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Abstract
Thermo-mechanical behaviour of polyester fibre based needle-
punched nonwoven fabric mat reinforced epoxy composites 
were analyzed with varying weight fraction (20 wt.%, 30 wt.% 
and 40 wt.%) of fabric mat. Thermo-mechanical or visco-elastic 
behaviour of the needle-punched nonwoven reinforced composites 
were analysed with the help of Dynamic Mechanical Analyser 
(DMA) at temperature range of 200 C to 2000 C, at fixed vibrating 
frequency of 1 Hz for three point bending loading.

Keywords
Polymer Composite, Nonwoven, DMA, Fabric

I. Introduction 
Nonwoven fabrics provide low cost reinforcement for composites 
as alternatives to different types of fibers and woven fabrics for 
certain applications. Nonwoven are flat, porous sheets that are 
made directly from separate fibers or from molten plastic or plastic 
film [1]. They are not made by weaving or knitting and do not 
require converting the fibers to yarn. Nonwoven fabrics are broadly 
defined as sheet or web structures bonded together by entangling 
fibre or filaments by mechanically, thermally or chemically. 
Mechanical bonding is further classified into two categories, i.e., 
needle-punching and hydro-entanglement [2-3]. The differences 
in mechanical bonding techniques are that the metal needles are 
used in needle-punching, whereas high pressure multiple rows of 
water jets are utilized in hydro entanglement process [3]. Different 
fibers and fibre blends can be used for needle-punched, and the 
process is especially suitable for tough fibers such as extended 
chain polyethylene fibers. Needle-punched structures are amongst 
widely used nonwoven with applications ranging from blankets 
to high performance geotextiles. 
Nonwoven materials are used in numerous applications like 
hygiene, medical, filters, geotextiles, composites etc. Composite 
laminates with needle-punched nonwoven fabrics offer good 
interlaminar, shear and compressive properties [4]. Rawal and 
Anandjiwala [5] produced needle-punched nonwoven geotextiles 
structures from polyester and flax fibers by carding and orientated 
to cross machine direction using a cross lapper to form a web 
of required area density. They found that polyester fibre based 
geotextiles are dense corresponding to the flax fibre based 
geotextiles due to high elastic recovery of polyester fibre, and 
flax based geotextiles are found to be more compact and less 
anisotropic in nature [5-6]. 
To understand the thermo-mechanical or visco-elastic properties, 
structure property relationships and thermal stability of composite 
materials thermal analysis is essential for the design and analysis 
of many structures. Moreover, to study the effect of temperature 
on the mechanical properties of composite materials Dynamical 
Mechanical Analysis (DMA) is another important technique. Since 
fibre reinforced composites undergo various types of dynamic 
stressing during service studies of the visco-elastic behaviour 
of these materials are of great importance [7-8]. Visco-elastic 

material characterization is very crucial in designs that incorporate 
specified levels of damping, and to the understanding of processing 
problems. Because of the number of independent parameters to be 
evaluated, theoretical visco-elastic characterization of anisotropic 
materials may be complicated [9]. For that purpose many of 
researchers trying to explain about Dynamic Mechanical Analysis 
(DMA) of polymer composites. 
Various materials [10-16] had been utilized to evaluate the visco-
elastic or thermo-mechanical analysis of different materials. 
Recently, DMA has attracted a lot of attention due to the high 
sensitivity and non-destructive detection of the interfacial region 
[17]. The technique separates the dynamic modulus (E) of the 
material into two distinct parts: elastic or storage modulus (E’) 
and a viscous or loss modulus (E’’). The ratio of storage modulus 
to loss modulus gives the tangent of the phase angle δ (tan δ), 
which is known as the damping characteristic and may be regarded 
as a measure of energy dissipation of the material [18]. By using 
the curve of tan δ, the glass transition temperature (Tg) can be 
obtained, which may also be used to evaluate the characteristics 
of material [19]. DMA also investigate the fibre-matrix interphase 
in polymer composites [20]. Many researchers demonstrate that 
DMA offers a direct approach to evaluating the fibre-matrix 
adhesion based on the contribution of the interphase to the tanδ 
damping peak [21-24].
The purpose of this work is to build polyester fibre based needle-
punched nonwoven fabric mat reinforced epoxy composites, by 
using 200gsm (g/m2) fabric mat to calibrate dynamic mechanical 
performance of these composites.

