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Abstract
The use of composites in various industries had significantly increased in Received: 6 February 2025
recent decades. In composite structures subjected to thermal and Accepted: 10 June 2025

mechanical loads, microcracks could lead to leakage and failure. To
prevent this issue, sealing the structures with coating sealants and
polymeric and elastomeric films was essential. These materials were
resistant to gas permeation and thermal shocks. In this research,
the properties of silicone nanocomposites were improved by adding
nanoclay (Cloisite 5) and modifying its surface using APTES (silane
agent). The results of TGA, XRD, and FTIR tests indicated the bonding of
aminosilane groups with hydroxyl groups in Cloisite, with a bonding
percentage of 3.66%. Additionally, the morphological analysis of
the nanocomposites showed that the presence of modified nanoclays led
to improved dispersion and enhanced mechanical properties. Thermal
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degradation tests revealed that the modified nanoparticles could increase Keywords:
thermal stability. Furthermore, the surface modification of nanoclays Silicone Rubber,
contributed to better rubber curing and reduced permeability in silicone Surface Modification,

nanocomposites. The results of the time-sweep test indicated that
the surface modification of nanoclays further improved the curing of this
rubber. Overall, this research demonstrated the positive impact of

Nanoclay,
Nanocomposite,

modified nanoclays on the thermal and mechanical properties of Permeability,
nanocomposites, which could enhance their performance in industrial Thermal Stability
applications.
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Elastomer type
Silicone/EPDM

Styrene-butadiene, styrene-
vinylpyridine-butadiene

Nitrile rubber

Ethylene vinyl acetate

EPDM and Styrene-butadiene
epichlorohydrin

EPDM

Silicone/EPDM

Styrene-butadiene, styrene-
vinylpyridine-butadiene

Nitrile rubber

Ethylene vinyl acetate

EPDM and Styrene-butadiene
and epichlorohydrin

EPDM

Silicone/EPDM

Styrene-butadiene, styrene-
vinylpyridine-butadiene

Nitrile rubber

Ethylene vinyl acetate
EPDM and

Styrene-butadiene and
epichlorohydrin

EPDM
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Table 1. Review of research conducted on silicon nanocomposites [10-15].

Nanoparticle
Cloisite 15A

Natural nanoclay

Sodium
montmorillonite

Sodium
montmorillonite

1.30P
Sodium
montmorillonite
Cloisite 15A

Natural nanoclay

Sodium
montmorillonite

Sodium
montmorillonite

1.30P
Sodium
montmorillonite
Cloisite 15A
Natural nanoclay

Sodium
montmorillonite

Sodium
montmorillonite

1.30P

Sodium
montmorillonite

Description
Improving curing rate and increasing cross-link density
The latex preparation method is much simpler and widely applicable, and improves mechanical
properties.
The nanocomposites were prepared by melt mixing method. The glass transition temperature, modulus
and tensile properties were increased compared to the silicone sample.

Nanocomposites were prepared by solution mixing method and had increased storage modulus and
tensile properties.

The nanocomposites were prepared by melt mixing method. Increasing the amount of nanoclay resulted
in better dispersion and increased mechanical and gas permeability properties.

Montmorillonite with three surface modification agents, more hydrophobicity resulting in better
dispersion of nanoparticles, and maleic anhydride as a compatibilizer, had a significant effect on
nanoparticle distribution.

Improving curing speed and increasing cross-link density

The latex preparation method is much simpler and widely applicable, and improves mechanical
properties.

The nanocomposites were prepared by melt mixing method. The glass transition temperature, modulus
and tensile properties were increased compared to the silicone sample.

Nanocomposites were prepared by solution mixing method and had increased storage modulus and
tensile properties.

The nanocomposites were prepared by melt mixing method. Increasing the amount of nanoclay resulted
in better dispersion and increased mechanical and gas permeability properties.

Montmorillonite with three surface modification agents, more hydrophobicity resulting in better
nanoparticle dispersion, and maleic anhydride as a compatibilizer, had a significant effect on
nanoparticle distribution.

Improving curing speed and increasing cross-link density

The latex preparation method is much simpler and widely applicable, and improves mechanical
properties.

The nanocomposites were prepared by melt mixing method. The glass transition temperature, modulus
and tensile properties were increased compared to the silicone sample.

Nanocomposites were prepared by solution mixing method and had increased storage modulus and
tensile properties.

The nanocomposites were prepared by melt mixing method. Increasing the amount of nanoclay resulted
in better dispersion and increased mechanical and gas permeability properties.

Montmorillonite with three surface modification agents, more hydrophobicity resulting in better
dispersion of nanoparticles, and maleic anhydride as a compatibilizer, had a significant effect on
nanoparticle distribution.
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Table 2. Materials used in the research.

