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Abstract. Composite materials rank among the structural materials with a highly promising trend. The main
advantage of composite materials is the synergistic effect of the individual sub-components of the system, which
allows great adaptation of these materials and excellent mechanical properties. In recent years, the substitution of
inorganic materials with organic materials is increasingly used in the field of composite systems. From the
materials engineering point of view, this substitution makes use of very interesting properties of natural fillers.
These materials are environmentally friendly and their prices are usually lower than similar synthetic fillers.
However, it is also necessary to mention the negative side of organic fillers and that is their natural character.
Natural fillers are so different from one another and evince greater variance than the observed values of synthetic
materials. In terms of long-term applications, the degradation of natural materials can rank among limits. Natural
particulate fillers can be utilized in interaction with reactive resins; they can reduce the final price while
maintaining the adhesive characteristics. This paper describes the adhesive characteristics of reaction resins
filled with microparticles prepared from pomace seeds of Phoenix dactylifera and it also describes the
degradation of these materials. A climatic chamber was used for this experiment. Describing the degradation
processes it is important to define application areas. Electron microscopy was used when evaluating the failure
of bonded joints. The degradation corresponding to 35 cycles resulted in a 37 % decrease in shear strength.
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Introduction

Composite materials are materials that combine mechanical and physical properties of their sub-
phases, currently, the composite systems are widely used in industries due to their flexible properties
[1; 2]. Particulate fillers in polymer materials are used primarily to increase the hardness, abrasion
resistance or optimize the tensile characteristics [3; 4]. The presence of particles leads to optimize the
shear strength while reducing the prices of the resulting joint in the area of bonded joints. Currently,
the synthetic materials are increasingly replaced with natural ones. The natural fibers and particles are
used in the composite systems. The particles based on wood (e.g., wood flour, flour made from
bamboo) or biomass resulting from processing of certain species of plants and their fruit (Jatropha
curcas) can be used as a filler for composite systems [5; 6]. Natural particles minimize the cost and
optimize certain mechanical characteristics [6-8]. The interfacial interaction is an important factor
from the resulting mechanical characteristics point of view. The chemical surface treatment is often
used to optimize the reinforcement on the natural basis. The adhesive and cohesive characteristics of
the composite system affect the concentration of particles and their morphology — which defines, for
example, the formation of a mechanical bond between the particle and the used matrix.

Degradation of polymers in terms of application and product lifecycle is a very important factor.
Degradation can be characterized as an undesirable change of properties over time; this change is
primarily associated with changes in molecular weight and structure of the material. [9] The factors
causing degradation of polymeric materials can include temperature, humidity, and also the action of
microorganisms. Adhesive bonds based on the composite, where the matrix is epoxy resin, are often
exposed to various degradation effects [10-13]. The filler, which is present in order to optimize some
mechanical properties (the shear strength in the case of adhesive bonds), can negatively affect the
process of degradation, for example, by its absorptivity. Natural materials, which can form the filler,
are very prone to degradation and thus can affect the entire process of degradation.

The aim of the experiment was to describe the degradation process — shear strength changes — of
adhesive bonds formed by the composite system based on natural particles prepared from the biomass
formed during the processing of fruits (dates) from Phoenix dactylifera plant and epoxy resins. Thus
obtained biomass could be considered as biological waste, ecological use of which from the point of
economic and environmental view is desirable. The experiment thus describes degradation of
materials sensitive to the environment, the production of which is inexpensive.
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Materials and Methods

Low molecular weight epoxy resin and hardener on basis of polyamide was used in the
experiment — two-component epoxy resin with density 1.15 g-cm™. As a filler biomass was used
resulting from the processing of fruits — dates — from the plant Phoenix dactylifera — the country of
origin China. Specifically, the seeds of dates. Knife mill with a speed of 20 000 rpm-min™' was used
for preparation of particles from seeds of dates. The particles were dried at 105 °C and subsequently
sorted using analytical sieves. The particles that passed the analytical sieve with a mesh size of
100 pm were used in the experiment.

Composite systems that were used for joining the steel sheets were prepared by mechanical
mixing of epoxy resin and particles. Two concentrations of 5 and 10 wt. % were used.

Filled epoxy resin was applied to a sheet of carbon steel. The surface of the steel sheets S235J0 —
adherent, was blasted and degreased. The surface roughness was specified on the touch roughness
tester Surftest 301. The prepared lap joints were placed in the degradation chamber, which was set to
degradation cycle according to Fig. 1. Temperature (70 °C and -40 °C) and humidity (90 % and 50 % —
CSN EN ISO 9142) were regulated during the degradation process. The test specimens were removed
from the chamber after every end of the 7 cycles (1 cycle - 24 h). Overall, it was thus repeated 5 x 7
cycles (35 cycles — 840 h).
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Fig. 1. Representation of the degradation cycle in the climatic chamber

The test specimens were left for 24 h at room temperature after removal from the climatic
chamber, and then the shear strength was tested in accordance with the standard CSN EN 1465.

