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Natural fabric sandwich laminate composites: development
and investigation
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Abstract. In this work, eco-friendly natural fabric sandwich laminate (NFSL) composites are formulated using
jute and linen-fabric-reinforced epoxy with different layer ratios (5:0, 4:1, 3:2, 2:3, 1:4 and 0:5) by hand layup system. Different mechanical attributes (tensile, ﬂexural and impact) of the NFSL composites are quantiﬁed. Thermal
stability and water absorption behaviour of the NFSL composites are also assessed. A scanning electron microscope
(SEM) and optical microscope are used for qualitative analysis of NFSL composites’ interfacial properties. Two layers of jute and three layers of linen sandwich laminate have registered peak values in tensile and impact properties.
The ﬁve layers of linen laminate composite have exhibited high ﬂexural strength, been proven to have good thermal
stability and furthermore shown better water absorption behaviour than any other laminate composites.
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Introduction

Owing to ecological necessities and strict regulations, incorporating natural ﬁbres in the place of synthetic ﬁbres
becomes inevitable for the manufacturers to accomplish
new composite materials originated from renewable sources.
Natural ﬁbres play an important role in capturing carbon
di-oxide from the environment by means of carbon sequestration. The natural ﬁbres as reinforcement in polymer
composites can offer impressive technical and ecological
characters. Nowadays, researchers are cogitating to develop
green composites from natural ﬁbres. In this regard, myriads
of studies are being carried out with different natural ﬁbres
replacing the widely used man-made ﬁbres [1–3]. Natural
ﬁbres offer multifarious merits when compared with metals and ceramics and play a vital part in formulating complete biodegradable composites, which are key substances
to check ecological issues. In the automobile industry, conventional glass ﬁbres are supplanted by natural ﬁbres due to
their light weight and less cost [4]. Fibre incorporation in
a composite is an imperative parameter that inﬂuences the
mechanical properties of the composites.
The materials scholars are on the run to explore the
possibility of introducing natural ﬁbres as reinforcement
in polymer-based composites. A few material specialists
have indicated how natural ﬁbres have surprising mechanical properties that yield them great hope as reinforcement
in polymer matrix composites. For the possible application
in interior automotive panels a biocomposite made of
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biodegradable bark cloth was developed by Rwawiire et al
[5]. Pineapple leaf ﬁbre reinforced phenol formaldehyde
(PF) composites were studied by Mangal et al [6]. Yousif
et al [7] discussed the suitability of betelnut ﬁbre for tribological applications. Hadjadj et al [8] conducted a study
on alfa cellulose ﬁbres, which are successfully utilized as
reinforcing components because of their attractive electrical trends. Anbukarasi and Kalaiselvam [9] investigated the
luffa-ﬁbre-reinforced epoxy composites and Ridzuan et al
[10] researched about the Pennisetum purpureum ﬁbres. In
addition to the above-mentioned natural ﬁbres, ﬂax [11],
banana [12], sisal [13], hemp [14] and coir [15] are well
accepted as reinforcements for natural-ﬁbre-based polymer
matrix composites.
Jute ﬁbre is a potentially viable reinforcement for composite because of high speciﬁc strength and modulus, minimal cost, low density, no health hazard, easy accessibility,
renewability and less energy necessity for processing [16].
The mechanical properties of jute/epoxy composites were
studied by Gassan and Bledzki [17]. An investigation on the
surface properties and interfacial adhesion of jute ﬁbre/epoxy
composites was done by Doan et al [18]. Santulli et al [19]
study revealed that the hybridization with jute ﬁbres can
considerably improve both the tensile and ﬂexural properties of wool-ﬁbre-reinforced epoxy composites. According to
Boopalan et al [20] the sisal ﬁbre soaks up more water than
the jute ﬁbre, thus decreasing the mechanical properties of
the composite.
The drive to utilize the lamination process is the blend of
best characteristics of the constituent layers keeping in mind
the end goal to acquire a material with deﬁnite characteristics
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not obtained with a single material [21]. Manicaria fabric plays a major role in helping develop a green composite lamina, an attractive blend of mechanical properties
and eco-friendly quality [22]. The bamboo ﬁbre laminates
have the ability to replace glass-ﬁbre-reinforced composites
in the application as skin material in sandwich structures
[23]. Lightweight laminate composites are fabricated using
kenaf and polypropylene (PP) ﬁbres [24]. The enhancement
in mechanical properties has led to the increased interest
in textile reinforcements, which are more prominent than
their non-woven counterparts [25]. Grewia tilifolia fabrics
are proven to be a promising reinforcement for polymeric
matrix [26].
In recent days, the demand for apparel use of linen fabric
has considerably increased due to its different qualities [27].
Research on tensile strength of linen-reinforced composites
was done by Gu and Liyan [28]. Buchert et al [29] analysed
the surface chemistry of linen fabric. Yan et al [30] investigated the composite material made of linen-fabric-reinforced
epoxy resin. The foremost reason to prefer epoxy resin as
matrix is its outstanding mechanical and dynamic strength
[31]. Interfacial properties such as fracture behaviour, ﬁbre
pull-out and ﬁbre–matrix interaction of the composite samples are investigated using a scanning electronic microscope
(SEM) [32].
From the above literature it is observed that the natural
ﬁbres and their laminates have played an imperative part
in fabricating polymer matrix composites. In this research
work, an attempt has been made to develop eco-friendly
natural fabric sandwich laminate (NFSL) composites using
jute- and linen-fabric-reinforced epoxy resin. The effects
of the reinforcements on the mechanical attributes (tensile,
ﬂexural and impact), thermal property and water absorption
behaviour of the NFSL composites are assessed. A SEM
and optical microscope are utilized for detailed study of the
morphology of fractured surface of the NFSL composites.
2.

