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Abstract

Environmental protection is an essential human problem and that is why most countries in the world are
taking measures to limit it. As we know, pollution is contamination with materials that damage health,
quality of life, or the natural functioning of ecosystems. Although some environmental pollution is a result of
the action of nature, most are caused by human activity. The disposal of waste from various industrial
processes affects the quality of the environment. A particular current problem with environmental pollution
is waste as a whole, including construction and demolition waste. Another current problem is noise pollution
with negative effects on humans. In this paper, these two problems are addressed through the valorization of
these types of waste and the production of composite materials with sound-absorbing properties. Six types of
construction and demolition wastes are used and subjected to physical-chemical analysis to determine their
moisture content, particle size, and chemical composition. Through an optimized technological process,
composite materials were obtained and their sound absorption capacity was determined.
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INTRODUCTION

Today, environmental protection is a major problem for humanity, and most countries in the world
are taking measures to limit pollution. International conventions have been signed which harmonize
these measures. Environmental protection issues are particularly complex and concern all sectors of
activity: economic, social and political [1]. Historically, environmental pollution began with man,
but it has developed and diversified as human society has evolved, becoming today one of the major
concerns of specialists in various fields of science and technology, of states and governments, and
of the entire population of the earth. Although part of environmental pollution is a result of the
action of nature, most of it is caused by human activity [2]. Economic development brings with it
concerns about environmental protection in general, and noise in particular. Therefore, noise
pollution is of interest primarily for its current aspects, as it still creates nuisance, damage and
health impacts, sometimes involving large masses of people through exposure to noise at disturbing,
stressful or harmful levels. The widespread use of electrical and mechanical appliances in the home
and in industry, and increasingly heavy road traffic, has led to the development of noise reduction
research. This can be reduced by using different materials that reduce sound pressure levels by
absorbing sound waves or by attenuating them [3-7]. A particular current problem of environmental
pollution is waste as a whole, including construction and demolition waste. Although the reuse of
demolition waste has been studied in recent years, its reuse in composites has not been investigated
in detail. In general, the studies aim to provide a comprehensive review of the literature on the
possible uses of reused construction and demolition waste in the manufacture of composites. Also,
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recycling of materials in the economy can lead to a reduction of production costs on the one hand
and on the other hand, recycling of such wastes is often seen as a means to mitigate climate change
by avoiding the use of virgin raw materials [8]. The research is based on the use of recycled wood,
paper, cardboard, metal, glass, mineral glass, gypsum, precast concrete and ceramics as raw
materials for composites. Oxide composition, contamination due to various agents, degradation and
recycling of building materials is discussed to explain the potential of obtaining composite
materials. Most of the researches refer to recycled construction waste and the composites obtained
have been made on thermoplastic materials combined with cellulose-based fibers as well as mineral
wool and gypsum [9-12]. There is a permanent concern about obtaining types of materials with
superior properties to the classical ones (composite materials) whose use can cover different fields,
among which of great importance is the reduction of environmental pollution. Often the materials
used for noise reduction are composites, where sound insulation is expressed by their ability to
prevent the transmission of sound energy. Thus, over the past decades, researchers around the world
have increasingly turned their attention to waste as a result of various technological processes in
industry. A number of researches on waste management have been published in various academic
journals [13-16]. The present paper addresses a topic of particular importance with environmental
and economic impact: construction and demolition wastes are used as raw materials to obtain
composite materials; by-products with high environmental impact are reused.

This work represents research on the physical-mechanical characterization of composite materials
with sound-absorbing properties obtained from various construction and demolition wastes.
Through a series of laboratory tests, an optimal technological process was achieved, with the help
of which composite material samples were obtained. The samples were tested in terms of
mechanical compressive strength, density and apparent porosity, sound absorption coefficient.
Based on SEM electron microscopy microstructural analyses, the structure-property correlations of
these composite materials with various wastes are presented. The studied wastes are of organic
nature: wood and plastic waste or inorganic (oxide waste): brick waste, gypsum board, concrete and
ceramic waste. The aim is to obtain composite materials by combining the selected wastes and
using ground concrete as a binder matrix activated with CaCl2+CaO in order to obtain a system
with a sufficient degree of hardening [17-21]. The other types of waste are also used as reinforcing
agents.

