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Abstract: Volatile organic compounds pollute the environment and pose a serious threat to human
health due to their toxicity, mutagenicity, and carcinogenicity. In this context, it is highly desirable to
fabricate high-performance poly (dimethylsiloxane) (PDMS) composites to remove organic solvents
from the environment using a simple technique. Therefore, in the present study, Fe-PDMS composites
were fabricated using a technique based on magnetic induction heating with iron particles serving
as a self-heating agent. Under an alternating magnetic field, the iron particles served as a thermal
source that assisted in the progression of PDMS crosslinking. The influence of self-heating iron on the
properties of the fabricated Fe-PDMS composites was also investigated. The hydrosilation reaction
occurring during the crosslinking process was controlled using FT-IR. The heating efficiency of PDMS
1, PDMS 2, and PDMS 3 was studied as the function of induction time (0–5 min) and the function
of iron content (0%, 1%, and 30% wt.%). The results revealed that the mechanical properties of the
PDMS 2 composite were enhanced compared to those of the PDMS 1 and PDMS 3 composites. The
mechanical properties of PDMS 3 were the least efficient due to cluster formation. PDMS 3 exhibited
the highest thermal stability among all composites. Furthermore, the swelling behavior of different
materials in various organic solvents was studied. PDMS was observed to swell to the greatest extent
in chloroform, while swelling to a large extent was observed in toluene, pentane, and petroleum
ether. PDMS swelling was the least in n-butanol. The elastomeric behavior of crosslinked PDMS,
together with its magnetic character, produces stimuli-responsive magneto-rheological composites,
which are quite efficient and suitable for applications involving the removal of organic solvents.

Keywords: self-heating iron; PDMS; VOC; thermal stability; swelling; mechanical properties