II. Materials and Methods 
In the present work polyester fibres based needle-punched 
nonwoven fabric mat is used in defined weight proportions to 
produce epoxy based polymer composites. 200gsm (g/m2) fabric 
mat are used for the reinforcing material. The name “polyester” 
refers to the linkage of several monomers (esters) within the fibre. 
Esters are formed when alcohol reacts with a carboxylic acid. 
The polyester fibre mechanical properties and micro structure is 
shown in Table 1 and fig. 1 respectively.

Table 1: Mechanical and Physical Properties of Polyester (PE) 
Fibre
Mechanical properties Value
Ultimate tensile strength  (MPa) 7
Length of fibre (mm) 50
Diameter of fibre (µm) 22
Elongation (%) 22.21
Modulus of elasticity (GPa) 2
Poisson’s ratio 0.3
Thermal Conductivity (W/mK) 0.24
Density (gm/cc) 1.38
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Epoxy is a copolymer which is formed from the reaction of two 
different polymers; these two polymers are epoxide resin and 
polyamine hardener. When polyamine hardener and epoxide resin 
mix together, the amine groups react with epoxide groups to form a 
covalent bond. Each amine group can react with an epoxide group, 
so the resulting polymer is heavily cross linked and strong [3]. 
Epoxies are known for their excellent adhesion, chemical, heat 
resistance and good to excellent mechanical properties [6]. The 
low temperature curing epoxide resin (LY 556) with corresponding 
polyamine hardener (HY 951) was used as a matrix material, 
supplied by the supplier (Shankar chemical and dyers, New Delhi, 
India).

Fig. 1: Micro structure of the Polyester (PE) Fibre Based Nonwoven 
Fabric Mat

A. Composites Fabrication 
Polyester fibre based needle-punched nonwoven fabric mats is 
reinforced in Epoxy LY 556 resin, which chemically belongs to the 
‘epoxide’ family, and used as the matrix material (common name 
Bisphenol-A-Diglycidyl-Ether). The low temperature curing epoxy 
resin (LY 556) and corresponding hardener (HY951) are mixed in 
a ratio of 10:1 by weight as recommended by the manufacturer 
(Ciba Geigy India Ltd.). Three composites of polyester fibre based 
needle-punched nonwoven fabric mat (200gsm) with different 
weight fractions (20 wt.%, 30 wt.% and 40 wt.%) is used for 
composite fabrication. The fabrication of the composite slabs is 
done by conventional hand-lay-up technique. Each ply of fabric 
mat is of dimension 200 × 200 mm2 is used. A releasing agent 
(Silicon spray) is used to facilitate easy removal of composites 
from the mould relief sheet after curing. 
The cast of each composite is cured under a load of about 50kg 
for 24 h before it is removed from the mould relief sheet. After 
this the cast is post-curing at room temperature in the air for 
another 24 hrs after removing out of the mould. Specimens of 
suitable dimensions are cut using a diamond cutter for visco-elastic 
(thermo-mechanical) characterization. The detailed compositions 
along with the designation are presented in Table 2.

Table 2: Designation and detailed compositions of the polyester 
(PE) fibre based needle-punched nonwoven fabric mat (PE200gsm) 
composites
Designation Composition
PE200-20 20 wt.% PE200gsm fabric mat + 80 wt.% epoxy
PE200-30 30 wt.% PE200gsm fabric mat + 70 wt.% epoxy
PE200-40 40 wt.% PE200gsm fabric mat + 60 wt.% epoxy

B. Dynamic Mechanical Analysis (DMA) 
Dynamic Mechanical Analysis (DMA) was conducted in a nitrogen 
atmosphere at a fixed frequency of 1 Hz, heating rate of 5 oC/min, 
a temperature range of 20-200 oC and a strain of 1% on rectangular 
samples with approximate dimensions of 25×4×1.5mm3 using 
a Triton Technology Ltd. (UK) dynamic mechanical analyzer, 
Model No- Tritec 2000B in 3-point bending mode with ASTM-
D-4473 standards.  

III. Results and Discussion 

A. Variation of Storage Modulus (E’) of PE200gsm 
Composites With Varying Temperature Range and 
Varying Weight Percentage of PE200gsm Fabric Mat
Fig. 2, presents the storage modulus (E’) with varying temperature 
range of the PE200gsm composites. The PE200-40 composite 
exhibit much higher storage modulus than PE200-20 and PE200-
30 composites. In addition, the presence of polyester fibers also 
enables the matrix to sustain a high-modulus value at high 
temperatures. It is also observed from fig. 2 that storage modulus 
(E’) remained less affected in the temperature range of 20-70 oC 
for the PE200-20, PE200-30 composites, whereas for the PE200-
40 composite the temperature range is 20-100 oC. On further 
increasing the temperature, the storage modulus (E’) suffered a 
sharp decay in the temperature range of 70 90 oC for the PE200-
20 and PE200-30 composites and 100-1400C for the PE200-40 
composite. The thermo-mechanical failure of the PE200-20 and 
PE200-30 composites is above a temperature of 900 C, whereas 
for the PE200-40 composite the thermo-mechanical failure is 
above the 1600 C temperature.  Here PE200-40 composite shows 
valuable storage modulus (3100 MPa) as compared to PE200-20 
and PE200-30 composites storage modulus 2450 MPa and 2550 
MPa respectively.
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Fig. 2: Variation of Storage Modulus With Temperature for 
PE200gsm Composites

