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Water absorption behaviour of reinforced epoxy laminates

Cristian Muntenita, Vasile Bria, Adrian Circiumaru, lulia Graur

Abstract. In this work, the studied materials are formed with a graduated matrix and
reinforced with different types of fabrics. These composites are similar regarding the
reinforcement, but the difference between them consists of the epoxy matrix types.
Any application of a polymer composite in an outdoor environment invariably
involves water absorption and variable thermal conditions. The degradation of
composite materials was observed after each cycle, water absorption and frozen-
unfrozen, from a qualitative (visual) point of view, until the materials reached a
saturation degree (the mass of specimens remaining constant after a certain number of
cycles). This aspect had led to the conclusion that materials can no longer undergo
guantitative changes. The aim of this work is to examine the behavior of materials
subjected to environments that simulate atmospheric conditions (water absorption and
frozen-unfrozen). The purpose of these materials was to be used in order to form some
spare parts of vehicles such as, in case of an impact, to ensure pedestrians protection
since they could have controllable strength. This aspect pays a very important role
both in economically and environmental terms.
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1. Introduction

Some of the most common fibres being used as reinforcement in composite materials include flax,
hemp, jute, carbon, glass and aramid [1]. The major drawback in using natural fibers in composites is
that the fibers are hydrophilic meaning that they attract water, whilst the matrix materials are usually
hydrophobic, meaning that they repel it [2]. Accordingly, there must be good interphase properties
between the fibres and the matrix. The incorporation of fibres often resulted in a large variability of
composite properties which are influenced by natural conditions such as temperature, humidity,
moisture, climate, and manufacturing process [3]. One of the main applications of epoxy thermosets is
their use as matrices in polymer composites. However, their relatively low toughness and their high
capacity of absorbing water are two undesirable properties of these polymers which have limited their
proliferation into some critical areas [4].

Epoxy polymers are characteristically hydrophilic, which means that they have strong affinity towards
water. This nature of epoxy resins makes them susceptible to high moisture absorption; in general,
depending on the nature of the epoxy resin, the equilibrium moisture uptake can be in the range of 1-
7%. Water absorption into a polymer matrix leads to change in both chemical and physical
characteristics and affects the mechanical properties through different mechanisms such as hydrolysis,
and swelling [5].



Therefore, it is very important to know what effects reinforcing fibres will have on the water
absorption behaviour and variable temperature conditions resistance [6]. The degree of environmental
degradation that occurs in a fiber reinforced polymer composite structure is linked directly with the
amount of moisture that is absorbed. But the moisture absorption Kinetics of epoxy resins differs
widely and also changes with physical ageing [7]. In general, when ingress of water in epoxy systems
takes place, two possibilities are assumed for then: (i) the water is either strongly interacting with
specific (polar) groups of the epoxy matrix or (ii) clustered together in free volume micro voids as
“‘free water’’ [8, 9]. It is believed that in the water environment, water molecules will enter rapidly the
interphase of the composites between the fibre and the resin because of the capillarity [10, 11, 12, 13].
The polymer matrix and the fibre/matrix interphase can be degraded by a hydrolysis reaction of
unsaturated groups within the resin [14]. Debonding may occur at fibre/matrix interphase [15]. The
hydro elasticity of a polymer or of a composite is defined as its reversible dimensional response to
liquid or vapour penetration [16, 17]. The weight gain was calculated according to the following
equation [10, 18]:

W, — W,
M. (%) =( fW “') X 100
o
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Where W, is the weight of the sample at time t and W is the initial weight of the sample.

The present study focuses the temperature water absorption effect: frozen-unfrozen, because
composites are susceptible to heat and moisture when operating in changing environmental conditions
[7]. Composites with common structural polymer matrices often absorb moisture and this has
profound effects in their mechanical, thermal, dielectric and barrier property performance. It is,
therefore, not surprising that experimental and theoretical work on moisture absorption in composites
was and still is an active research topic across many disciplines [19, 20, 21]. A concern with using
fibre composites is the long-time exposure to high humidity environment and frozen-unfrozen
atmospheric conditions.

2. Materials

The polymers matrix consisted of bisphenol A diglycidyl ether-based epoxy resin (HT2 Resin,
Epiphen DE 4020, HT and C) were used. Epoxy resin is an important matrix used for fibre reinforced
polymer. Due to its features, epoxy resin has been used in manufacturing applications such as
adhesives, coatings, electronic and aerospace structures [22].

Fibre-reinforced composites materials consist of fibres of high strength and modulus embedded in or
bonded to a matrix with distinct interfaces (boundaries) between them. In this form, both fibre and
matrix retain their physical and chemical identities, yet they produce a combination of properties that
cannot be achieved with either of the constituents acting alone [23]. The composites were formed by
wet lay-up method with each layer of reinforcement being imbued with pre-polymer mixture of the
epoxy system and being placed into a glass mould with dimensions of 280x210x4mm.

