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Resumen

El desarrollo de nuevos tejidos textiles con microcap-
sulas depositadas en sus fibras esta en auge dentro de la
industria textil. El objetivo de este estudio se centra en
analizar la influencia del dopaje de diferentes tejidos texti-
les de algoddn con microcapsulas en el coeficiente de
absorcion sonora. Para determinar las propiedades acus-
ticas de los nuevos materiales de absorcion sonora, se
utilizaron técnicas clasicas para la caracterizaciéon de ma-
teriales: el coeficiente de absorcién sonora en incidencia
normal y la resistencia al flujo de aire basada en el trabajo
de Ingard&Dear. Se presenta un analisis comparativo entre
la absorcion sonora de tejidos de algodon con la misma
densidad de hilo y diferente concentracién de microcap-
sulas y diferentes densidades de hilo con el mismo por-
centaje de dopaje. Los resultados muestran que la con-
centracién de microcapsulas en correlacién con la
densidad de hilo tiene una influencia significativa en el
coeficiente de absorcion sonora.

1. Introduction

Noise pollution means the presence of any kind of
noise or vibration that may cause nuisance, harm or risk
on people and the environment [1].

In the last few years, according to the World Health
Organization (WHO) [2], noise pollution has become very
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The development of new textile fabrics with microcap-
sules deposited on their fibers is on the rise within the
textile industry. The aim of this study is focused on analyz-
ing the influence of doping different cotton textile fabrics
with microcapsules on the sound absorption coefficient.
In order to determine the acoustic properties of the new
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coefficient at normal incidence and the airflow resistance
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same yarn density and different concentration of micro-
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ing percentage is presented. Results show that the con-
centration of microcapsules in correlation with the yarn
density has a significant influence in the sound absorption
coefficient.
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important due to the detection of psychological and
physiological problems on the population because of the
excess of sound produced mainly by human activities [3].
A few examples of this are tachycardia, pupil dilation, fa-
tigue, hearing loss, stress, headache, less blood supply,
decreased working capacity, and cardiovascular disor-
ders.
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Traditionally, with the aim of reducing noise pollution,
absorbent materials such as glass wool or mineral wool
were used, which are difficult to recycle [4]. All these mate-
rials have in common characteristics of materials that ab-
sorb sound. At present, this trend is changing and proof of
this are the European Research and Innovation programs
(H2020 and H2030) [5-6]. Nowadays, research should pay
attention to develop new absorbent materials in order to
replace other materials more aggressive towards the envi-
ronment [7]. The idea is to use natural fibers from recycled
materials instead of petroleum derivatives, which can be-
come acoustic materials applicable to environment, con-
struction, transport, industry and other areas [8-11].

In the textile industry, many wastes are generated dur-
ing manufacturing processes. It is a good idea to reuse
such wastes to manufacture new fabrics, in combination
with natural fibers or other types of fibers. For that pur-
pose, different techniques such as knitting, weaving or
nonwoven are used [12, 13]. The acoustic properties of
fabrics may vary depending on the method of prepara-
tion, their nature, fibers and pore treatment, yarn density
and humidity conditions.

Textile fabrics have been widely used in public spaces
[14,15], such as museums, theaters, opera houses and
other spaces with the objective of providing the most
sound quality by using carpets or curtains as an example.
At present, the consumption of textile fabrics is increas-
ing rapidly throughout the world due to the appearance
of new areas of application in construction, transport and
industry [16].

The most commonly used textiles for acoustic pur-
poses are nonwovens and due to its lack of aesthetic
appeal, these textiles are covered with woven fabrics in
order to produce a pleasant appearance [17]. In 1990,
Shoshani showed in [18] that some intrinsic parameters
analyzed of nonwoven fiberwebs and woven fabrics, like
number of fiberwebs layers, fiber contents and the open-
ing angle between individual panels, have a small effect
on the sound absorption coefficient at low frequencies,
but a significant effect at high frequencies. In 2007, Na et
al. investigated in [19] the sound absorption properties of
micro-fiber fabrics. With the same thickness, micro-fiber
fabrics have higher sound absorption than traditional tex-
tile fabrics due to its greater surface area, resulting in
higher airflow resistance. In 2012, Chevillotte studied in
[20] a porous multilayer controlled by a woven fabric in
order to enhance the sound absorption performance.
The results evidenced an improvement of sound absorp-
tion at low frequencies, and recently, Segura-Alcaraz et
al. researched in [21] the best combination fabric-nonwo-
ven and the results presented showed a good interaction
between both of them obtaining thermal effects of the
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nonwoven and resonant effects of the fabric causing a
significant variation in the sound absorption coefficient.

