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Effects of the Long-Time Immersion on the
Mechanical Behaviour in Case of Some
E-glass / Resin Composite Materials

Assoc.prof.dr.eng. Camelia CERBU
, Transilvania” University of Brasov, Faculty of Mechanical Engineering,
Romania

1. Introduction

The chapter deals with the actual and difficult problem of analysing the mechanical
structures from the perspective of using composite materials in aggressive environment.
Optimising the mechanical structures, made by composite materials is a great actual and
important problem that includes two of the most modern, difficult and demanded aspects in
mechanical engineering. If we point out this subject, meaning the aggressive environment,
we already have the complete image of an extreme actual, important and special complexity
subject.

The major studies in the field of structural optimising of the components made of composite
materials, followed to obtain structures of components having higher strength and rigidity,
lower weight, under conditions of a lower cost. There have been analysed composite material
components, for which have been varied the material structure for fibre and matrix, the
orientation of the fibres in layers, the shape of component, etc. The present study proposes an
objective and supplementary criterion: the conservation of the mechanical characteristics of
strength and rigidity under the long time action of the aggressive environment factors.

The results presented within this chapter address to the researchers and specialists in the
field of the composite materials, to the ph.d. students and students from master, etc.
Concurrently, reading of this working, may establish a point of start in the researching
activity in this direction because it notes some important remarks regarding the effects of
the aggressive environment (humidity, basic and acid solutions, temperature, thermal
cycles, electrons radiation, UV rays etc) on the degradation of the mechanical characteristics
of some composite materials.

The specialists interested in the field of composite materials will find a rich source of
information by establishing a method of testing the specimens made of composite materials,
subjected to statically forces after maintaining in aggressive environment; recommendations
concerning the polymeric composite structure, having long durability under the action of
the humidity and variations of temperature.

When an organic matrix composite is exposed to humid air or to a liquid, both the moisture
content and temperature of the composite material may change with time. These changes
affect the mechanical characteristics (Corum et al., 2001; Pomies et al., 1995; Cerbu, 2007;
Takeshige et al., 2007).
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Glass fibre reinforced resins are used widely in the building and chemical industry (wall
panel, window frames, tanks, bathroom units, pipes, ducts, boat hulls, storage tanks,
process vessels), automotive industry, aerospace industry. These structure elements may
also be exposed to the environmental conditions (moisture, temperature etc).

In the last years, it was published many scientific papers concerning to the mechanical
behaviour in wet environment of the composite materials and of the structure made of
composite materials. For example, it was shown that the long-time immersion of the
polymeric composite materials in water, seawater or detergent solutions, lead to the
degradation of the mechanical characteristics (Corum et al., 2001; Pomies et al., 1995 ; Cerbu,
2005; Cerbu, 2007). Experimental results (Cerbu s.a. 2009) also demonstrated the influence of
the immersion time on the degradation of the mechanical characteristics of some polymeric
composite materials.

A recent paper (Takeshige et al. 2007) investigated some interactions between mechanical
and chemical fatigue in case of some resin composite materials. Therefore, in that research
was remarked that the fatigue crack propagation is retarded under humid conditions but
accelerated after water immersion.

Some recent works shown the new tendencies from the manufacture field of the composite
materials by recycling of the wood wastes (Adhikary s.a. 2008), plastic wastes, polyetilena
waste, paper, CDs / DVDs (Cerbu s.a. 2009) and so forth. Consequently, some of the new
composite materials were studied from moisture absorption point of view. For example,
Adhikary s.a. (2007) analysed the long-term moisture absorption and thickness swelling
in case of some specimens made of recycled thermoplastics reinforced with pinus wood
flour.

An interesting book (Klyosov 2007) focused on wood-plastic composites regarding the
paticularities of their fabrication; the effects of cellulose fillers, mineral fillers and coupling
agents on their mechanical properties. It also showed the effects of the moisture absorption
on changes of some mechanical characteristics. Thus, it was experimentally demonstrated
that the flexural strength and flexural modulus E increased in case of an water-saturated
board made of a commercial wood-plastic composite material.

The first of all, the present chapter proposes the analysing of the efffects of moisture
absorbed concerning the changing of the mechanical characteristics of four kinds of
polymeric composite materials randomly reinforge with chopped glass fibres. Both the
nature of resin and the immersion environment, were analysed regarding their effects on the
changing of the mechanical characteristics.

