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Effect of the addition of nanoclays
on the water absorption and mechanical
properties of glass fiber/up resin
composites
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Abstract

Mechanical performance of composite materials must remain satisfactory during their life in service. However, composite

structures such as wind blades are usually exposed to humid and severe environments, and the absorbed water can

degrade the fiber–matrix interface decreasing the composite overall performance. Dual scale (nano-micro) composites

can be obtained by adding nanoparticles to the polyester resin and reinforcing that nanomaterial with a glass fiber mat.

These materials have good potential in the production of composite parts such as wind blades because nanoparticles

dispersed in the polymer matrix could lower the water absorption of the composites and improve their performance in

humid environments. However, nanosized reinforcing particles have high internal surface and therefore they tend to

agglomerate and are difficult to disperse homogeneously in the polymeric matrix. Moreover, the final properties of the

nanocomposites are strongly influenced by clay particles’ morphology and dispersion. In this work, the effect of the

addition of pristine and organomodified nanoclays on the water absorption and mechanical properties of glass fiber/

unsaturated polyester resin composites was studied. Results showed that the chemical treatments were effective in

improving clay dispersion, reducing water absorption, and increasing the composites’ performance in humid environ-

ments. In addition, this work presents a procedure to use water absorption tests as means of accelerated humidity

absorption tests.
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Introduction

Nowadays, the production of wind turbines is growing
fast, because they produce clean energy from a free
and renewable resource, reducing fossil fuel consump-
tion and contaminant gasses emission, which in turn
contributes to reduce the global warming. Wind
blades are manufactured of composite materials, usu-
ally using glass fibers as reinforcement and a thermo-
setting polymeric matrix. The low weight, high
stiffness, high strength and resistance to corrosion
and fatigue of composites allow increasing the size
of the blades and therefore, the power generated by
the turbines. In addition, these materials can be pro-
cessed to produce huge finished parts like wind blades
by simple and inexpensive manufacturing methods
such as vacuum infusion.

Wind mills are designed for a service life of 20 years.
During that period they are exposed in some cases to
high humidity conditions (e.g. in offshore applications).
It is known that humidity absorption can degrade com-
posite materials and this can reduce the expected life-
time of wind mills.1 It has been reported that water
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absorption reduces the mechanical properties of turbine
blades, especially fatigue, which is the most common
failure mode in these components.2–4 Water sorption
mechanisms in fiber reinforced composites are diffusion
of water molecules inside the micro gaps between poly-
mer chains, capillary transport into the gaps and flaws
which interfaces between fiber and matrix, and trans-
port of microcracks in the matrix.5 Water absorption
also depends on the void content in the resin, the relax-
ation of the resin in the presence of moisture and ele-
vated temperature, and the binding of water molecules
to the molecular structure of the resin.

Layered silicates are widely used as nanoreinforce-
ments of polymeric materials to improve the mechan-
ical properties of composite materials and also to
increase its barrier properties to water/humidity.
Because of the nanoscale of these reinforcements,
these improvements can be achieved using very small
amounts of reinforcing particles. Their crystalline net-
work consists of bi-dimensional layers where a central
octahedral layer of either alumina or magnesia is joined
to two external tetrahedrons of silica in such a way that
the oxygen ions of the octahedral layer also belong to
the tetrahedral layers.6,7

It is understood that the dimension of the reinforce-
ment should be at the molecular or atomic scale in
order to effectively reinforce the matrix, so, if clay par-
ticles are used, the dispersion of the platelets is crucial
to obtain the optimal properties. In the exfoliated state,
the silicate layers are completely and uniformly dis-
persed in a continuous polymeric matrix.8 However,
the tendency of the particles to agglomerate is difficult
to overcome. Therefore, the interlayer structure of
intercalated clays is the crucial factor affecting the
exfoliation energy necessary for the splitting of the sili-
cate structure to the individual silicate layers.9

Moreover, most of the polymers are hydrophobic, so
it is necessary to make a previous treatment to the clay
or to the polymer so as to make them more compatible.
The most popular method consists on converting these
hydrophilic silicates to organophilic ones via cation
exchange reactions, in which the interlaminar Naþ cat-
ions are replaced by other positively charged surfac-
tants such as alkyl ammonium or phosphonium
cations with long alkyl chains.10,11 Depending on the
functionality, packing density, and length of these
modifiers, the organically modified clay may optimize
compatibility with a given polymer and intercalated or
exfoliated clay minerals may be obtained.12 In this way,
the optimal structure configuration can be achieved
as the polymer chains are introduced inside the galleries
of the silicates under certain processing conditions.7,13