Due to the rapid evolution in textile engineering, Nel-
son G. (1991) considered the use of microcapsules
(MICs) in textile fabrics for the first time [22]. With MICs is
possible to confer new properties to textile fibers in order
to improve acoustic properties with respect to traditional
nonwoven textiles [23, 24].

MICs are micrometric particles composed of one or
more active ingredients that consist of a membrane (out-
er layer) that encompasses the active compound in the
nucleus [25]. Microencapsulation is used to alter the
physical properties of the volatile substance used in order
to make it more manageable and to protect it from mul-
tiple external factors such as sunlight, evaporation, hu-
midity, alkalinity, unwanted rubbing action or the combi-
nation between them [26]. The most known industrial
methods for adhering microcapsules onto textile fabrics
are bath exhaust, padding, spraying or coating.

Since the introduction of microencapsulation in the
textile sector many modern applications were developed.
Some examples are uniforms, gloves and military tents
with microencapsulated insecticide, fabrics with durable
fragrances, T-shirts with microcapsules to absorb UV
rays, ski suits, clothing with thermo-changeable dyes and
thermal regulation of car seats [27, 28].

Unlike microspheres, the MICs are particles com-
posed of one or more active agents in their interior,
whose membrane (external part) protects the nucleus
(active principle). In this contribution, we evaluate the in-
fluence of doping cotton fabrics with MICs by measuring
the sound absorption coefficients with an impedance
tube and using an air-cavity between fabric sample and
the rigid end. A comparative analysis of cotton (CO) fab-
rics with the same yarn density and with different content
of microcapsules is presented. The effect of the different
yarn densities with the same doping percentage are also
studied. Through the doping of the textile fabrics with
MICs, it is possible to control the sound absorption.

2. Materials and methods
2.1. Materials

Cotton has been widely used in the textile industry for
its biodegradable natural fibre, permeability, softness,
comfort and high wettability [29]. In this study, CO fabric
samples were obtained with a chemically and optically
bleached. Two cotton fabrics from the same family but
with different grammage, dyeing and yarn density have
been analyzed in this manuscript. It was a twill weaved
fabric with 115 g/m? and 210 g/m? and no chenille was
included (see Fig. 1).
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Figure 1. Cotton textile fabrics used in this study. Left: CO fabric with a yarn density of 115 g/m?; Right: CO fabric with a yarn density of 210 g/m?.

2.2. Adhering microcapsules on fabrics

Microcapsules were deposited on the surface of the
fabric by padding. It is an impregnation technique, which
consists of a rapid immersion process of the textile sample
and two squeezing rolls press the liquid from both sides in
the treatment bath, to force the substrate to pass through
the fibres. The squeeze roll speed and pressure were regu-
lated in order to obtain 80% wet pick-up [30]. The padding
process was made with a horizontal foulard (2608 TEPA).
The microcapsules applied on the woven fabrics are resist-
ant to breakage and rubbing under normal conditions.

The MICs used have as active principle Lavender es-
sential oil fragrance, which were supplied by InnovaTec
S&C S. L., and its size varies from 3 ym to 6 um. CO
samples were prepared in a treatment bath depending on

(@) MICs content: 5 g/L

the MIC concentrations: 5 g/L, 15 g/L, and 25 g/L. To
complete the adhesion process between fibres and
MICs, the CO samples were dried in a horizontal infrared
dryer during 180 s at a temperature of 105° C.