Experimental

2.1 Materials and method
Jute fabric, linen fabric, epoxy resin (LY556) and hardener
(HY951) are used to formulate the NFSL composites. The
methodology in the manufacturing of NFSL composites
employs a glass plate mould measuring 400 mm × 300 mm
and thickness 6 mm. In order to prevent the adhering of
composite to the mould a release gel is splashed on the
mould surface. A thin plastic sheet is placed at the top of
the mould after applying release gel. Reinforcement as fabric
is cut according to the mould dimensions and placed above
the plastic sheet. The epoxy resin mixed with hardener in
the ratio 10:1 is poured onto the surface of fabric, which
is already placed on the mould. The epoxy is consistently
spread with the aid of a brush. Another layer of reinforcement in the form of fabric is then placed on the epoxy resin
surface and a roller is used to remove any air trap and extra
epoxy in the composite. Again thin plastic sheets are placed

Figure 1.

Flowchart of fabrication steps of NFSL composites.

at the top of the stacked layers. Release gel is splashed on
the plastic sheet and then a weight of 25 kg is kept over it for
24 h [32] for curing, which is done at room temperature. The
procedure is repeated for every layer of epoxy and reinforcement till ﬁve layers of six different NFSL composites with
different layer ratios of jute and linen fabrics (5:0, 4:1, 3:2,
2:3, 1:4 and 0:5) are obtained. Figure 1 summarizes the ﬂow
of fabrication steps of NFSL composites.
2.2 NFSL composite structure
In four layers of jute fabrics and one layer of linen fabric
(J4-L1), the linen fabric is kept as the middle (third) layer.
In three layers of jute fabrics and two layers of linen fabrics
(J3-L2) the ﬁrst, third and ﬁfth layers are jute fabrics. In two
layers of jute fabrics and three layers of linen fabrics (J2-L3)
the ﬁrst, third and ﬁfth layers are linen fabrics. In one layer
of jute fabric and four layers of linen fabrics (J1-L4), the jute
fabric is kept as the middle (third) layer. The NFSL composites thus formulated are tabulated in table 1 with respect to
their codes, volume fractions and densities. Figures 2 and 3
show a schematic representation of NFSL composite and
some of the formulated sandwich laminates, respectively. An
optical microscope (Model: AXIO SCOPE A1, Make: CARL
ZEISS, Germany) is used to study the cross-section of the
NFSL composite. Figure 4 shows an image of jute and linen
ﬁbres in NFSL composite.
2.3 Mechanical characterization
After formulation, the NFSL composites are subjected to
different mechanical tests with their corresponding ASTM
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Table 1.