On the other hand, it focus on the using of the wood flour obtained by recycling of the wood
wastes from industry to manufacture of hybrid composite materials. The new polymeric
composite material described within this section, is reinforced with both glass woven fabric
EWR145 (145g/m?) layed in six layers and wood flour.

It will be comparatively shown the results concerning to the mechanical characteristics
(tensile strength, flexural modulus E, flexural maximum stress omax) determinated by tensile
tests and flexural tests (method of the three points), before and after immersion in different
environments (water, natural seawater, detergent solution). The results will be compared
with the ones obtained in case of four kinds of composite materials randomly reinforced
only with chopped glass fibres, free of admixture of wood flour. Moreover, it will be
comparatively analysed the data concerning the quantity of the moisture absorbed and the
its effect on the change of the mechanical characteristics.
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2. Materials. Work method

The first of all, it was manufactured six laminated composite plates whose material
structures are different. In this work, E-glass fibres (50 mm length) were used to randomly
reinforce four kinds of resins: two polyester resins (Heliopol 8431 ATX and Polylite 440-
M880); an epoxy resin (LY554); a vinyl-ester resin (Atlac 582). These composite materials
had the average volume fibre ratio equal to 26%, while the weight fibre ratio was 40%.
Another two plates having the dimensions 350 x 250mm?2 and 8mm in thickness, were
manufactured by using a polyester resin reinforced with both glass woven fabrics EWR145
(six layers) and wood flour (oak wood flour or fir wood flour).

Then, the plates were cut to obtain the specimens according to the european standards
concerning of determination of the both tensile properties (ISO 527) and flexural properties
(SR EN 63). A total number of 164 specimens were manufactured for tensile tests (Table 1)
while 194 specimens were prepared for the flexural tests (Table 2).

It may be noted that all sides of a half of the total number of specimens reinforced only with E-
glass fibres, were coated using the resins used for the matrix while the others were not coated.

Number of specimens
No. | Composite material Environment
Dry Water Detergent Seawater
solution (Black Sea)
1 | E-glass / polyester Heliopol 8431 ATX | 5 12 12 12
2 | E-glass / polyester Polylite 440-M880 5 12 12 12
3 | E-glass / epoxy LY 554 5 12 12 12
4 | E-glass / vinyl-ester Atlac 582 5 12 12 12
Table 1. Specimens for tensile test
Number of specimens
No. | Composite material Environment
Dry Water Detergent Seawater
solution (Black Sea)
1 E-glass / polyester Heliopol 8431 ATX 5 12 12 12
2 | E-glass / polyester Polylite 440-M880 5 12 12 12
3 | E-glass / epoxy LY 554 5 12 12 12
4 E-glass / vinyl-ester Atlac 582 5 12 17 12
composite
5 E-glass EWR145 / fir wood flour / 5 5 i 5
polyester Colpoly 7233
6 E-glass EWR145 / oak wood flour / 5 5 i 5
polyester Colpoly 7233
Table 2. Specimens for flexural test

Then, the specimens were kept at the room temperature and dried environment for three
weeks.

Additionally, some specimens were stored in an oven at 30 £ 1°C and weighted to ensure
that they were dried prior to the immersion in water (SR EN ISO 62, 2008). Water (Fig. 1, a),
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detergent solution (Fig. 1, b) and fresh natural seawater from Black Sea (Fig. 1,c) at room
temperature (20 °C) were used as wet environments. Stands were used to maximise the
contact surface between specimens and water (see the detail presented in the Fig. 1, c). The
salinity of the natural seawater was approximately of 1.6%. The water tanks were covered
to minimise evaporation and the water was changed every month to keep conditions
constant.
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Fig. 1. Environments a. Water ; b. Water / detergent mix c. Seawater (Black Sea);

Immersion time ¢ (hours)
No.|Composite material Specimen Environment
type Water Detergent | Seawater
solution | (Black Sea)
1. |E - glass / polyester Heliopol 8431 Uncoated 7197 7134 6987
ATX Coated 7197 7134 6987
2. |E - glass / polyester Polylite 440-M880|Uncoated 7197 7134 6987
Coated 1803 1732 2762
3. |E-glass / epoxy LY 554 Uncoated 7197 7134 6987
Coated 7197 7134 6987
4. |E-glass / vinyl-ester Atlac 582 Uncoated 2975 2865 6987
composite Coated 1821 1732 2762
5. |E-glass EWR145 / fir wood flour /
poglyester Colpoly 7233 Uncoated | 5612 5612
6. |E-glass EWR145 / oak wood flour /
poﬁyes ter Colpoly 7233 Uncoated | 5853 - 5853

