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ABSTRACT : In this work, the effect of oxygen plasma treatment of nano-scaled silica on the mechanical
interfacial properties and thermal stabilities of the silica/rubber composites was investigated. The surface
properties of the silica were studied in X-ray photoelectron spectroscopy (XPS) and contact angles. And,
their mechanical interfacial properties and thermal stabilities of the composites were characterized by tearing
energy (Gpc) and thermogravimetric analysis (TGA), respectively. As a result, it was found that the
introduction rate of oxygen-containing polar functional groups onto the silica surfaces was increased by
increasing the plasma treatment time, resulting in improving the tearing energy. Also, the thermal stabilities
of the composites were increased by increasing the treatment time. These results could be explained that
the polar rubber, such as acrylonitrile butadiene rubber (NBR), showed relatively a high degree of interaction
with oxygen-containing functional groups of the silica surfaces in a compounding system.

Keywords : silica, plasma treatment, acrylonitrile butadiene rubber, mechanical interfacial properties,
thermal stabilities
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Figure 1. Schematic diagram of plasma treatment
reactor.

Table 1. Compound Formulations
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Silica 10
Zinc oxide 5
Stearic acid 2
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Figure 2. XPS survey scan spectra of the silica by
plasma treatment studied.

Table 2. Results of The O1s/Cys Ratio of The Silica
Studied

prisine | OP-1 | OP-3 | OPs

OIS/CIS
%) I 3.92 9.51 . 10.93 \ 11.50
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Figure 3. Resuits of surface free energy of the silica
by plasma treatment studied.

Zetznt A7t #erv] 2o EdEd A5 o
ERd-g Bl & itk

Zetznt X2e A7k THARAE R
312 Figure 3o JeITE A Ax, FHAY
B AL v AH vmete] BFA )R
4 ax oM7h 2R ERE, ARagtel
ZE5E NFA 04t 2 WIE oA WY
Ak ZA a2E F3 Zrlshs AL B 5
ATk ol oke] XPS Avfold 4hd H kel g
o] A7 0is/Cis HIZ} S7VeE2 Ayt §
Aol ulAe) SR MR F7He A,
Fejzrh Ao G A wRe) TR s
bR 3 weIh Qevkel ERAfY
Aol T4 e4g F7MYE F2E AR BT

Ak
2. A2IFUNBR SEMZS 71HH =

noje) =
2l Zol = R1sf B Frtdlle AV 1o
A7t ERALE ek nwstel B

] ted, modulus, THEoNUR], AT}

, DT, Uddd, A28 el 59

Z7pAIT

Aol TRl WAste Y] AAe
Golr ) 38l AFE A|Ho] thdle] trouser tear
test® AT, ALOAE A8 Figure 4
of JepRtk 2gelA B ukel go] Ay
Ae mAE] AH7E FA% A nste] Eat

0z

N _.{g
N,
i
(o
ik
o
)
1o
ot
o
Jdo
N,
o
re
=

o iy
O

[o

olN
e

ol

Elastomer Vol. 40, No. 1, 2005



26

50

Gy (kI/m’)

pristine OP-1 OP-3 OP-5

NBR

Figure 4. Tearing energy (Guc) of the silica/NBR
composites.
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Figure 5. TGA thermograms of the silica by
treatment studied.
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Figure 6. TGA thermograms of the silica/NBR com-
posites.
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Table 3. Thermal Stability of Silica/NBR Compo-
sites by Plasma Treatment

IDT(C)| T C) | A*-K* |IPDT(C)| E: [kJ/mol]
NBR | 406 | 456 | 0.689 | 595
Pristine| 409 | 456 | 0.818 | 701
1
OP-1 | 412 | 457 | 0836
OP3 | 413 [ 458 | 0849
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