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Abstract

This study introduces the development of an innovative polydimethylsiloxane (PDMS) composite enhanced with
superparamagnetic iron oxide nanoparticles (SPIONs), specifically engineered as a polymer coating for medical
devices and as a functional material for Magnetic Particle Imaging (MPI) in diagnostic applications. To achieve
uniform spatial dispersion of nanoparticles within the PDMS matrix, ultrasonic treatment was employed, effectively
enhancing the homogeneity of SPION distribution throughout the polymer structure. The results demonstrate
significant promise for this superparamagnetic composite, offering new avenues in the advancement of polymer-
based materials for medical imaging and device technology.

| . | nt rod u ction tial dispersion of nanoparticles within the PDMS matrix,
ultrasonic treatment was employed. Two types of SPIONs
were tested — self-synthesized SPIONs and commercially
available Perimag (Micromod) - to evaluate their effec-

tiveness in the composite.

From a clinical standpoint, it is essential to enhance
the visibility of various medical imaging instruments
without relying on ionizing radiation. Consequently,
developing specialized coatings for these devices is a
logical approach. In this study, a novel polydimethyl- |,
siloxane (PDMS) composite embedded with superpara-

Methods and materials

magnetic iron oxide nanoparticles (SPIONs) was devel-
oped to create a polymer suitable for medical device
coatings, with potential applications in Magnetic Par-
ticle Imaging (MPI) for non-invasive medical imaging
[1],[2],[3],[4]. PDMS is an elastomer known for its excel-
lent optical, electrical, and mechanical properties, mak-
ing it highly versatile for various engineering applica-
tions. Its biocompatibility further supports its extensive
use in biomedical contexts [5]. To achieve uniform spa-
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In this project, the Sylgard™ 184 Kit (DOW) was used,
consisting of a two-component system — a base poly-
mer and a curing agent — mixed at a 10:1 ratio as rec-
ommended by the manufacturer. This specific ratio en-
sures optimal curing conditions for the silicone, deliver-
ing the desired mechanical and physical characteristics
in the final composite. To achieve a uniform dispersion
of nanoparticles within the silicon matrix, an ultrasonic
homogenizer (Bandelin) with an ultrasonic probe was
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Figure 1: Amplitude spectrum of the polymer with different
mixing ratios of SPIONs and PDMS compared to control mea-
surements of pure PDMS and free nanoparticles
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Figure 2: Different polymers with different SPION concentra-
tion

utilized. Operating at a frequency of 20 kHz, the homog-
enizer allows for amplitude control from 10 to 100 per-
cent, enabling precise management of thermal energy
produced by the ultrasonic transducer. This ultrasonic
treatment was conducted in 5 ml glass vessels to promote
effective dispersion.

The PDMS mixture was subsequently cured either at
room temperature or under elevated temperatures in an
oven. The curing time varied depending on temperature:
at 25 °C, curing required 48 hours, while at 100 °C it was
reduced to 35 minutes, and at 150 °C, curing completed
in just 10 minutes. This curing process involves a cross-
linking reaction between the base polymer and curing
agent, resulting in a solid, elastic silicone structure.

I1l. Results and discussion

I1l.I. Magnetic Particle Spectroscopy
(MPS)

To evaluate the magnetic properties of the modified poly-
mer composite, samples were analyzed using MPS. Mea-
surements were conducted under standardized, constant
conditions to ensure reproducibility and accuracy. Dur-
ing testing, the samples were subjected to an excitation
field with a strength of 20 mT and a frequency of 25 kHz.
Each measurement included 10 cycles at a repetition rate
of 12,500 to capture consistent magnetic responses.

For a comparative analysis of MPS results (Fig. 1),
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Figure 3: Microscope image of the polymer with Perimag (a)
simply stirred and (b) after 60 min. treatment with ultrasound

samples were prepared following a standardized proto-
col, maintaining uniform sample dimensions while vary-
ing the concentration of SPIONSs across samples (Fig. 2).
This approach allowed for an assessment of how different
SPION concentrations influence the magnetic response
of the PDMS composite under identical measurement
conditions.

I11.1l. Microscopy

Imaging of particle cluster distribution and size was per-
formed using a SteREO Discovery.V8 microscope (ZEISS)
with consistent parameters, including a fixed zoom, for
comparability across samples. Connected to AxioVision
SE64 Rel. 4.9.1 software, the microscope offers a resolu-
tion of up to 1 nm. In the resulting microscopic image
(Fig. 3), distinct cluster formations within the polymer
matrix are observed, illustrating the aggregation behav-
ior of SPIONSs.

Notably, ultrasonic treatment during polymerization
enhances particle distribution, resulting in a more uni-
form dispersion within the matrix.

The developed coating is flexible and demonstrates
strong adhesion properties on various substrates, includ-
ing glass and other polymeric materials.

IV. Conclusion

The study demonstrated that ultrasonic treatment serves
as an effective technique for enhancing nanoparticle dis-
persion within the silicone matrix, achieving a notably
more homogeneous distribution of particles throughout
the composite. However, precise control and monitoring
of the process parameters are critical to optimize this
method. Key factors, such as the ultrasonic frequency
and thermal management - specifically cooling during
sonication — play essential roles in ensuring consistent
particle dispersion and preventing potential agglomera-
tion or thermal degradation.
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