These composites consists of 15 layers of reinforcement made of five different types of fabrics as
follows: the first three layers - C240 fabric at 0° orientation only with epoxy resin; the following three
layers - C/AB8 fabric at 45° orientation, epoxy resin with 5% (wr) 1-Methyl,2-Pyrrolidinone; the next
three layers - C160 fabric at 0° orientation, epoxy resin with 10% (wr) 1-Methyl,2-Pyrrolidinone;
before the last ones layers — A61 fabric at 45° orientation, epoxy resin with 15% (wr) 1-Methyl,2-
Pyrrolidinone and the last three layers — CT60 fabricat 0° orientation, epoxy resin with 20% (wr) 1-
Methyl,2-Pyrrolidinone. So, as matrix were chosen four epoxy systems and the hybrid epoxy
laminates had been denoted: L- epoxy laminates with L epoxy resin; C- epoxy laminates with C epoxy
resin; E- epoxy laminates with Epiphen epoxy resin and HT- epoxy laminates with HT epoxy resin.
The purpose of thermal treatment was to eliminate any suspicion that leads to the change in the
specimen weight, which will be referred to below, after extracting from the oven, weight that will be
taken into consideration as the initial weight. The surface of the material is glossy, the only portion
with a high degree of porosity being the material edges. It is worth noting that the experiment was not



one compared to a standard material, because the studied materials are formed with a graduated matrix
and reinforced with different types of fabrics.

3. Water absorption tests

Water absorption tests were conducted in accordance with 1ISO R62 [18]. Three specimens were used
for the water absorption tests. These numbers of specimens are in accordance with the relevant
standards [1]. All the specimens were dried in an oven at 60°C temperature for as long the time as the
weight of each specimen became stabilized (120 min). The next step consisted in weighing the test
specimens to determine the initial weight. This value plays an important role throughout the
experiment as all the weights increases or decreases of the specimens were reported at the initial
weight. The experiment consisted of consecutive cycles (absorption - immersion in distilled water at
23°C and freezing - placing the specimens in a freezing space at -7°C). The weight of each specimen
was measured constantly after each cycle. A cycle consisted of absorption - freezing at different time
intervals: 24 hours, 48 hours, 168 hours and 336 hours. These cycles were repeated until no mass
variations were observed, about 10 reps / weights (equilibrium moisture absorption of samples, was
assumed to be reached when the weight gain of samples was less than 0.01%).

The variation of water absorption degree observed during the experiment was an expected one and the
phenomenon is explained graphically in Figure 1. Initially, the absorption was different depending on
the material and the fabric type. In the freezing phase no variations in samples weight or surface
destruction were observed following a visual analysis. This can be explained by the quality of the
interfacial fabric - epoxy resin, resulting in a very compact material from a structural point of view.

4. Results and discussion

The following figures shows the water absorption at 23°C and freezing at -7°C, consecutive cycles
(absorption - immersion in distilled water, freezing - placing the specimens in a freezing space). Fig.1
shows a cycle consisted of absorption - freezing for 24 hours. The trends observed in this figure are
similar for all composite materials. The rate of mass increase due to water absorption and then, when
freezing, the mass remains almost the same as in the absorption.

Fig.2 shows a cycle consisted of absorption - freezing for 48 hours. This figure shows the water
absorption for over 48 hours, consecutive cycles (absorption - immersion in distilled water - placing
the specimens in a freezing space). Water absorption increases for L, E and HT epoxy systems. For C
epoxy system the mass after water absorption and frozen cycles decreases. A comparison of Figs. 1
and 2 reveals that the amount of water absorbed is higher for 48 hours, concerning the L epoxy
system. It can be seen that for 48 hours, the tested composite materials, absorb significantly more
water than those tested for 24 hours. Water can cause matrix swelling, physical damage of the
interphase and hydrolysis of the material.

Fig.3 shows graphical values of the specimen masses after the 10 cycles at 168 hours, from which we
can see a stabilization of the values of the masses compared to the initial mass. As in Fig. 3, in Fig. 4
even if the time of a cycle was doubled, 336 hours, it can be seen that the sample mass is constant.
From this point of view, we believe that the last test cycle confirms the observed saturation degree in
the previous cycle (138 hours).
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Figure 1. Water absorbtion at 23°C
and freezing at -7°C, consecutive
cycles (absorption - freezing) for 24
hours testing period

Figure 2. Water absorbtion at 23°C
and freezing at -7°C, consecutive
cycles (absorption - freezing) for 48
hours testing period

Figure 3. Water absorbtion at 23°C
and freezing at -7°C, consecutive
cycles (absorption - freezing) for 168
hours testing period

Figure 4. Water absorbtion at 23°C
and freezing at -7°C, consecutive
cycles (absorption - freezing) for 336
hours testing period



5. Conclusions

The experimental results obtained from the complete frost-absorption cycle are presented and
commented in detail. Water absorption properties of laminates made of carbon, aramid and glass and
four different resins namely L, HT, E and C has been made.

The four materials show different behaviours for the first two cycles (24 hours and 48 hours) and
stability in the third and fourth cycles (168 hours and 336 hours). We cannot say that the structure of
the material influenced in a specific way their behaviour after various cycles. The effect of moisture
(water absorption and frozen-unfrozen) on the properties of polymer composites is an important issue
and further studies are necessary.
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