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Nowadays, Magnetorheological Elastomers (MREs) are widely used in
real applications such as vibration absorbers, isolators, magneto-
resistors, and electromagnetic wave absorbers. The MR effect refers to
the modulus feedback generated by MREs. When exposed to a magnetic
field, the mechanical and viscoelastic properties of MREs can be
reversibly altered. MREs are composite materials consisting of
magnetizable particles embedded within a solid elastomer matrix. Their
behavior is influenced by factors such as the type and size of the
dispersed magnetic particles, the elastomer matrix composition, and the
presence of non-magnetic fillers like plasticizers, carbon black, and
crosslinking agents. This research investigates how the sound absorption
capability of MREs is affected by their composition and the size of
ferrous particles. The primary objective is to determine the optimal MRE
composition for sound absorption and to analyze the impact of varying
ferrous particle sizes on this property. MREs are synthesized using
carbonyl iron particles, a hardener, and RTV silicone rubber. Since the
performance of MREs actual applications is significantly influenced by
the size of ferrous particles, experimental evaluations are conducted to
determine the optimal parameters for MRE composition. Finally, the
fabricated MREs are tested in a laboratory setting to assess their sound
absorption capabilities. Based on the experimental tests, the optimal
amounts of carbonyl iron particles, RTV silicone rubber, and hardener
are 15 g, 9 g, and 0.45 g, respectively.
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INTRODUCTION

The interaction between magnetic particles in magnetorheological (MR) materials gives rise to various
phenomena such as magnetostriction, magneto-deformation and magneto-mechanical effects. There are
several types of magnetorheological materials, classified based on their non-magnetic matrix, including
MR fluid (MRF) (Harun et al., 2018; Li et al., 2024), MR elastomer (MRE) (Bastola et al., 2020; Hafeez et
al., 2020; Hamid et al., 2023), MR foam (Rohim et al., 2022; Yang et al., 2022), MR grease (MRG) (Yang
etal., 2024), MR polymer gel (MRPG) (Li et al., 2021; Maurya & Sarkar, 2022), and MR plastomer (MRP)
(Lietal., 2025). Among all types of MR materials, MRF was the first to be developed and remains the most
widely used due to its rapid change in rheological properties and ease of fabrication. The development of
MREF began in the late 1980s. When exposed to a magnetic field, MRF undergoes a phase transition from
a liquid to a semi-solid state. Common real applications of MRF include dampers, valves, and clutches
(Choi et al., 2016). In 1983, Rigbi & Jilkén (1983) introduced MRE as a solid-state MR material. MREs
typically have a rubber-like consistency, with ferrite particles embedded in the elastomer matrix to enhance
their magnetic responsiveness. The ferrite particles serve to lock the internal structure of the matrix,
improving the material’s stability and mechanical properties. Additives such as silicone or surfactants may
also be included to optimize performance. MREs exhibit tunable viscoelastic properties, making them
useful for applications such as vibration absorbers, vibration isolators, and sandwich beam structures
(Priyandoko et al., 2018; Sulatchaneenopdon et al., 2022; Syam & Muthalif, 2021).

In 2002, Wilson et al. (2002) introduced Magnetorheological Polymer Gel (MRPG), a type of MR
elastomer in which magnetic particles are dispersed within a gel matrix. The primary purpose of MRPG
was to enhance system stability by controlling initial viscosity and reducing particle sedimentation in the
presence of a magnetic field. Later, Xu et al. (2011) introduced Magnetorheological Plastomer (MRP),
where magnetic particles are embedded within a plasticine-like polymer matrix. MRP exhibited a stronger
magnetorheological effect than traditional MREs due to its higher concentration of magnetic particles.
Compared to MREs, MRFs are significantly softer and less versatile for structural applications (Dhiman et
al., 2024). Over the past few decades, MREs have gained attention as an advanced material for vibration
control and noise reduction technologies (Masa’id et al., 2023). Their mechanical properties and behavior
are strongly influenced by the magnetic field, particularly the presence of carbonyl iron particles. Due to
this tunability, MREs are being explored for innovative applications aimed at mitigating noise pollution.
Devices such as vibration absorbers, vibration isolators, sensors, and adaptive beam structures have been
developed utilizing MRE technology (Zhao et al., 2017; Bastola & Hossain, 2020; Samal et al., 2020). A
vibration absorption system typically consists of two main units: a semi-active vibration absorption unit
and a passive vibration isolation unit. These units are composed of key components, including a magnetic
conductor, shearing sleeve, bobbin core, electromagnetic coil winding, and a circular cylinder MRE
vulcanized between the shearing sleeve and bobbin core. The fundamental role of vibration absorbers is to
dissipate and reduce vibration energy, thereby enhancing damping performance in mechanical systems.
MRE absorbers, in particular, play a crucial role in damping elements, effectively minimizing unwanted
vibrations and improving overall system stability (Choi & Wereley, 2022).

