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ABSTRACT
Composite laminates have distinct interface comprising reinforcements from both synthetic or natural sources and polymers which make
them favourable in the world of composites due to the intrinsic benefits they possess. Composite laminates from natural sources have shown
to be highly susceptible to flame and have been improved by the addition of flame retardants (FR) during processing. The effect of the FR
on the mechanical behaviour of these composite laminates is quite unclear and has not been given the in-depth attention. In this paper, the
effect of FR of two set of composite laminates on mechanical failure was assessed. The two set of composite laminates comprising oil palm
fibre composite (OPFC) and wood sawdust composite (WSC) were processed with polyester resin and six (6) FR using hand-lay
compression moulding. The FRs were derived from aluminium tri-hydroxide (ATH), ammonium polyphosphate (APP), gum Arabic powder
(GAP) and carbon black (CB) at 12%, 15% and 18% loading ratios. Specimen cut from the composite laminates were tested for failure
under tensile and flexural loading using the universal testing machine (UTM). The results obtained shows that the addition of 15%APPGAP/CB in WSC and 12%APP-GAP in WSC exhibited an outstanding performance in improving tensile and flexural strength of the
composite laminates by 154% (from 9.67MPa to 24.56MPa) and 103.4% (from 42.14MPa to 85.7MPa) respectively compared to those
without FR while the FR in OPFC did not show any significant improvements. It can be concluded that FR with particulate reinforcement
could improve the mechanical behaviour of composite laminates as a suitable reinforcement.

Keywords: composite laminates, flame retardant, failure assessment, oil palm fibre, tensile properties, wood sawdust

LICENSE: This work by Open Journals Nigeria is licensed and published under the Creative Commons Attribution License 4.0 International License, which permits
unrestricted use, distribution, and reproduction in any medium, provided this article is duly cited.
COPYRIGHT: The Author(s) completely retain the copyright of this published article.
OPEN ACCESS: The Author(s) approves that this article remains permanently online in the open access (OA) mode.
QA: This Article is published in line with “COPE (Committee on Publication Ethics) and PIE (Publication Integrity & Ethics)”.

INTRODUCTION
Fibres or particulates embedded in polymer matrix which form a unified material structure with distinct interface are
the best example of modern-day composite materials. Natural fibres (NF) such as jute, sisal, hemp, flax, kenaf,
sugarcane, banana, oil palm, coir, wood and others are naturally grown. They consist of organic constituents which
make up cellulose, hemicellulose and lignin, and are usually called lignocellulosic or cellulosic fibres. NF derives
their strength and rigidity from cellulose, a semi crystalline polysaccharide in nature. Cellulose-based fibres obtained
from plants are broadly used in polymer composites due to their abundance and renewability within a short time when
compared to animal or mineral sources as stated by Majeed et al. (2013). Among the NF, the bast fibres extracted
from the stems of plants have been accepted as the best candidates for reinforcements of polymer composites due to
their good mechanical properties as reported by Nair et al. (2000).
The mechanical properties of various composite laminates derived from natural sources such as oil palm fibre
composite (OPFC) and wood sawdust composite (WSC) have been reported. Ramlee et al. (2019) studied the tensile,
physical and morphological properties of hybrid OPF and bagasse reinforced phenolic composite laminates. The
results obtained with the universal testing machine shows the mechanical properties obtained stood at 5.56MPa and
661MPa respectively for tensile strength and modulus. Sawawi et al. (2020) showed that the mechanical properties
for a chemically-treated oil palm empty fruit bunch reinforced with urea formaldehyde resin particle board type were
of high improved quality. Nordin et al. (2020) also showed that the tensile properties obtained were reduced for heat
treated oil palm fibre fruit bunch/high-density polyethylene composite. Kumar et al. (2019) studied the effect of wood
sawdust plastic on the mechanical properties and found that increasing wood powder proportion results in higher
young modulus and decreased stress rate. Jaya et al. (2018) showed the effect of wood sawdust loading on tensile and
physical properties of unsaturated polyester composite and found that the wood sawdust can improve the mechanical
properties effectively.
The applications of natural fibre reinforced polymer-based composites are restricted to areas were fire safety
is not a key consideration. Current research is finding a way to make it suitable as a fire-resistant composite for
automobile and building interior applications. Khalili et al. (2017a), Khalili et al. (2017b), Ren et al. (2015) have
reported that the addition of FR additives can improve fire properties but the composite laminates could affect the
tensile properties, flexural strength and impact strength of the composites. There is scarce literature on the effect on
the mechanical properties of flame retardant OPF and wood sawdust reinforced polyester. This paper tends to find out
the possibility of adding FR additives to composite laminates as well as retain its mechanical properties. Therefore,
the main objective of this paper is to investigate the effect of FR on OPFC and WSC failure under mechanical loading.
The knowledge will be useful in selecting flame retardant composite laminates with minimal or no effect of FR on
their mechanical properties.
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MATERIALS AND METHODS
FIBRE/PARTICULATE PREPARATION
Fibres and wood sawdust used for the composite laminates were first treated with 5%NaOH to improve on their
compatibility with the polyester resin. It was then washed with distilled water to remove excess NaOH and then sun
dried for fibres whereas the wood sawdust were oven dried for 3hrs at 80OC to remove moisture content. The ready to
use oil palm fibres and wood sawdust were then used as reinforcements to prepare the composite laminates. A detailed
treatment process can be found in our previous published article by Suoware et al. (2019).