The type of breach of the bond was evaluated in accordance with the standard ISO 10365.
Statistical analysis of the data was carried out by ANOVA and T-test with the significance level of
0.=0.05. Null hypothesis (H,) was expressed; its validity shows the statistically insignificant
difference of the observed statistical data.

Electron microscopy Tescan Mira 3 GXM equipped with an energy dispersive X-ray (Oxford X-
MaxN) was used for the optical analysis of the samples and the analysis of interphase interaction.

Results and Discussion

Filler particles were sorted through a sieve analysis. The specific particle sizes, which were used

in the experiment, are shown in the histogram — Fig. 2. Particle surface was assessed at the same time
by electron microscopy, images from electron microscope are shown in Fig. 3.
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Fig. 2. Histogram of the particle size made from seeds of dates
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Fig. 3. Morphology of particles prepared from seeds of dates:
magnitude 13.0k x (left) and 18.2k x (right)

The basic roughness parameters R, and R, were evaluated on the steel sheets at the place of joint
prior to applying the filled epoxy resin. These parameters are summarized in the following Fig. 4.
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Fig. 4. Roughness parameters on the steel sheets R, a R,

The shear strength of unfilled epoxy resin was compared with the shear strength of the filled resin
(see Tab. 1). The T-test results confirmed that there is not statistically significant difference between
the compared data files (p > 0.14).

Table 1
Comparison of unfilled resin with resins filled with particles made from seeds of dates
Hy: (p > 0.05) 5 % 10 %
F-test: Unfilled resin (p) 0.76 0.14
T-test: Unfilled resin (p) 0.71 0.64

The results of the dependence of the degradation time (1 week — 7 cycles) are shown in Fig. 5
(left), the test samples before and after degradation are shown in Fig. 5 — right. The curve of
degradation of joints formed by filled epoxy resin is supplemented with the curve that describes the
degradation of unfilled resins. This representation allows defining the influence of the used filler on
the actual degradation. The typical character of the bonded failure showed signs of adhesive failure.
This type of failure did not change due to degradation.
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Fig. 5. Dependence of the shear strength of adhesive bonds on the length of degradation (left),
test samples before and after degradation (right)

Electron microscopy was used to assess both interaction between the adherent and filled epoxy
resin and the actual interfacial interaction. Fig. 6 shows a section in the bond, where a good interaction
between the steel surface and the applied filled system is evident.
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Fig. 6. Section through the bond (adhesive joint):
magnitude 383 x (left) and 675 x (right)

Some filler particles were not optimally wetted by the epoxy resin according to the picture of the
bond section. The details of the interaction were taken to assess the interfacial interactions. As
apparent from Fig. 7, there was not a perfect wetting for some particles. This was caused by the fact
that there was no any chemical or other treatment of the particles prior to application of them into the
resin. The modification of particles was not applied because of minimizing the environmental and
financial burdens.

The experiment confirmed the conclusions of a number of authors [5-7] that the inclusion of
organic as well as inorganic particles can be used to reduce the cost of adhesives without decreasing
the values of shear strength. The presence of fillers did not significantly reduce the value of shear
strength of the resin. Analysis of interphase interaction revealed that epoxy resin does not optimally
wet the biological particles. Degradation caused after the reference interval of 840 h (35 days)
decreases the tensile strength of epoxy resin from 12.39 + 0.58 MPa to 8.06 = 0.57 MPa (decrease
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5 %), composite 5 % from 12.60 = 0.68 MPa to 7.89 + 0.46 MPa, composite 10 % from 12.11 *
1.20 MPa to 7.55 £ 0.57 MPa.
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Fig. 7. Detail of interfacial interaction

Conclusions

Description of degradation of composite systems is important from the perspective of the life
cycle of products made from these materials. Shear strength is one of the important factors that
determine the possibilities of application of composites in the form of filled thermosetting resins,
which are used for adhesive bonding. The description of the decrease in shear strength due to the
degradation is crucial, and the results of the experiment can be summarized as follows:

1. The presence of particles prepared from the seeds of dates with the size less than 100 um did not
significantly change the shear strength of the joints between the steel sheets.

2. The used filler did not significantly affect the rate of degradation comparing to the unfilled resins
— degradation was evaluated via tensile strength.

3. Shear strength decreased by a maximum of 37 %, during the degradation process.
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