Vibration isolators are used to separate equipment or structures from sources of vibration, minimizing
unwanted oscillations and improving stability. Generally, vibration isolators are classified into two main
types: base isolation and force isolation. Additionally, they can be categorized as either active or passive
devices. Magnetorheological elastomer (MRE) isolators offer several advantages, including reducing
vibrations in heavy machinery and serving as variable stiffness devices (Dingxin et al., 2025). Furthermore,
MREs can be utilized in the development of tuned mass dampers (TMDs), a highly effective strategy widely
implemented in skyscrapers and bridges to mitigate structural dynamic responses. This is possible because
the stiffness of MREs can be actively adjusted using an applied magnetic field (Wang et al., 2017). The
MRE vibration isolator operates in both active and passive modes and consists of several key components,
including a steel housing, non-magnetic bobbin, lower shaft, MRE mounts, and upper shaft. One significant
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advantage of this setup is its adaptability, as the vibration isolator can be positioned in different orientations
depending on specific application requirements (Ubaidillah et al., 2018).

This research investigates the potential of MRE in noise absorption, exploring its capability to mitigate
noise pollution by attenuating sound waves before they propagate into the environment. To maximize their
effectiveness, optimizing the composition and size of ferrous particles within MRE:s is crucial. The primary
challenge lies in identifying the optimal material composition, as different combinations significantly
influence sound absorption performance. A higher concentration of ferromagnetic particles, particularly
carbonyl iron particles, can enhance the internal structure of MREs when subjected to a magnetic field,
thereby improving their acoustic absorption properties. In addition to composition, particle size plays a
critical role in determining the density, magnetic responsiveness, and overall interaction of the particles
within the elastomer matrix. Smaller particles tend to distribute more uniformly, enhancing compatibility
with the elastomer, whereas larger particles may improve magnetic properties but potentially reduce the
material’s flexibility. Therefore, achieving an optimal particle size distribution is essential for balancing
structural integrity, magnetic responsiveness, and acoustic performance to develop MREs with superior
noise absorption capabilities.

EXPERIMENTAL SETUP FOR SOUND ABSORPTION TESTING

In order to fabricate the magnetorheological elastomer (MRE), several materials are required, namely
carbonyl iron particles as the ferrous component, RTV silicone rubber as the rubber matrix, and a hardener.
The carbonyl iron particles used have a size of 0.005 mm. Before pouring the mixture into the mold, a
silicone spray is applied to the mold to prevent adhesion. Fig 1 shows the materials used for fabricating the
MRE sample.
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Fig. 1. Material to fabricate MRE (a) carbonyl iron particle (b) hardener (c) silicon spray and (d) RTV silicon rubber.

The MRE is fabricated using a curing process at room temperature. Initially, a weighing scale is used
to measure the materials as shown in Fig 2(a). The MRE mold shown in Fig 2(b) is used for the curing
process. The first step involved scooping approximately 21 grams of carbonyl iron particles (size: 0.005
mm) and mixing them with 9 grams of RTV silicone rubber in an MRE mold. The mold is then sprayed
with silicone spray to prevent the mixture from sticking to the mold walls, making it easier to remove the
sample later. After that, 0.27 grams of hardening agent is added. The combined mixture is stirred uniformly
until it changes to a greyish color, indicating that the carbonyl iron particles, RTV silicone rubber, and
hardener are well combined. Once the mixture reached a semi-solid state, it was quickly poured into the
mold as shown in Fig 2(c), to prevent premature hardening and to minimize air bubbles in the MRE sample.

The curing process took one full day to ensure the MRE sample is completely cured, as illustrated in Fig
https://doi.org/10.24191/jmeche.v22i3.5795
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2(d). After successfully completing the first stage of the MRE fabrication process, the next step is to
fabricate MRE samples with different sizes of iron particles. The optimized material composition and
corresponding applied currents are detailed in the authors’ previous work (Sobri et al., 2024).

(d)

Fig. 2. Process of making MRE sample (a) electronic balance (b) MRE mould (c) pre-hardening MRE sample and
(d) MRE sample.

The size of the carbonyl iron particles (CIPs) is varied in the optimization process to develop a reliable
MRE for sound absorption. The ferrous particle size plays a crucial role in determining the optimum
composition and acoustic characteristics of the material. In this study, three different particle sizes namely
0.005 mm, 0.048 mm, and 0.052 mm are used as shown in Fig 3. These sizes range from extremely small
to comparatively larger particles, allowing for a broader evaluation of their effects on sound absorption.
The next step involves fabricating MRE samples using different CIP sizes while maintaining the optimum
composition to maximize sound absorption capabilities.
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Fig. 3. Carbonyl iron particles (a) 0.005 mm, (b) 0.048 mm, and (c) 0.052 mm.

