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ABSTRACT

In recent years, the idea of sustainable development has become one of the most
important requirements of civilization. Development of sustainable construction in-
volves the need for the introduction of innovative technologies and solutions that will
combine beneficial economic effects with taking care of the health and comfort of
users, reducing the negative impact of the materials on the environment. Composites
obtained from the use of waste materials are part of these assumptions. These include
modified epoxy mortar containing waste wood fibres, described in this article. The
modification consists in the substitution of sand by crushed waste boards, previously
used as underlays for panels, in quantities of 0%, 10%, 20%, 35% and 50% by weight,
respectively. Composites containing up to 20% of the modifier which were character-
ized by low water absorption, and good mechanical properties, also retained them
after the process of cyclic freezing and thawing.

Keywords: polymer composites, epoxy mortars, waste materials, mechanical

properties

INTRODUCTION

Ecological construction is currently a leading
idea and also a necessity of civilization. The pro-
cess of implementing the principles of sustainable
development in construction is aimed at a signifi-
cant reduction of energy consumption and green-
house gas emissions. The role of the construction
industry is seen in this regard as crucial, not only
for shaping the green attitudes of consumers,
but also the implementation of environmentally
friendly technologies and production processes.
Obtaining construction materials should be car-
ried out taking into account the following factors:
the most natural components, long durability, the
use of natural raw materials sustainably harvested
and extracted from renewable sources, lack of
waste in the process of extraction, production,
and during construction, ease of recycling, sim-
plicity of use, the use of local materials, resulting
in minimising transport costs for the construction
and reducing the burden on the environment.
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Progress in the construction industry is
achieved through the development of building
materials, while the development of basic con-
struction materials, which include concrete and
mortar, takes place primarily by modification.
Incorporation of wastes as a modifier group for
construction composites is one of the main routes
implementing sustainable construction (Czar-
necki 2013; Czarnecki & Justnes 2012; Czar-
necki et al., 2012; Paris et al. 2016; Runkiewicz
2010; Torkaman 2014). Research on the oppor-
tunities of utilizing waste during the production
of building materials is carried out in many cen-
tres around the world. Some examples of waste
that can be used to prepare concrete or mortar
are: polyurethane foam (Mounanga et al. 2008),
ABS plastic (Palos et al. 2001), polystyrene and
expanded polystyrene (Assuncaoet al. 2005; Choi
& Ohama 2004; Amianti & Botaro 2008), poly-
ethylene of low and high density, polypropylene
and poly(vinyl chloride) (Fowler et al. 1995),
melamine-formaldehyde resins (Panyakapo &
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Panyakapo, 2008; Dweik et al. 2008), tires, tire
fibers (Bignozzi et al. 2000; Bignozzi et al. 2002),
as well as Poly(ethylene terephthalate) (Lichotai
and Debska, 2014; Debska and Lichotai, 2015;
Debska, 2015). Cement-based materials are also
modified with glass waste, sugar cane, rice husks
and timber waste and its derivatives (Paris et al.
2016; Yanet al 2016.).

In recent years, obtaining concrete-like com-
posites with wood additives has become a sub-
ject of growing interest in the construction sector
(Ledhema et al. 2000). This is an answer to the
requirements associated with the need to protect
the environment, as wood generates significant
amounts of waste that is not reused in industry.
It is possible to manufacture boards created from
waste wood bound with cement. This material is
used as sound-absorbing lining for walls and ceil-
ings. The authors of the article “The implemen-
tation of wood waste ash as a partial cement re-
placement material in the production of structural
grade concrete and mortar: An overview” (Ban &
Ramli 2011) have demonstrated that waste-wood
ash can be used effectively as a substitute for ce-
ment in the production of construction concrete of
the appropriate classes of strength and durability.
Wood waste can also be a filler in Wood-Plastic
Composites (WPC), which allows obtaining the
material is attractive both for technical and eco-
nomic reasons (Sommerhuber et al., 2015). An-
other interesting material solution is the partial
substitution of aggregate in concrete with cork
waste obtained from the bark of Cork Oak trees
(Panesar & Shindman 2012). Torkaman et al.
(2014) determined the impact of a cement matrix
modified with, among others, waste wood fibre
on the mechanical parameters, water absorption
and density of lightweight concrete. Unfortunate-
ly, the main problem of cement-based composites
containing wood waste is excessive sensitivity to

water, leading to dimensional changes and gen-
eral decline in durability.