Table 3. Immersion times for the composite materials tested
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The times of immersion in water were different in case of the composite materials tested
(Table 3). To monitor the uptake of water, quantified by the moisture content m, the
specimens were periodically removed from tanks, superficially dried with absorbing paper
and weighted by using an electronic balance (maximum mass 250 g) accurate within *
0.0001g.

After long-time immersion, the specimens were subjected to both tensile test and flexural
test by the method of the three points (SR EN ISO 178, 2001). LR5K Plus machine
manufactured by LLOYD Instruments, was used for mechanical testing of the composite
specimens involved. The maximum force provided by the testing machine is F,, =5kN .
The shape and the dimmensions of the tensile specimens are shown in the figure 2.
Diagrams having the coordinates force - elongation (F-Al)coordinates were directly

recorded from tensile machine.
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Fig. 2. Specimen for tensile test
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Fig. 3. Specimen used in flexural test
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Fig. 4. Specimen made of E-glass / polyester Heliopol 8431 ATX during flexural test

Fig. 5. Specimen made of E-glass EWR145 / oak wood flour / polyester Colpoly 7233 during
flexural test

The loading scheme (three-point method) is shown in the figure 3. The dimensions of the
specimens are valid only for specimens reinforced only with E-glass fibres because these are
functions of the specimen thickness. In case of the flexural tests, the span between the
supports was accorded with the specimen thickness (SR EN ISO 62, 2008).

Figures 4 and 5 show two photos of specimens during the flexural test. The specimens
shown are made of E-glass / polyester Heliopol 8431 ATX composite material (Fig. 4) and E-
glass EWR145 / oak wood flour / polyester Colpoly 7233 (Fig. 5), respectively. It may
observe that the deformations are much more greater in case of the specimens made with
wood flour (Fig. 5) than in case of the specimens reinforced only with glass fibres (Fig. 4).
The speed of loading was 3mm/min. in case of the specimens made of the composite
materials filled with wood flour and 1.5mm/min. in case of the other four kinds of
composite materials tested, respectively. The speed of loading was greater in case of
additionaly reinforcing with oak wood flour because this composite material is much more
flexible. Consequently, the time of the flexural test was approximately 40min. when the
speed of loading was equal to 1.5mm/min., in case of this composite material. It was
remarked that the the time of the flexural test halved by doubling of the loading speed while
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the shape of the curve obtained was approximately the same. It may be mentioned that the
time of the flexural test was approximatelly equal to 10min. when the speed of loading was
1.5mm/min., in case of the specimens reinforced only with the E-glass fibres.

Before each mechanical test of a specimen, the dimensions of the cross-section were
accurately measured (0.Imm) and then, they were considered as input data in the software
program of the machine.

In case of the flexural testing, the testing equipment allowed to record pairs of values (force
F and deflection v at midpoint of the specimens) in form of files having up to 3000
recordings. The testing machine also gave the results of a statistical calculus for the set of the
specimens tested. Experimental results recorded during the flexural tests, were graphically
drawn using F - v coordinates and finally, the following quantities were computed:

- flexural modulus E of the composite material

1P aF
48 I, Av

- flexural strength o of the composite material:

c = bz max , (2)

where | = 64 mm represents the span of the specimen between simple supports (Fig. 3), I -
moment of inertia, WV, - elastic cross-section modulus, My, nax = Fl/4 - maximum value of the
bending moment. Formula used for the flexural modulus E is a good approximation because

%: 16 , where h represents the thickness of the specimen and one can neglect the effect of

the shearing force.

