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ABSTRACT

Self-sensing and interfacial evaluation of Ni nanowire/polymer composites were investigated using
electro-micromechanical technique, which can be used for a feasible sensing measurement on tensile and
compressive loading/consequent unloading, temperature, and humidity. Mechanical properties of Ni nanowire
with different aspect ratio and adding contents in either epoxy or silicone composites were measured indirectly
using electro-pullout test under uniform and non-uniform cyclic loadings. Comparing apparent modulus with the
conventional mechanical tensile modulus of Ni nanowire/epoxy composites, the trends were consistent with each
other. Ni nanowire/epoxy composites showed the sensing response on humidity and temperature. Self-sensing on
applied tensile and compressive loading/unloading was also responded for Ni nanowire/silicone composites via
electrical contact resistivity showing the opposite trend between tension and compression. It can be due to the
different electrically-interconnecting mechanisms of dispersed Ni nanowires embedded in silicone matrix.
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Fig. 1 Experimental specimen of (a) apparent modulus using cyclic test

and (b) electrical contact resistivity using electro-pullout test.
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Photos of random and aligned Ni nanowire/epoxy composites
with 0.5 vol% : (a) random state; and (b) aligned state under
magnetic field.
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Fig. 4 Uniform cyclic loading test of 0.5 vol % Ni nanowire/epoxy
composites with (a) random state; and (b) aligned state under
magnetic field.
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Fig. 5 Strain-stress curve of Ni nanowire/epoxy composites with random
and aligned states under magnetic field.
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Fig. 6 The change in electrical contact resistivity of Ni nanowire/epoxy

composites with different Ni nanowire contents.

Fig. 7 SEM photos of Ni nanowires with three different Ni nanowire
diameters: (a) 100-300 nm; (b) 300-800 nm; and (c) 1-3 pm.
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Fig. 8 Non-uniform cyclic loading test of Ni nanowire/epoxy composites
with 0.5 vol%, type B.
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Fig. 10 Mechanical properties of 0.5 vol% Ni nanowire/epoxy composites

with tensile test.
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Fig. 11 The magnitude of apparent modulus and tensile modulus with

three different Ni nanowire types.
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Fig. 16 The change in the electrical resistivity with increasing humidity
at constant temperature.
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Fig. 19 Comparison of bulk modulus of Ni nanowire/silicone composites
with increasing Ni nanowire contents.

dgsiFel 2 HUS o AING W] dhE W 7
A opzke] wolz7h WAEYIE AR 2 R glo] =
AHUt A el g =9l
37t 248 WINE b AL ¢ 4
4% shpol A8 U 159} Wy
= A8 e gaskdnh olRe JsiEel AgRAT
weh whdfols], AEstEel AEHAS WE asHEol A
B uet @e AR olxE golth Fig. 19% UL
e wslo] WE U wheolelo] 78 delE Hamel

A 7 Z(bulk modulus)E
4 esielole] gl

Mlastel e stelek s
2RSS gt YEeigo] 2
H9lg A9 W3 FHEE B 27k AT ek

Fig. 20& 1aka} Qhgo] 2-8EI9e wo) YA vhmojojo]
AEjE BRARY A7 W] diEt 2dg w8 &
Aolth. k& 3150l YA thojoloy/Alel 2 BatAad] 24
He A@ 7|xAge] Babsle] A U thslolols 7+

o

o FEY £ A= FEe| FriHA HI, o2 dsl Fek
o Zpstel, MW AFE Zas Bk wEd Qs
of AgHA FH ol Hmo wigo] Yoiup Hol HEH
& AaskA "ok o|® A A A2 FUKHA Hel
AEAL AdHoR Bashl HE Rolch

Fig. 20 Schematic model of Ni silicone composites under

and compression.
4. 32 2

Ual cheglologel mEal B3Rl B1%, X, &5
diet A PASS WM AREY oty W B
A sstgich Ud heslolofis Apr|go] 4 Hle o 9y
Fozol wigo] 2 ojudrh SR ¥ YA Lheojolojo] %
2oz Qg MAst Aleet wigko] Aot wie] AW A%