This problem could turn out to be less impor-
tant in composites with a polymer matrix. These
include concrete and mortar resin obtained by
mixing synthetic resin with aggregates and a suit-
ably selected curing agent (Czarnecki 2010). This
type of mortar is discussed in this article. Results
are presented of research on epoxy mortars modi-
fied with board waste from panel underlays, con-
taining wood fibre. The modification consisted
of the substitution of sand with chipped waste in
quantities of 0%, 10%, 20%, 35% and 50% by
weight. Composites containing up to 20% of the
modifier were characterised by good strength
properties — also after the process of cyclic freez-
ing and thawing — and low water absorption.

MATERIALS

Epidian 5 epoxy resin was used to obtain res-
in mortars. Z-1 hardener (triethylenetetramine)
the amount of which was 10% (by weight) com-
pared to the amount of resin, was used to cure
the resin. The selected properties of the resin
and the hardener are shown in tables 1 and 2,
respectively. The aggregate was quartz sand of
a 0-2 mm grain size in accordance with the
PN-EN 196-1 specification.

The modification of mortar consisted in the
substitution of sand in quantities of 0, 10, 20, 35
and 50% vol., with chipped waste wood boards of
a bulk density equal to 0.072 g/cm3. Grain-size
curves for the sand and waste material used in the
study are shown in Figure 1. Determination of the
grain composition was carried out in accordance
with the standard PN-EN 933-1:2000. On the
basis of the available literature data and our own
results of a preliminary study on resin mortar, a

Table 1. Selected parameters characterizing Epidian 5 epoxy resin.

Resin type Density Viscosity 25°C Molecular mass Epoxide number LE
g/lcms mPa s g/mole mole/100g
Epidian 5 117 30000 450 0,49
Table 2. Selected physiochemical properties of Z-1 hardener
Kind of hardener Density pH Boiling temperature Form Water solubility
g/lcm? °C
Z-1 0.981 12 277 light yellow liquid | soluble
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Fig. 1. Grain-size curves for wood waste and sand
used for testing

mass ratio of resin to aggregates at the level of
0.25 was established. Obtaining a modifier is nec-
essary to carry out studies on crushing of board
waste (Fig. 2) forming a natural underlay under
floating floors (i.e. laminate panels, three-layered
boards) made from pine wood through its felting.
This type of underlays under panels has the ca-
pacity for vibration-damping, levelling floors and
reducing creaking of floors.

METHODS

Sample preparation

The appropriate amount of epoxy resin was
weighed out and mixed thoroughly with the cur-
ing agent, forming 10% by weight of the resin
weight, until a homogeneous structure was ob-
tained. The prepared resin composition was
placed into a laboratory mixer bowl and stirred
with normalized sand weighed out earlier and
mixed with an appropriate amount of waste, while
at the same time maintaining mixing time and a
constant speed of the mixers. The prepared mor-
tar was placed in steel moulds of 40x40x160mm
for strengths tests. For each composition, the
samples of 60x60x5 mm were also prepared, to

Fig. 2. Crushed waste underlay boards under floor
panels
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study the absorption. In order to ensure that the
process of curing takes place, the samples were
left for 7 days under laboratory conditions. Fig-
ure 3 shows representative samples intended for
strengths tests with 35-percent waste board wood.
The mortar has adopted a slightly greenish hue
from the waste material.

Test methods

The bending strength and compressive
strength tests were carried out on endurance ma-
chines with the appropriate inserts (Fig. 4), in ac-
cordance with the standard PN-EN 196-1:2006.

For testing the compressive strength two
halves were created from the trabeculae after the
bending strength test.