3. Results

3.1 Water absorption

The first, moisture behaviour was analysed. The absorption data were shown in the figures

6 - 9 for all composite materials reinforced only with glass fibres. Important remarks are

noted by analysing these results.

e  Moisture absorption in composite materials depends on the resin used for matrix and
type of the wet environment. The absorption process is a long-term process in case of
the composite materials tested.

e E - glass / Heliopol 8431 ATX and E-glass / Polylite 440-M880 composites closed the
saturation point after 7000 hours of immersion time while the moisture content was
approximately the same.

e E-glass / epoxy LY 554 composite does not reach the saturation point after 7000 hours
of immersion (Fig. 8) and moisture content is much more greater than in case of the
others three composite materials (Fig. 6, 7 and 9). E-glass / epoxy LY 554 composite
material absorbs more water than seawater or detergent solution.

e Glass-reinforced polymers absorb more water than seawater. Rate of diffusion of the
water through composite materials analysed is greater than that of the seawater.

e Sodium chloride molecules contained in seawater (as well as sulphate) appear to be
limiting the diffusion of water into the matrix material.
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Fig. 7. Absorption data in case of E-glass / Polylite 440-M880 composite material
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Fig. 9. Absorption data in case of E-glass / vinyl-ester Atlac 582 composite

The absorption curves recorded in case of the two hybride composites are drawn in the
figure 10 in case of the immersion in water and in the figure 11 in case of the immersion in

seawater.
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Fig. 10. Data of the absorbed moisture during immersion in water in case of the E-glass
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It may be easily observed that the two absorption curves recorded in case of the composite
material filled with fir wood flour is located below the one recorded in case of the other one
composite filled with oak wood flour. The cause may be assigned to resinous nature of the
fir wood. Therefore, the greater resin content of the fir wood flour acts as a barrier against
the water absorption. The average value of the water content (Fig. 10) was 10.73% while the
seawater content (Fig. 11) recorded was 9.72% after immersion during 5853 hours, in case of
the composite filled with oak wood flour. In case of the other one composite material filled
with fir wood flour, the water content (Fig. 10) was equal to 8.02% while the seawater
content was 6.50% after 5612 hours of immersion. Therefore, like the other previous works
showed, it was recorded again a smaller quantity of the moisture absorbed during the
immersion in seawater than in case of the immersion in water. The salts of the seawater act
again like a barrier against the moisture absorption.

There is a small difference between the absorption curves recorded during the first 400-600
hours of immersion. It follows that the diffusivity of the moisture inside the composite
material, has approximately the same value in the both cases: water environment and
seawater environment.

3.2 Mechanical behaviour in tensile test after immersion in different environments
After approximately 7000 hours of immersion (= 10 months) the tensile specimens made of
polymer resins reinforced only with glass fibres, were subjected to the tensile test. A photo
of these specimens after the tensile test, is shown in the figure 12.

Fig. 12. Tensile Specimens reinforced only with E-glass fibres after flexural test: a. dried
specimens; b. specimens after immersion in water; c. specimens after immersion in detergent
solution; d. specimens after immersion in seawater

Comparatvely analysing of the experimental results (Fig. 13 - 16) obtained in case of both

dried and wet specimens it may observe:

e Tensile strength decreases in case of all composites;

e Decreasing of the tensile strength (40 %) is greater for the specimens made of E-glass
/ Heliopol 8431 ATX and E-glass / epoxy LY 554 composites after immersion in water
than in case of the other two environments (Fig. 10 and 12);
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e Conservation of the tensile strength was not very different if all sides of the specimens
were coated using the resin of the matrix of the composite;

e Tensile strength of the specimens decreases with 10 - 20 % in case of the immersion in
seawater and water / detergent mix (Fig. 10 - 12). The reason could be that moisture
content was much smaller in case of these environments.
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Fig. 13. Changes of the tensile strength in case of E-glass / Heliopol 8431 ATX composite
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Fig. 14. Changes of the tensile strength in case of E-glass / Polylite 440-M880 composite
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3.3. Mechanical behaviour in flexural test after immersion in different environments

Then, flexural test by using the three-point method, was considered the immersion in the
three kinds of wet environment. The specimens made of polymer resins reinforced with
only glass fibres, after they were subjected to the flexural test, are shown in the figure 17.

The results obtained in case of the wet specimens were compared with the ones obtained in
case of the dried specimens.
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Two photos of the flexural specimens filled with both E-glass woven fabrics and wood flour,
after immersion in water, are shown in the figures 18 and 19, respectively.