MATERIALS AND METHODS
Figure 1 shows the types of waste used in this work, in order to elaborate and study them from the
point of view of their physical-mechanical and noise properties.

L

1. wood waste 2. brick waste 3. plastic waste

——

4. drywall waste 5. concrete waste 6. ceramic waste
Fig. 1. Types of waste used to obtain composite materials
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Selected wastes were subjected to drying according to SR 5264:1995 [22]. The total moisture was
determined by summing the soaking moisture W; and the hygroscopic moisture, Wy according to
relation (1), and the resulting values are shown in Table 1.

Wi =W + Wh (1)
where: W; — soaking humidity; Wh — hygroscopic humidity

Table 1. Total humidity determined for the studied waste

Sample Waste type Total humidity, W; (%)
S1 wood 36,42
S2 brick 48,75
S3 plastic 53,20
S4 drywall 55,44
S5 concrete 50,02
S6 ceramic 49,86

Drying has become necessary mainly because of the storage conditions of these materials. After
drying, waste with large grain size was subjected to grinding (for waste such as brick, plastic,
concrete and ceramics) according to 1SO 2591-1: 2003 [23]. Wood waste is in the form of noodles.
After grinding, the waste identified in this work was analyzed in terms of particle size distribution
by sieving for the coarse fraction according to EN-933-1:2002 [24].

The sieving operation was carried out with the Verder A5200 basic machine on which a maximum
of 8 sieves can be mounted. The fine fractions were identified using the MALVERN,
MASTERSIZER 2000 laser beam particle sizer according to 1SO 13320-1 : 2001 [25]. It was aimed
for all the mentioned wastes to have a well controlled particle size distribution to ensure the
reproducibility of the data obtained. The chemical composition of the waste used was also studied
and determined with a spectrofluorimeter. Therefore, XRF analyses were carried out using a Rigaku
CG analyzer (Rigaku, Japan) equipped with 50W X-ray source with Pd anode and Al, Mo, Cu and
RX9 (HOPG polarizer - highly oriented pyrolytic graphite) secondary targets. The choice of
secondary targets was done automatically, depending on the elements analysed. Detection was
performed using a silicon drift detector (SSD) maintained at optimal temperature by means of a
Peltier system. To perform the determinations, calibration with internal standard was initially
performed. The samples were previously calcined at 5500C and homogenized using a mill. No
sieving was necessary due to the small particle size of the sample. Approximately 3 g of dried
sample was introduced into polypropylene cups (diameter 32 mm) equipped with transparent
Prolene® film, after which they were analyzed according to EN 15309/2007 [26]. For
characterization of the sound absorbing properties of the obtained composite materials, known
methods were used, according to current standards. Thus, the determination of the sound absorption
coefficient was carried out with Kundt tube acoustic interferometer according to 1SO 10534-1; 1ISO
10534-2 [27, 28] according to the scheme in Figure 2, [29].

Fig. 2. General scheme of the acoustic interferometer measuring system

Also, compressive strength, apparent density and apparent porosity were measured
according to the respective standards [30, 31]. Compressive strength was performed
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according to EN 826:2013. Electron microscopy images, showing the structure of the oxide
materials obtained, were taken using the QUANTA INSPECT F scanning electron
microscope (SEM) equipped with a field emission gun (FEG) with a resolution of 1.2 nm
and an energy dispersive X-ray spectrometer (EDS) [32].

EXPERIMENTAL PART

The particle size distribution for the studied wastes is shown in Figure 3 for both coarse and fine
fractions: wood waste Figure 3a, brick waste Figure 3b, plastic waste Figure 3c, plasterboard Figure
3d, concrete Figure 3e and ceramics Figure 3f.
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Fig. 3a-3f. Particle size distribution for waste used

The chemical composition of these studied oxide wastes (average values, gravimetric %) is
presented in Table 2.
Table 2. Chemical composition of oxide waste

Type of (%) gravimetry/waste
oxide brick waste  plasterboard waste  concrete waste  ceramic waste
SiO2 55.58 7.80 22.66 18.52
Na.O 2.65 2.76 0.88 0.64
K20 0.30 0.12 1.26 1.05
MgO 12.65 9.65 8.56 6.22
CaO 0.55 75.63 12.38 25.63
Al;O3 12.88 2.88 45.32 44.03
Fe203 15.39 1.16 8.94 4.18