MICs are imperceptible to the human eye due to its
micrometric size. Field Emission Scanning Electron Mi-
croscope (FESEM) mod. ZEISS ULTRA 55 was used to
observe the surface of the fabrics with high resolution
(see Fig. 2). With this technique, it is possible to visualize
the shape of the membrane of each microcapsule
(smooth or rough), their structure, their size and their lo-
cation [31, 32]. Each cotton sample was fixed on stand-
ard sample holder and the sputter-coated with a thin film
of gold/platinum metal under vacuum conditions. This
process was done in a Sputter Coater BAL-TEC mod.
SCD005.

T = L T
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(b) MICs content: 10 g/L

Figure 2. FESEM micrographs of cotton fabrics examined with suitable accelerating voltage of 2 kV and 500X magnifications. (a) Sample surface
of CO fabric doped with MICs content of 5 g/L; (b) Sample surface of CO fabric doped with MICs content of 10 g/L.
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2.3. Experimental setup

In the Higher Polytechnic School of Gandia at the Uni-
versitat Politecnica de Valencia the measurement cam-
paign was carried out. In order to characterize acousti-
cally the cotton fabrics, two different methods were used:
the standard I1ISO 105342:1998 [33], in order to deter-
mine the normal incidence sound absorption coefficient
and the guidance proposed by Ingard&Dear in order to
measure specific airflow resistance [34].

2.3.1. Sound absorption coefficient

According to the standard procedure detailed in [33],
this method requires an impedance tube, two fixed mi-
crophone positions and a digital signal analysis system
(Pulse LabShop v.22.2.0.197).

The impedance tube used is a rigid, methacrylate,
smooth, transparent and airtight duct with circular cross
section of 4 cm. At one end of the tube, a sound source

Sound
source

(Beyma CP80OQTi loudspeaker) is placed; at the other
end, an air-cavity of 10 cm is mounted (see Fig. 3). The
pressure signal in each position is recorded by using two
free-field Briel&Kjeer pressure microphones (type 4190
1/2-inch). The usable frequency range is limited from
100 Hz to 3150 Hz based on the distance between mi-
crophones, the precision of the signal processing equip-
ment and the tube inner diameter [33]. In order to ensure
incident plane waves A >> 1.7D. In Fig. 4a the experi-
mental setup used in this test can been seen in consid-
erable detail.

The transfer function from microphone position one to
two, H,,, is defined as the complex ratio between the
pressures registered in these positions:

Ho = Po(w) e yrele
7 pi(w) e grek’

1

where r is the reflection coefficient, p, and p, are the
acoustic pressures recorded by each microphone, k is

Mic. 1

Mic. 2

Figure 3. Schematic diagram of the impedance tube with an air-cavity of 10 cm used to measure the normal incidence sound absorption
coefficient in accordance with the standard ISO 10534-2:1998. D is the tube inner diameter, p_i is the sound pressure of the incident wave,
p_r is the sound pressure of the reflected wave, p_t is the sound pressure of the transmitted wave, and t is the sample thickness.

(a) Air-cavity method

(b) Ingard&Dear method

Figure 4. Experimental setup using the impedance tube. (a) Measurement of normal incidence sound absorption coefficient
with an air-cavity; (b) Measurement of the airflow resistance according to Ingard&Dear method.
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the wave number, x, and x, are the distances between
both microphones to the CO sample.

The complex reflection coefficient, r, is obtained from
the Eq. 1 and it can be observed as follows:
r= H12 - |_|I eZJKoxw, (2)
Hg —Hiz
where H, = &' is the transfer function of the incident
wave, s is the distance between both microphones
(s = 3.2 cm), H, = e’ is the transfer function of the re-
flected wave, K, is the wave number, j= J=1 and X, is the
distance between the sample and the microphone placed
further away from it.

The specific acoustic impedance, Z, is calculated
from the Eq. 2 as follows:

2 =V 1, = (140 (1=1), @

where R is the real part, X is the imaginary part and pc,
is the characteristic impedance.

