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Abstract

Keywords

Background and aims: The use of natural fibers brought fundamental changes
to natural fibers production, considering its vast environmental, physical, Optimization
mechanical, and sound absorbing qualities. Nowadays, considering their new
revenue at absorbing sound, the acoustic behavior analysis of natural fibers
composites, called “The Green Fibers”, has received increasing attention by Sound absorption
researchers. In this regard, the present study is aimed to optimize and imitate Composite

the sound absorption behavior of Yucca Gloriosa (YG) composites via using
mathematical imitation and optimization approach.

Empirical models

Yucca natural fiber

Methods: In order to fabricate the natural acoustic composites, in this
experimental cross-sectional study, the alkaline treatment of the fibers was
employed. Therefore, the design of experiments and determination of the
optimum amount of alkaline treatment parameters (NaOH concentration and
immersion time), was promoted to improve the sound absorption by Response
Surface Methodology (RSM). Moreover, the sound absorption coefficient
(SAC) of YG fiber was measured by an impedance tube system (ISO10534-
2 standard). To predict the sound absorption coefficients of the natural
composites, the applicability of Delany-Bazley (DB) and Miki analytical models Received: 2020/01/05

was investigated by coding formulas in MATLAB software as well.
Accepted : 2020/08/16

Results: Comparison of the obtained SAC showed that, the value of optimized
composites was higher than the untreated ones at all frequencies. Particularly,
when compared to the raw composites, the sound absorption average (SAA)
index increased by 18.92%. Also, a good compatibility was found, between the
empirical models’ and the experimental results in the low and mid-frequency
range of one-third octave band.

Conclusion: With regard to the prominent benefits of natural fibers and the
wide use of these fibers, the optimization of alkaline treatment and prediction
of SAC by empirical models, is considered as an acceptable strategy for acoustic
applications (industries and buildings).
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EXTENDED ABSTRACT

Introduction

Today, persistent noise pollution, as one of the
environmental pollutants, has contributed to serious
health risks. Therefore, the control and prevention of
such noise pollution level’s, are of utmost importance.
The use of acoustic absorbers (1), is one of the most
effective and technical engineering methods of noise
control.

Recently, in the field of sound/noise control,
sound absorbers have provided a good opportunity
to study the process of acoustic attenuation in a
variety of materials. Particularly, the synthetic fibrous
and porous materials (2). However, increase in the
greenhouse gas emissions, the huge amount of wastes
generated due to the use of these synthetic matters and
increasing concerns about the safety and health issues,
has generated a motive to make use of eco-friendly
and green alternatives, such as natural fibers (3). The
overall properties of natural sound absorbers such as
their biodegradable characteristics, lightweight, low
density, acceptable tensile strength, minimum adverse
effects on human health, reasonable price and being
non-toxic, have made them a good choice for special
applications in the composite industry. Therefore,
particularly when used as fillers and reinforcement
agents in the multi-purpose hybrid composites
construction, they are considered as an acceptable
alternative to the synthetic fibers. Accordingly, in
recent years, numerous studies have reported the
use of natural fibers in the fields of sound absorption
and thermal insulation (4). However, despite their
promising advantages, practical application of these
natural fibers has not yet become as popular as
synthetic fibers due to shortcomings such as, low
adhesion properties, high fiber diameter, low moisture
resistance as well as poor antifungal qualities. So this
has led researchers to develop the treatment process
methods in order to improve the quality of natural
fibers and overcome these limitations (5, 6).

The use of natural fibers, has led to fundamental
changes in the manufacturing of a variety of acoustic
composites due to their obvious environmental
characteristics and high physical, mechanical and
acoustic properties. Today, the analysis of acoustic
behavior and other properties of this group of
composites, called “Green Composites”, has received
more and more attention from researchers. Referring
to the above and the limitations in optimizing and
modeling of natural composites’ acoustic behavior
in local studies (in Iran), The aim of this study
was to optimize and model the sound absorption
characteristics of Yucca Gloriosa (YG) natural fiber
composites, using mathematical optimization and
modeling approaches.

Experimental procedure or Methodology
Materials

The YG fibers were extracted using the manual
traditional method. Extracted fibers were washed and
dried.