The composite samples were made according to the technological process shown in the scheme in
Figure 4. In the first phase the waste materials used as raw materials are dosed gravimetrically to
the established proportions in a container resistant to mechanical shocks. While homogenization is
taking place, other materials that influence the hardening of the samples and their porosity are
added. The wastes used as raw materials are characterized as cementitious materials and as such
have latent binding properties. Thus, in order to influence the hardening of the binder system and to
obtain composite samples, a mixture of CaO+CaCl, was added as an activator. After
homogenization, the mixture is poured into the previously prepared mold. After a 24 hour hardening
period the sample is removed from the mold by stripping, and then the samples thus obtained are
left to harden. Table 3 shows the 5 samples developed and studied in this work, in terms of their
physical-mechanical characteristics.
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Fig. 4. Schematic of the technological process for obtaining composite materials

Table 3. Chemical composition of oxide waste

Waste used Sample no.

S1 S2 S3 S4 S5
Wood - reinforcing material 10% 40% 20%
Brick — reinforcing material 28% 10% 20%
Plastic — reinforcing material 8% 20% 30%
Drywall — reinforcing material 10% 8% 18% 20%
Concrete — liance matrix 40% 30% 30% 30% 40%
Ceramics — reinforcing material 20% 10% 30% 10% 8%
CaO+CaCl2 — activator for hardening 2% 2% 2% 2% 2%
Total 100% 100%  100%  100%  100%
Solid material to water ratio 1:035 1:035 1:0.35 1:0.35 1:0.35

RESULTS AND DISCUSSION
Figure 5 shows the graph for the determination of the sound absorption coefficient for the 5 samples
developed. A range for the sound wave frequency between 16-3150 Hz was worked.
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Fig. 5. Sound absorption coefficient depending on the frequency five samples

A better absorption of sound waves than the other samples is observed for sample 2. Thus, the
sample reaches a maximum absorption oo = 0.92 in the high frequency region at 2000 Hz. This is
due to the desurilot used to obtain the composite material that gives porosity to the sample - 40%
wood was used in mixture with brick and ceramic.
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Sample 3 shows a sound wave absorption of a = 0.90 at frequent high frequencies of 3000 Hz. In
the case of this sample, a lower percentage of wood waste without brick but with 30% ceramics was
used in its manufacture.

For sample 1 a lower sound absorption is observed compared to samples 3 and 2 so that in the
frequency range 1200-2400 Hz it reaches a maximum of o= 0.75 at 1800 Hz. Samples 4 and 5 have
the lowest sound absorption coefficient.

The samples were tested in terms of mechanical compressive strength, density and apparent
porosity and the test results are shown in Figures 6a-6c.
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Fig. 6. Waste characteristics: a) compression strength; b) apparent density; c) apparent porosity

Figure 6a shows better compressive strengths for samples 4 and 5 compared to the other samples.
This is due to the compaction of the material, but it is detrimental to the sound wave absorption
property. In addition to the binder matrix, i.e. concrete, a percentage of other non-wood waste in the
form of noodles was used as reinforcement material in the mix. As such, compactness results in
better compressive strength at the expense of sound wave absorption. Figure 6b shows a higher
apparent density in samples 4 and 5 compared to the other samples. This is due to the fact that the
samples are more compact and as such denser. The explanation lies in the type of matrix binder-
reinforcement material mixture which results in a higher apparent density for samples 4 and 5. As
for the apparent porosity shown in figure 6c, higher values are observed for sample 2. In this case,
the fact that a higher percentage of wood veneer with added brick and ceramics was used in the
production of this type of composite material, causes the formation of those voids/pores, which in
addition to the higher values for the determination of the apparent porosity is also influenced by the
absorption of sound waves.

Figures 7a-7e show SEM electron microscopy images (at 2 different magnifications) for the
developed composite materials.

Ny A e TR ,‘
7a. S1 SEM electron microscopy (10-50 u) Fig.

