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Abstract: The circular economy is becoming an increasingly important part of development strategies
in various sectors, as it responds to critical challenges related to environmental protection, the
rational use of natural resources and sustainable development. The transition from a linear to a
circular model requires changes on many levels, both technological and social. In the circular model,
it is crucial to design products with a view to their longer use and easier recycling and reuse. The aim
of the research was to determine the physical and mechanical parameters of mortars with the addition
of recycled material. The effect of the additive on the compressive and flexural strength, water
absorption and capillary suction of mortars was investigated. The rheological properties of mortars,
i.e., consistency, bulk density and setting time, were also studied. The internal structure of the
samples was examined using an industrial computer tomograph Nikon XT H 225 ST and the
microstructure of the mortars was analysed. Thermal conductivity coefficients for mortars were
estimated. The analysis of the conducted tests shows that the addition of recycled material affects the
rheological properties of mortars, causing an increase in the flow of fresh mortars, an extension of the
setting time and a reduction in bulk density. The recycled material affects the parameters of the
hardened mortar, resulting in a reduction in compressive and flexural strength. The biocomponent
causes the cement matrix to seal, resulting in a reduction in weight gain in the water absorption and
capillary rise tests.

Keywords: cement; recycled material; compressive and flexural strength; mortar; mortar parameters;
rheological properties

1. Introduction

The circular economy is a key resource management approach that aims to create a more
sustainable economic model. In addition to reducing waste and raw material consumption, the
circular economy promotes innovation and the development of technologies that enable products to
be used for longer and recycled and reused. The circular economy favours the preservation of
ecosystems because it reduces the exploitation of natural resources, which consequently leads to less
interference with nature. Rational resource management is key to maintaining the stability of
ecosystems and protecting the natural environment. In addition, the circular economy can stimulate
local markets and create jobs in the recycling and renewable materials sector, which contributes to
economic and social development [1-4]. Education and public awareness of the circular economy are
essential to encourage citizens to take action for sustainable development, such as waste separation
or choosing environmentally friendly products. All these aspects make the Circular Economy not
only beneficial for the environment, but also beneficial from a social and economic perspective,
making it a fundamental element of sustainable development in the 21st century. Recycling plays a
key role in the circular economy because it reduces the consumption of natural resources and the
amount of waste that ends up in landfill [5-8].

Every year, more than two billion tonnes of solid municipal waste are generated worldwide. It
is estimated that in 2030, only 0.49 billion tonnes of waste will be recycled, while 0.79 billion tonnes
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will end up in landfill. Only 0.35 billion tonnes of waste will be converted into energy. The problem
is the waste that ends up in landfill. Waste that is difficult to recycle, such as food waste, dirty paper,
non-recyclable plastics, chicken bones, nappies, etc. This waste has been processed by a company
providing services for sustainable development into a recycling product - biocomposite. The waste
was processed in accordance with industry standards such as: ISO 14044:2006+A1+A2:2020 [9], ISO
14040:2006 (ISO 14040, 2006a:2020) [10], ISO 14044, 2006b: 2020 [11], ISO 14025, 2006, [12], PCR
2010:16, VERSION 4.0.0, [13]. The impact of the new recycling product on the three main pillars of
the environment was examined. The measurement of greenhouse gas emissions, comprehensive
measurement of environmental impact and measurement of resource efficiency and non-recyclable
waste management were examined. The production of recycled material generates less than 1/20 of
the CO2 emissions compared to the production of primary polymers, [14-16]. It uses a minimum
amount of land for production, processing and raw material extraction. A recycled product removes
almost 1.2 kg of biogenic carbon per kilogram of product produced. The total impact on CO2
emissions is 1.2, making the recycled product a climate-positive material according to ISO 14040:2006,
[10]. The new recycled material avoids landfill or incineration, thus significantly reducing greenhouse
gases. It avoids emissions related to the extraction and processing of fossil fuels used as raw material
in incineration plants [17-20]. The photochemical ozone creation potential of the new recycled
material is comparable to that of recycled PP. Photochemical ozone formation is the process of ozone
formation near the ground due to the interaction of sunlight with chemicals such as nitrogen oxides
(NOy) and volatile organic compounds (VOCs), which are broken down by sunlight and react with
oxygen (O) to form ozone. This ground-level ozone contributes to smog, which can cause health
problems and damage plants. Each kg of new recycled material contains 1.5 kg of non-recyclable
waste, which is landfilled or incinerated. Such activities contribute to improved financial
performance and broader environmental and social benefits [21-25].