Design, statistical analysis and optimization

To determine the effects of multiple variables on a
response, the full factorial design (FFD) was used in
this article. The concentrations NaOH (three levels)
and immersion time (two levels) were considered as
the parameters impacting the SAA in the alkaline
treatment process and the fabrication of natural
composites. The design and analysis of data was
performed using the Design Expert software (version
11).

Alkaline treatment

In this article, designing the experiments and
determination of the optimal values of these two
parameters were taken into account based on the factorial
design approach, since different values of these two
parameters have been reported in the previous studies.

Fabrication of the composites

The fibers were cut into small pieces (5 mm) using
scissors, after fibers were treated (based on RMS
approach). Then, the Polyvinyl Alcohol (PVA; Sigma-
Aldrich Company) was used to bind the fibers and
hence fabricate the composite samples with constant
density of 200 kg/m’ (based on impedance tube
dimensions).

Determination of the SAC

Investigation of acoustic behavior of the samples,
was performed using an impedance tube system
(type SW 422 and SW 477, BSWA Technology Co.,
Ltd., China) based on the transfer function method
recommended by ISO10534-2 (Figure 1). Moreover,
the SAA index was calculated according to ASTM
C423 standards in order to investigate the effect of
alkaline treatment on the sound absorption values of
the fabricated sample composites. For this purpose,
standard calculation of 12 band centers (from 200 to
2500 Hz) in the frequency range of 1/3 octave band
was estimated according to the following equation:

1 i=2500 Hz
Sad=— Y a, (1)

i
2 =200 Hz

Empirical models
The proposed empirical models usually considers
some of the basic physical properties of porous/fibrous
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Figure 1. The actual and schematic view of impedance tube system for sound absorption measurements

Table 1. Analysis of Variance for Response Surface Models for SAA

ANOVA
Response Model S f M
P Source umo DF ean F P
square square
Model  3.26x10° 4  8.16x10* 108842  0.022
. A 3.02x10° 1 3.02x10° 4033  0.048
Quadratic B 290x10° 1 290x10° 3872 0.010
" (S)%’;‘S:&‘;109;;;);)715%68170%1;3 AB 240x10* 1 240x10* 32033  0.055
: > X A2 9.07x105 1 9.07x10° 121 0.057
-5.516325x10A> , ] ’
Residual  7.50x107 1 7.5x107
Total  3.26x10° 5

(R* = 0.98, R4;=0.99)

Predicted vs. Actual

0.56 -

0.55

0.54

0.53

Predicted

0.52 4

0.51—

0.5

0.49 —

T T T T T T T T
0.49 0.5 0.51 0.52 0.53 0.54 0.55 0.56

Actual

10

B: Immersion time (h) 5 4 A: NaOH solution (wt. %)

4 2

Figure 2. Related predicted vs. actual (A) and 3D surface (B) plots with the effect of chemical treatment’s parameters on SAA
index

materials before predicting their SAC. In the present
study, as one of the first accepted empirical models
in prediction of the fabricated samples’ SAC (in the
frequency range of 63-6300 Hz), the Delany-Bazley
(DB) and Miki models, were performed by coding in
MATLAB software.

Results and Discussions
Study’s design, statistical analysis and optimization
process

The number of experiments (runs) required for
optimization was determined based on FFD. Also,
using Design-Expert software, a quadratic model for the

Iran Occupational Health. 2021 (01 Jan);18: 1.
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response variable (SAA) was obtained. The statistical
values of the presented model are shown in Table 1.

Figure 2 (a), shows the differences between the
predicted and actual values. The experiment results
are in good agreement with the results obtained from
the equation. Likewise, an acceptable correlation
between the predicted and actual values was reported
(R?>= 0.98). Based on the results from the ANOVA
(F=1088.42), it was determined that the model is
capable of estimating the expected results for the
desired response, as was predicted. Figure 2 shows
how two factors affect the SAA as well as, how the
parameters interact with each other.

Therefore, the NaOH and immersion time should
be selected respectively at 5% and 8 hours, to design
and fabricate the sound absorbers as well as achieving
optimal conditions.