Bentonite is a type of smectite clay that presents
some advantages over other layered silicates because
of its natural abundance, low cost, excellent swelling

behavior, and high mechanical properties.14,15 This
type of clay is characterized by a moderate cation
exchange capacity (CEC).16,17

Kim et al.18 have found that the humidity barrier
properties of epoxy resins were enhanced by the add-
ition of clays. Many authors have found improvements
in mechanical properties of composite materials caused
by the addition of nanoparticles. Jen et al.19 reported
an improvement on the ultimate strength of 12.48%
and on the elastic modulus of 19.93% in quasi-isotropic
AS-4/PEEK APC-2 nanocomposite laminates, by the
addition of SO2 nanoparticles (1% by total weight).
Haque et al.20 have manufactured S2-glass/epoxy-clay
nanocomposites by the vacuum assisted resin infusion
method and they reported an improvement of 44, 24,
and 23% in interlaminar shear strength, flexural
strength, and fracture toughness, respectively, in com-
parison to conventional S2-glass/epoxy composites. In
addition, they found the thermal decomposition tem-
perature of the nanocomposites to be approximately
26�C higher than that of conventional composites.
They attributed these improved properties of the nano-
composites to increased interfacial surface areas,
improved bond characteristics, and intercalated/exfo-
liated morphology of the epoxy-clay nanocomposites.
Rice et al.21 found a 12% improvement in modulus by
adding a 2wt% of organosilicate to aerospace compos-
ite materials, but they observed no improvement in
other mechanical properties. The use of glass fiber as
the reinforcement, however, has yielded improved
results compared to carbon,22 which has been attribu-
ted by Brunner et al.23 to the affinity between the sili-
cate organoclay and the silicate glass fibers that
enhances the fiber matrix adhesion.

In this work, composite materials were manufac-
tured with a commercial unsaturated polyester (UP)
resin reinforced with a glass fiber mat. In addition,
5% by weight of unmodified and modified bentonite
was added to the polyester matrix and the effect of
these nanoreinforcements on the mechanical properties
and water absorption behavior of the composites was
analyzed. In addition, the possibility of using water
absorption tests as means of accelerated humidity
absorption tests was analyzed. The effect of the
unmodified and modified clays on the polyester
matrix was previously studied by Ollier et al.24 in a
previous work published by our research group. It
was demonstrated that whereas the original bentonite
is highly hydrophilic, chemical modifications with alky-
lammonium and alkylphosphonium salts drove to
hydrophobic (or organophilic) clays which make them
more compatible with the polymeric matrix. The inter-
laminar spacing clearly increased after cation exchange
reaction. This increase contributes to the feasibility of
intercalation of polymer chains between clay platelets.
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It was also shown by transmission electron microscopy
(TEM) images that due to the low compatibility of the
original bentonite with the polyester resin, the separ-
ation of the layers was poor and the clay formed agglom-
erates along UP matrix. On the other hand, the increase
in the interlaminar spacing and the hydrophobic nature
of the treated clays improved the compatibility with the
matrix, resulting in a much higher dispersion degree in
the polymer.

Experimental

Materials

Unsaturated polyester resin (Dolplast�) was used as the
polymeric matrix. Its density was 1.07� 0.02 g/cm3 and
the styrene content was 32–38%. The total reaction
heat was 190 J/g, determined from a test in a dynamic
scanning calorimetry (DSC-50 Shimadzu). The
reinforcement used was a chopped strand mat of glass
fibers (M123, from Saint Gobain) with a surface density
of 484� 34 g/m2. Surface density was measured by
weighting 10 square samples (10 cm by 10 cm) which
were cut from the glass fiber mat. The reported value
corresponds to the average of the 10 weight/area
results. The bentonite was supplied by Minarmco
S.A. (Neuquén, Argentine). Two different organic
modifiers were used: tributyl hexadecyl phosphonium
bromide (TBHP) and octadecyl ammonium chloride
(ODA).