After successfully fabricating the MREs, experiments were conducted to evaluate their sound
absorption capabilities (Gao & Zhang, 2021; Dogra & Gupta, 2024). Different material combinations were
prepared in the laboratory, and tests were performed to analyze variations in sound absorption performance
(Mahiou & Sadouki, 2024; Li et al., 2024). An impedance tube equipped with a sound level meter, a
speaker, and an MRE sample was used in the experiment as shown in Fig 4(a). The MRE had a diameter
of 5 cm and a thickness of 1 cm. Two sound level meters, designated as Sound Level Meter 1 and Sound
Level Meter 2 were placed inside the impedance tube to measure sound absorption. The MRE was
positioned between these two meters using a Teflon holder, as illustrated in Fig 4(b). To record
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measurements, both sound level meters were connected to a laptop. Additionally, the laptop was linked to
a speaker, which was set to emit sound at a mid-frequency of 2000 Hz (Bradley, 2011) as shown in Fig
4(c). The sound levels recorded by both meters were analyzed and compared to assess the MRE's sound
absorption performance.

Fig. 4. Different material combinations in analyzing variations in sound absorption performance (a) impedance tube
(b) setup MRE sample in the Teflon and (c) sound level meter and speaker are linked to the laptop.

EXPERIMENTAL RESULTS OF SOUND ABSORPTION USING MRE

This section discusses the findings from the experimental test of the MRE capabilities to absorb sound
using an impedance tube. The optimum composition parameters are determined by calculating the signal-
to-noise ratio (SNR). At the end of the section, the discussion of the influence of ferrous particle size on
the sound absorption capabilities of MRE is discussed. The testing was done using a fabricated impedance
tube and sound level meter, and the data was recorded. The experiment tested the sound absorption
capability (SAC) using nine samples of MRE. Microphone 1 measured the maximum sound level from the
speaker before it passed through the MREs, and Microphone 2 measured the maximum sound level after it
passed through the MREs. The SAC of the MREs was recorded based on the difference in sound levels
between Microphone 1 and Microphone 2. The SAC results are recorded in Table 1.
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Table 1. Experimental result

Sample Microphone 1, dB Microphone 2, dB Sound Absorption capability, dB
1 96.43 66.43 30.00
2 98.53 69.03 29.50
3 101.80 79.63 22.17
4 100.30 79.53 20.77
5 95.10 64.47 30.63
6 95.20 62.13 33.07
7 97.00 80.30 16.70
8 98.80 81.57 17.23
9 100.40 80.10 20.30

In this experiment, each parameter is examined with nine samples. The frequency was fixed as 2000
Hz. The result of the nine experiments of SAC of MRE were totally different as the different reading values
at microphone 1 and microphone 2. This was because the different composition of material is used to make
the MRE sample. Sample 6 was chosen because of highest SAC of MRE compared to others sample. Fig 5

shows the sound absorption results of MRE.
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Fig. 5. Sound absorption capability of MRE.

SNR is the ratio between the strength of a signal and the strength of the background noise, showing
effectiveness a sound absorption material works. A higher SNR means the signal is easier to detect. Table
2 shows the SNR results, which were calculated from the SAC values as shown in Equation 1.

SNR = —10! ll SAC ZJ
= 0910 n (Z SA C)
Where:
SNR : Signal-to-Noise Ratio
SAC Sound Absorption Capability
n : Total Number of Experiments
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Table 2. The calculation of Signal to Noise Ratio

Sample Sound absorption capability, dB Signal-to-noise ratio, dB
1 30.00 26.86
2 29.50 27.01
3 22.17 29.49
4 20.77 30.06
5 30.63 26.68
6 33.07 26.02
7 16.70 31.95
8 17.23 31.68
9 20.30 30.29
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Fig. 6. The total of Signal to Noise ratio for different factors and levels.

Fig 6 represents the total SNR value for different factor and level. This graph aims to identify the
optimum composition to maximize the sound absorption capability of MRE. The optimum composition
was determined based on the highest SNR to obtain maximum SAC of MRE. In this study level 3, which
is 15 g has been chosen for CIP to achieve optimum composition of MRE. This is because, higher
concentration of CIP can improve the MRE density and stiffness but reduce their flexibility. A higher
density might lead to less effective sound absorption when a material starts to reflect more than it absorbs.
CIP are better distributed inside the elastomer matrix at lower concentrations. More homogeneous material
with consistent acoustic characteristics can be produced by this uniform dispersion.