Figures 20 - 23 comparatively show the force - deflection (F-v) curves recorded during the
flexural tests, in case of both wet specimens in case of the following composite materials:

- E-glass / polyester Heliopol 8431 ATX (Fig. 20);

- E-glass / polyester Polylite 440-M880 (Fig. 21);

- E-glass / epoxy LY 554 (Fig. 22);

- E-glass / polyester Polylite 440-M880 (Fig. 23).

Fig. 17. Flexural specimens reinforced only with E-glass fibres after flexural test: a. dried
specimens; b. specimens after immersion in water; c. specimens after immersion in detergent
solution; d. specimens after immersion in seawater

Fig. 18. Flexural specimens made of E-glass EWR145 / oak wood flour / polyester Colpoly
7233 after flexural test

Fig. 19. Flexural specimens made of E-glass EWR145 / fir wood flour / polyester Colpoly
7233 after flexural test
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The flexural modulus was computed on the linear portion of the force-displacement curve.
Figures 24 and 25 graphically show the experimental results obtained in case of the glass /
polyester composites (E-glass / Heliopol 8431 ATX and E-glass / Polylite 440-M880), figure
26 represents the results in case of E-glass / epoxy LY 554 composite material and figure 27
shows the flexural properties measured in case of the E-glass / vinyl-ester Atlac 582
composite.

Analysing of the results of the experimental research shown in the figures 24 - 27, lead to
important remarks that are noted below.

Effects of the seawater are more pronounced than the action of the water in case of E-
glass / polyester composites (E-glass / polyester Heliopol 8431 ATX and E-glass /
polyester Polylite 440-M880) as shown in figures 24 and 25.

Decreasing of the Young’s modulus E was ~ 11 % while the change of the flexural
strength was = 12 % in case of the E-glass / polyester Heliopol 8431 ATX composite
when the specimens were kept in seawater and detergent solution (Fig. 24). One may
observe a good conservation of the flexural characteristics in case of the specimens after
9200 hours of immersion in water.

Decreasing of the Young’s modulus E was = 5 % when the specimens were kept in
water and detergent solution while the change was = 10 % when were submerged in
seawater in case of the E-glass / Polylite 440-M880 composite (Fig. 25, a).

A decreasing of the flexural strength was also observed in case of the E-glass / Polylite
440-M880 composite (Fig. 25, b) - about 11%, 23% and 15 % when the specimens were
kept in water, seawater and detergent solution, respectively.

On the other hand, when the E-glass / epoxy LY 554 composite was submerged in
water, the decreasing of the Young’s modulus was much more pronounced - about 21
% (Fig. 26, a) while the decreasing of the flexural strength was approximately 31 % (Fig.
26, b).

The decreasing of the flexural strength was about 23%, 26% when the specimens were
kept in seawater and detergent solution respectively, in case of the E-glass / epoxy LY
554 composite (Fig. 26, b).

The decreasing of the Young’s modulus E was about 10 %, 15 % when the specimens
were kept in seawater and water / detergent mix in case of the E-glass / epoxy LY 554
composite (Fig. 26, a).
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Fig. 24. Experimental results of the flexural test in case of E-glass / Heliopol 8431 ATX
composite
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Fig. 25. Experimental results of the flexural test in case of E-glass / Polylite 440-M880
composite

Several researchers also found that water absorption causes degradation of matrix-
dominated properties such as interface and in-plane shear strengths, compressive strength
and transverse tensile strength (Corum et al.,, 2001; Pomies et al., 1995; Cerbu, 2007;
Takeshige et al., 2007). In (Pomies et al., 1995) E-glass / epoxy and carbon / epoxy
composites were studied. Finally, the loss in the mechanical properties has been attributed
to the plasticity of the matrix by water and degradation of the fibre/matrix interfacial bond
due to moisture swelling of the matrix.

In case of the composite materials reinforced only with glass fibres, tested during our
experimental research the above reason could be again the cause of the decreasing of the
mechanical characteristics of the composite materials.