Preparation of organoclays

Two organoclays were prepared by cation exchange
reaction by using aqueous solutions of TBHP and
ODA. The quantity of modifier was three times the
CEC of the pristine bentonite (which was 28.76meq/
100 g clay). A more detailed explanation of these clay
modifications can be found in a previous work.25

Samples preparation

Plaques of 15 cm� 15 cm� 0.3 cm (length�width
� thickness) of UP matrix were prepared by casting
using 0.4% of Co, 0.1% dimethylacetamide (DMA),
and 1.2% of methyl ethyl ketone peroxide which was
added to the formulation after the Co and DMA were
thoroughly mixed with the resin. The mold consisted of
two glass layers separated by a 3-mm rubber ring. The
curing was carried out in an oven at 70�C for 90min
and a postcuring at 120�C for another 90min. In add-
ition, plaques of UP resin with 5% by weight of mod-
ified and unmodified bentonite were obtained using the
same resin formulation and curing cycle. The clay was

previously dried in a vacuum oven until constant
weight was achieved. Then, an ultrasonic bath at
25�C was used to disperse the clays in the polymer
resin until a homogeneous dispersion was accom-
plished. Subsequently, the catalyzer was added and
the plaques were molded.

Resin viscosity was 408 cP (at 25�C) measured by
means of a Brookfield DV–IIþ cone and plate viscom-
eter (precision� 2.5 cP). The added bentonite increased
the resin viscosity to about 440 cP, but it remained suit-
able for composite processing by liquid composite
molding techniques.

Composites with and without clay were prepared
using six mats of glass fibers by vacuum bagging using
the same matrix/catalyst/accelerator ratio as for the
matrix. In this technique, hand lay-up process is per-
formed to impregnate layers of glass fiber mat. Then,
the laminate is covered by a porous film, a bleeder
cloth, and everything is sealed with a vacuum bag.
Steel spacers and a heavy clear acrylic top face were
used to ensure constant thickness throughout the plate.
Vacuum is applied causing the bag to compact the lamin-
ate and the resin to be drained through the porous film.
The excess of resin is finally absorbed by the bleeder.
This simple method allows obtaining parts with low
excess resin and air bubbles. Panels of 30 cm� 30 cm
(length�width) were obtained and left to cure under
vacuum for 24 h at room temperature (�25�C). The
final thickness of the cured plates was around 0.3 cm,
established by the thickness of the spacers minus the
thickness of the stack of peel ply, porous film, and blee-
der cloth. Postcuring was carried out in an oven at 120�C
for 90min. The fiber and clay content obtained for each
composite plaque was measured by incineration of the
plaques using a two-stage thermal cycle: 250�C for 2 h
followed by 565�C for 4 h. Fiber content was 62.85wt%
in the composite without clay, 64.7wt% in the composite
containing bentonite, and 64.65 and 64.32wt% in the
composite containing TBHP and ODA modified ben-
tonite, respectively. Final clay content was found to be
around 4.3wt% in all composites. Void content was
determined from density measurements and found to
be 3� 0.5% in all the composites. Complete curing of
both, matrix and composites, was confirmed by dynamic
scanning calorimetry (DSC-50 Shimadzu), running from
room temperature to 250�C at 10�C/min in nitrogen
atmosphere.

The composites without clay will be referred as
Composite A (CA), the composite containing unmodi-
fied bentonite will be referred as Composite B (CB),
and the materials containing phosphonium and ammo-
nium modified bentonite as Composite C (CC) and
Composite D (CD), respectively. In all cases, the
matrix was UP, the fibers were mat glass, and the
clay content was 4.3wt%.
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Characterization of composites

Fiber and clay content were determined from thermo-
gravimetric analysis (TGA) and calcinations. TGA tests
were carried out by using a TA Auto-MTGA Q500 Hi-
Res from room temperature to 1000�C under air flow
with a heating rate of 10�C/min. In the case of UP/glass
fiber composites, composition could be calculated dir-
ectly from calcinations. On the other hand, for
UP-bentonite/glass fibers composites, the residual
mass obtained after the calcinations was attributed to
the glass fibers plus the inorganic part of the clay.
Therefore, TGA measurements were used to determine
the organic part of the clay and the residual mass of
each component at 1000�C allowing calculating the UP,
clay, and glass fibers contents.

The fiber–matrix interface was analyzed by scanning
electron microscopy (SEM, model JEOL JSM 6460
LV) to samples that were previously coated with a
thin layer of gold.