PREPARATION OF COMPOSITE LAMINATES
The oil palm fibre composite and wood sawdust composite were prepared using hand lay-up compression moulding
technique. The composite laminates were processed with flame retardant comprising aluminium tri-hydroxide (ATH),
ammonium polyphosphate (APP), Gum Arabic powder (GAP) and carbon black (CB) at different loading ratios. The
FR which formed a pasty solution with the resin where poured into a mould containing the fibres as shown in our
previous article by Suoware et al. (2019) whereas the wood sawdust formed part of the party solution. The required
fibre and particulate as well as the polyester resin were obtained through mass fraction model found in Suoware et al.
(2019) published article.

CHARACTERIZATION
The composite laminates were subjected to a static tensile and flexural test according to ASTM D 638 and ASTM D
790 standards respectively using a universal testing machine (Hounsfield model No. 8898) as shown in Figure 1a. To
obtain tensile properties the specimens as shown in Figure 1b were held horizontally and the ends of the specimens
were position in the mechanical grips. The grips were tightened sufficiently to avoid slippage. The speed to pull out
the specimens was 2mm/min at a temperature of 22 OC and humidity of 50% in all cases. The load cell rating is a
5000N and the distance between the holders fixed at 40mm. Stress-strain curves were plotted from the force-extension
data obtained on a special graph sheet during the tests and the required tensile properties were determined; tensile
strength and tensile modulus obtained by calculations using Equations: 1 and 2. For flexural test the specimens were
placed vertically on a support span and the load is applied to the centre by the loading nose, producing three points
bending at a specified rate. The flexural strength characteristic was studied and obtained by calculation using Equation
3. The test was repeated three times and an average value recorded in each test.
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𝜎𝑈 = Ultimate tensile strength (MPa), 𝐹𝑚𝑎𝑥 is the maximum tensile load (N), 𝐹 is the tensile Load (N), ∆𝐿 is the
change in length (mm), 𝐿0 is the original Length of the specimen (mm), 𝑤 is the width of the specimen (mm) and ℎ is
the thickness (mm) and 𝐿 = Distance between the two outer supports (mm).

(a)

(b)

Figure 1: (a) Universal testing machine used for the tensile and flexural testing (b) Composite laminate
test specimen

RESULTS
The effects of the flame retardant (FR) loading on the mechanical properties of the studied oil palm fibre composite
and wood sawdust composite laminates were compared to the reference material (polyester resin) and with those
without FR through three modes; tensile strength, tensile modulus and flexural strength. The standard error of the
mechanical properties is shown in the graphs i.e. Figures 2, 3, 4 and 5. The error bars shown on the graphs indicate
the level of data scatter from repeat testing of specimens subjected to the same testing conditions. The large error bar
shown in Figure 2b and 3b could be attributed to a number of uncontrollable factors. These factors include but not
limited to uncompensated system deflections resulting from measurement of stain-gauge based load cell, by their
nature, deflect slightly as load is applied causing about 30% error measurement with potential large effect on force
measurement. Wrong load cell capacity produces large error relative to the magnitude of the force being measured.
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TENSILE PROPERTIES
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Figure 2: Composite laminates at 12% FR loading (a) Tensile strength (b) Tensile modulus
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Figure 3: Composite laminates at 15% FR loading (a) Tensile strength (b) Tensile modulus
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Figure 4: Composite laminates at 18% FR loading (a) Tensile strength (b) Tensile modulus
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Figure 5: Flexural strength for the composite laminates at various FR loading
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Figure 6: Comparison of the maximum composite laminate (a) tensile strength (b) Flexural strength with the
reference material and those without FR