1. Introduction

Silicones exhibit a combination of the properties of two types of materials: organic and
inorganic. Therefore, silicones are considered suitable polymeric matrices for various inor-
ganic powders [1–3]. Polydimethylsiloxane (PDMS) is a biocompatible, inexpensive, and
convenient-to-use elastomer comprising an inorganic siloxane (Si-O) backbone and organic
methyl groups attached to the constituent silicon atoms [4–6]. The perfect PDMS system
includes silanol-terminated PDMS, a crosslinker, and a catalyst as the major components,
while reinforcing fillers and other additives may be added according to the application.
Such systems combine the properties induced by the presence of metal with those specific
to polymers, including the property of easy processability, which allows for the possi-
bility of developing a wide range of composite materials with desired properties [7–9].
PDMS exhibits matchless behaviors in terms of elasticity, thermal stability, and mechanical,
chemical, and optical properties [10–12]. It has attracted particular interest as it has the
lowest surface energy reported so far, along with a hydrophobic character. An appropriate
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novel composite selection and layout would allow altering the properties of products
according to the demands and future applications such as magneto-rheological fluids and
electromagnetic wave shields [13–15]. PDMS has several applications, such as theranostics
and drug delivery in biomedical applications [16]. The Ag-PDMS composites have been
used in electrical and optical devices [17]. Soft materials containing a polymeric matrix
with iron particles incorporated in it are of high significance for use in stimuli-responsive
magneto-rheological composites [18,19]. The impact of iron as self-heating particles (5, 10,
15% volume fraction) in the curing control of PDMS composites was investigated. The
fabrication of thermally stable Fe-PDMS composite revealed promising results for the use
of this composite as a thermal composite in applications where higher heat resistance is
required [12]. The isotropic distribution of iron filler particles (30% volume fraction) was
observed without any influence from the magnetic field during magneto-rheological elas-
tomer (MRE) composites’ preparation. The anisotropic arrangement of iron fillers within
the MRE composites was observed in the presence of a magnetic field during fabrication. It
was shown that the linear arrangement of the iron particle chain induced magnetization
within the composite [18]. For magnetic elastomers, pre-aligning the magnetic particles
within the polymer matrix proved to be a successful approach to improving their respon-
siveness to external magnetic fields, showing a higher degree of deformability and even
anisotropic mechanical response [9]. Among the scope of efficient magnetic particles,
the most distinguished MR material is the carbonyl iron particle (CI). However, serious
sedimentation and agglomeration problems due to the large density mismatch between
the CI particle and medium oil have limited its engineering applications [10]. Drainage
of organic compounds to surface waters threatens the aquatic environment with effects
such as acute and chronic toxicity in the aquatic organisms, accumulation of pollutants in
the marine ecosystem, and loss of habitats and biodiversity of marine life [3–5]. Petroleum
hydrocarbon compounds, including toluene, chloroform, pentane, petroleum ether, and
n-butanol, are often drained into the surface and underground waters due to industrial
activities, particularly the mishandling of petrochemicals, reservoir leakages, and inappro-
priate waste disposal practices [6–8]. Chemical contamination of water has caused water
pollution to remain a serious environmental and public health problem. PDMS is notably
hydrophobic, and water is unable to readily permeate its surface. On the contrary, most
organic solvents can permeate the PDMS surface, which is the basis of their application in
solvent removal. PDMS is highly soluble in non-polar solvents and, therefore, to render it
chemically stable, the crosslinking of PDMS is necessary. PDMS sponge/carbon nanotubes
are more comprehensive than the pure PDMS for efficient removal of oil from immiscible
oil–water mixtures [4]. PDMS/graphene aerogels displayed a high adsorption capacity
toward various organic solvents in the range of 48–96 g/g [5]. PDMS-based hydrophobic
sorbents were fabricated via bulk polymerization of tetraethyl orthosilicate and different
lengths of PDMS, without using any activator, initiator, catalyst, or solvent. The prepared
sorbents have a high swelling ability in organic liquids/oils in the range of 9–21 g/g [7].
Mazzotta et al. proposed the production of reusable magnetic nanocomposites using
PDMS/multiwalled carbon nanotubes and utilized them as absorbents to selectively collect
oil from oily wastewater [11]. The hydrosilylation reaction may be accelerated by applying
heat, ultraviolet (UV) irradiation, or gamma-ray irradiation. Each fabricating method
has its characteristic advantages and disadvantages. The curing condition for pristine
PDMS is approximately 48 h at room temperature or 10 min at a high temperature (150 ◦C).
UV-based curing may be applied to avoid exposure to high curing temperatures, although
the overall penetration of the UV-cured system is low compared to heat-cured systems. The
magnetic induction heating technique appears promising as a facile technique to overcome
the following shortcomings of the existing methods of fabrication: (1) the self-heating iron
particles serve as an internal thermal source dispersed homogenously in the PDMS matrix,
which allows effective curing due to the enclosure of a steady heat allocation throughout
the crosslinking process, which is not the case with the UV-cured system. (2) The presence
of iron particles enhances the reactivity of the hydrosilation process, thereby allowing the
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completion of the curing process in a shorter duration compared to the heat-cured system.
(3) The magnetic induction heating technique allows controlling the curing process as it is
possible to tune the curing rate by altering the iron content and induction time. (4) PDMS
is degraded at a low temperature and, therefore, fails to meet the service requirement for
heat-resistant elastomers. The presence of iron in the PDMS matrix, however, enhances the
thermal stability of the composite. (5) The magnetic character is advantageous for reuse as
the composites could be separated from the medium simply by using a magnetic source.
Therefore, the present study aimed to investigate the performance of the PDMS composite
in the removal of organic solvents. The study involved continuing the deep investigation
of the effect of utilizing iron particles as a self-heating agent using the magnetic induction
heating technique on the properties of PDMS composites. The curing process was followed
using Fourier transform infrared (FTIR), and the composites were analyzed for the dis-
tribution of the filler within the material using scanning electron microscopy (SEM). The
mechanical properties and the thermal stability of the materials were investigated using
dynamic mechanical analysis (DMA) and thermogravimetric analysis (TGA), respectively.
Finally, the compatibility and the swelling behavior in the presence of different organic
solvents were evaluated.

2. Materials and Methods
2.1. Materials

PDMS Sylgard 184 was supplied in a two-component kit containing a pre-polymer
(silicone elastomer base) and a crosslinker (184 silicone elastomer curing agent) in a ratio of
10:1 by weight (Dow Corning Corporation, Midland, MI, USA). Iron powder (size 5–9 µm;
CAS no. 7439-89-6) was purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Fabrication of PDMS Composites Using the Magnetic Induction Heating System

Fe-PDMS composites PDMS 1, PDMS 2, and PDMS 3 were fabricated by adding PDMS
to iron powder in a proportion of 0%, 1%, and 30% (wt.%), respectively. The mixture was
stirred uniformly while applying a vacuum to remove bubbles. Since magnetic stirring is
not recommended for the dispersion of magnetic particles, mechanical stirring at 1000 rpm
was applied for two min. The hydrosilation process was allowed to occur for 5 min
using magnetic induction heating with a frequency of 142 kHz and 1 kW of power. The
temperature increases were recorded using an infrared thermometer (Figure 1).
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Figure 1. The magnetic induction heating system.