Water and humidity absorption tests were per-
formed on composites samples of 15 cm� 15 cm
� 3mm (ASTMD 570 standard). Test samples were
first dried at 60�C in a vacuum oven until constant
weight was achieved. Then they were situated in differ-
ent aqueous environments. The samples were weighed
periodically using an analytical scale accurate to 10�4 g
and the time of each weight measure was controlled
with a chronometer. Before the weight measurements,
the specimens were withdrawn from the water and
wiped dry to remove the surface moisture. In order to
become independent of the weight of the specimen
tested, the relative water absorption was calculated
with equation (1), where Mt (%) is the relative water
absorption of the specimen, Mt is the specimen weight
at each time, and M0 is the initial specimen weight.
Three specimens were tested for each sample

Mtð%Þ ¼
Mt �M0

M0
� 100 ð1Þ

Mechanical properties of the samples were measured
before the water absorption tests and periodically in
order to correlate the effect of the water uptake on
the mechanical performance of the composites. Three
point bending tests were performed in the Instron dyna-
mometer 4467 according to ASTM D790-03 standard.
At least Eve specimens were tested for each sample.

Results and discussion

Humidity and water absorption tests data correlation

The following procedure is proposed to predict the
water content of the composites immersed in environ-
ments with different relative humidities by performing

water immersion tests. This allows obtaining results in a
considerable less amount of time than the required
in the humidity absorption tests. This analysis was
performed on CA samples (without clay).

First, water and humidity absorption tests were per-
formed. The water content M (%) was then plotted
against the exposure time and the curves were fitted
using the following expression,26 where Mt is the speci-
men weight at each time, M0 is the initial specimen
weight, Mmax is the maximum observed uptake of
each sample, Deff is the diffusion coefficient, t is the
immersion time, and h is the sample thickness

Mt �M0

Mmax �M0
¼ 1� e

�7:3:
Deff :t

h2

� �0:75h i
ð2Þ

Figure 1(a) shows the experimental data fitted with
equation (2) applied to the different conditions, and the
fitting parameters are presented in Table 1.

The time difference between the water absorption
curve and the others was calculated for each Mt(%)
value, as shown as an example in Figure 1(a) for
Mt(%)¼ 0.3. It can be seen that the time needed by
the samples to reach that absorption value is
10.000min when immersed in water, 80.000min in
90% relative humidity (RH), 240.000min in 70%
RH, and 290.000min in 65% RH.

Afterwards, the time difference against the water
absorption curve was plotted against time of immersion
in water, as shown in Figure 1(b). Then, the curves were
fitted with equation (3), and the fitting parameters are
presented in Table 1 for each experimental condition.
This equation is an empirical model that was found to
fit almost perfectly the observed experimental behavior

Dif ðtÞ ¼ y0 þ A � et=b ð3Þ

Finally, knowing the parameters of equation (3), the
exposure time of a sample tested in an environment of
the selected relative humidity (x) to obtain the same
water absorption from the immersion tests can be esti-
mated by applying the following relationship

tx %HR ¼ twater þDifx twaterð Þ ð4Þ

It would be possible to find empirical relationships
between any of the parameters and the %RH tested.
Then, the parameters for any %RH could be estimated
by interpolation. Regardless, the usefulness of the pro-
cedure presented lies on the possibility of predicting the
water content of the composites immersed in environ-
ments with different relative humidities by performing
water immersion tests. For example, some properties
could have not been considered at the time when the
humidity absorption tests were carried out, and slow
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humidity absorption tests should have to be performed
again in order to evaluate them. However, the degrad-
ation of different mechanical properties of these com-
posite materials immersed in 90, 70, and 65% RH can
be studied in a very short amount of time just by per-
forming water immersion tests.

This procedure is only valid if the water transport
mechanisms do not change when the composite is
exposed to different humidity conditions and water.
In order to prove this, SEM images of the composites
were taken after the immersion tests, as shown in
Figure 2. These images correspond to the fracture sur-
face of specimens that were previously subjected to flex-
ural tests. It can be observed that the fiber–matrix
interface looks almost identical after the exposure to
60, 75, and 90% RH, where no significant debonding
occurs. Although some degree of debonding occurs
between the fiber and matrix of the composite that
had been immersed in water (Figure 2(d)), the micro-
structure looks reasonably similar to that of the com-
posites exposed to different relative humidities.
Therefore, it can be assumed that the water transport
mechanisms do not change significantly, and, thus, the

results obtained using the proposed correlation method
should be reliable.

