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Abstract 

The effect of electrochemical surface treatments in KOH chemical solution on microstructures of carbon blacks was
investigated in terms of surface functional values and XRD measurements. And their mechanical interfacial properties
of the carbon blacks/rubber composites were studied by the composite tearing energy (GIIIC). It was found that the
development of basic-surface functional groups lead to the significant physical changes of carbon blacks, such as,
decrease of the interlayer spacing (d002), increase of the crystalline size along c-axis (Lc), and increase of degree of
crystalline (χc). This treatment is possibly suitable for carbon blacks to be incorporated in a hydrocarbon rubber matrix,
resulting in improving the hardness and tearing energy of the resulting composites. 

Keywords :Carbon Black, Electrochemical Surface Treatment, Surface Functional Groups, Microstructures, Mechani-
cal Interfacial Properties.
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Table 1. Experimental condition for electrochemical surface
treatments of carbon blacks

Conc. of electrolytes 10 wt% KOH
Temperature 20oC
Current intensities 0 to 5 A
Oxidation ti me 30 min

Table 2. Compounding formulations

Ingredients Loading [phr] 

Rubbera 100
Carbon blackb 40
Zinc oxide 5
Stearic acid 2
Antioxidantc 1
Acceleratord 1
Sulfur 2

a: Butadiene rubber 
b: N 220
c: 2,2,4-trimethyl-1,2-dihydroquinone
d: N-oxydiethylene-2-benzothiazole sulfenamide Fig. 1. Acid and base values of the carbon blacks studied.
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(2)
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Lc=
Kλ

β cos θ
------------------

Fig. 2. Wide-angle diffraction patterns of the carbon blacks
studied.

Table 3. Microstructural properties of the carbon blacks studied

Current intensity [A] 2θa βb d002
c [Å]

0
1
2
3
4
5

24.00
24.34
24.32
24.49
24.54
24.47

3.57
0.85
0.85
0.87
0.85
0.89

3.7046
3.6568
3.6597
3.6353
3.6280
3.6285

a :  Bragg angle
b :  half-height width of the (002) diffraction line
c :  interlayer spacing

Fig. 3. Crystallite height (Lc) of the carbon blacks studied.
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(4)
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�VöB �Þ� ¢;� ^� l� �;>Ú ¢j ~æ pº


º ©j *B� ~� Gº æ;ö.æ OÂ³ê(strain energy

release rate), tearing energy, 7O ¢(work of adhesion), 6º
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Ï*Ò~ ßWö V¢ ôf 'Ëj Aº Vê' ê� bW

j tearing energy, GIIIC, Fig. 6ö ¾æÚî
. �âöB " >

G=− ∆W
Na A ⋅
--------------- 

 
l

Fig. 4. Degree of the crystallinity (χc) of the carbon blacks
studied.

Fig. 5. Hardness of the carbon black/rubber composites stud-
ied.
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7ö B�� ¶F ¢:¢(free radical)� "VW Ï�b� *
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