Biocomposite has found application in many fields such as automotive, logistics, as well as in
the production of everyday objects. In construction, the recycled material has already been used in
the production of floors, wall cladding, pipes and terrace materials [26].

The aim of the article was to examine the possibility of using in cement mortars a recycled
material obtained from difficult-to-recycle waste, which often ends up in landfill dumps or
incinerators. The issue has not been investigated by any scientific entity to date.

2. Materials and Methods

The test plan included the production of three series of mortar with the addition of recycled
material and a reference series. Portland cement CEM I 42.5 R [Table 1, Figure 1] was used to make
the mortar in accordance with the PN-EN 197-1: 2012 standard [27]. The aggregates used were quartz
sand with a fraction of 0-2 mm in accordance with the PN-EN 12620+A1:2010 standard [28], tap water
[29] and recycled material in quantities of 1%, 2%, and 3% in relation to the weight of the cement. All
planned tests were carried out in the laboratories of the Kielce University of Technology. A standard
mortar composition with a w/c ratio of 0.5 was used for the tests. The mortar ingredients were mixed
according to EN 196-1:2016-07 [30], where the cement was initially mixed with water for 30 seconds,
then the sand was dosed for 30 seconds while continuing to mix the ingredients. The mortar was
continuously mixed for another 30 s, and then the recycled material was added. The mortar was left
to stand for 90 s. The mortar was mixed again for 60 s. After this, the samples were formed into 4x4x16
cm cubes. The reference mortar cubes were labelled ‘'SW’, with the addition of recycled material ‘1U,
2U, 3U’". The number indicates the amount of recycled material in the mortar.

Table 1. Basic information about the properties of cement [31].
Chemical composition, % Specific surface area fem, MPa

Si0:2 |[CaO |MgO |Fex0s | AlOs |cm?¥/g R2 Roas
1 CEMI425R 19,84 |63,2 [2,08 |2,72 4,65 4086 32,0 53,0

No. |Name



https://doi.org/10.20944/preprints202504.0943.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 April 2025 d0i:10.20944/preprints202504.0943.v1

3 of 15

x10 = 0,84 nm xs0 = 9,14 pm xo0 = 28,90 pm SMD =1,83 pm VMD =12,30 pm
X1 =171 pm X4 =2423 pm Xeo =42.78 pm Sv =328 m¥cm’ Sm =12175.32 cm™g
1()0_ T T T T TTTTTIITm] T T T T T T T TTT0T] I_.-.I_" |*__‘=|F|.,'-|F|.,'.|,F I—.—I—_U.Q
I = {08
: 80 - :U.? %
El . Jos =
2 60 | = =
2 _ L —0s5 2
£ sof s £
T 40 B 4 2
= — m =03 &
k= 30 /l’ '.J’ , = g
- i )
s rC g 1% =
U of g —sEEEEm ....i!.-f..|.-l ] o1
Vs m iy i
0B S 1 o RN NN A RATET T Y I I I R A NN N VI B P ey e ', 1}
01 05 10 5 10 50 100

particle size / pm

Figure 1. Grain size of CEM I 42.5R cement.

An analysis of the cement particle size distribution shows that half of the particles are smaller
than 9.14 um. The largest concentration of particles is between 1 um and 40 um (Figure 2).
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Figure 2. Grain size of the recycled product.

Based on the data obtained in the study of granulometric analysis of the recycled product (Figure
2), it can be concluded that the size of the biocomposite particles is 50% less than 97.51 um. The
highest concentration of particles is in the fraction range from 20 pm to 150 pm. The density of the
recycled material is 2.69 g/cmd.

In laboratory tests, the influence of the length of the mortar curing period and the amount of
recycled material introduced into the mortar composition on selected parameters was taken into
account: compressive and flexural strength, water absorption and capillary suction of mortars,
thermal conductivity and porosity. The characteristics of fresh mortar were also tested, such as
consistency and bulk density. The mortars were subjected to microstructure tests using a scanning
microscope and tests of the internal structure of the samples using an industrial computer
tomograph.