Name of the substance e
Specifications

(abbreviated name)

Rubber
Methy! vinyl silicone

Density (g/cm3) : 1.1+5.0
Hardness (Shore A) : 403

Molecular weight: 92.14 (g/mol)
Density:0.87 (g/ml) ,
Boiling point: 110.6 °C

Toluene

Molecular weight:242.23 (g/mol)
Density:1.334 (g/ml),
Melting point:104 °C

Benzoyl peroxide

Molecular weight:221.37 (g/mol)
Density: 0.946(g/ml) ,Boiling
point:217 °C

Montmorillonite C5A

Appearance: White
Density:1.77 (g/ml)
Particle size: less than 40 microns
Bulk density:480 (g/l)

Aminopropyltriethoxysilane
(APTES)

The role of matter Company name

Pol f i
olymer for preparmg Rewagol(Turkey)
nanocomposites
Solvent Merck (Germany)
Curing agent Merck (Germany)
N | f dification fl
anoclay surface modification flow Merck (Germany)
agent
. Southern Clay Products
Fill
iller (USA)
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Table 3. Characteristics of the samples examined in the tests.

Filler Curing agent
Sample name
amount amount
Silicone rubber (SR) 0 5
Silicone rubber — Cloisite -2
SR-C-2) 2 .
Silicone rubber — Cloisite -4
(SR-C-4) & g
Silicone rubber — Cloisite -6
(SR-C-6) £ .
Silicone rubber - Silane
modifier - Cloisite-2 2 5
(SR-AC-2)
Silicone rubber - Silane
modifier - Cloisite-4 4 5
(SR-AC-4)
Silicone rubber - Silane
modifier - Cloisite-6 6 5
(SR-AC-6)
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Figure 1. FTIR spectra of pure and modified 5A closite.
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Figure 2. FTIR spectrum of pure and modified cloesite SA (2000-14000 cm-1).
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Table 4. FTIR test peaks and their characteristics for Cloisite SA.

Wavenumber (cm™) Characteristic

3630 O-H stretching vibration of surface hydroxyl groups

3388 O-H stretching vibration of water molecules

3410 O-H stretching vibration of hydroxyl groups on external surfaces
2926,2854 Asymmetric C-H stretching vibration

1636 O-H bending vibration of water molecules

1469 C-H stretching vibration

1048 Si-O stretching vibration

918 Al-OH-Al bending vibration

799 Mg-OH-Mg bending vibration

522 Si-O bending vibration

461 Si-O deformation vibration
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Table S. FTIR peaks and their characteristics for modified Cloisite SA.

Wavenumber (cm?)

Characteristic

693 N-H vibration
1334 Methy! vibration
1577 C-H bending vibration
3369 N-H asymmetric stretching vibration
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Figure 3. XRD pattern for pure and modified closite SA samples.
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Table 6. Peak angle and interlayer spacing for pure and modified SA.

Peak angle(®)

Interlayer spacing (nm)

C5A
C5A -A (APTES)

2.76
2.56

3.197

3.447
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Figure 4. TGA test diagram on nanoparticles.
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Table 7. Percentage and degree of grafting of silane groups on closite SA.

mequiv
—)

The rate of grafting ( Percentage of grafting

8

C5A -A (APTES) 0.17 3.77
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Figure 5, DTG plot for raw and modified SA closite.

Iranian Chemical Engineering Journal — Vol. 25 - No. 144 (2026)



":.;

NY-IVY o - O 5 5l5

o yolos L jbiSbw o) bLI)I (o) 2

L;.;)l)"

9% 9

,.5).»»)

Yphr s b (g 930 /() gSalacs (SlAC ) 9a0lS 93l SEM 43 glual F Sl

Figure 6. SEM images of silicon/nanoclay nanocomposites with a ratio of phr2.
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Figure 7. SEM images of silicon/nanoclay nanocomposites with a ratio of phr4.
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Figure 8. SEM images of silicon/nanoclay nanocomposites with a ratio of phré.
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Figure 9, Stress-strain diagram of silicon/ cloisite nanocomposites.
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Figure 10. Comparative diagram of elongation at break of pure and modified silicon/ cloisite nanocomposites.
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Figure 11. Diagram of tensile strength of pure and modified silicon/ Cloisite nanocomposites.
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Figure 12. Comparative toughness chart of pure and modified silicon/ Cloisite nanocomposites.
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Figure 13. Thermal degradation study of pure and modified silicon/ cloisite nanocomposites.
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Table 8. Thermal test parameters of silicon/cloosite SA nanocomposites.

Rooec (1) Ts00 (°C) T10% (°C) Tso6 (°C)

SR 23.19 533 453 357
SR-C-2 26.7 580 469 358
SR-C-4 27.2 582 467 353
SR-C-6 21.7 578 446 328
SR-AC-2 25.8 562 470 386
SR-AC-4 275 586 468 347
SR-AC-6 28.369 581 437 294
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Table 9. Peak angle and interplanar spacing of silicon/cloosite SA nanocomposites.

Sample
Cloisite 5A
SR-C-2
SR-C-4
SR-C-6
SR-AC-2
SR-AC-4
SR-AC-6

Inter-plane distance (nm)

3.2
3.68
3.62
3.56
4.41
3.74
3.34

XRD peak angle (2)
2.76
2.4
2.44
2.48
2
2.36
2.64
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Figure 14. XRD comparison chart of silicon and callosite SA nanocomposites.
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Figure 15. Investigation of storage modulus in silicon nanocomposites.
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Table 10. Permeability of silicone/nanoverse nanocomposites compared to silicone rubber.

Permeability ratio of nanocomposite to pure silicon

Sample Nitrogen gas permeability (Barrer)
SR 90.54
SR-AC-2 60.9

67.2
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