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ABSTRACT : Reaction between silica and silane coupling agent without solvent was investigated using transmission mode
Fourier transform infrared spectroscopy (FTIR) and thermogravimetric analysis (TGA). Bis[3-(triethoxysilylpropyl) tetrasulfide]
(TESPT) was used as a silane coupling agent. After removing the unreacted TESPT, formation of chemical bonds was
analyzed using FTIR and content of reacted TESPT was determined using TGA. Content of the coupling agent bonded
to silica increased with increase in the coupling agent content, but the oligomers were formed by condensation reaction
between coupling agents when the coupling agent was used to excess. In order to identify bonds formed among silica,
coupling agent, and rubber, a silica-coupling agent-BR model composite was prepared by reaction of the modified silica
with liquid BR of low molecular weight and chemical bond formation of silica-coupling agent-BR was investigated. Unreacted
rubber was removed with solvent and analysis was performed using FTIR and TGA. BR was reacted with the coupling
agent of the modified silica to form chemical bonds. Polarity of silica surface was strikingly reduced and particle size
of silica was increased by chemical bond formation of silica-coupling agent-BR.
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Figure 1. FTIR spectra of silica (a), TESPT (b), and modified silica (c).
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Figure 2. TG curves of the modified silicas.
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Figure 3. Variation of the reacted TESPT ratio with the initial
TESPT content.
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Figure 4. Variation of the reacted TESPT ratio per mol of silica
(SiO,) with the initial TESPT content.
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Figure 5. FTIR spectra of the TESPT (a), TESPT reacted at 120°C
for 2 h (b).
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Figure 6. FTIR spectra of silica"TESPT-BR model composite.
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Figure 7. TGA curve of the silica-TESPT-BR model composite.
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Figure 9. SEM images of silica (a), modified silica (b), and silica— TESPT-BR model composite (c).

00um 15,06V 11 &0 Ok

o A7t BEe BE do EEAZ Aste] FAE w7
gle}. A2)oh melo] A APAZA) Holow 2
Falo] Ael7k EHS) $4131717h FolSo] FAo] Atk
AR Aeotel B 152 AR w57k Aevh me
& Q) WE] delsh dape] EHe] MFHOE itk

Figure 9& 4117}, 71 )7k, Bl oA Z YA
BPA SEM GFOE AeTt A WPS 2 wolFeh
AR AFhe B0 Aelh AT YAl Bk )
Aol QIAre] gL 2 % Ak AL Belsks A Ao
Hlal Aokl 2% i SHAE FYH AT B ok ol

EAlel o8 Belvt Ero] A= o} Helsk $AL
HA Gako ABG AN ) YAES Adstel 0 2
AAE GHeks w7k EAle et Row e 5 9l
T2 Ael7kARA B AT BAE A2ghe] w8 o)
A 2717h 6 23§49 A © Wel 2 4 gtk ol 1
ARzol) oJsll )7} YArEe] AP HEOR o AT,
N' 24 =2

= =
AA e 3PS Wrgshr] flaiA BvlE AREehA] kAL
A7t 29E AAEZATESPT)Z NAAZ k. wike
ERAE A7ste] ket A o159} whgoll g A=
Al wEE BRI AEREAY] T STHIAFE A



244 Eunah Ko et al. / Elastomers and Composites Vol. 49, No. 3, pp. 239~244 (September 2014)

7k} Whg-8hi= TESPTS] Hl&o] 7A&tqitt. TESPTE #&
AHE-3HA TESPT 18] whg-of &3l Se]imE 333 4 3l
t}.

WA} BRS AFg-alo] AlE] g
AE Azl o, makg- 4 E—ﬁ
o H-g} Wkl Foldt 1 HES BA)S
3 AAZHA L} 15 7he] ke A%
TGA 4= &l 348 Agst 17 A9
AZZ Al &) A7t o] Ao A
A7) o AZSH A Qe JAEo] 94
SHAAE A= ok AT AJAEHA- LT &
AN e 7 ARzl gJal Aot datse] dd=E 4

A gxol & Bt

mz

)
2
fin)
rlu

AR 2

o] A= A AT A AL 717 NEARR] (10037176)
o] A7Ado® FHEGT o IAF=H YT

References

1. K. W. Lim, S. C. Ji, and K. Y. Jung, "Advanced synthetic
technology for high performance energy tire tread rubber",
Elast. Compos., 44, 232 (2009).

2. K. W. Stockelhuber, A. S. Svistkov, A. G. Pelevin, and G.
Heinrich, “Impact of filler surface modification on large scale
mechanics of styrene butadiene/silica rubber composites®,
Macromolecules, 44, 4366 (2011).