Experimental results recorded during bending tests, are graphically drawn in case of the
hybride composite materials: E-glass EWR145 / fir wood flour / polyester Colpoly 7233
(Fig. 28 and 29) and E-glass EWR145 / oak wood flour / polyester Colpoly 7233 (Fig. 30 and
31). It may be noted that Young's modulus was computed again, for data points located on
the linear portion of the F-v curve.
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Fig. 26. Experimental results of the flexural test in case of E-glass / epoxy LY 554 composite
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Fig. 27. Experimental results of the flexural test in case of E-glass / vinyl-ester Atlac 582
composite

The first of all, it is discussed the changing of the mechanical properties in case of the E-glass
/ fir wood flour / polyester composite. Young's modulus E (Fig. 28) decreases from
601.1MPa down to 356.2 MPa (with 40.7 %) after 5621 hours of immersion in water while it
increases up to 766.0 MPa (with 27.5%) after the same immersion time in seawater. In the
same manner, the maximum flexural stress Omax (Fig. 29) decreases from 27.7 MPa down to
16.0 MPa (with 42.2%) after immersion in water and it decreases down to 23.5 MPa (with
15.2%) after immersion in seawater.

In case of the E-glass woven fabric / oak wood flour / polyester composite, it may observe
generally speaking, the increasing of both Young's modulus E (Fig. 30) and maximum
flexural stress omax (Fig. 31) after immersion in wet environment. Therefore, this remark
confirms once again the well-known property of the oak wood concerning the hardening by
aging over the years. In fact, the keeping of the materials completely immersed in water,
represents an accelerate process of aging. More exactly, in case of the composite material
filled with oak wood flour, Young's modulus E (Fig. 30) increases from 215.0 MPa up to
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500.9 MPa (with 132.9%) after 5853 hours of immersion in water while it increases up to
482.0 MPa (with 124.2%) after the same immersion time in seawater. In the same time, the
maximum flexural stress Omax (Fig. 31) increases from 21.0 MPa up to 25.0MPa (with 19.05%)
after 5853 hours of immersion in water while it decreases down to 17.5MPa (with 16.67%)
after the same immersion time in seawater.
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Fig. 28. The effects of water /seawater absorption on Young's modulus E in case of E-glass
EWR145 / fir wood flour / polyester Colpoly 7233
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Fig. 29. The effects of water /seawater absorption on on the maximum flexural stress Omax in
case of E-glass EWR145 / fir wood flour / polyester Colpoly 7233

In case of the composite material filled with oak wood flour, it was also analysed the effect
of the immersion time in water on the changing of the mechanical characteristics. Therefore,
Young’s modulus increased with 182.28 % after 861 hours of immersion in water while the
increasing was only with 132.9%) after 5853 hours of immersion. With other words the
increasing of the immersion time leads to a decreasing of the rigidity. The results concerning
the changing of the maximum flexural stress Omax show contrary that the maximum flexural
stress Omax increases with 7.14 % after 861 hours and it increases with 19.05% after 5853
hours of immersion.

But, the most important remark remains that concerning the values of the maximum deflection
Vmax Of the midpoint of the specimens during and after the flexural test. The values recorded
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for this quantity is shown in the Table 4 in case of the dried specimens made with oak wood
flour. It may easily observe that the maximum residual deflection vimax after approximately 30
min. after flexural test had finished, was much smaller than the maximum deflection recorded
at maximum load and also, than the one recorded at the final test.
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Fig. 30. The effects of water /seawater absorption on Young's modulus E in case of E-glass
EWR145 / oak wood flour / polyester Colpoly 7233
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Fig. 31. The effects of water /seawater absorption on on the maximum flexural stress Omax in
case of E-glass EWR145 / oak wood flour / polyester Colpoly 7233

The reason of this mechanical behaviour could be assigned to the wood flour used to
manufacture the composite specimen because no suchlike observation was recorded in case
of E-glass / polyester composite materials tested within this work. Practically, this
unexpected mechanical behaviour of the new hybrid composite after the flexural test could
be owing to a good combination between the rheological behaviour of wood and the shape
memory, property that is assigned to the E-glass fibres.
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Specimen No. 1 2 3 4 5
vmax at max. load 22.143(29.51319.984 | 39.387 | 31.504
vmax at final of the flexural test |58.674 |54.592 (59.396 | 59.400 | 59.396
vmax after ~ 30 minutes after test| 7.1 5.2 5.8 4.1 5.7

Table 4. Maximum values of deflection viax in case of the dried specimens made of E-glass
EWR145 / oak wood flour / polyester Colpoly 7233 composite material

3.4. Failure mode

Figure 32, a shows a specimen made of the E-glass EWR145 / fir wood flour / polyester
Colpoly 7233 composite material, after it was subjected to the flexural test. On the other
hand, figure 32, b is a photo of the failure area aquired in case of a flexural specimen made
of E-glass EWR145 / oak wood flour / polyester Colpoly 7233 composite material.