A freezing resistance test was carried out in
50 cycles of freezing-thawing (-10°C for 2 hours

Fig. 3. Samples intended for endurance tests with
35-percent waste board wood

Fig. 4. Insert to test bending (A) and compressive
(B) strengths
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and then + 10°C for 2 hours) with samples of
mortar in air in a climatic chamber, and then their
bending and compressive strengths was checked.
Determination of the water absorption of mor-
tar samples subjected to exposure to water was
performed according to the PN-EN ISO 175:2002
standard. In addition, an assessment of the mac-
roscopical colour and appearance of the surface
of the samples was carried out. After drying the
samples at a temperature of 50£2°C and estab-
lishment of a constant weight, they were weighed
and placed in a container with water at a tempera-
ture of 23+2°C (Fig. 5). The percentage change in
weight was determined by immersion of samples
and weighing them for another seven days, and
then after 14 days.
For each sample, the change in weight (c) was
calculated on the basis of the following formula:
c="2"" 100% (1)

my

where: m, = is the weight of the sample, ex-
pressed in milligrams (mg), after initial
drying, before immersion in water;

Fig. 5. Appearance of samples for testing water ab-
sorption before (A) and after (B) immersion in water

m, = is the weight of the sample, ex-
pressed in milligrams (mg), after a given

duration of immersion in water.

The end result was designated as the arith-
metic mean of the three values obtained for
the three samples tested at the end of this same
duration of immersion.

Determination of volume density was con-
ducted according to PN-85/B-04500:1985 stan-
dard, for the samples with dimensions of 40 x
40 x 160 mm. The weight of the trabeculae was
marked on the technical scales. The volume of
the samples was calculated on the basis of their
dimensions. The volumetric density value was set
in g/cm? according to the formula (2):

p=m/V @)
where: p = the volumetric density, g/ cm?;

m = the mass of the test sample, g;

V= the volume of the sample, cm®.

RESULTS AND DISCUSSION

Bending and compressive strength before
and after test of freezing resistance

Figure 6 shows the dependence of bending
strength of epoxy mortar before and after the test
of freezing resistance on the percentage of waste
wood fibre.

While analysing the results of testing the
bending strength before the test of freezing resist-
ance shown in Figure 6, we can see that 10% sub-
stitution of sand with waste board wood causes
a significant increase in the parameter in relation
to the unmodified mortars. The strength increased
by 4.98 MPa representing 23.6% of the value of
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Fig. 6. The relationship between the bending strength
of polymer mortars and the percentage of wood waste
before and after the test of freezing resistance
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these characteristics recorded for samples con-
taining a modifier. A further increase in the con-
tent of the waste already caused reduction in the
endurance parameters, but with 20% substitution,
the bending strength equal to 22.11 MPa was
still higher than the value of 21.1 MPa obtained
for unmodified mortar. Only at 50% addition of
waste wood did the panel significantly reduce the
strength of the mortar to the level of 8.43 MPa, or
by as much as 60%. However, even then, bending
strength is higher than is the case with cement-
based mortars, for which the value of this param-
eter is a maximum of 7.2 MPa. The trend observed
for samples not subjected to recurring freezing
and thawing is repeated in the case of the tested
samples of freezing resistance. However, the dif-
ferences in relation to the unmodified mortars are
lower in this case. At the same time, we can no-
tice a slight improvement in the strength of the
samples that were treated with low temperature
compared to the performance of samples before
testing freezing resistance. After this experiment,
samples containing 50% modifier were character-
ized by an increase in the strength of more than
6 MPa. This fact can be explained by an increase
in the stiffness of the material. The water emitted
during testing partially penetrated the structure of
the waste causing it to swell.

Figure 7 shows the dependence of compres-
sive strength before and after the test of freezing
resistance on the percentage of waste wood fibre.

Compressive strength, both before and after
the study of freezing resistance, decreases with
increasing content of waste board wood, slightly
at first, and at a modifier content of 50% w/w —
very significantly. The operation of low tem-
perature also causes a reduction in compressive
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Fig. 7. The relationship between compressive strength
of polymer mortars and the percentage of wood waste
before and after the test of freezing resistance
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strength. As a result of freezing resistance test, no
stratification cracks were found on the surface of
the samples, only samples containing 50% w/w of
the modifier changed colour from green to brown
as shown in Figure 8.