Water absorption tests

In the previous section, it was shown that water absorp-
tion tests can be used as means of accelerated humidity
absorption tests. Therefore in this section, immersion
tests in distillated water were performed to obtain water
absorption results in a shorter period of time than the
one needed to perform humidity absorption tests. These
results can be used to predict the water absorption
curves of the samples exposed to different relative
humidity following the correlation method proposed
previously. Furthermore, it was proved that the relative
flexural modulus E/E0 (where E is the flexural modulus
of the sample exposed to the aqueous media and E0 is
the dry sample flexural modulus) is the same for a given
value of water content in the composite (M%) regard-
less the samples were immersed in water or exposed to a
humid environment (Figure 3).

There are two known factors affecting water absorp-
tion of clay filled polymeric matrices, and each one has

Figure 1. (a) Water and humidity absorption data fitted with the proposed models and determination of the time difference

between the absorption curves for UP/glass fibers composites and (b) Determination of the time difference between the absorption

curves.

Table 1. Modeling parameters for equations (2) and (3) obtained for UP/glass fiber composites.

Parameters equation (2) Parameters equation (3)

Medium Mmax–M0 (g) Deff/h
2 (s�1) y0 (s) A (s) B (s)

60 %RH 0.39 4.22� 10�7 15,718 15,747 3619

75 %RH 0.41 4.84� 10�7 29,277 10,856 5063

90 %RH 0.52 7.10� 10�7 15,364 15,306 7887

Water 0.76 2.90� 10�6 – – –
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an opposite effect on the water uptake. The first one is
the intrinsic hydrophilic nature of the clay and its abil-
ity to retain water molecules. This effect increases the
water absorption of the composites as a function of the
bentonite content.27 On the other hand, several authors
suggested that clay layers dispersed at the nanometer
scale in the matrix can decrease the mean free path of
water molecules to pass through the nanocomposite
network compared to the pure matrix, which leads to
lower water absorption.28,29

Voids present in the laminate also affect water
absorption of the material, because they can give a pref-
erential path to the infiltrated water. These voids are
usually generated during the composite manufacturing
process, i.e. resin mixing and reinforcement impregna-
tion. However, void content was found to be identical
(3%) for all the samples used in this work, as expected
since the same resin preparation procedure and process-
ing technique was used.

It was shown in a previous work that the incorpor-
ation of phosphonium and ammonium modified clays
had no important influence on the neat polyester matrix
water absorption, whereas the original bentonite
increased its water absorption.24 The high intrinsic
hydrophilic character of the bentonite caused both
high water absorption and bad dispersion inside the
matrix. Apparently, the higher hydrophobicity and
better clay morphology obtained after the chemical
treatments could reduce the water absorption of clay
filled composites.

It can be seen in Figure 4 that the composites con-
taining unmodified bentonite displayed the highest
amount of water uptake of all the samples, 75% more
than the composites without clay, which were taken as
the reference material (100%). As seen for the neat
matrix, treatments were effective in reducing
water absorption of the samples. The addition of
TBHP modified clay had no effect in the water absorp-
tion behavior of the composite, whereas the addition of
ODA modified clay reduced water absorption of the

Figure 2. SEM images of the UP/glass fibers composites microstructure after different exposure conditions: (a) at 60% RH, (b) at

75% RH, (c) at 90% RH and (d) water.

Figure 3. Flexural modulus ratio (E/E0) between the dry

samples (E0) and samples that were exposed to aqueous media

(E) as a function of the water content (M%).
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composites by 37%. These results can be interpreted
using the explanations given previously for the clay
filled neat polymeric matrix. However, results showed
that the addition of ammonium modified clay was more
effective in reducing water absorption than the addition
of phosphonium modified clay, despite the fact that the
latter presented higher interlaminar spacing and lower
water absorption than the former. This suggests that
the best composite performance is not necessarily
obtained by using the best clay in terms of water
absorption and interlaminar spacing.

Composites flexural performance

Flexural properties of the dry composite samples were
found to be almost the same regardless of the clay type
and content. The composite containing no clay (CA)
showed a flexural modulus of 9.3� 1.0GPa and a flex-
ural strength of 274� 30MPa. Similarly, the flexural
modulus and strength of CC and CD were found to
be 10.0� 1.5 GPa and 279� 20 MPa; and 9.6� 1.3
GPa and 261� 31MPa, respectively. Hence, the add-
ition of 5wt% of these clays has a negligible effect
(less than 10%) on the mechanical properties of the
dry composites.

