposition
of lignocellulosic components. The third stage of
degradation of PF and PF-EFB boards with 10, 20 and
30% of EFB fibres are approximately 34.1, 36.1,
42.1 and 42.4%, respectively. This is attributed
to the decomposition of the phenol formaldehyde
components due to the broken cross-linking
network [21].
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Figure 7. Thermogravimetric curves of PF board with
different fibre content (0-30%).
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SEM Observations

Figure 8 presents SEM micrographs for the
composite board after the impact tests, i.e. (a) control
PF board and (b) PF board with 30% of EFB fibre. In
Figure 8a, it is obvious that there are numerous voids
dispersed throughout the PF matrix, which are
associated to water domains formed due to the
condensation cure during the formation of PF resin
[22]. Therefore, the pure PF board possesses lower
impact strength as compared to the PF-EFB boards. It
can be clearly seen from Figure 8b, that the EFB fibre
is strongly adhered to the PF matrix after the impact
test, suggesting good compatibility between the EFB
fibres and the PF matrix.

Figure 8. SEM micrographs of the PF board (after impact
test) (a) without EFB fibre and (b) 30% of EFB fibre.

CONCLUSION

Phenol formaldehyde resin was produced from EFB
fibres via liquefaction method using sulphuric acid as
catalyst. It was subsequently blended with different
contents of EFB fibres as filler to produce PF-EFB
composite boards. The results showed that the
density and water absorption were increased with
increasing fibre content. The mechanical properties,
including flexural, impact and hardness of the
produced PF-EFB boards were increased linearly and
reached maximum with the addition of 20% of EFB
fibre. The electron. micrographs revealed the good
compatibility between the PF matrix and the EFB
fibre, which would subsequently enhance the
properties. of the PF-EFB boards.
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