On the other hand, level 1 of RTV silicon rubber has the highest total SNR value for different factor
and level compared to level 2 and level 3. RTV silicon rubber play a crucial role to provide elasticity and
porosity to the MRE. To attain the ideal composition of MRE, level 1 or 9g of RTV silicon rubber has been
selected for this project. This is because reducing RTV silicone rubber content can make the MRE more
porous cause improving the way sound waves are absorbed and released. The contact between the carbonyl
iron particles can be more apparent when there is less rubber, which helps to dissipate sound energy.

Other than that, level 3 of hardener has the highest total SNR value for different factor and level
compared to level 1 and level 2. The hardener plays a critical role in the curing process and influencing the
MRE's final mechanical properties. For this study, level 3 or 0.45¢g of hardener has been chosen to get the
optimal composition of MRE. This can increase the microstructural stability of the MRE. This is because
better dispersion and stabilization of the magnetic particles are made possible by a well-cured matrix which
https://doi.org/10.24191/jmeche.v22i3.5795
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can enhance overall acoustic performance. Hereby, it could be said that 15 g of carbonyl iron particles, 9 g
of RTV silicon rubber, and 0.45 g of hardener are the optimum composition as compared to other
compositions. Various-sized ferrous particles can affect the sound absorption (Wu et al., 2020). Table 3
shows the SAC with different sizes of ferrous particles.

Table 3. Sound absorption with different sizes of ferrous particles

Size (mm) Microphone 1, dB Microphone 2, dB Sound absorption capability, dB
0.005 95.2 62.13 33.07
0.048 97.7 71.60 26.10
0.052 96.6 71.50 25.10
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Fig. 7. Sound absorption capability of MRE for different size of CIP.

Fig 7 shows the sound absorption capacity of MRE samples with different carbonyl iron particle sizes.
The lowest particle size, measuring 0.005 mm had the highest sound-absorbing ability at 33.07 dB. Sound
absorption significantly decreases to 26.10 dB when the particle size rises to 0.048 mm. The absorption
decreases again to 25.10 dB with a further increase to 0.052 mm indicating a small improvement in CIP
size. This pattern suggests that smaller particle sizes are typically more effective in maximizing the sound
absorption capability of MRE. The decrease in sound absorption with increasing particle size could be
caused by a variety of factors. Smaller particles likely create a more uniform and densely packed structure
inside the MRE, which could improve the material's ability to absorb sound waves. In contrast, larger
particles could result in more spaces and flaws in the structure, decreasing the attenuation of sound waves
(Wu et al., 2020).

From the overall experimental tests, the SAC for each composition and ferrous particle size was
determined using the impedance tube test by comparing the readings from Microphone 1 and Microphone
2. The SNR was calculated using the SNR formula, and the optimal composition, as well as ferrous particle
size, were identified based on the highest SNR values. The results showed that the optimal composition
consisted of 15 g of carbonyl iron particles, 9 g of RTV silicone rubber, and 0.45 g of hardener.
Additionally, the study analyzed the effect of different ferrous particle sizes and found that smaller particles
yielded the highest SAC for MREs. SNR was used as a complementary metric to SAC for providing a more
robust evaluation of the material's acoustic performance. While SAC quantifies how much sound energy is
absorbed by the material at a given frequency, SNR helps assess the clarity or effectiveness of sound
attenuation by comparing the absorbed signal to background noise. In this study, SNR was particularly
https://doi.org/10.24191/jmeche.v22i3.5795
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useful for identifying the optimal MRE composition by highlighting the samples that not only absorbed
sound effectively (high SAC) but also minimized unwanted noise transmission or reflection. Therefore,
using SNR alongside SAC offers a more comprehensive analysis, ensuring that materials selected for noise
control are both efficient absorbers in actual acoustic conditions.

CONCLUSION

Based on the experimental results and calculations in this study, there are several conclusions can be made.
Firstly, the optimal composition and ferrous particle size for magnetorheological elastomers (MREs) to
achieve maximum sound absorption capability (SAC) were identified. The best composition consisted of
15 g of carbonyl iron particles, 9 g of RTV silicone rubber, and 0.45 g of hardener. This combination
yielded the highest signal-to-noise ratio (SNR) among the tested factors and levels, making it the most
effective choice for enhancing the SAC of MREs. Secondly, the influence of ferrous particle size on the
sound absorption capability of MREs was examined. The results indicated that ferrous particles with a size
of 0.005 mm exhibited the highest sound absorption, making them the optimal particle size for maximizing
the sound absorption coefficient (SAC) in MREs.
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