Codes, volume fractions and densities of the NFSL composites.
Volume fraction (%)

NFSL composite

Codes Jute Linen

5 Layers of jute fabrics
4 Layers of jute and 1 layer of linen fabric
3 Layers of jute and 2 layers of linen fabrics
2 Layers of jute and 3 layers of linen fabrics
1 Layer of jute and 4 layers of linen fabrics
5 Layers of linen fabrics

J5-L0
J4-L1
J3-L2
J2-L3
J1-L4
J0-L5

Figure 2. Schematic representation of NFSL composite.

16
14
11
8
4
0

0
2
5
8
12
16

Epoxy

Density (g cm−3 )

84
84
84
84
84
84

0.83
0.77
0.72
0.66
0.61
0.55

standards. The tensile test is carried out using a Universal
Testing Machine (Make: Fuel Instruments and Engineers Pvt.
Ltd. India) in accordance with ASTM D638 with cross-head
speed of 3 mm min−1 as per nominal dimension of 115 mm
× 19 mm × 3.44 ± 0.35 mm. Standard ASTM D790 is used
for performing ﬂexural test (three-point bending) in the same
machine at the same cross-head speed as per nominal dimension of 70 ± 7 mm × 12.7 mm × 3.44 ± 0.35 mm. The Izod
impact test is performed in an impact testing machine (Make:
Fuel Instruments and Engineers Pvt. Ltd. India) according to standard ASTM D256 as per nominal dimension of
63.5 mm × 3.44 ± 0.35 mm × 12.7 mm. In order to assess
the mechanical attributes of the NFSL composite, three specimens are tested under each category of the NFSL composite.
The mechanical attributes, throughout the investigation, are
reported in terms of mean ± standard deviations.
2.4 Fractographic study

Figure 3. Sandwich laminates.

The fractography study of the fractured surfaces is carried
out using a SEM (Model: EVO MA15, Make: CARL ZEISS,
Pvt. Ltd. UK) at room temperature with an accelerating voltage of 15 kV. It is to be noted that the specimen surfaces are
vacuum coated with a thin layer of gold prior to analysis for
obtaining good conductivity.
2.5 Thermal characterization

Figure 4. Optical microscope image of jute and linen ﬁbres in
NFSL composite.

The thermal stability of NFSL composite is evaluated using
a thermogravimetric analyser (Model: TG/DTA 6200, Make:
SII NANO Technology, Japan) under nitrogen atmosphere at
a ﬂow rate of 140 ml min−1 ; 5–6 mg of each sample is placed
on an alumina crucible and heated from ambient temperature
to 600◦ C at a heating rate of 20◦ C min−1 . Thermogravimetric analysis (TGA) is used to measure the loss of weight in a
material as a function of temperature (or time) under a controlled atmosphere in order to determine the thermal stability and decomposition. In this analysis, the temperature of a
sample is gradually raised in a furnace as its weight is measured on an analytical balance that remains outside the furnace. In TGA, if a thermal event involves loss of a volatile
component then a mass loss is observed. The weight of the
sample is plotted against temperature (or time) to illustrate
thermal transitions in the material such as degradation.
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2.6 Water absorption test
For the water absorption test, the test is performed in accordance with ASTM D570. The specimens are weighed in dry
condition and are immersed in a water bath maintained at
ambient temperature for 1 h and the specimens are delicately
dried by applying pressure on both sides with a paper towel
and are weighed again [32]. The water absorption of the composites after immersion is calculated by the weight increased
with respect to the dry weight using an electronic balance
machine (SHIMADZU (AUW220D)) with an accuracy of
0.01 mg. The percentage increase in weight of the samples is
calculated using the formula [21]
TA (%) =

M i − Ms
× 100,
Ms

(1)

where TA (%) is the absorbed water content, Ms is the mass
of the dry specimen and Mi is the mass of the specimen
after immersion.

3.

Results and discussion

3.1 Mechanical characterization
3.1a Mechanical properties: The tensile strength of the
NFSL composites is presented in table 2. The graph in
ﬁgure 5 depicts the variation of the tensile properties of
Table 2.