2.3. Characterizations

The thermogravimetric analysis (TGA) was conducted using Q500 (TA instruments, El-
stree, UK). The weight loss was recorded at different temperatures (25–900 ◦C;
rate = 10 ◦C/min under nitrogen). The mechanical properties were measured by per-
forming the dynamic mechanical analysis (DMA) using Q800. The DMA experiments
were conducted in the temperature range of 30–200 ◦C and a heating rate of 5 ◦C/min
(TA Instruments, Elstree, UK). A Bruker Tensor 27 Infrared Spectrometer (Bruker, USA)
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was employed for Fourier Transform Infrared (FTIR). The electron microscopy observation
was performed under FE-SEM (Zeiss ULTRA Plus equipped with a Schottky cathode),
and the images were obtained using Smart SEM v5.05 software operated at 1.5 kV (Zeiss,
Oberkochen, Germany). The dimension of the samples used in the analysis measurements
was 2 ± 0.1 mm in width and 0.2 ± 0.08 mm in thickness. The swelling behavior was
investigated in different organic solvents: toluene, chloroform, pentane, petroleum ether,
and n-butanol. The weight of the fabricated PDMS was recorded prior to immersion into
the solvent, as depicted in Equation (1). Subsequently, after the removal of samples from
the solvent (after 30 min) followed by rapid drying, the weight gain in the PDMS samples
was recorded. The weights were measured on a mass balance.

Degree of swelling (S) =
wt1 − wt2

wt1
(1)

Here, wt1 and wt2 denote the weight of the material prior to and after immersion into
the solvent, respectively.

3. Results and Discussion
3.1. Fabrication of the PDMS Composites

In general, to confer chemical stability to the PDMS composites, a three-dimensional
crosslinked net has to be included in their structures. This is achieved through a reaction
between the vinyl-end functional groups on the linear PDMS chains and a multifunctional
crosslinker in the presence of a catalyst. Since the structure of crosslinked PDMS materials
is usually fabricated using the hydrosilation reaction, factors such as the hydrosilation rate,
the vinyl groups of the PDMS structure, the number of Si-H groups in the structure of the
crosslinker, and the type and molecular structure of the catalytic complex become important.
In the present study, Fe-PDMS composites were fabricated using the magnetic induction
heating technique. Under an alternating current (AC) magnetic field, iron particles in
the composite structure served as micro-heating agents due to the relaxation phenomena
occurring as a result of the magnetization-based internal rotation of the iron particles in
a viscous PDMS medium. The crosslinking process alters the characteristic of the pre-
polymer from viscous to elastic. The curing process may be accelerated by increasing the
temperature [20]. After the completion of the crosslinking process, the PDMS composite
exhibits a rubbery appearance. Material performance is determined to a great extent by
the framework of the crosslinked net and the residue groups in the bulk and interface of
the material. Therefore, it is of great importance to monitor the reaction throughout the
crosslinking process and to distinguish the crosslinked networks being fabricated. The
process to obtain a cured polymer is based on the reaction between the Si–H crosslinker
group and the (Si–CH=CH2 pristine polymer group [21]). According to the FT-IR results
(Figure 2), the characteristic bands of PDMS did not shift upon increasing Fe particles and
were, therefore, concentration-independent. This result suggested that no chemical reaction
occurred between the Fe particles and PDMS during the fabrication process. The influence
of iron particles serving as micro-heating agents on the crosslinking matrix was also studied
using the FT-IR analysis. It was observed that after the crosslinking, the (–Si–H) peaks
had disappeared. The characteristic bands corresponding to the bending and stretching of
(–Si–H) appear at 910 cm−1 and 2160 cm−1, and their appearance indicates the presence
of the crosslinker in the structure during the curing process (Figure 2). The crosslinker
agent also exhibited reduced (–Si–H) in the integration region, indicating that (–Si–H) was
being used throughout the fabrication process. Moreover, the band was almost linear as
the entire crosslinker agent was consumed in the fabrication process (Figure 2) [12]. In
contrast, PDMS 1 exhibited no change in the crosslinker peak due to the absence of iron
particles in the system. The crosslinking process has been conducted previously at different
temperatures, and the best crosslinking conditions for obtaining pristine PDMS are reported
to be approximately 10 min of reaction at 150 ◦C, 45 min of reaction at 100 ◦C, or two days
of reaction at room temperature [7,8]. Two mechanisms are available for stimulating the
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process of hydrosilation: the platinum-catalyzed mechanism and the radical chain addition
mechanism [8]. It is also reported that the curing of PDMS could be conducted using a
high-temperature vulcanization process, in which the polymerization is initiated by the
decomposition of a free radical initiator (such as an organic peroxide) at temperatures
of over 100 ◦C [8,11]. In the system fabricated in the present study, the presence of iron
particles enhanced the reactivity of the hydrosilation process, thereby allowing the curing
process to occur in a shorter duration without requiring the use of a free radical initiator or
a catalyst.
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3.2. Heating Efficiency