7b. eIron microscopy (5-50 u
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Fi. 7e. S5 E elomicroscoy 30-50m)

As can be seen from Figures 7a-7e, SEM electron microscopy analysis is necessary to study the
microstructure as well as the surface roughness of the materials processed. Therefore, by this
analysis method, the existing inhomogeneities and pores have been highlighted in order to
demonstrate the physical-mechanical and phonic properties. Thus, for samples 3, 2 and 1, more and
larger pores are highlighted which determine both the porosity and the sound wave absorption. For
samples 4 and 5 in the SEM electron microscopy images a smaller fraction of pores is observed.
This is due to the compactness of the samples. More compact samples with higher density and
therefore higher mechanical strength. But as far as sound wave absorption is concerned, it is also
very low due to the small pore fraction. So from the SEM electron microscopy analysis it is found
that the porosity of the samples is in agreement with the determinations for apparent density
apparent porosity and thus indirectly confirms the values for mechanical compressive strength as
well as sound wave absorption.

ACKNOWLEDGEMENTS
The study was financed by ECOIND within an in-house work.

CONCLUSIONS

The aim of this work was to obtain composite materials with sound-absorbing properties from
construction and demolition waste, based on an optimized technological process. The basic
material was waste concrete used as a binder matrix, and the other materials were waste wood,
brick, plastic, plasterboard and ceramics. Determinations of the physical-mechanical properties
showed different values depending on the proportion of waste used to obtain the samples.
Therefore, as far as the compressive strength is concerned, sample 4 showed the highest value
compared to the other samples, and this is due to the mixture of oxide waste used to obtain the
composite material. Thus, a sample was obtained whose compactness gives it mechanical
strength. For the apparent density, high values were determined for sample 5 due to the fact that
a compact sample was obtained in which a higher percentage of concrete was used as a binder
matrix. The determination of the apparent porosity showed sample 2 with the highest value
compared to the other samples and this is due to the use of a higher percentage of wood waste in
the mixture. The values of the sound wave absorption coefficient determined indicated which
composite materials are the best performing in terms of sound absorption. A correlation was also
observed for the compressive strength, density and apparent porosity tests for the samples
obtained. SEM microscopy analyses confirm the determined physical-mechanical and sound
absorbing properties and allow a reasoned selection of the obtained materials.

65



REFERENCES

[1] GRIGORE, F., ROJANSCHI, V., Environmental management systems — a new concept in
environmental protection and rehabilitation, scientific Bulletin of the Faculty of Ecology, nr. 3,
Earth Publishing House, Pitesti, 2004, p. 143 - 157.

[2] SAMET, JM., CHUNG, Y.S., Air qual Amos Health, 1, p. 1, 2008,
https://doi.org/10.1007/s11869-008-0007.

[3] MUZET, A, Sleep Med. Rev, 11, no 2, p. 135,2007,
https://doi.org/10.1016/j.smrv.2006.09.001.

[4] DRUG, G., Noise pollutionin lasi Municipality factors of discomfort and risk for the health of
the exposed population, PhD Thesis, lasi, 2011.

[5] COENSEL, B.D., Introducing the Temporal Aspect in Environmental Soundscape Research”,
PhD Thesis, University of Medicine and Pharmacy Grigore T. Popa lasi, 2011, p. 5-10.

[6] MUNTEANU, R. T., Noise harmful effect. Hearing fague. Case example, AGIR Buletin, 4,
Bucuresti 2007.

[7] ZULKIFLI, R., NOR, M.J.M., ISMAIL, AR., NUAWI, M.Z., TAHIR, M.F.M., Eur. J. Sci.
Res., 28, no. 2, p. 242, 2009, https://doi:10.3923/jas.2010.2887.2892.

[8] PETRI, S., IVAN, D., MIKA, H. TIMO, K., JClean. Prod., 280, p.1, 2021,
https://doi.org/10.1016/j.jclepro.2020.125198.

[9] Plastics Europe, 2019. Plastics - the Facts 2019. An analysis of European plastics production,
demand and waste, www.plasticseurope.org/application/files/9715/7129/9584/FINAL_web_versio_
Plastics_the facts 20109.

[10] Eurostat, 2016. Waste Generation by Economic Activities and Households, EU-28,
WWW.eC.europa.eu/eurostat/statisticsexplained/index.php?title=File:Waste_generation_by_economic_
activities_and_households, EU-28, 2016

[11] SOMMERHUBER, P.F., WENKER, J.L., RUTER, S., KRAUSE, A., Resour. Conserv.
Recycl., 117, p. 235, 2017, https:// doi.org/10.1016/j.resconrec.2016.10.012

[12] PETRI, S., TIMO, K., J. Build. Eng., 24, , p.1, 2019,
https://doi.org/10.1016/j.jobe.2019.100742.