B. Variation of Loss Modulus (E’’) of PE200gsm Composites 
With Varying Temperature Range and Varying Weight 
Percentage of PE200gsm Fabric Mat
Loss modulus (E’’) trend with varying temperature range 20-
200 oC for the PE200gsm composites is presenting in Figure 3. 
It is observed from fig. 3 the peak temperature corresponding 
to maximum value of loss modulus (E’’) remained unchanged 
(80 oC) for the extent of nonwoven fabric mat content from 20 
wt.% to 30 wt.%, whereas the more extension of nonwoven fabric 
mat content from 30 wt.% to 40 wt.% shows a sharp increment 
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in the temperature peak (130 oC). The peaks corresponding to 
PE200-20 and PE200-30 have been observed to be narrower 
when compared with that of PE200-40. A wide peak of PE200-
40 composite appear inhomogeneous behaviour in terms of its 
ability to undergo deformation. Whereas narrow peaks of PE200-
20 and PE200-30 composites theoretically indicate that the bulk 
response of the composite to thermo-mechanical stresses is more 
homogeneous. This could be due to the immobilization of the 
polymer molecules near the surface of the polyester fibres in 30 
wt.% composites and again increase in Tg due to the various fibre 
molecular interactions in higher fibre weight percentage. The loss 
modulus (E’’) value corresponding to the Tg was lowest for the 
PE200-30 (275 MPa), increasing through composites PE200-20 
(310 MPa) and PE200-40 (355 MPa).
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Fig. 3: Variation of Loss Modulus With Temperature for PE200gsm 
Composites

C. Variation of Damping Factor (tan δ) of PE200gsm 
Composites With Varying Temperature Range and 
Varying Weight Percentage of PE200gsm Fabric Mat
The damping behaviour of the PE200gsm composites is shown 
in fig. 4, which explores the high damping parameter (tan δ) of 
the PE200-40 composites is due to the deformation of the resin 
molecules in-between the cross-links on application of stress. 
The tan δ peaks of the PE200-20 and PE200-30 composites show 
on 90 oC temperature, whereas PE200-40 composites shows the 
different damping behaviour with high temperature tan δ peak 
on 150 oC. The optimum amount of 40 wt.% fabric mat content 
dependence of the dynamic mechanical performance may be 
attributed to adequate fibre- resin adhesion and a better state of 
fibre distribution in the composite. 
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Fig. 4: Variation of Tan δ With Temperature for PE200gsm 
Composites

IV. Conclusion
The thermal stability of polyester fibre based needle-punched 
nonwoven fabric mats reinforced epoxy composites has been 
studied. The results showed that the polyester fibre degraded 
before epoxy matrix and the composites are more stable than 
both components. 
The thermal stability of PE200-40 composite is found to be higher 
than that of all other composites (PE200-20 and PE200-30), and 
can be explained based on the better thermal stability of PE200-40 
fabric mat and improved fibre-matrix interactions in PE200-40 
fabric mat composites. 
In all fabric mats loading composites the storage modulus (E’) 
decreases upon increasing the temperature due to increased 
segmental mobility. The glass transition temperature (Tg) of the 
composites are found to be shifted to lower temperature with 
addition of fabric mat and can be attributed to the presence of 
voids in composites. The damping properties of the composites 
are decreasing by the addition of fabric mat. 
The width of the damping peaks of the PE200-40 composite is 
higher than that of PE200-30 and PE200-40 composites. The high 
damping parameter (tan δ) of the 40 wt.% composites are due to 
the deformation of the resin molecules in-between the cross-links 
on application of stress. 
All the tan δ peaks show in the temperature range of 80-160 oC 
with a less variation in tan δ values for the PE200gsm composites. 
The optimum amount of 30 wt.% fabric mat  content of viscose 
fibre based needle-punched nonwoven dependence of the 
dynamic mechanical performance may be attributed to adequate 
fibre- resin adhesion and a better state of fibre distribution in the 
composite.
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