The hydrosilation reaction involves the reaction of the crosslinker with the pre-polymer
to produce a cured polymer. The heating efficiency of the crosslinker and the pre-polymer
mixture was investigated based on the presence of iron particles in the PDMS matrix using
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a magnetic induction heating system. Uniform distribution of iron particles in PDMS
is desired to ensure a steady heat allocation throughout the crosslinking process. Iron
was incorporated in the PDMS matrix in the concentrations of 0%, 1%, and 30% (wt.%)
for different exposure durations (0–5 min) at a frequency of 142 kHz and 1 kW of power.
A quasi-adiabatic reign, in which no heat exchange occurs between the sample and the
surroundings, was assumed. As illustrated in Figure 3, for PDMS 3, the temperature
elevated linearly with time during the initial stage (up to 60 s), and then the increase in the
temperature decelerated gradually until the saturation stage was reached. Afterward, the
temperature did not increase any further, as the thermal equilibrium had been attained, a
stage at which the heating rate equals the cooling rate.

As visible in Figure 3, with the increase in the iron content, the heating rate also
increased, and the samples were heated faster by the magnetic field. PDMS 3 exhibited
the highest heating efficiency under the same magnetic field. The maximum temperature
reached after 5 min was 22.3 ◦C, 39.5 ◦C, and 170 ◦C for PDMS 1, PDMS 2, and PDMS
3, respectively. With increasing iron content, the heating rate also increased, causing
the material to be heated promptly with the applied magnetic field. The heating rates
achieved were 0.03 ◦C/s and 1.2 ◦C/s for PDMS 2 and PDMS 3, respectively. No increase
in temperature was observed in PDMS 1 due to the absence of iron particles. The heating
efficiency of iron particles under an applied magnetic field is a consequence of two loss
mechanisms: Néel relaxation and Brownian relaxation [22,23]. While Néel relaxation is
affected by interparticle dipole/dipole interactions, Brownian relaxation is associated with
the rotation of the iron particles in a viscous PDMS medium.
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3.3. Thermal Stability

The effect of the iron content on the stability of the materials was evaluated using
thermogravimetric analysis (TGA) (Figure 4). PDMS is elastic and stable at temperatures
of up to 250 ◦C. In the present study, the first stage of weight loss (≈1% wt.%.) occurred
from 25 ◦C to 237 ◦C, which was attributed to the loss of moisture and impurities. The
second stage of weight loss occurred from 237 ◦C to 458 ◦C, which was attributed to PDMS
depolymerization due to the breakage of the Si-O groups in the PDMS chain [24,25]. Above
369 ◦C, the initial decomposition temperatures of the PDMS 1 and PDMS 2 composites
shifted to lower values compared to those for the PDMS 3 composite. PDMS 3 exhibited
the highest thermal stability until 554 ◦C, after which the weight decreased gradually
with increasing temperature. It could be that the presence of iron particles improved the
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constancy of the materials by preventing volatile movement. The final stage of weight
loss occurred from 560 ◦C to 700 ◦C, which was attributed to the continued decomposition
of PDMS. The highest rate of weight loss was observed at 701 ◦C, as evident from the
first derivative peak temperature (Tp) depicted in Figure 4b. The maximum weight loss
for PDMS 1, PDMS 2, and PDMS 3 occurred at further higher temperatures of 580 ◦C,
699 ◦C, and 701 ◦C, respectively (Figure 4b). Above 708 ◦C, PDMS 3 exhibited the highest
thermal stability. Finally, the thermal stabilities of the samples stabilized, with final residual
amounts of 52%, 57.3%, and 60.8% for PDMS 1, PDMS 2, and PDMS 3, respectively. The
residues in the samples were attributed to the presence of inorganic compounds of Fe
and Si. PDMS composites with high stability are useful for handling distinct chips for
biochemical reactions [26]. In this context, it is important to fabricate uniform and suitably
cured PDMS having good thermal stability at elevated temperatures.
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3.4. SEM Analysis