From EqQ. 3 is calculated the normal incidence sound
absorption coefficient (o ), which represents the quotient
between the acoustic energy absorbed by the surface of
the sample and the incident acoustic energy for an acous-
tic plane wave at normal incidence can be obtained by

o =1-I". (4)

2.3.2. Airflow resistance

The airflow resistance evaluate the difficulty of an air
stream to flow through the CO fabric per unit thickness
(see Fig. 4b). The experimental setup is based on the
indirect method proposed by Ingard&Dear obtaining the
value of the specific airflow resistance under certain limi-
tations [34].

In this method, the length of the impedance tube
must be an odd multiple of a quarter wavelength of the
sound in order to resonate. At low frequencies, and on
the odd frequencies of A/4, the airflow reactance is small
compared to the airflow resistance, so the following sim-
plification can be done:

1

by
Hi.

P2

0:

. (5)

It is possible to obtain the airflow resistance finding
the minimum of the imaginary part of the pressure ratio
p./p,. For all cotton fabrics, the minima were observed at
100 Hz, 300 Hz, 500 Hz, 700 Hz and 900 Hz, approxi-
mately. Thus, it is possible to calculate the average values
of the airflow resistivity, o, (airflow resistance divided by
the sample thickness) as follows:

Sound absorption of doped cotton textile fabrics with microcapsules

o2l

3. Results and discussion

’ [Pas]l ©)

m2

This study aimed to explore the effect of doping cot-
ton textile fabrics on the sound absorption. A study of
different concentration of microcapsules with the same
yarn density was performed and the results of sound ab-
sorption and impedance are presented in Fig. 5. A com-
parative analysis with the same doping percentage and
different yarn density was accomplished (see Fig. 6).

Table 1 shows the physical differences in yarn density
and thickness of the two CO fabrics studied. Also, the
airflow resistivity values of each cotton sample untreated
or doped with microcapsules are presented with their
standard deviation, according to the procedure described
in [34].

Table 1. Physical parameters of the cotton samples untreated and
doped with different MICs concentration.

Type of CO Thickness Yarn density  Airflow resistivity

fabrics (mm) (g/m?) (kPa-s/m?)
Untreated 0.32 12721305
5¢/L 0.29 s 14411448
15 g/L 0.34 11921215
25¢/L 0.32 12551298
Untreated 0.64 634640
5¢/L 0.66 620627

210

15¢g/L 0.66 621622
25g/L 0.69 583595

3.1. Cotton fabrics with the same yarn density
and different MICs concentration

In Fig. 5a and Fig. 5c, the normal incidence sound
absorption coefficient of the CO fabrics studied with an
air cavity is shown. In Fig. 5a, the untreated CO fabric
shows an increase in the sound absorption below the
inferior frequency cutoff (f = 250 Hz) of the impedance
tube compared to doped CO fabrics with different MICs
content. In the mid frequencies up to the upper frequen-
cy cutoff (f, = 1600 Hz) of the impedance tube, all doped
CO fabrics have an a value higher than the untreated
CO. At mid frequencies, CO fabric doped with 25 g/L
presents the highest sound absorption coefficient
(around 0.84) and no shift of the resonance peak is ob-
served. At high frequencies, the error associated to the
measurement (shown in bars in the figures) is quite high
and no clear conclusions can be derived. In Fig. 5c,

revista de acustica | Vol. 50 | N3y 4 [17]
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Figure 5. Results of the normal incidence sound absorption coefficient and the specific acoustic impedance of the CO fabrics with different saturations
of doping are presented. Also, measurements considering the thickness of an air cavity of 10 cm behind the cotton sample studied. The dispersion
percentage is measured in order to study the variability of the data and it is expressed as error bars.

MICs concentration has an influence on the position of
the peak of sound absorption coefficient. It can be seen
that there is a shift towards low frequencies. At mid fre-
quencies, untreated CO has an a higher than 0.9. The
sound absorption coefficient in doped CO fabrics is
slightly lower. There is an improvement of the sound ab-
sorption when the MICs concentration varies in Fig. 5a.
In Fig. 5b and Fig. 5d, the characteristic impedance of
CO samples as a function of frequency is shown for
both textile fabrics.

