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2 ok B dAFelXe AHrte] Mg A3 Ak AER AR y-methacryloxy propyl tri—
methoxy silane (MPS), y—glycidoxy propyl trimethoxy silane (GPS), and y—mercapto propyl
trimethoxy silane (MCPS) & AHg-3to] Hej7t 2543 7147 ARE/del hstel nas3l
ot A#A g g dejrte 38 gardE, 39 Ao, vlEHA S BETHE ol &8 Ny
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T5712 Qs AT vEHH, FE A9, 29 AReuiAg vad 247 FrkedoH
ARH oz AT AR 7)AF AW £499 tearing energy (Gpo) 7t FFEUSTE &
Qg = Qivk ¥ MPSE EHEAeld A7) GPS, MCPSel| vl $-23 71418 AnEsy

& Uehee B2 + 9%

ABSTRACT : In this work, the adsorption characteristics and mechanical interfacial properties
of treated silicas by silane coupling agents, such as, y—methacryloxy propyl trimethoxy
silane (MPS), y—glycidoxy propyl trimethoxy silane (GPS), and y—mercapto propyl tri—
methoxy silane (MCPS), were investigated. The equilibrium spreading pressure (z.), surface
free energy (), and specific surface area (&) were studied by the BET method with
N./77 K adsorption. The developments of nonpolar functional groups of the silica surfaces
treated by silane coupling agents led to the increase in the Sy, 7., and %, resulting in the
improved tearing energy (Gue) of the silica/rubber composites. The composites treated by
MPS showed the superior mechanical interfacial properties in these systems. These results
explained by changing of crystalline size, digpersion, agglomerate, and surface functional
group of silica/rubber composites.

Keywords : silica, silane coupling agent, adsorption properties, surface free energy, mechanical interfacial
properties.
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Figure 1. Chemical structures of silane coupling
agents used in this study.

Table 1. Compounding Formulations

ingredients loading [phr]
rubber ¢ 100
silica ® 40
zinc oxide 5

stearic acid
dispersive agent ¢
silica coupling agent ¢
accelerator ¢
sulfur
“Styrene butadiene rubber. *VN3. ‘EF44. ‘SCA 98.
¢N—oxydiethylene —2—benzothiazole sulfenamide.
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Figure 2. Wide—angle X—ray diffraction patterns
of the silicas studied.

Table 2. Microstructural Properties of the Silicas
Studied in XRD Measurements

20° dooz " [A] B
VS 22.01 4.0374 7.765
GPS 21.80 4.0763 5.701
MPS 21.62 3.9306 5.399
MCPS 21.88 4.0617 7.272

“Bragg angle. bInterlayer spacing.
‘Half—height width of the (002) diffraction line.
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Figure 3. Dependence of N, adsorption volume
adsorbed at 77k on the relative pressure of the
silicas studied.

Table 3. Results of Surface and Adsorption Values
of the Silicas Studied

Sget * Goer? AEC

(m*/g) (kJ/mol)
VS 1455 1340.8 4.609
GPS 155.2 1367.9 4.622
MPS 162.5 1369.1 4.623
MCPS 154.3 1367.3 4.622

“Specific surface area. *BET’s C. Net heat of adsorption.
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Figure 5. SEM micrographs of the composites: (a) V$, (b) GPS, (¢) MPS, and (d) MCPS —treated silicas
(I silica particles, @: aggregated silica particles).
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Figure 6. Tearing energy (Gme) of the silica/
rubber composites studied.
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