The SAC in optimal sample

As shown in the Figure 3, in the low, mid, and high
frequency ranges, the sound absorption coefficients
of the optimal treated samples were higher than the
untreated. The results of the present study and the
previous studies in this field shows that, the diameter of
natural fibers is an important parameter in improving
the acoustic absorption of the natural fiber composites.
In line with the presented results, due to the reduced
diameter of coir fibers in numerical simulations
performed by Nor et al, a significant increase in the
acoustic absorption of natural composites in the
low and mid-frequency range, was reported (7). In
this study, a gradual increase in acoustic absorption
peak and a shift to the low and mid-frequency region
was reported by reducing the diameter of YG fibers.
Accordingly, the alkaline treatment process, reduces
the fiber diameter, removes moisture, impurities,
hemicellulose and wax from natural fibers’ surface,
hence improves the adhesion quality and antifungal
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(antibacterial) properties of the composite (8).

Prediction of sound absorption based on models

Based on the results, the compatibility of both
models for predicting the SAC of the untreated and
modified composites with the experimental results,
in the low (Hz 50-500) and middle-frequency range
(Hz 500-1600) of one-third octave band, is evident. In
other words, the SAC of samples are well-estimated at
the low and mid-frequency ranges of these two models.
However, the results of the models differed from the
experimental results, by increasing the frequency and
moving towards the high-frequency range (more than
1600 Hz) for the untreated composites. Therefore, the
difference is observable in the frequency range above
1600 Hz. However, in the high-frequency region for
both types of composites, the results from the models
did not differ from the experimental results. As
presented in Figure 4, the proximity of the experimental
results for the treated composite, was more prominent
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Figure 3. Sound absorption comparison of the untreated
and treated YG sample.
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Figure 4. Comparison of experimental and empirical models’ results in untreated (A) and treated (B) samples.
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than that of the raw composite compared to the results
of the D-B and Miki empirical models.

Based on the results from the analytical models
used in this study, an acceptable fit between analytical
and experimental results was established, in low and
mid-frequency range of composites made of optimally
treated fibers. Nonetheless, the results of the models
do not correspond to the experimental results that
were obtained from increasing the frequency and
moving towards a high-frequency range. Appropriate
efficiency of sound energy absorption of porous
materials through the thermal mechanism, depends
on the influence of non-acoustic variables, including
airflow resistivity, tortuosity, and porosity.

Despite the fact that a number of experiments
have been conducted on the study of acoustic
absorption of these types of composites, due to
more credibility and accuracy, optimal matching
of experimental and analytical results, the use of
empirical models have limitations in studies. In this
regard, today the process of developing and applying
predictive models in the field of acoustics and sound
absorption is progressing, and the need to create
practical, accurate and easy empirical models is
considered more than ever. Performing mathematical
modeling by different empirical models to achieve a
comprehensive understanding of existing models and
the ability to choose the best one for predicting the
sound absorption level is of particular importance
in future studies. As a result, it would be very useful
to conduct studies on the development of empirical
models, based on the performance of natural-sound
absorbers. Since empirical models have advantages
such as, time and cost saving and simplification of

Optimization and sound absorption modeling

the sound absorption process. Therefore, there is a
need to develop models, with the ability to accurately
measure the sound absorption coefficient in natural
fiber composites.

Conclusion

It should be reminded that optimizing the
process of alkaline modification of natural fibers,
should be taken into account. In order to achieve
the maximum SAA, when the NAOH concentration
is in the middle range (about 4% to 6 %) and the
immersion time is in the range of 7 to 8 hours. Also,
many empirical models of sound absorption in
porous materials, perform well in their respective
frequency ranges (some at low and some at high
frequencies). Therefore, they can be used for
mixed models and approaches to predict the sound
absorption of all frequencies. Finally, it can be
stated that alkaline treatment has been effective
on improving the acoustic properties in YG fiber
composite. According to the outstanding benefits of
natural fibers (economic and environmental) and
increasing use of these fibers in hybrid composites,
the alkaline treatment under optimal conditions,
is considered a good method of improving the
compatibility between natural fibers and polymer
matrix, as well as enhancing the overall properties
of hybrid composites.
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1 - Analysis of variance (ANOVA)
2 - Sodium hydroxide (NaOH)
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