3.2. Cotton fabrics with different yarn densities and
the same doping percentage

Fig. 6 shows in all cases studied (untreated and
doped cotton with different MICs concentration: 5 g/L, 15
g/L and 25 g/L) that the lower the fabric yarn density, the
lower is the sound absorption coefficient achieved at mid
frequencies. The greatest difference is observed for the

[18] revista de acustica | Vol.50 | N>*3vy4

untreated case (Fig. 6a), where the cotton fabric with a
yarn density of 210 g/m? has an improvement in o. around
0.4. Also, it can be clearly seen how the resonance fre-
quency shifts towards lower frequencies when the yarn
density is increased, independently of MICs concentra-
tion. In the cases Fig. 6a and Fig. 6¢ below f, CO fabric
with lower yarn density possess high sound absorption.
The sound absorption curve of cotton fabric with a yarn
density of 115 g/m? reveals an increase trend at mid fre-
quencies, in related with the increase of the volume frac-
tion of microcapsules.

4. Conclusions

In this work, the sound absorption properties of CO
samples with different fabric yarn densities and different
microcapsules concentration have been evaluated in an
impedance tube with an air cavity of 10 cm. It can be
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Figure 6. Normal incidence sound absorption coefficient of the cotton textile fabric with different yarn densities. Also, measurements considering
the thickness of an air cavity of 10 cm behind the cotton sample studied. Error bars expressed the deviation percentage of the measures.

seen that these CO fabrics present high sound absorp-
tion at mid frequencies.

The CO fabric absorption results have been analysed
under the hypothesis of homogeneity and assuming the
same MICs size distribution in all doped samples.

The results show that the sound absorption is altered
by doping CO fabrics with MICs. Both MICs concentra-
tion and fabric yarn density have an influence on the fre-
quency of maximum sound absorption.

Although more tests are needed to clearly assess the
effect of microcapsules on the sound absorption, the re-
sults obtained show that MICs can be useful to control
the absorption properties of textile fabrics.

5. Acknowledgements

Authors acknowledge the support of the Ministry of
Economy and Innovation (MINECO) and European Union
FEDER through project FIS2015-65998-C2-2 and by

projects AICO/2016/060 and ACIF/2017/073 by Region-
al Ministry of Education, Culture and Sport of the Gener-
alitat Valenciana and with the support of European Struc-
tural Investment Funds (ESIF-European Union).

6. References

[1] Harris, C.M. (1994). Noise Control in Buildings. Mc-
Graw-Hill Inc., New York.

[2] Berglund, B., Lindvall, T., Schwela, D. H., and World
Health Organization. (1999). Guidelines for commu-
nity noise. Geneva, Switzerland, WHO.

[3] Passchier-Vermeer, W., and Passchier, W. F. (2000).
Noise exposure and public health. Environmental
Health Perspectives, vol. 108(1), pp. 123-131. DOI:
10.1289/ehp.00108s1123

[4] Ballagh, K. O. (1996). Acoustical Properties of Wool.
Applied Acoustics, vol. 48(2), pp. 101-120. DOI:
10.1016/0003-682X(95)00042-8

revista de acustica | Vol. 50 | N3y 4 [19]



Sound absorption of doped cotton textile fabrics with microcapsules

(5]

6

[t}

[7]

8

—

9]

[10]

[11]

[12]

[13]

[14]

[19]

Portal Espariol del Programa Marco de Investigacion
e Innovacion de la Unidn Europea. Horizonte 2020.
Available online: https://eshorizonte2020.es/ (ac-
cessed on 1 October 2019).

Portal Espanol del Programa Marco de Investigacion
e Innovacion de la Uniéon Europea. Horizonte 2030.
Available online: https://h2030.es/ (accessed on 1
October 2019).

Arenas, J. P., and Crocker, M. J. (2010). Recent
Trends in Porous Sound-Absorbing Materials.
Sound and Vibration, vol. 44(7), pp. 12-17.