2.1. Compressive and Flexural Strength Testing

The compressive and flexural strength tests were carried out on standard samples measuring
4x4x16 cm according to PN-EN 1015-11:2020-04 [32]. After moulding, the samples were stored in
water at a temperature of +18+2°C throughout the entire curing period. The compressive strength of
the mortars was tested after 7, 14, 28, and 56 days, each time on six samples from each series.
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2.2. Capillary Rise Test

The capillary rise test was carried out in accordance with the PN-88/B-06250 standard, [33] on
mortar samples measuring 4x4x16 cm. After moulding, the beams were stored in water at a
temperature of +18+2°C for 7 days. Then, they were moved to an air-dry environment, also at the
same temperature, for further curing until the 28th day. Before the test, the samples were placed in
an air-conditioning chamber where a constant temperature of +40°C was maintained for 96 hours.
After this period, the samples were removed from the chamber and the weight gain of the mortar
was examined at different time intervals: 15 minutes, 30 minutes, 1 hour and 4 hours from the
moment they were immersed in water. Further weight measurements were carried out every 24
hours, and the samples were immersed in water to a depth of about 3 mm throughout.

2.3. Water Absorption Test

The mortar absorbency test was carried out in accordance with the PN-88/B-06250 standard [33].
The 4x4x16 samples were stored for 7 days in water at a temperature of (+18+2°C). They were then
stored in the air for 21 days, also at a stable temperature (+18+2°C). The samples were dried to a
constant weight in an air-conditioned chamber at +40°C for 96 hours. They were then placed in water
up to halfway up their height for 24 hours, after which they were completely submerged in water.
The weight gain was checked every 24 hours until it stopped increasing. The test was carried out
simultaneously on three samples from each series.

2.4. Setting Time

The setting time was tested at the beginning and end of the setting time in accordance with EN
196-3 [34] using a Vicat apparatus. The water/binder ratio was constant at 0.5. The determination was
carried out using the SW standard cement slurry with the following composition: 450 g of binder, 225
g of water. In turn, the modified slurries contained additives in the same percentages as the mortars.
Each sample of grout was placed in a Vicat ring on a glass plate. The needle was cleaned after each
immersion. The beginning of setting was determined as the moment when the Vicat needle stopped
at a distance of 63 mm above the surface of the glass plate, and the end at a depth of 1 mm.

2.5. Porosity Test with a Nikon XT H 225 ST Computer Tomography Scanner

The internal structure of the samples was examined using an industrial computer tomograph,
the Nikon XT H 225 ST. A reflection tube was used to perform the scans. The samples were scanned
at a voltage of 201 kV and an intensity of 118 uA. During the scan, almost 4,500 images with a
resolution of approx. 23 um were generated. The exposure time was 354 ms. The images were
reconstructed into a 3D model using CT Pro 3D, and all analyses were performed using VG Studio
Max 2023.1. Sectional views were generated through the samples, which show the proportion and
distribution of the additives used in the volume. In addition, a porosity analysis was carried out on
a section of each of the samples, which, in addition to the percentage of pores, showed their size
distribution in terms of volume and diameter, as well as a 3D model showing their distribution in the
material.

2.6. Coefficient of Thermal Conductivity

The A coefficient was measured using a needle probe device designed for solid samples
(Thermtest MP-2). The samples were first dried to achieve dry mass, then stored for 14 days in a room
with a temperature of 20.5°C and humidity of 60-65%. The tests were carried out on a sample drilled
through to a depth of 50 mm on both sides (I used 1 sample each). Three measurements were taken
in each hole. After each test, the device was checked for measurement compliance with the standard.

2.7. Porosity of Mortars
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The tightness and porosity were calculated according to PN-76/B-06714, [35].
The total porosity P of the tested mortar was calculated according to the formula:
cw—-Co
P=——=(1)
where:
Cw- density (specific gravity), [g/cm3]
Co-apparent density, [g/cm3]
The tightness S of the tested material is calculated according to the formula:
Co
5= (2
If the tightness has been calculated before, the porosity can be calculated according to the
formula:
S5=1-P (3)
3. Results

The consistency of the mortars was determined based on the PN-EN 1015-6:2000 [36] standard
using the slump test method.

According to the PN-EN 1015-6:2000 [36] standard, mortars with a flow value of less than 140
mm belong to the group of dense-plastic mortars (Table 2).

Table 2. Slump test results of the mortars tested.

Series name Spreading, [mm]
SW 105
1U 120
20U 125
3U 135

Another rheological test performed was to determine the bulk density of fresh mortar. The test
was performed in accordance with PN-EN 1015-3:2000 [37].

The use of recycled material in the mortar composition resulted in a slight decrease in the bulk
density of the mortar [Table 3]. The more biocomposite in the composition, the lower the bulk density
of the mortar.