Material morphology and the distribution of iron particles in the PDMS 3 composite
were investigated using scanning electron microscopy (SEM) (Figure 5). It is noteworthy
that, under an applied magnetic field, the iron particles tended to decrease the energy
of the magneto-static to reach a stable order. Moreover, iron particles arranged rapidly
in a direction parallel to that of the magnetic field. The particles had magnetized in the
same tendency, and the magnetic pole interactions between the sphere chains caused the
particles to repel each other until an equilibrium interval was reached. Subsequently, the
long-chain structure of the particles agglomerated to create columns. These agglomerates
were then magnetized under the applied magnetic field and united into linear chains that
aligned along the direction of the magnetic field. The chain length was limited by the elastic
resistance of the host polymer to the displacement of the agglomerates. The presence of
such columns was also detected by Calabro et al. in a previous study [27]. PDMS permits
the magnetically responsive particles to respond to the field by deforming the microsphere
shape, with the shell extending in the direction of the magnetic field [28,29]. The increase in
the temperature using magnetic-induction-based heating leads to appreciable diversity in
the structure of materials, and the distribution of the Fe particles in the PDMS matrix affects
the properties of the fabricated material. In addition, the agglomeration and orientation of
the Fe filler affect the swelling and the mechanical properties of the composites.
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3.5. Strain–Temperature Properties

The temperature-dependent mechanical properties of the fabricated composites were
investigated using dynamic mechanical analysis (DMA). Strain behavior with the increase
in temperature for the PDMS composites is illustrated in Figure 6. PDMS 2 exhibited
low strain at high temperatures. This was because the considerable interaction between
the PDMS matrix and the iron filler limited the heat distortion in the PDMS 2 composite.
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The strain increased with the increase in the iron content as the distortion in the samples
increased with an increase in temperature. PDMS 3 exhibited the highest distortion upon
an increase in the temperature due to cluster formation. The filler–filler interactions were
governed by electrostatic forces and Van der Waals, which corrupted the mechanical
properties of the composite. This was mainly attributed to the difficulty of uniformly
dispersing the Fe particles within the polymer matrix and to the incompatibility of Fe
with the hydrophobicity of the PDMS matrix. It is reported that at low temperatures, the
mechanical property of a material is independent of the heating duration, while at higher
temperatures, the mechanical strength is decreased [30].
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3.6. Swelling Behavior

Volatile organic compounds exert a negative impact on the environment and human
health. These compounds evaporate at room temperature and pressure, causing the vapors
to be present in both indoor and outdoor environments [3–5]. The hazards caused by
the increasing amounts of petrochemical solvents, such as toluene, chloroform, pentane,
petroleum ether, and n-butanol, should be particularly focused on, as these solvents are
highly toxic and difficult to remove from the environment [6,7]. Compound adsorbents,
which include shrink-bonded polymers and rubber materials, adsorb fluids on their solid
structure and swelling. The PDMS matrix also allows the permeation of organic solvents,
leading to an increase in the polymer volume and polymer swelling, which depend on the
volume of solvent permeated [31]. The degree of swelling of the material is determined by
the solubility of the solvent. The swelling behavior of PDMS in different organic solvents
is presented in Figure 7. PDMS swelled to the greatest extent in the presence of chloroform,
while a large extent of PDMS swelling was observed in toluene, pentane, and petroleum
ether as well. The swelling was the least in n-butanol, which is a polar solvent. In other
polar solvents as well, the swelling was less evident. Bhanushali et al. reported that
the solvents with δ ≈ 15.5 (MPa)0.5 cause the greatest degree of swelling in the PDMS
membranes, which have a similar δ value, at a maximum solubility of ~2 g solvent per
g of the polymer [32]. A higher degree of swelling could, however, be obtained when
the solubility of the solvent was close to that of PDMS. This was attributed to hydrogen-
bonding, polarity, and dispersive effects, which depend on the molecular structures and
chemical groups of both solvents and polymers. Therefore, the solvents and polymers that
have comparable solubility of the parameter are expected to interact strongly and allow
the solvent to be soluble in the polymer, thereby allowing considerable polymer swelling
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to occur. The PDMS swelling observed in the non-polar solvents is due to the empty net
structure in the polymer. The degree of swelling might also be affected by the degree of
crosslinking, which is affected by the Fe content. The study of the swelling behavior of
PDMS in different organic solvents is critical in the case of layout PDMS meant for the
extraction process, in which the PDMS composite is used for organic solvent removal based
on its magnetic property (Figure 7). The composites that hold solid metal fillers exhibit a
range of outstanding properties, such as lower density, low cost, and simple fabrication [33].
These properties, together with the magnetic character, render the composites suitable
for application in oil collection [34–36]. Magnetic character is also crucial for reusing
and separating the composites from the medium simply by using a magnetic field. The
materials that could be applied as adsorbents for the removal of organic solvents from the
environment using a simple technique are highly desirable.
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4. Conclusions