Benkreira, H., Khan, A., and Horoshenkov, K.V.
(2011). Sustainable acoustic and thermal insulation
materials from elastomeric waste residues. Chemi-
cal Engineering Science, vol. 66(18), pp. 4157—-
4171. DOI: 10.1016/j.ces.2011.05.047

Del Rey, R., Alba, J., Arenas, J. P., and Sanchis, V.
J. (2012). An empirical modelling of porous sound
absorbing materials made of recycled foam. Applied
Acoustics, vol. 73(6), pp. 604-609. DOI: 10.1016/j.
apacoust.2011.12.009

Maderuelo-Sanz, R., Nadal-Gisbert, A. V., Crespo-
Amorés, J. E., and Parres-Garcia, F. (2012). A novel
sound absorber with recycled fibers coming from
end of life tires (ELTs). Applied Acoustics, vol. 73,
402-408. DOI: 10.1016/j.apacoust.2011.12.001

Liu, D., Xia, K., Chen, W., Yang, R., and Wang, B.
(2012). Preparation and design of green sound-ab-
sorbing materials via pulp fiborous models. Journal of
Composite Materials, vol. 46(4), pp. 399-407. DOI:
10.1177/0021998311429881

Del Rey, R. M2, Bertd Carbd, L., Alba Fernandez, J.,
and Sanchis Rico, V. J. (2012). Obtencién de solu-
ciones acusticas a partir de reciclado textil mediante
tecnologia. WET-LAID. Avances en ingenieria
medioambiental, vol. 6, pp. 73-86 (book chapter).
Editorial Marfil. ISBN 978-84-268-1637-5

Rushforth, I. M., Horoshenkov, K. V., Miraftab, M.,
and Swift, M.d. (2005). Impact sound insulation and
viscoelastic properties of underlay manufactured from
recycled carpet waste. Applied Acoustics, vol. 66(6),
pp. 731=749. DOI: 10.1016/j.apacoust.2004.10.005

Hanna, Y. I., and Kandil, M. M. (1991). Sound ab-
sorbing double curtains from local textile materials.
Applied Acoustics, vol. 34(4), pp. 281-291. DOI:
10.1016/0003-682X(91)90011-3

Houtsma, A. J. M., Martin, H. J., Hak, C. C. J. M,
and van Donselaar, C. J. (1996). Measuring the ef-
fectiveness of special acoustic provisions in a con-

[20] revista de acustica | Vol.50 | N>*3vy4

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

cert hall. Journal of the Acoustical Society of Amer-
ica, vol. 100(4): 2803. DOI: 10.1121/1.416542

Padhye, R., and Nayak R. (2016). Acoustic Textiles.
Textile Science and Clothing Technology. Melbourne,
Victoria, Australia (Springer). ISBN 978-981-10-
1474-1.

Midha, V. K., and Chavhan Md. V. (2012). Nonwoven
sound absorption textiles. International Journal of
Textile and Fashion, vol. 2(2), pp. 45-55.

Shoshani, Y., and Rosenhouse, G. (1990). Noise Ab-
sorption by Woven Fabrics. Applied Acoustics, vol.
30(4), pp. 321-333. DOIl: 10.1016/0003-
682X(90)90081-5

Na, Y., Lancaster, J., Casali, J., and Cho, G. (2007).
Sound Absorption Coefficients of Micro-fiber Fabrics
by Reverberation Room Method. Textile Research
Journal, vol. 77(5), pp. 330-335. DOI:
10.1177/0040517507078743

Chevillotte, F. (2012). Controlling sound absorption
by an upstream resistive layer. Applied Acoustics,
vol. 73(1), pp. 56-60. DOI:10.1016/j.apa-
coust.2011.07.005

Segura-Alcaraz, P., Segura-Alcaraz, J., Montava, |.,
and Bonet Aracil, M. A. (2018). The use of fabrics to
improve the acoustic absorption: influence of the
woven fabric thread density over a nonwoven. Autex
Research Journal, vol. 18(3), pp. 269-280. DOI:
10.1515/aut-2018-0006

Nelson, G. (1991). Microencapsulation in textile co-
loration and finishing. Review of Progress in Colora-
tion and Related Topics, vol. 21, pp. 72-85.
DOI:10.1111/.1478-4408.1991.tb00082.x

Bonet Aracil, M. A., Monllor, P., Capablanca, L., Gis-
bert, J., Diaz, P., and Montava I. (2015). A compari-
son between padding and bath exhaustion to apply
microcapsules onto cotton. Cellulose, vol. 22(3), pp.
2117-2127. DOI: 10.1007/s10570-015-0600-8