Table 3. Bulk density results.

Series name Volumetric density, [g/cm?]
SW 20674
1U 2056,2
20U 2013,3
3U 1919,7

The setting time was tested at the beginning and end of the setting time in accordance with EN
196-3:2016-12 [34] using a Vicat apparatus.

The addition of recycled material in the composition resulted in an extension of the beginning
and end of the binding of the grouts. And the more biocomposite, the longer this time is (Table 4).

Table 4. Setting times for the mortars tested.

Series Start of Winding, [min] End of binding, [min]
SW 203 323
1U 223 428

2U 230 493
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3U 236 518
The reference mortar has the highest increase in compressive strength, reaching 33.4 MPa after
56 days of curing. The series with 1% and 2% recycled material achieved a compressive strength of
29 MPa after 56 days of curing. The increased curing time of the mortar from 28 to 56 days resulted
in an increase in strength of 4 MPa. The smallest increase in strength is characterised by the mortar
with 3% biocomposite in its composition. Its compressive strength is 23MPa. The strength of the 3U
series decreases by 31.1%, and the 1U and 2U series by 13.2% in relation to the reference series after

56 days of curing (Figure 3).

40
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Figure 3. Average increase in compressive strength of the tested series.

The reference series achieved the highest flexural strength, reaching a value of 6.7 MPa. The
lowest strength was recorded for the series with 3% recycled material and amounted to 4.2MPa. This
is a decrease of 37.3% compared to the SW series. The 1U and 2U series achieved a similar flexural
strength of 5.5 MPa, which is 18% less than the reference series (Figure 4).
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Figure 4. Average increase in flexural strength of the tested series.

The water absorption and capillary rise tests were carried out on three 4x4x16 cm beams from
each mortar series after 28 days of curing.
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In the capillary rise test, the greatest increase in mass was recorded for the reference mortar
(Figure 5). The addition of recycled material to the mortar composition causes a reduction in mass
increase. For the 3U series, this decrease is 28.5%.

7
=6
£
E} mSW
_5‘4 m1U
o3 w2U
2
] 3U
21

0

Series

Figure 5. Weight gain in the capillary rise test of mortars, [kg/m?].

In mortars containing recycled material, they are characterised by a lower weight gain in relation
to the reference series. The more recycled material in the mortar, the lower the weight gain. The
addition of biocomposite to the mortar composition affects the sealing of the cement matrix (Figure

6).
7
6
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= msSw
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22 3U
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0
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Figure 6. Weight gain in the mortar absorbency test, [%].

The A coefficient was measured using a device with a needle probe designed for solid samples
(Thermtest MP-2).

The addition of recycled material in the composition of mortars reduces the thermal conductivity
coefficient of mortars (Table 5).

Table 5. Thermal conductivity of the tested mortars.

Series name A [W/m-K] Standard deviation, [W/m-K]
SW 0,959 0,05
U1l 0,899 0,03
U2 0,795 0,02

U3 0,761 0,02
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The internal structure of the samples was examined using an industrial computer tomograph,
Nikon XT H 225 ST.

Table 6. Pore size and 3D model showing dispersion in the tested mortars.

Series | SWU 2U 3U
Cross-
sectio
n
3D Volume [mm’] Volume [mm?]
100.0000 260.0000
model 90.0000 25,0000
80.0000 200.0000
of the ::m ::m
50.0000 e 125.01‘!
pores 40.0000 R 100.0000
30.0000 %1, 76.0000
lelyl i |50.0¢
10.1
= =5

For the series tested, the percentage of pores is lowest for the reference mortar at 4.81% (Figure
7). For mortars with added recycled material, there was a large increase in pores. For the 2U series,
the increase was 241.8%, and for the 3U series, 261% compared to the reference series. This is related
to the pores formed as a result of the recycled material in the mortar composition.

14

12.55
11.63

12
& 10
I mSW
g 8 =2U
c
S 6 4.81 m3u
p
c 4
a

2

0 ,

Name series

Figure 7. Percentage of pores in the mortar cross-sections tested.

The highest number of pores in the test was recorded for pores with a volume of 0-0.5 mm3, i.e.,
about 50% for the tested series (Figure 8). Pores of 0.5-1.0 mm? account for more than 10% of all pores
in all mortars. The remaining larger pores account for small amounts close to zero.
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Figure 8. Percentage share of pores with volumes in the range of 0-10 mm?3 in the total pore content in the tested

series.