Figure 5 shows the flexural modulus ratio (E/E0)
between the dry samples (E0) and samples that had
been immersed in distillated water (E) as a function
of the water content in the composites. This plot was
constructed using the water absorption test data. No
significant differences can be observed between the
behavior of the composites CA, CB, and CC. The rela-
tive modulus (E/E0) decreased as the water content
increased in all those materials, showing that neither
the bentonite nor the phosphonium modified bentonite
is effective in reducing the detrimental effect of water on
the materials performance. On the other hand, the

ammonium modified bentonite seems to be effective in
reducing the degradation of the flexural modulus as the
water content in the sample increases. This result sug-
gests that this treatment was effective in improving the
clay compatibility with the polymeric matrix, generat-
ing an exfoliated structure of the clay and improving its
dispersion in the polymer, in accordance to the results
shown in the previous sections.

In the same way, the relative flexural strength (�/�0)
of the composites was plotted against the water content
in Figure 6. As expected, a clear detriment in the mech-
anical properties due to water absorption could be
observed in CA, CB, and CC samples. Water affects
the mechanical properties of the composites as it plas-
ticizes the polymer matrix,30–32 it interacts with it

Figure 4. Water content (M%) of all the composites studied as

a function of the immersion time.

Figure 5. Flexural modulus ratio (E/E0) between the dry

samples (E0) and samples that had been immersed in distillated

water (E) as a function of the water content.

Figure 6. Relative flexural strength (�/�0) between the dry

samples (�0) and samples that had been immersed in distillated

water (�) as a function of the water content (M%).
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chemically (hydrolysis),32 and it also degrades the fiber–
matrix interface, resulting in the loss of integrity and a
significant drop of the mechanical properties. In add-
ition, it has been reported that the absorption of water
induces the generation of interfacial micro cracks that
weaken the composite and debond the fiber from the
matrix.33,34 These mechanisms are believed to affect the
composite overall performance much more significantly
than matrix plasticization or hydrolyzation.35 Although
the material containing phosphonium modified benton-
ite seems to be slightly more resistant to degradation
than the composite without bentonite and the compos-
ite with unmodified bentonite, the differences fall within
error bars, and therefore no clear conclusions can be
extracted from the results. On the other hand, the add-
ition of ammonium modified bentonite seems to help
the material to hold its mechanical performance even
after water absorption occurs. This observation is in
accordance to the water absorption results suggesting
that the ammonium modified bentonite is more com-
patible with the polymer matrix, and the nanocompo-
site presents an exfoliated morphology.24 This
favorable morphology helps reducing water transport
through the composite material, preventing the damage
caused by water on its mechanical properties.

Conclusions

In this work, dual scale fiber glass reinforced UP-ben-
tonite composites were made by the vacuum bagging
technique. Pristine and organomodified bentonites were
used. Mechanical properties and water absorption
behavior of the composites were analyzed and com-
pared to those of conventional UP/glass fiber rein-
forced composites. The pristine clay increased water
absorption rate of the composite and decreased the
mechanical performance of the material due to its
hydrophilic nature and low compatibility with the UP
resin. Water absorption behavior and mechanical per-
formance of the UP-TBHP modified bentonite/glass
fiber composites were found to be almost identical to
those of the conventional UP/glass fiber reinforced
composites. In addition, both composites showed a det-
riment in the mechanical properties during the water
absorption tests. The best results were obtained when
the ODA modified bentonite was used as nanoreinfor-
cement because the higher compatibility with the poly-
meric matrix improved the dispersion of the clay in the
polymer and reduced the water absorption of these
composites (37% with respect to the UP/glass fiber
composites) and retained the mechanical properties
almost equal to the dry composites. Furthermore, the
ODA modified clay was very effective in the mitigation
of the damage caused by water absorption, because the

material was observed to hold its mechanical perform-
ance even after water absorption occurs.

In addition, this work presented a procedure to use
water absorption tests as means of accelerated humidity
absorption tests. This correlation method can be used
to estimate the evolution of the water content with time
of composites that will be exposed to a certain relative
humidity by performing water absorption tests, which
reduce dramatically the laboratory testing time.
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