[13] YUAN, H., CHINI, R. A., YUIIE, L., SHEN, L., J. Waste Manag., 32, no. 3, p. 521, 2012,
https://doi.org/10.1016/j.wasman.2011.11.006.

[14] OSSA, A, GARCIA, J.L., BOTERO, E., J. Clean. Prod., 135, no. 6, p. 379, 2016,
https://doi.org/ 10.1016/j.jclepro.2016.06.088.

[15] SILVA, R.V., DE BRITO, J.,, DHIR, R.K., Constr. Build. Mater., 65, p. 201, 2014,
https://doi.org/ 10.1016/ j.conbuildmat.2014.04.117.

[16] HYVARINENA, M., RONKANENB, M., KARKI, T., Comp. Struct., 210, p. 321, 2019,
https://doi.org/ 10.1016/j.compstruct.2018.11.063.

[17] STOLERIU, S., TEOREANU, I, Rev. Roum. Chim., 57, no. 6, p. 590, 2006,
https://doi.org/10.37358/ Rev.Chim.1949.

[18] TEOREANU, I., VOLCEANQV, A., STOLERIU, S. — Cem. Concr. Compos., 27, no. 6, p.
650, 2005, https://doi.org/10.1016/j.cemconcomp.2004.09.018.

[19] STOLERIU, S., TEOREANU, I., BRATU, M., Rev. Rom. Mater., 34, no.3, p. 216, 2004.

[20] TEOREANU, 1., STOLERIU, S., Rev. Rom. Mater., 32, no.3, p. 190, 2002,

[21] BRATU, M., DUMITRESCU, O, VASILE, O., ROPOTA, I, PASCU, L.F., Rev. Rom. Mater,
46, no.1, p. 121, 2016.

[22] SR 5264-1995. Solid mineral fuels. Coals. Determination of humidity, www.asro.ro,
[in Roumanian].

[23] ISO 2591-1-1998. Test sieving. Part 1. Methods using test sieves of woven wire cloth and
perforated metal plate.

[24] EN 933-1:2012. Tests for determining the geometrical characteristics of aggregates - Part 1:
Determination of grain size. Granulometric analysis by sieving.

[25] ISO 13320-1: 2001. Particle size analysis - Laser diffraction method.

66


https://doi.org/10.1016/j.smrv.2006.09.001
https://doi.org/10.1016/j.jobe.2019.100742
http://www.sciencedirect.com/science/journal/0956053X
32,%20no.%203
https://www.sciencedirect.com/science/article/pii/S095965261630765X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S095965261630765X?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S095965261630765X?via%3Dihub#!
https://www.sciencedirect.com/science/journal/02638223
https://www.sciencedirect.com/science/journal/02638223/210/supp/C
http://www.asro.ro/

[26] EN 15309/2007. Waste and soil characterization. Determination of elemental composition by
X-ray fluorescence.

[27] ISO 10534-1: 2002. Determination of sound absorption coefficient and impedance in
impedance tubes. Part 1: Method using standing wave ratio.

[28] ISO 10534-2: 2002. Determination of sound absorption coefficient and impedance in
impedance tubes. Part 2: Transfer function method.

[29] BRATU, M., ROPOTA, I., VASILE, O., DUMITRESCU, O., MUNTEAN, M., Enviro. Eng.
Manag. J., 10, no. 8, p. 1047, 2011, https://d0i.10.30638/eemj.2011.152

[30] SR EN 993-1:1998 Test methods for dense refractory phased products. Part 1: Determination
of bulk density open porosity and total porosity.

[31] EN 826: 2013, Thermal insulation products for building applications - Determination of
compression behavior.

[32] BRATU, M., DUMITRESCU, O.,VASILE, O., NICOLESCU, I.C., PASCU, L.F, Rev. Rom.
Mater, 48, no.4, p. 467, 2018.

Citation: Bratu, M., Dan, C., Stancu, V., Cioroianu, D., Dumitrescu, C., Babeu, D., Danciulescu, V.. Physical

mechanical and acoustic properties for composite materials made from construction and demolition waste,
Rom. J. Ecol. Environ. Chem., 2022, 4, no.1, pp. 59-67.

@ © 2022 by the authors. This article is an open access article distributed under the terms
and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.Org/licenses/by/4.0/).

67


http://dx.doi.org/10.30638/eemj.2011.152