The present study investigated the dual functionalities of iron particles as micro-
heating agents and fillers in the PDMS matrix. The curing rate was monitored and con-
trolled by altering the Fe content in the system to achieve the required working time. The
presence of iron particles enhances the hydrosilation reactivity in a short duration (less than
5 min). Therefore, the magnetic-induction-cured system has easy processability. PDMS
is degraded at a low temperature (≈250 ◦C), while the presence of the iron filler in the
PDMS matrix enhances the thermal stability of the material. PDMS 3 exhibited the highest
thermal stability among all three composites fabricated. PDMS 2 exhibited enhanced me-
chanical properties compared to PDMS 1 and PDMS 3. PDMS 2 showed low strain at high
temperatures due to the considerable interaction between the PDMS matrix, and the iron
filler limited the heat distortion in the PDMS 2 composite. The PDMS composite swelled
the most in chloroform, while a large extent of PDMS composite swelling was observed
in toluene, pentane, and petroleum ether as well. The swelling was the least in n-butanol.
Magnetic PDMS composites are quite efficient and suitable as an adsorbent material for
removing organic solvents from the environment.

Author Contributions: M.S.A.D. performed the synthesis and characterization of composites and
wrote the majority of the manuscript. L.M.A.-H. participated in writing the manuscript, supervised
the conceptual framework, and corrected the manuscript. All authors have read and agreed to the
published version of the manuscript.



Polymers 2021, 13, 4231 11 of 12

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Azmi, L.H.M.; Cherukupally, P.; Hunter-Sellars, E.; Ladewig, B.P.; Williams, D.R. Fabrication of MIL-101-polydimethylsiloxane

composites for environmental toluene abatement from humid air. Chem. Eng. J. 2022, 429, 132304. [CrossRef]
2. Gao, Z.; Song, G.; Zhang, X.; Li, Q.; Yang, S.; Wang, T.; Li, Y.; Zhang, L.; Guo, L.; Fu, Y. A facile PDMS coating approach to

room-temperature gas sensors with high humidity resistance and long-term stability. Sens. Actuators B Chem. 2020, 325, 128810.
[CrossRef]

3. Ge, J.; Jia, Y.; Cheng, C.; Sun, K.; Peng, Y.; Tu, Y.; Qiang, Y.; Hua, Z.; Zheng, Z.; Ye, X.; et al. Polydimethylsiloxane-functionalized
polyacrylonitrile nanofibrous aerogels for efficient oil absorption and oil/water separation. J. Appl. Polym. Sci. 2021, 138.
[CrossRef]

4. Zhang, W.; Wang, J.; Han, X.; Li, L.; Liu, E.; Lu, C. Carbon Nanotubes and Polydopamine Modified Poly(dimethylsiloxane)
Sponges for Efficient Oil–Water Separation. Materials 2021, 14, 2431. [CrossRef]

5. Wang, X.; Nie, S.; Zhang, P.; Song, L.; Hu, Y. Superhydrophobic and superoleophilic graphene aerogel for ultrafast removal of
hazardous organics from water. J. Mater. Res. Technol. 2020, 9, 667–674. [CrossRef]

6. Li, X.; Zhang, L.; Yang, Z.; He, Z.; Wang, P.; Yan, Y.; Ran, J. Hydrophobic modified activated carbon using PDMS for the adsorption
of VOCs in humid condition. Sep. Purif. Technol. 2020, 239, 1–10. [CrossRef]

7. Bayraktaroglu, S.; Kizil, S.; Sonmez, H.B. A highly reusable polydimethylsiloxane sorbents for oil/organic solvent clean-up from
water. J. Environ. Chem. Eng. 2021, 9, 106002. [CrossRef]

8. Turco, A.; Primiceri, E.; Frigione, M.; Maruccio, G.; Malitesta, C. An innovative, fast and facile soft-template approach for the
fabrication of porous PDMS for oil–water separation. J. Mater. Chem. A 2017, 5, 23785–23793. [CrossRef]

9. Vazquez-Perez, F.; Gila-Vilchez, C.; Duran, J.; Zubarev, A.; de Cienfuegos, L.A.; Rodriguez-Arco, L.; Lopez-Lopez, M. Composite
polymer hydrogels with high and reversible elongation under magnetic stimuli. Polymers 2021, 230, 124093. [CrossRef]

10. Piao, S.; Kwon, S.; Zhang, W.; Choi, H. Celebrating Soft Matter’s 10th Anniversary: Stimuli responsive Pickering emulsion
polymerized smart fluids. Soft Matter. 2015, 11, 646–654. [CrossRef]