After conducting a leak and porosity test according to the PN-76/B-06714 standard, (Table 7). It
can be seen that the tightness of mortars decreases with the addition of the biocomponent. The more
of it in the mortar, the less tight it is. And the porosity increases for mortars with the addition of
recycled material.

Table 7. Calculation of tightness and porosity according to PN-76/B-06714, [35].

mass on the

dry mass, massinair, hydrostatic

Series  [g] [g] scale, [g] V, [em3] Qo, [g/cm3] @, [g/em3] S, [%] P, [%]
SW 529,84 558,29 318,6 239,69 2,07 2,16 958 4,23
2U 481,24 536,57 277,88 258,69 1,88 2,11 893 10,72
3U 441,62 533,04 283,75 249,29 1,73 1,94 890 11,03

The percentage of pores in the internal structure of the mortar, measured using an industrial
computer tomograph Nikon XT H 225 ST, showed a slightly higher porosity. This may be due to the
location of the test sample and the distribution of the biocomponent in the mortar.

The microstructure of the mortar was analysed at selected points (Figure 9-12).
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Figure 10. Chemical composition analysis of the area of points 1-4 of the SW sample.
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Figure 12. Chemical composition analysis of areas 1-4 of sample 3U.

The chemical composition analysis at points 1-4 indicates the components of the hydration
process of the tested mortar. The chemical composition at these points consists mainly of calcium
oxide and, to a lesser extent, silicon oxide, aluminium, sulphur, potassium, carbon and iron (Figure
9-10).
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The chemical composition in areas 1-3 consists mainly of calcium oxide and, in much smaller
quantities, of elements such as silicon oxide, aluminium, sulphur, potassium, carbon and iron, which
are components of the hydration process (Figure 11- 12).

The analysis in point 4 shows a very high presence of silicon oxide, which indicates the aggregate
content in the construction of the sample. The analysis in point 2 is noteworthy, where a small amount
of chlorine was observed. Its presence may be due to the rinsing of waste products before the
recycling process. Certainly, this type of recycled product cannot be used in mortars with steel
reinforcement.

4. Conclusions

The results of the tests form the basis for the following conclusions:

- Rheological tests: Mortars with the addition of recycled material are characterised by a greater
flow of fresh mortar compared to the reference series. The addition of biocomposite causes an
extension of the beginning and end of mortar setting. The recycled material in the mortar composition
also changed the bulk density of the mortars. Mortars with biocomposite are characterised by a
decrease in bulk density compared to the reference series (SW). The more recycled material in the
mortar, the greater the flow of fresh mortar, the longer the initial and final setting times, and the
lower the bulk density.

- Testing of hardened mortar parameters: In the compressive strength test, the reference mortar
has the highest compressive strength gain. It reaches 33.4 MPa after 56 days of curing. The mortar
series with 1% and 2% recycled material achieved a compressive strength of 29MPa after 56 days of
curing. Extending the curing time of the mortar to 56 days resulted in an increase in compressive
strength of 4 MPa. The reference series achieved the highest flexural strength, reaching 6.7 MPa. The
lowest strength was recorded for the series with 3% recycled material and was 4.2MPa. This is a
decrease of 37.3%. Series 1U and 2U achieved a similar flexural strength of 5.5 MPa, which is 18% less
than the reference series. In the capillary rise test, the greatest increase in mass was recorded for the
reference mortar. The addition of recycled material to the mortar composition reduces the increase in
mass. For the 3U series, this decrease is 28.5% compared to the SW series. In the water absorption
test, the reference series is characterised by the highest mass increase of 5.9%. The 3U series, with a
3% recycled material content, had a weight gain of 4.3%. This means a decrease of 27.1% compared
to the reference series. The addition of recycled material to the mortar composition reduces the
thermal conductivity coefficient of the mortar. The more biocomposite, the lower the coefficient. After
testing with a Nikon XT H 225 ST industrial computer tomograph, the lowest pore percentage was
recorded for the reference mortar at 4.81%. A significant increase in pores was observed for mortars
with recycled material. For the 2U series, the increase was 241.8%, and for the 3U series, it was 261%
in relation to the comparative series. This is probably related to the pores formed as a result of the
recycled material in the mortar composition. The microstructure of the mortar was also analysed at
selected points. Chlorine was found in the recycled material. This may be due to the recycling of
waste water. This recycled material is definitely not suitable for steel-reinforced mortars.