Mechanical properties of the NFSL composites.

NFSL composite
J5-L0
J4-L1
J3-L2
J2-L3
J1-L4
J0-L5

the different composites. The 8 vol% of jute and 8 vol%
of linen (J2-L3) sandwich laminate presents superior tensile property. The 8 vol% of jute and 8 vol% of linen
sandwich laminate possesses the highest tensile strength of
36.07 MPa. It exhibits the maximum tensile strength 34%
higher than that of 16 vol% of jute (J5-L0) laminate composite and 20% higher than that of 16 vol% of linen (J0-L5)
laminate composite.
The ﬂexural properties of the NFSL composites are summarized in table 2. The ﬂexural strength of the composite
is enhanced by the introduction of linen fabric. There is a
signiﬁcant increase in the ﬂexural strength of the composites as the layer of linen fabric increases. The trend of the
ﬂexural strength is depicted in ﬁgure 6. The ﬂexural strength
of the pure linen fabric/epoxy (J0-L5) laminate composite,
which has 16 vol% of linen, is 41% more than that of the
pure jute fabric/epoxy (J5-L0) laminate composite, which
has 16 vol% of jute. The ﬂexural strength is controlled by the
strength of the extreme layer of reinforcement [33,34]. The
upper and lower layers of the fabrics are subjected to compression and tension, respectively [1], and they are chieﬂy
accountable for the ﬂexural strength of the sandwich laminate [35]. The sandwich 8 vol% of jute and 8 vol% of linen
(J2-L3), 4 vol% of jute and 12 vol% of linen (J1-L4), 16 vol%
of linen (J0-L5) laminates have linen fabrics on the top and
bottom layers. While J0-L5 has linen fabrics on all layers,
J1-L4 has jute fabric on the third layer and J2-L3 has jute
fabrics on the second and the fourth layers. The presence of
linen fabrics on the ﬁrst, second, fourth and ﬁfth layers makes

Tensile strength (MPa)

Flexural strength (MPa)

Impact energy (J)

26.90 ± 1.00
30.19 ± 0.91
33.13 ± 0.93
36.07 ± 0.95
30.86 ± 1.02
30.17 ± 0.79

26.37 ± 0.57
28.16 ± 0.71
29.42 ± 0.58
30.68 ± 0.69
35.58 ± 0.71
37.11 ± 0.50

4.33 ± 1.15
6.00 ± 1.00
7.33 ± 0.57
8.00 ± 1.00
6.33 ± 0.57
5.67 ± 1.15

Figure 5. Tensile strength of the NFSL composites.

Natural fabric sandwich laminate composites

143

Figure 6. Flexural strength of the NFSL composites.

Figure 7. Impact energy of the NFSL composites.

J1-L4 almost at par with J0-L5 when it comes to the maximum ﬂexural strength. J2-L3 has linen fabric only on the
third layer, apart from the outermost layers. It is to be noted
that the ﬂexural strength of the composite is enhanced by the
presence of linen fabrics, which have resulted in the maximum ﬂexural strength value of 37.11 MPa in 16 vol% of linen
(J0-L5) laminate.
The impact properties of the composites are squarely associated with the overall toughness of the composite materials [35]. The impact property of the ﬁbre-based polymer
matrix composites relies on the nature of the matrix, ﬁbre
and interfacial bonding between them [36]. In addition, the
strength and structure of the individual ﬁbre constituent
are also largely responsible for the impact strength of the
composites [37]. The impact energy of the NFSL composites
is listed in table 2. The 8 vol% of jute and 8 vol% of linen
(J2-L3) composite possesses the maximum impact energy of
8 J. The impact energy for 8 vol% of jute and 8 vol% of linen
laminate composite is 85% higher than that of the 16 vol% of
jute (J5-L0) laminate composite and 41% higher than that of
the 16 vol% of linen (J0-L5) laminate composite. The variation in the impact energies of the different composites is
depicted in ﬁgure 7.

