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Abstract: The effects of multi-walled carbon nanotube (MWCNT) content, carbon black (CB) content, atmospheric-pressure flame
plasma (APFP) treatment, and acid treatment on the mechanical properties of elastomeric composites were investigated. For pure or
filled rubbers with the given amount of CB (20 and 40 phr), the tensile strength and modulus of the elastomeric composites increase
similarly with the MWCNT content. A composite with APFP-treated MWCNTS shows a hardening effect (high strength, high modulus,
and high ductility) unlike the one with untreated MWCNTs. On the other hand, a composite with APFP-treated CB shows a softening
effect (high strength, low modulus, and high ductility), which is unlike a composite with untreated CB. As the refluxing time
increases from 1 h to 2 h and the sulfuric acid concentration increases from 60% to 90%, the tensile strength and modulus of a
composite decrease. Thus, it is found that the MWCNT content, CB content, APFP treatment, sulfuric acid concentration, and
refluxing time have an important effect on the mechanical properties of NBR composites.
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Table 1 Compounding formulation of NBR

Ingredients | Amount(phr)
Elastomer 35L 100.0
Activator ZnO 5.0
S-Acid 1.0
Carbon Black (;‘gldST:: a (0, 20, 40)
MWCNT CM-100 | B (0, 3, 6, 9)
Processing Oil DOP 3.0
Accelerator Oricell TT 1.2
Vanax NS 2.0
Vulcanizing Agent| Sulfur 0.8
SUM 113+a+3
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Ao ARgE IFE= Table 13 #7]2 EAo
=%+ NBR(acrylonitrile butadiene rubber)& A}-&-
A, R BRAAe] FFEZ+= MWCONTS CBE
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(e CM-1000]A 3L, T 3, 6, 9(phr)°] 3l
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Fig. 1 Effects of MWCNT and CB content on the

tensile strength ratio
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Fig. 2 Effects of MWCNT and CB content on the

tensile modulus ratio
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Fig. 3 Schematic of the crystal orientation of
rubber molecules including the MWCNT
and CB by the external deformation
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Fig. 4 Effects of APFP('P') and acid('A") treatment
of MWCNT on the tensile strength
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Fig. 5 Effects of APFP('P') and acid('A") treatment
of MWCNT on the tensile modulus
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