3. N. Suzukia, M. Itoa, and F. Yatsuyanagi, “Effects of rub-
ber/filler interactions on deformation behavior of silica filled
SBR systems”, Polymer, 46, 193 (2005).

4. J. G. Meier, J. Fritzsche, L. Guy, Y. Bomal, and M. Kliippel,
“Relaxation dynamics of hydration water at activated silica
interfaces in high-per "formance elastomer composites”,
Macromolecules, 42, 2127 (2009).

5. Y. Li, M. J. Wang, T. Zhang, F. Zhang, and X. Fu, “Study
of dispersion morphology of silica in rubber”, Rubber Chem.
Technol., 67, 693 (1994).

6. S. Wolff and M. J. Wang, “Filler-elastomer interaction. Part
IV. The effect of the surface energies of fillers on elastomer
reinforcement”, Rubber Chem. Technol., 65, 329 (1992).

7. S. Wolft, U. Gorl, M. J. Wang, and W. Wolff, “Silane modi-
fied silicas”, Eur. Rubber J., 16, 16 (1994).

8. W. Hertl, “Mechanism of gaseous siloxane reaction with sili-
ca”, J. Phys. Chem., 72, 1248 (1968).

9. L. L. Tedder, L. Guangquan, and J. E. Crowell, “Mechanistic
studies of dielectric thin film growth by low pressure chem-
ical vapor deposition: The reaction of tetraecthoxysilane with
Si0, surfaces”, J. Appl. Phys., 69, 7037 (1991).

10. D. W. Sindorf and G. E. Maciel, “Solid-state NMR studies
of the reactions of silica surfaces with polyfunctional chlor-
omethylsilanes and ethoxy methylsilanes”, J. 4m. Chem. Soc,
105, 3767 (1983).

11. Y. Matsumura, K. Hashimoto, and S. Yoshida, “Quantum
chemical interpretation of the mechanism of ethanol de-
hydrogenation driven by active oxygen bridges in silicate-1
and silica”, J. Mol. Catal., 68, 73 (1991).

12. U. Goerl, A. Hunsche, A. Mueller, and H. G. Koban, “Investigations
into the silica/silane reaction system”, Rubber Chem.
Technol., 70, 608 (1997).

13. F. Vilmin, “Reactivity of bis[3-(triethoxysilyl)propyl] tetra-
sulfide (TESPT) silane coupling agent over hydrated silica:
Operando IR spectroscopy and chemometrics study”, J. Phys.
Chem. C, 118, 4056 (2014).

14. J. D. Le Grange, J. L. Markham, and C. R. Kurkjian, “Effects
of surface hydration on the deposition of silane monolayers
on silica”, Langmuir, 9, 1749 (1993).

15. P. Silberzan, L. Leger, D. Ausserre, and J. J.Benattar,
“Silanation of silica surfaces. A new method of constructing
pure or mixed monolayers”, Langmuir, 7, 1647 (1991).

16. W. Yoshida, R. P. Castro, J. D. Jou, and Y. Cohen, ‘“Multilayer
alkoxysilane silylation of oxide surfaces”, Langmuir, 17, 5882
(2001).

17. K. C. Vrancken, P. Van Der Voort, 1. Gillis-D’Hamers, E.

F. Vansant, and P. Grobet, “Influence of water in the reaction
of [gamma]-aminopropyltriethoxysilane with silica gel. A
Fourier-transform infrared and cross-polarisation mag-
ic-angle-spinning nuclear magnetic resonance study”. J.
Chem. Soc., Faraday Trans., 88, 3197 (1992).

18. H. S. Ryu, Y. S. Lee, J. C. Lee, and K. R. Ha, “Modification
of silica nanoparticles with bis[3-(triethocysilylpropyl)]te-
trasulfide and their application for SBR nanocomposite”,
Polymer(Korea), 37, 308 (2013).

19. A. Carreno, E. Schott, X. Zzrate, R. Arratia-Perez, J. C. Vega
De, M. Mardones, J. M. Manriquez, and 1. Chavez,
"Adsorption essays of palladium in modified silica gel with
thiouronium groups: Experimental and theoretical studies", J.
Chil. Chem. Soc., 56, 692 (2011).

20. Y. Li, B. Han, S. Wen, Y. Lu, H. Yang, L. Zhang, and L.
Liu, “Effect of the temperature on surface modification of
silica and properties of modified silica filled rubber compo-
sites”, Composites: Part A, 62, 52 (2014).