3.1b Fractographic analysis: The SEM micrographs in
ﬁgure 8a–c illustrate the distinct tension-fractured regions
of the 8 vol% of jute and 8 vol% of linen (J2-L3) sandwich
laminate composite. The micrographs very evidently point
out that there is more breakage of ﬁbres and a few voids
present on account of ﬁbre pull-out; this explains that there is
enough interaction between the ﬁbre and epoxy matrix, indicating a strong ﬁbre/matrix bonding in the 8 vol% of jute and
8 vol% of linen composite [21,32]. The SEM micrographs in
ﬁgure 9a and b give a picture of the morphology of the fractured surface of the 8 vol% of jute and 8 vol% of linen sandwich laminate composite after impact fracture. The impact
testing of the NFSL composite has resulted in signiﬁcant
matrix debris and due to impact loading damage, its presence
is found in all of the fracture micrographs [15].
3.2 Thermogravimetric analysis
As per TGA results of NFSL composites, the change in
weights with respect to temperature is depicted in ﬁgure 10.
The thermal stability of the composites is highly inﬂuenced
by the onset temperature of degradation, where above this
temperature, composites decompose and a mass loss begins

144

C K Arvinda Pandian et al

Figure 9. (a and b) SEM micrographs of fracture surface of J2-L3
laminate composite after impact test.

600◦ C the ﬁnal residue of this composite remains stable. The
onset temperature of 14 vol% of jute and 2 vol% of linen
(J4-L1) laminate composite is 251◦ C and the ﬁnal degradation occurs at 518.7◦ C. The onset temperature of 11 vol%
of jute and 5 vol% of linen (J3-L2) laminate composite is
251.4◦ C and the ﬁnal degradation occurs at 541.2◦ C. The
onset temperature of 8 vol% of jute and 8 vol% of linen (J2L3) laminate composite is 251.6◦ C and the ﬁnal degradation
occurs at 524.4◦ C. The onset temperature of 4 vol% of jute
and 12 vol% of linen (J1-L4) laminate composite is 251.9◦ C
and the ﬁnal degradation occurs at 495.3◦ C. The onset temperature of 16 vol% of linen (J0-L5) laminate composite is
254.1◦ C and up to 600◦ C the ﬁnal residue of this composite remains stable. As a result, the 16 vol% of linen (J0-L5)
laminate composite is considered to be thermally stable for
it possesses the highest onset temperature among the distinct
NFSL composites.
Figure 8. SEM micrographs of J2-L3 laminate composite after
tensile test: (a) fractured surface, (b) fractured ﬁbre and (c) void due
to ﬁbre pull-out.

3.3 Water absorption characteristic

[9,38]. From the TGA result it is observed that the loss
of water and moisture has led to initial weight loss [39].
The onset temperature of 16 vol% of jute (J5-L0) laminate
composite is 248.7◦ C. When rise in temperature persists,
the composite tends to lose its weight due to degradation
and volatization of epoxy along with the ﬁbres [32]. Up to

The water absorption characteristic for each one of the six
NFSL composites is calculated by weight increment for laminate immersed in water bath maintained at ambient temperature. The water absorption quantity dwindles as the linen
volume fraction percentage increases in the NFSL composites. Figure 11 displays the trend in water absorption
behaviour of all the six NFSL composites.

Natural fabric sandwich laminate composites

Figure 10.
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Thermogravimetric curves for NFSL composites.

Figure 11. Water absorption characteristics of the NFSL composites.

4.

Conclusions

An investigation regarding mechanical attributes, thermal
stability and water absorption behaviour is conducted for
eco-friendly NFSL composites made of jute- and linenfabric-reinforced epoxy and the following conclusions are
based on it:
• The sandwich laminate that has 8 vol% of jute and 8 vol%
of linen (J2-L3) presents superior tensile property and great
impact strength, an asset for engineering applications.
• The ﬂexural strength of 16 vol% of linen (J0-L5) laminate
is recognized as better than that of any other laminates and
can be used in the automobile ﬂoor applications.

• In thermal study, 16 vol% of linen (J0-L5) laminate is
found to be better than any other laminates, since the maximum onset temperature is observed in this laminate and
from water absorption study it is ascertained that 16 vol%
of linen (J0-L5) laminate has low water absorption quality; therefore this laminate can be used in the interior
automobile panels where strength is not considered as a
crucial factor.
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