Monllor, P., Capablanca, L., Gisbert, J., Diaz, P,
Montava, I., and Bonet, M. A. (2010). Improvement
of Microcapsule Adhesion to Fabrics. Textile Re-
search Journal, vol. 80(7), pp. 631-635. DOI:
10.1177/0040517509346444

Ghosh, S. K. (2006). Functional coatings and micro-
encapsulation: A general perspective. Functional
Coatings, pp. 1-28. DOI: 10.1002/3527608478.ch1

Deasy, P. B. (1984). Microencapsulation and related
drug processes. United States, New York: Marcel
Dekker, vol. 20, pp. 234-237.


https://eshorizonte2020.es/
https://h2030.es/

[27]

(28]

[29]

(30]

[31]

Aggarwal, A. K., Dayal, A., and Kumar, N. (1998).
Microencapsulation processes and applications in
textile processing. Colourage, vol. 45(8), pp. 15-24.

Samson, R., McKinney, J., and Russell, J. (1993).
Fabrics with insect repellent tent fabric. US Patent 5,
198, 287.

Gao, D., Lyu, L., Lyu, B., Ma, J., Yang, L., and
Zhang, J. (2017). Multifunctional cotton fabric loa-
ded with Ce doped ZnO nanorods. Materials Re-
search Bulletin, vol. 89, pp. 102-107. DOI:
10.1016/j.materresbull.2017.01.030

Monllor, P., Sanchez, L., Cases, F., and Bonet, M. A.
(2009). Thermal Behavior of Microcapsulated Fragranc-
es on Cotton Fabrics. Textile Research Journal, vol.
79(4), pp. 365-380. DOI: 10.1177/0040517508097520

Ré, M. |, and Biscans, B. (1999). Preparation of mi-
crospheres of ketoprofen with acrylic polymers by a

Enviese a:

Sound absorption of doped cotton textile fabrics with microcapsules

(32]

[33]

[34]

quasi-emulsion solvent diffusion method. Powder
Technology, vol. 101(2), pp. 120-133. DOI: 10.1016/
S0032-5910(98)00163-6

Hong, K., and Park, S. (1999). Melamine resin mi-
crocapsules containing fragrant oil: synthesis and
characterization. Materials Chemistry and Physics,
vol. 58(2), pp. 128-131. DOI: 10.1016/s0254-
0584(98)00263-6

ISO 10534-2. (1998). Acoustics. Determination of
sound absorption coefficient and impedance in im-
pedances tubes. Part 2: Transfer-function method.
International Organization for Standardization.

Ingard, K. U., and Dear, T. A. (1985). Measurement
of Acoustic Flow Resistance. Journal of Sound and
Vibration, vol. 103(4), pp. 567-572. DOI: 10.1016/
S0022-460X(85)80024-9

Revista Espanola de Acustica - SEA

e-mail: secretaria@sea-acustica.es
http://www.sea-acustica.es

Estoy interesado en:

* ASOCIARME A LA SOCIEDAD ESPANOLA DE ACUSTICA
e SUSCRIBIRME A LA REVISTA DE ACUSTICA

Apellidos:

Direccidn para correspondencia:
C.P: Ciudad:
Tel.: Fax:
Centro de trabajo:
Puesto de trabajo:
Direccion:

C.P:

Tel.:

Ciudad:
Fax:

Nombre:

Provincia:
e-mail:
Provincia:
e-mail:

revista de acustica | Vol. 50 | N3y 4 [21]


mailto:secretaria%40sea-acustica.es?subject=
http://www.sea-acustica.es

TA120
SENSOR DE RUIDO

1969 -2019

MUCHAS GRACIAS A TODOS
NUESTROS CLIENTES Y COLABORADORES
POR ESTOS 50 ANOS

www.cesva.com



Solucién para la monitorizacion de ruido en

SMART CITIES

h. l | Sl

-

Noiseplatform

Plataforma online de monitorizacion de ruido
www.noiseplatform.com