11. Turco, A.; Malitesta, C.; Barillaro, G.; Greco, A.; Maffezzoli, A.; Mazzotta, E. A magnetic and highly reusable macroporous
superhydrophobic/superoleophilic PDMS/MWNT nanocomposite for oil sorption from water. J. Mater. Chem. A 2015, 3,
17685–17696. [CrossRef]

12. Al-Harbi, L.M.; Darwish, M.S.A.; Khowdiary, M.M.; Stibor, I. Controlled Preparation of Thermally Stable Fe-Poly(dimethylsiloxane)
Composite by Magnetic Induction Heating. Polymers 2018, 10, 507. [CrossRef] [PubMed]

13. Thurgood, P.; Baratchi, S.; Szydzik, C.; Mitchell, A.; Khoshmanesh, K. Porous PDMS structures for the storage and release of
aqueous solutions into fluidic environments. Lab A Chip 2017, 17, 2517–2527. [CrossRef]

14. Zhang, B.; Feng, Y.; Xiong, J.; Yang, Y.; Lu, H. Microwave-absorbing properties of de-aggregated flake-shaped carbonyl-iron
particle composites at 2-18 GHz. IEEE Trans. Magn. 2006, 42, 1778–1781. [CrossRef]

15. George, P.A.; Hui, W.; Rana, F.; Hawkins, B.; Smith, A.E.; Kirby, B. Microfluidic devices for terahertz spectroscopy of biomolecules.
Opt. Express 2008, 16, 1577–1582. [CrossRef]

16. Blanco, I. Polysiloxanes in Theranostics and Drug Delivery: A Review. Polymers 2018, 10, 755. [CrossRef]
17. Larmagnac, A.; Eggenberger, S.; Janossy, H.; Voros, J. Stretchable electronics based on Ag-PDMS composites. Sci. Rep. 2014, 4,

7254. [CrossRef]
18. Samal, S.; Škodová, M.; Blanco, I. Effects of Filler Distribution on Magnetorheological Silicon-Based Composites. Materials 2019,

12, 3017. [CrossRef]
19. Samal, S.; Kolinova, M.; Blanco, I. The Magneto-Mechanical Behavior of Active Components in Iron-Elastomer Composite. J.

Compos. Sci. 2018, 2, 54. [CrossRef]
20. El-Sukkary, M.; Ismail, D.; El Rayes, S.; Saad, M. Synthesis and evaluation of some derivatives of polysiloxanes. Egypt. J. Pet.

2014, 23, 361–366. [CrossRef]
21. Liu, M.; Sun, J.; Sun, Y.; Bock, C.; Chen, Q. Thickness-dependent mechanical properties of polydimethylsiloxane membranes. J.

Micromechan. Microeng. 2009, 19, 035028. [CrossRef]
22. Glöckl, G.; Hergt, R.; Zeisberger, M.; Dutz, S.; Nagel, S.; Weitschies, W. The effect of field parameters, nanoparticle properties and

immobilization on the specific heating power in magnetic particle hyperthermia. J. Phys. Condens. Matter 2006, 18, S2935–S2949.
[CrossRef]

23. Ahmed, A.S.; Ramanujan, R.V. Curie temperature controlled self-healing magnet–polymer composites. J. Mater. Res. 2015, 30,
946–958. [CrossRef]

http://doi.org/10.1016/j.cej.2021.132304
http://doi.org/10.1016/j.snb.2020.128810
http://doi.org/10.1002/app.51339
http://doi.org/10.3390/ma14092431
http://doi.org/10.1016/j.jmrt.2019.11.008
http://doi.org/10.1016/j.seppur.2020.116517
http://doi.org/10.1016/j.jece.2021.106002
http://doi.org/10.1039/C7TA06840A
http://doi.org/10.1016/j.polymer.2021.124093
http://doi.org/10.1039/C4SM02393E
http://doi.org/10.1039/C5TA04353K
http://doi.org/10.3390/polym10050507
http://www.ncbi.nlm.nih.gov/pubmed/30966541
http://doi.org/10.1039/C7LC00350A
http://doi.org/10.1109/TMAG.2006.874188
http://doi.org/10.1364/OE.16.001577
http://doi.org/10.3390/polym10070755
http://doi.org/10.1038/srep07254
http://doi.org/10.3390/ma12183017
http://doi.org/10.3390/jcs2030054
http://doi.org/10.1016/j.ejpe.2014.09.002
http://doi.org/10.1088/0960-1317/19/3/035028
http://doi.org/10.1088/0953-8984/18/38/S27
http://doi.org/10.1557/jmr.2015.59