Volume density

Figure 9 shows the impact of the wood waste
on the volume density of epoxy mortar. The vol-
ume density decreases with the increase in the
content of the modifier. Initially, these changes
are small. A significant decrease in density is
observed for mortar containing 50% w/w waste
board wood. In this case, the density was 67.72%
of the density of unmodified mortars. At the same
time, volume density for all the compositions ob-
tained is lower than the density of cement mortar.

Water absorption

The results obtained during the test of water
absorption are shown in Figure 10. During the
first 3 days, the absorption reached the highest
increase. For mortars in which modifiers were
not used this increase was around 82%; with 10%

L%

Fig. 8. The appearance of samples before and after
the test of freezing resistance
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Fig. 9. Dependence of medium volumetric density of
hardened polymer mortars on the percentage of waste
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Figure 10. The dependency of water absorption of
polymer mortars on the percentage of wood waste
and the duration of the immersion

modifier content — approximately 87%; for sam-
ples with 20% content of waste wood modifier —
99%; with 35% modifier — 82%. In the case of
wood waste content amounting to 50% w/w of
wood waste the absorption growth was around
90%. In consecutive days, variations in absorp-
tion could be observed, the largest ones for the
mortars in which the contents of the modifier
were 35% and 50%. On the first day of the tests,
the highest absorption value was equal to 5.4%,
observed for mortar with 50% waste wood. Af-
ter 14 days of observation, the highest absorption
value (7.84%) also characterised the samples of
50% modifier. In turn, the lowest water absorp-
tion throughout the period of the tests was a char-
acteristic of mortar without the addition of the
modifier (0.12%). Analysing the results obtained,
it can be concluded that even a small addition of
waste wood caused an increase in water absorp-
tion. However, even the addition of wood waste
up to 35% allowed the obtaining of a mortar
characterised by a much lower water absorption
value than ordinary cement mortar (the absorp-
tion range for cement-based mortars is 4—10%).
Absorption increases with the amount of modifier
added, which is much more absorbent than sili-
ceous aggregates.

CONCLUSIONS

On the basis of the tests conducted and the
obtained results of the analysis, the following
conclusions can be made:

1. A small addition of waste board wood (up
to 20% w/w) causes an increase in bending
strength of epoxy mortar. Strength values for
samples containing 10% and 20% were respec-
tively 22.11 MPa and 26.08 MPa.

2. Compressive strength decreases with increas-
ing amounts of added modifier.

3. 50% extra modifier in the form of wood fi-
bre causes a significant deterioration of the
mechanical properties of the composites. The
values of the strength of the mortar, which con-
tains 50% waste wood are: flexural 8.43 MPa,
and compression 28.65 MPa.

4. During testing of the samples subject to the op-

eration of variable thermal conditions, an in-
crease was observed in the flexural strength and
a decrease in the compressive strength. In the
case of testing the flexural strength, the larg-
est increase of this parameter was observed for
samples with 50% modifier and this it amount-
ed to 6.16 MPa. For the compressive strength,
the biggest decline, equal to 17.32 MPa, was
noted for samples containing 35% w/w waste.

5. A change was observed in the colour of samples
subjected to thermal processes (from green to
light brown), especially those that contained
35% and 50% wood waste; however, the sur-
face of one of the samples was not damaged.

6. In studies of water absorption, in samples
characterised by a lack of wood waste or with
a small amount (up to 20% w/w), an increase
was observed in water absorption, which slow-
ly stabilised at a level of 0.5%. However, in
the case of larger quantities of added modifier
(above 35% w/w) water absorption continued
to increase rapidly, reaching the extreme case
of a value equal to 7.74 percent.

7. When preparing samples of mortar, deteriora-
tion was noted in their workability in propor-
tion to the increase in the content of wood
waste.

8. The use of wood wastes as epoxy mortar modi-
fiers allows us to obtain a mortar with good
physical and mechanical characteristics, which
at the same time offers environmental benefits.
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