DISCUSSIONS
TENSILE STRENGTH
Figure 2 shows the graph of the composite laminates response to tensile loading at 12% FR loading ratio. In Figure
2a it shows that the addition of OPFC and WSC reduced the tensile strength (TS) of the reference material (polyester
resin) by 55.5% and 66.9% respectively. This is expected as reported by Nordin et al. (2020) and Choh et al. (2016).
However, among the FR composite laminates the 12%ATH in WSC and OPFC increases the TS by 84% and 16.2%
respectively compared with those without FR. In Figure 2b the tensile modulus (TM) shows that the addition of OPFC
and WSC slightly increase in TM as well as for the 12%ATH and 12%APP-GAP composite laminates. The least TM
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value was observed for 12%APP-GAP in WSC when compared to the other composite laminates. The decrease in TS
observed for the other FR loading is expected as similar trends were also reported for OPFC as seen in the work of
Khalili et al. (2017), Redwan et al (2015) and Norzali et al. (2011). In Figure 3a the studied FR composite laminates
show that the 15%ATH/CB and 15%APP-GAP/CB in WSC increases TS respectively by 47.1% and 154% compared
to WSC without FR but decreased with increase in FR for OPFC.
On the other hand, the 15%ATH/CB in WSC followed by the 15%APP-GAP/CB in OPFC increases the TM
slightly better compared to those without FR by 8.4%% and 9.2% respectively. The FR probably acted as
reinforcement to enhance the capability of transferring stresses. The least TS recorded for 15%APP-GAP/CB in OPFC
could be similar to the in-TS decrease found by Choh et al. (2016) with low-density polyethylene/OPEFB and CB,
indicating a poor performance of CB on the TS. In Figure 4a in comparing the FR loading with those without FR it
was observed that the 18%ATH/APP-GAP in OPFC decreased with increase in FR while WSC enhanced in TS better
by 26.5% and 12.6% respectively.
On the other hand, the 18%ATH/APP-GAP/CB in OPFC and WSC recorded the least TS values indicating
that the presence of CB in the composite laminates at higher FR exhibited a poor performance in tensile properties.
The reason for this behaviour could be attributed to poor compatibility between the CB and PR at high FR loadings.
The TM in Figure 4b shows that the 18%ATH/APP-GAP in OPFC exhibited an outstanding rigid composite laminate
as TM increases by 13.7% compared to those without FR. The enhanced TM observed is an indication that the FR
loading have significant effect on the interfacial bonding with the resin which restricted the movement of the polyester
molecules.

FLEXURAL STRENGTH
Figure 5 shows the flexural strength (FS) of the composite laminates at 12-18% FR loading ratio. From the graph it
reveals that the 12%-18%FR loading in WSC were higher than those of OPFC. The reason could be that the FR acted
as reinforcement with wood sawdust to improve stress transfers. The 12%APP-GAP in WSC exhibited outstanding
FS by 103.4% compared to the WSC without FR. It can be seen from the outcome of the studied composite laminates
that the FR loading maintained a significant increase in FS for the composite laminates except for higher FR loadings.
The reason for the decrease could be low wettability of the combined FR formulation at high concentrations and/or
due to agglomerate formation of the composites. The enhanced FS for the various FR loading ratio studied falls within
the range of 50MPa to 85MPa. This value falls within the range of FS reported by Chindaprasirt et al. (2015) and
Nabinejad et al. (2017) on wood reinforced polymer composites.

COMPARISON OF MAXIMUM MECHANICAL PROPERTIES
In Figure 6, a comparison of the maximum tensile strength and flexural strength with those without FR and the
reference material was assessed. This figure shows that the 15%APP-GAP/CB in WSC enhanced better the studied
composite laminates as it reached maximum TS of 24MPa from 9.67MPa. This implies that the particulates of the
wood sawdust and the FR loading were homogenously dispersed in the resin giving a better interfacial adhesion
between the constituents as reported by Ashori (2008). The presence of CB in the FR formulations probably inhibited
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the crosslinking among the host molecules and correspondingly increased its stiffness as stated by Redwan et al.
(2015) and Nabinejad et al. (2017). Similar trend was reported by Ren et al. (2015) were it was observed that WFIFR with zinc borate (ZB), montmorillonite (MMT) and stannic oxide (SnO 2) synergist exhibited a significant increase
in TS. In Figure 6b the 12%APP-GAP in WSC recorded a significant increase from 24.82MPa to 85.7MPa. The
increase in FS for 12%APP-GAP in WSC laminate could be attributed to effective interfacial bonding between APPGAP and WSP/PR. The GAP played a significant role as it took longer period during curing leading to enhanced
mechanical properties. This increase in FS agrees with the findings of Bai et al. (2014). and Bledzki and Gassan (1999)
also reported that increase in FS of wood reinforced composites could be related to higher cellulose and lignin content
present in woods.

CONCLUSIONS
In this study, an assessment of the failure of flame retardant based composite laminates under tensile and flexural
loading was evaluated and the underlisted were conclusively derived from the study:
i.

the addition of oil palm fibre and wood sawdust to polyester resin reduced tensile and flexural strength of
the composite laminates.

ii.

the FR in OPFC caused a decrease in tensile strength with increase in FR while FR in WSC caused increase
in tensile strength with increase in FR.

iii.

the addition of 12%ATH in WSC and 12%APP-GA in OPFC laminates exhibited better tensile properties
compared with those without FR.

iv.

the flame-retardant loading ratios in WSC were higher than those of OPFC laminates in terms of their
flexural behaviour.

v.

the addition of 15%APP-GAP/CB and 12%APP-GAP in WSC exhibited an outstanding performance in
improving respectively the tensile and flexural strength of the composite laminates.
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