These aspects can contribute to a better utilisation of construction mortars with the addition of
recycled material and the optimisation of their composition to increase the effectiveness and
durability of the tested mortars.

5. Discussion

After laboratory tests of mortars containing 1%, 2% and 3% recycled material, several important
rheological properties and hardened mortar parameters were evaluated. These tests answer the key
question: Does adding recycled material to mortars change all the rheological properties and
parameters of the hardened mortar? Is it possible to use the tested recycled material in mortar
compositions? Furthermore, if specific rheological characteristics or hardened mortar parameters are
prioritised, what amount of recycled material should be added to avoid impairing the selected
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characteristics? Finally, does the addition of recycled material have a negative impact on the
properties of fresh or hardened mortar?

One of the preliminary observations is that the inclusion of recycled material in mortars
increases the fluidity of fresh mortar, as measured by the slump test. This effect was most pronounced
when 3% recycled material was used. All slumps of the tested mortars were within the limits of thick-
paste mortars.

The addition of recycled material also affected the bulk density of the mortar, with the addition
of recycled material to the mortar showing a decrease in bulk density compared to the reference series
(SW). The more of this substitute, the lower the bulk density of the mortar.

When considering the addition of recycled material to the mortar composition, it affects the
extension of the beginning and end of the grout setting. The more additive in the mortar composition,
the longer the setting time.

In terms of compressive strength, the reference mortar achieved the highest compressive
strength of 33.4 MPa after 56 days of curing. The addition of recycled material in the form of 1% and
2% reduced the compressive strength to 29 MPa, which indicates their moderate impact on the
mechanical properties of mortars.

Extending the mortar’s maturation period from 28 to 56 days contributed to an increase in
strength by 4 MPa, which suggests that maturation time is important for achieving optimal
mechanical parameters. The lowest compressive strength of 23 MPa was observed in the mortar with
3% recycled material. It is also worth noting that the decrease in strength for mortars with 3% recycled
material (series 3U) is 31.1% compared to the reference series, which is a significant reduction. In
contrast, mortars with 1% and 2% recycled material (series 1U and 2U) show a lower strength
reduction of 13.2% compared to the reference mortar. In conclusion, the addition of recycled material
in larger quantities has a negative effect on the compressive strength of the mortar, and its use, in
combination with the correct curing time, can lead to acceptable applications in construction.

The flexural strength analysis shows that the reference series has the highest flexural strength of
6.7 MPa. Meanwhile, the addition of recycled material significantly lowers this parameter. Series 1U
and 2U, although they also show lower strength, perform better than series 3U with bioco-posite. In
conclusion, the addition of recycled material can negatively affect the mechanical properties, which
is worth considering when designing and selecting materials for future applications.

In the capillary rise test, it was noted that the reference mortar had the highest mass increase,
which suggests that its water absorption capacity was the highest. The introduction of recycled
material into the mortar composition resulted in a 28.5% decrease in this capacity for the 3U series.
Such a decrease may affect the durability of the material, its resistance to moisture, as well as its
thermal insulation. It is therefore worth considering the potential benefits of this parameter more
carefully.

A similar trend was observed in the study of water absorption. In mortars in which recycled
material was used, a lower increase in mass can be observed compared to the reference series. In
addition, the use of recycled materials can affect the sealing of the cement matrix. This can lead to an
improvement in properties such as weather resistance. Such changes can be beneficial, especially in
the context of building materials exposed to the elements.

The addition of recycled material to construction mortars reduces their thermal conductivity.
Lower thermal conductivity values mean better insulation properties. The introduction of recycled
material can increase the porosity of mortars, which in turn leads to a reduction in thermal
conductivity and thus improves the energy efficiency of buildings.

In the analysis of the pore content test results, the reference mortar has the lowest pore content
of 4.81%, which serves as a reference point for further analyses. In contrast, a significant increase in
pore content is observed for mortars with the addition of recycled material. In the case of the 2U
series, this increase is 241.8%, while the 3U series shows an even greater increase of 261%. Such large
differences indicate that the recycled material introduces additional pores into the mortar, which can
affect the mechanical and insulating properties as well as the durability of the final product. When
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analysing the results, it is worth considering what mechanisms may be responsible for the formation
of these pores. Possible causes are differences in the hydration process, changes in the crystalline
structure or other chemical reactions that occur during the maturation of mortars. Other causes are
the different composition of the recycled material, depending on the waste materials currently being
processed.
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