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This research investigates the impact of incorporating 3-aminopropyltriethoxysilane-modified
graphene nanoparticles into a polydimethylsiloxane matrix at compositions of 1%, 3%, and
5% on the mechanical properties of the resulting composites. As a silicone polymer with unique characteristics,
polydimethylsiloxane plays a significant role in various industries, including electronics and polymer engineer-
ing. This polymer exhibits notable traits such as high-temperature resistance, flexibility, and excellent electrical
insulation.
The utilization of nanomaterials as integral components in nanocomposites has resulted in significant
improvements in diverse material properties. The synergistic combination of graphene nanoparticles with polymer
matrices, particularly silicone polymers, presents an effective approach for enhancing both mechanical and thermal
properties.
While polydimethylsiloxane possesses desirable attributes such as temperature resistance and flexibility, the
addition of reinforcing nanomaterials is essential for further improving its mechanical properties. In this study, we
added graphene nanoparticles modified with 3-aminopropyltriethoxysilane to the polydimethylsiloxane matrix and
evaluated the effect of this additive on the mechanical properties of the nanocomposite.
Characterization of the final composite was conducted using FT-IR, FE-SEM, RAMAN, TGA, and XRD analyses.
The results confirmed the successful synthesis of graphene oxide and demonstrated the effective physical and
chemical bonding of 3-aminopropyltriethoxysilane to the surface of graphene oxide sheets.
The primary objective of this research is to develop an efficient method for enhancing the mechanical properties
of polydimethylsiloxane through the use of modified graphene nanoparticles, thereby providing a solid scientific

foundation for improving the performance of silicone materials in engineering and industrial applications.
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Tablel. Amount and type of materials used for surface modification of nanoparticles using the chemical linker APTES.

Graphene Sodium . ..

. . Hydrochloric | Deionized | Absolute | APTES
Oxide Hydroxide . . Sample

. Acid Water Ethanol | Modifier

Nanoparticles (NaOH)
Amount
0.05¢g 0.05¢g 0.024 g Scc 95 cc 133 g
(grrams or cc)
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Figurel. FT-IR Chemical Analysis of Graphene Oxide Sample.
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Figure2. FT-IR Chemical Analysis of Modified Graphene Oxide Sample.
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Figure3. Raman Analysis for Graphene Oxide (GO) and Modified Graphene Oxide (m-GO).
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Weight Loss
Code T,, T, T, oo Percentage (600
degrees Celsius)
GO 62.33 89.16 212 42.5
m-Go 75.16 198 434.5 67.54
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Figure6. X-ray Analysis of Graphene Oxide Nanoparticles and Modified Graphene Oxide Nanoparticles.
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Table3. Quantitative Analysis of Distribution and Dispersion of Graphene Nanoparticles in PDMS.

Parameter Value Unit Description
Average Size of Measured using SEM
. 50 Nanometers .
Nanoparticles images
Standard Deviation of Indicates the dispersion of
. i 10 Nanometers : :
Nanoparticle Size nanoparticle sizes
Percentage of Uniform Percentage of nanoparti-
. 85 Percent o .
Nanoparticles cles distributed uniformly
. Measured from SEM and
Interlayer Distance 4.5 Nanometers .
XRD images
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Figure8. SEM Images of Graphene Oxide Reinforced Poly(dimethyl siloxane) Nanocomposites at X200 Magnification. Image a) cor-

responds to the modified sample, and image b) corresponds to the unmodified sample.
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Figure9. Scanning electron microscope images: a) polydimethylsiloxane containing 1% by weight of modified graphene oxide

nanoparticles, b) polydimethylsiloxane containing 5% by weight of modified graphene oxide nanoparticles.
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Figurel0. Imaging results of the cross-sectional area of the PDMS-m-GO sample.
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Figurell. FESEM images of the sample containing Modified Graphene Oxide.
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21 Graphene Nanoparticles.
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Figurel3. Loss modulus of polydimethylsiloxane with polydimethylsiloxane containing 1-3-5% by weight of modified

graphene oxide nanoparticles.
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Table4. Tg (Glass Transition Temperature) Obtained from DMTA Testing.

Glass Transition Temperature
Sample
(Tg) °C

Pure Sample 25

Sample Containing 70
1% Graphene Oxide

Sample Containing 43
3% Graphene Oxide

Sample Containing %0
5% Graphene Oxide
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Figurel4. Loss Modulus of Poly(dimethyl siloxane) with Poly(dimethyl siloxane) Containing 1, 3, and 5 Weight Percent Modified

Graphene Nanoparticles.
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