£ 37 2olg ol eplrh %— U Leololofe] gk
of F/VESR 7144 B4 weel Asel AEE HyEE
wolze) 7AE Fo RS & & YUck e By 2
2 Uz vhcelolo) 78} oA BYNRe] B4L vlus) B
H7o] o F& U vesjololrt Jupe w3tA=st Mol 7t
= Ua theslolol} ke BaE Bk HugHol o 34
ZAE9ch 29T APNFE BN Pe HRE D g
7 Awy) AR Ayt As YRS skt U v
gjolo} 7ot DEAL BANRY A 2%, FE W] uet T
WS W el YAV} A olol Heh o5 BANY A3ole
25 wsio] dsiel ZARom, PHHE SROAE Swel
27}, 7hao) vlElsle] 1 @t ZokelEnt adls 5 %
wsio Axjelodeh YA teslolo] 7hst AlalE E3tamolA
AW W& AY 24 B AT sl iRt wee) 2%



194 # 5 %% 2006. 10

A714 oA eta] AYRE ol§3 Ni nanowire7}s}

TR BHAR A AN L AW 24Y7 27

c

FE3E 2g, Y=L o PAEE A
st B3 STk Uz theslolo] 7 miA HaAz
o) | A% WM 250 A A Fxsiel Az
PR S8l Hete Rojet & 4 Aok

2

0

1o &

% 7]

£ AT 2006 YHEETFATAY A% Z2AE A9
wob Sl Hom olo] ZALEEm, of el Helst
TA ARE 29 BK21 A, 9 A9ulE wekgudh

e

11>|L

NEA

“High aspect ratio sub-micron and nano-scale

1) Hansen G.,
metal filaments,” SAMPE Journal, Vol. 42, No. 2, 2005,
pp. 24-33.

2) Lin SW, Chang SC, Liu RS, Hu SF, Jan NT,
“Fabrication and  magnetic  properties of nickel
nanowires,” J Magnetism Magnetic Mater, Vol. 282,
2004, pp. 28-31.

3) Zhang HY, Gu X, Zhang XH, Ye X, Gong XG.,

“Structures and properties of Ni nanowires,” Physics Lett
A, Vol. 331, No. 5, 2004, pp. 332-336.
4) Lourie O, Wagner HD.,
formation of fracture clusters in carbon nanotube-based
Technol, Vol. 59, 1999, pp.

“Evidence of stress transfer and

composites,” Compos Sci
975-987.

5) Jin CG, Liu WF, Jia C, Xiang XQ, Cai WL, Yao LZ, Li
XG.,
magnetic properties,” J Crystal Growth, Vol.
pp- 337-41.

6) Gao XP, Zhang Y, Chen X, Pan GL, Yan J, Wu F, Yuan
HT, Song DY.

nanowires,” Carbon, Vol. 42, 2004, pp. 47-52

7) Park JM, Kim DS, Lee JR, Kim TW.,,
effect

“High-filling, large-area Ni nanowire arrays and the
258, 2003,

“Carbon nanotubes filled with metallic

“Nondestructive

damage sensitivity and reinforcing of carbon

nanotube/epoxy composites using electro-micromechanical

technique,” Mater Sci Eng C, Vol. 23, 2003, pp.
971-975.

8) Wang S, Lee SI, Chung DDL, Park IM.,

from fiber to polymer matrix studied by measuring the

“Load transfer

apparent elastic modulus of carbon fiber embedded in
epoxy,” 8, No. 6, 2001, pp. 435-
441,

Compos Interf, Vol.

9

10)

1)

12)

Park JM, Lee SI, Choi JH., “Strain-stress sensing and
nondestructive evaluation of single carbon fiber reinforced
epoxy composites by electrical resistivity measurement,”
Compos Sci Technol, Vol. 65, No. 2, 2005, pp. 571-580.

Daoud WA, Xin JH, Szeto YS,

dioxythiophene coating for humidity,

“Polyethylene-
temperature and
strain sensing polyamide fibers,” Sensors Act B, Vol. 109,
2005, pp. 329-33
Kim DU, Gong MS.,
resistive humidity sensor,” Sensors Act B, Vol.
pp. 321-326.

Cho JH, Yu JB, Kim JS, Sohn SO, Lee DD, Huh JS.,
“Sensing behaviors of polypyrrole sensor under humidity
condition,” Sensors Act B, Vol. 108, 2005, pp. 389-392.

“Thick films of copper-titanate
110, 2005,