Polymers 2021, 13, 4231 12 of 12

24. Camino, G.; Lomakin, S.; Lageard, M. Thermal polydimethylsiloxane degradation. Part 2. The degradation mechanisms. Polym.
2002, 43, 2011–2015. [CrossRef]

25. Fujimoto, S.; Ohtani, H.; Tsuge, S. Characterization of polysiloxanes by high-resolution pyrolysis-gas chromatography-mass
spectrometry. Anal. Bioanal. Chem. 1988, 331, 342–350. [CrossRef]

26. Camino, G.; Lomakin, S.; Lazzari, M. Polydimethylsiloxane thermal degradation Part 1. Kinetic aspects. Polymers 2001, 42,
2395–2402. [CrossRef]

27. Calabro, J.D.; Huang, X.; Lewis, B.G.; Ramirez, A.G. Magnetically driven three-dimensional manipulation and inductive heating
of magnetic-dispersion containing metal alloys. Proc. Natl. Acad. Sci. USA 2010, 107, 4834–4839. [CrossRef]

28. Carlson, J.D. Magnetically Curable Composition and Magnetic Cure Process. U.S. Patent 8,206,545 B2, 26 June 2012.
29. Hajsz, T.; Csetneki, I.; Filipcsei, G.; Zrinyi, M. Swelling kinetics of anisotropic filler loaded PDMS networks. Phys. Chem. Chem.

Phys. 2006, 8, 977–984. [CrossRef] [PubMed]
30. Liu, M.; Sun, J.; Chen, Q. Influences of heating temperature on mechanical properties of polydimethylsiloxane. Sens. Actuators A

Phys. 2009, 151, 42–45. [CrossRef]
31. Choi, S.-J.; Kwon, T.; Im, H.; Moon, D.-I.; Baek, D.J.; Seol, M.-L.; Duarte, J.P.; Choi, Y.-K. A Polydimethylsiloxane (PDMS) Sponge

for the Selective Absorption of Oil from Water. ACS Appl. Mater. Interfaces 2011, 3, 4552–4556. [CrossRef]
32. Bhanushali, D.; Kloos, S.; Kurth, C.; Bhattacharyya, D. Performance of solvent-resistant membranes for non-aqueous systems:

Solvent permeation results and modeling. J. Membr. Sci. 2001, 189, 1–21. [CrossRef]
33. Yun, G.; Tang, S.-Y.; Sun, S.; Yuan, D.; Zhao, Q.; Deng, L.; Yan, S.; Du, H.; Dickey, M.D.; Li, W. Liquid metal-filled magnetorheolog-

ical elastomer with positive piezoconductivity. Nat. Commun. 2019, 10, 1–9. [CrossRef]
34. Konieczny, K.; Bodzek, M.; Panek, D. Removal of volatile compounds from the wastewaters by use of pervaporation. Desalination

2008, 223, 344–348. [CrossRef]
35. Mohammadi, L.; Rahdar, A.; Bazrafshan, E.; Dahmardeh, H.; Susan, A.B.H.; Kyzas, G.Z. Petroleum Hydrocarbon Removal from

Wastewaters: A Review. Processes 2020, 8, 447. [CrossRef]
36. Descamps, L.; Mekkaoui, S.; Audry, M.-C.; Deman, A.-L.; Le Roy, D. Optimized process for the fabrication of PDMS membranes

integrating permanent micro-magnet arrays. AIP Adv. 2020, 10, 015215. [CrossRef]

http://doi.org/10.1016/S0032-3861(01)00785-6
http://doi.org/10.1007/BF00481907
http://doi.org/10.1016/S0032-3861(00)00652-2
http://doi.org/10.1073/pnas.1001410107
http://doi.org/10.1039/B511995B
http://www.ncbi.nlm.nih.gov/pubmed/16482340
http://doi.org/10.1016/j.sna.2009.02.016
http://doi.org/10.1021/am201352w
http://doi.org/10.1016/S0376-7388(01)00356-8
http://doi.org/10.1038/s41467-019-09325-4
http://doi.org/10.1016/j.desal.2007.01.211
http://doi.org/10.3390/pr8040447
http://doi.org/10.1063/1.5129919

	Introduction 
	Materials and Methods 
	Materials 
	Fabrication of PDMS Composites Using the Magnetic Induction Heating System 
	Characterizations 

	Results and Discussion 
	Fabrication of the PDMS Composites 
	Heating Efficiency 
	Thermal Stability 
	SEM Analysis 
	Strain–Temperature Properties 
	Swelling Behavior 

	Conclusions 
	References

