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Evaluation of the Effect of Nickel Powder on the Piezoresistivity
Behavior of Carbon-Fiber/Rubber Composites

Dong-Jin Lim*'

ABSTRACT: In this study, we measure the initial electrical conductivity of SCF/rubber specimens and SCF/rubber
specimens with nickel particles respectively. The corresponding electrical conductivity with compressive strain on the
specimens is also measured. Through this experiment, we observed the effects of the volume fraction of carbon fiber,
nickel particles and external strain on the electrical conductivity. Experiments show that even a small difference in the
volume fraction of SCF plays a major role in the change of the electrical conductivity and that the piezoresistivity
increases due to fiber reorientation respond to external strain. In addition, the nickel particles contribute to improving
the electrical conductivity in specimens with carbon fibers above the threshold volume fraction. It was confirmed that
there is an effect of offsetting the increment in the piezoresistivity caused by the reorientation of carbon fibers
according to external strain.
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Fig. 1. Changes in electrical conductivity; (a) Electrically con-
ductive, (b) Electrically non-conductive
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Fig. 2. A short carbon fiber in a 3D space
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Fig. 3. Changes in the position of a short carbon fiber inside the
microstructure before and after straining
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Table 1. Composition of the specimens(SP), [unit, PHR].
SCF and nickel particles are volume fractions

Composition | SP1 | SP2 SP3 SP4 SP5 SP6
SMRCV60 | 100 | 100 100 100 100 100
ZnO-S 5 5 5 5 5 5
S/A 2 2 2 2 2 2
NS 0.7 0.7 0.7 0.7 0.7 0.7
Sulfur 225 | 225 2.25 2.25 2.25 2.25
SCF 0.01 | 0.01 0.02 0.02 0.03 0.03
Nickle particles| - 0.05 - 0.05 - 0.05

of 130)olct. F7Hel YAYJAFS] 272 oF 70 umo|th. H
QTR O] A4S o] 2 AL E L8] (ASTM)®] H AT )
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P
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Fig. 4. Test device configuration
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SCF9] A 2] &£-8-0] 0.012] A]H(SP1, SP2)E2 Y
of frmek Aglo] Ald o A7 Aol = Hd A
mf & Bl 2k aL, AEH 1S 7He = ®Sh) A < L
o2 A B4l A Al efstitt. SCF) A4 &0 A
7| HA= Y AlE 49F 62 vlaLshH o)
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Table 2. Electrical conductivity of the material used to make the
specimen and the initial electrical conductivity of speci-

mens
Material electrical conductivity |  Specimen initial electrical
[S/cm] conductivity [S/cm]

Short carbon 50 10° SP1(oy) 7.65 x 1077
fiber (op) SP2(a;) 8.84 x 105
Natural rubber L0 x 1015 SP3(a;) 6.24 x 107
(0, SP4(0,) 6.84 x 107
Nickle particles L4 x 10° SP5(a3) 2.04x10°
(6,) SP6(o;) 2.22x10°

Table 3. Electrical conductivity when external strain is applied

[S/cm]
Specimens SP4[x107] | SP5[x107] | SP6[x107]
0.00 6.84 2.04 222
0.01 6.75 1.98 2.14
0.02 6.09 1.92 2.11
0.03 6.14 1.78 2.03
0.04 5.74 1.72 1.96
E::::Elal 0.05 5.82 1.54 1.85
0.06 5.51 1.50 1.83
0.07 4.89 1.49 1.66
0.08 4.69 141 1.61
0.09 4.63 1.37 1.63
0.10 450 1.32 1.55
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Electrical conductivity logo
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Fig. 5. The electrical conductivity of SP4 as a function of applied
strain
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