It could be observed that only 1-2 layers was partially failured during the testing of the
specimens filled with wood flour. Contrary, almost all plies was failured during the flexural
test in case of the specimens made of composite materials reinforced only with glass fibres
(Fig. 33).

a. b.

Fig. 32. Failure area occured during flexural tests in case of the specimens additionaly
reinforced with wood flour: a. fir wood flour; b. oak wood flour

Fig. 33. Failure area of some specimens reinforced only with E-glass fibres, after flexural
test
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3.5. Degradation of the composite materials

The figure 34, a shows a photo of the two specimens made of composite material reinforced
only with glass fibres, after immersion in water while the figure 34, b is a detailed photo of a
damaged area located on the surface of the specimen. It was observed that more specimens
analysed had similar brown spots located on the cut edge of the specimens. Since there was
no spot before immersion in water, it may assume that the oxidation of the resin could be
the cause of the spot appearance. The photos shown in figure 35, acquired by using a
metallographic microscope, confirms this opinion.

Fig. 35. Specimen photos (zoom 100x) acquired by using a metallographic microscope, after
7197 hours of immersion in water, in case of E-glass/polyester Heliopol 8431ATX composite

Fig. 36. Photo of the specimen surface made of E-glass EWR145 / fir wood flour / polyester
Colpoly 7233 after immersion in water (5612 hours)
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Concerning the degradation of the surfaces of the specimens made of E-glass EWR145 / fir
wood flour / polyester Colpoly 7233, it was observed no spots or colour changes (Fig. 36).
The figure 37 shows two photos of some specimens made of E-glass / oak wood flour /
polyester composite material after 5853 hours of immersion in water (Fig. 37,a) and seawater
(Fig. 37, b), respectively. It may be easily observed that more specimens analysed had
similar black spots located on the cut edges of the specimens, especially in case of the
specimens immersed in seawater.

a.
Fig. 37. Photos of the edges of the specmens made of E-glass / oak wood flour / polyester
after 5853 hours of immersion in: a) water; b) seawater

Since there was no spot before immersion in water, it may assume that the oxidation of the
resin could be one of the causes of the spot appearance.

Moreover, it was remarked that in case of the specimens immersed in seawater, the
damaged areas located on the specimen edge are larger in case of the composite material
filled with oak wood flour than in case of the other one type of composite. The greater
content of the tannin in case of oak wood than in case of the fir wood, could be the cause of
the greater degradation of the specimens made of the E-glass / oak wood flour / polyester
composite material.

4. Conclusions and discussions

We note that the moisture absorption into the composite materials reinforced only with
glass fibres, leads to the decreasing of the tensile strength, flexural strength and Young's
modulus E. It was observed that the flexural modulus E of these composite materials
decreases with 10 - 20 %.

Decreasing of the tensile strength is about 40 % in case of E-glass / epoxy LY 554 composite
after = 7000 hours of immersion in water while the decreasing of the flexural strength is 30
% after 9200 hours.

In general, it was found that the E-glass / epoxy composite analysed absorbed more water
than seawater or detergent solution. The sodium chloride molecules contained in seawater
(as well as sulphate), appear to be limiting the diffusion of water into the matrix material. It
was observed that the detergent effect was much more pronounced than the sodium
chloride effect in case of E-glass / polyester composite.

The E-glass / polyester composites (E-glass / polyester Heliopol 8431 ATX and E-glass /
polyester Polylite 440-M880) are recommended as composite materials in case of water or
seawater environment.
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Finally, it should remark that the absorption of water leads to the increasing of both Young's
modulus E and maximum flexural normal stress Omax in case of the hybrid composite
material with oak wood flour. Contrary, the absorption of water leads to the decreasing of
the mechanical characteristics (Young’'s modulus E and strength) in case of the other one
composite with fir wood flour. It follows that wood oak flour should be recommended as
filler for the parts that works in water environment and that made of the hybrid composite
material involved. If the humid environment contains salts fir wood flour should be used as
filler because the greater content of the tannins associated to the oak wood leads to the
appearance of the large dark stains over the surface of the composite.
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