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Interfacial Evaluation and Hydrophobicity of Multifunctional Hybrid Nanocomposites
for Self-sensing and Actuation

Zuo-Jia Wang*, Joel GnidaKouong*, Jung-Hoon Jang“, Myung-Soo Kim*, Joung-Man Park

ABSTRACT

Interfacial evaluation and hydrophobicity of Ni-nanopowder/epoxy composites were investigated for self-sensing
and actuation. Contact resistance and resistivity were measured using gradient micro-specimens. The actuation of
the composites in the electromagnetic field was studied with three wave functions, i.e., sine, triangle and square
functions. Due tothe presence of hydrophobic domains on the heterogeneous surface, the static contact angle of
Ni-nanopowder/epoxy nanocomposite wasabout 110°, which was rather lower than that for super-hydrophobicity.
The dynamic contact angle showed the similar trend of static contact angle. Ni-nanopowder/epoxy composite was
responded wellfor both self-sensing and actuation in electromagnetic field due to the intrinsic metal property of
Ni-nanopowder. Displacement of the actuator of Ni-nanopowder/epoxy composite was evaluated to obtain the
maximum and the optimum performance using laser displacement sensor as functions of the wave type,
frequency, and voltage. Actuation of Ni-nanopowder/epoxy composites also increased as functions of applied
frequency and voltage. Actuated strain increased more rapidly at sine wave with increasing voltage compared to
those of triangle or rectangular waves.
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Fig. 1 Preparing of Ni-nanopowder/epoxy composites.
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Fig. 2 Gradient specimen of Ni-nanopowder/epoxy composite.

232 324 274

U ol A g el s ol
HA0l HEzre Belau AL o]Lste] A3 AT} L}ii
AR 7 HE7S 24T ul= Wilhelmy plate A3
(Sigma 70, KSV Co., AHE)S AMEsIGicH &4 guj= o]
20| AAY R4S ALY Wilhelmy plates] 7|22
ol Ao thew Pk

F=mg+Py, cosd-F (1)

A71A Fe= AA Folw, m& AHe HA|, g= FE
7MEE, B = 58, P& AREdZol, Y A9 %
warE ok A E—.glol—_,(yT) 2 Lifshitz-van der Waals
24, ¥ 3 g7 24, ¥ golth Ahdr] 24 (&
e AW AW ¥ AR, ¥ 24E =
gtk

9 Ao] FAAES Zzt AASH FAY, Wag thet
e W Young Dupred|[15]2 thZa} Zo] viebdlich:

1 1 1

Wa:7L(1+0059): (7LW7LW) +2 (}/577L+)2+(}/5+}/L7)2 ()

A v ghe AApETIe WAL G R
golo] YEzromBE LA AT BAZEHOY XA
£ 33}7] 93], Owens-Wendt 4] [6]& t}23t ZHo] ZA|
Cl=3

1 1
W, =y (1+c0s0)=2(7"7" ) +2(7s"7." )2 &)

233 AAZ1FANY #57] A

Z}7] &9 (holder) (EE-40, DC 24V, 0.24A) FHO] AAF
A7) &Y mYUo] B2t ARl oJalA YA Fig. 3
AV &el A%71e] AA AY FAE HelFa Fig 4
A7) g 29 A5 A% AdEg HelEch 47|
Apgolnel A%l ARALRE BABAM A5l

e rlo rlo

eyt vjsich 7|27 DC 24 Vo183
o] 20 mm WAL 74 A7)-A7 AU S
o, Ay =
o} ZH=E AAl

024 A &
Abgstel Y4
45 I edusnng Aed 24d

2o Ao W SHToRN AL,

@

(b)

Fig. 3 Experimental photos of actuator in magnetic field: (a) full set;
and (b) jig area

>

Ni-nanopowder/epoxy
composite actuator

Fig. 5 FE-SEM photos: (a) Ni- nanopowder (b) Ni- nanopowder/epoxy
composites.



SE23%% 5 2 5% 2010. 4

A A% 2 A5 s

sfolnels thesdARe] AW B4 W 254 BY 27

3. 3% 4 B2

3.1 FE-SEM ¥ #HEJ| ZM&E

Fig. 5% @4 U-ihe it of 4 S0 gl -
Uhediare] BAbgEle] Abdlolch thAE UZ-thmiiuke
ozAlo] FUslA HEElo} glonz, WM, JAH B4
o 7lefa Aolc.

fl

3000

= CF/Ni-epoxy
= CF/epoxy
— Carbon fiber

Stress (MPa)
g

g

Strain (%)

Fig. 6 Apparent modulus of carbon fiber with Ni- nanopowder/epoxy
composites.

=
S e I
o] ZAEQ] AR7| Ame] ofstel THIHoR SR o
/KH:HE E]—ﬁ\_/HO SL;‘%]Q 7]7(]_/] 745!_7] /K
Suct 2k YA he ROl HEARE oA
seRRctE 27 dehton, ol Ud-hepure] 4
2 olgh mrh e gel-agnt of slelgcta Az,

Fig. 72 2-3 EE 4-7¥] z5e B
olth Fig. Ty F 9HE ASsHe A7IA%E Rz
ok 229] Aol A9 7HA oo ek AY e s
of y-HHORNE HEAY WME T 4 ek 2, 4-
A A9t AR Alo] A9l UHE At of Fake
9 4zl HEAYEC] ofs P WA g3 Ao
2 ARG Sohed] gk sl

Fig 70y §1 7 WWe ARgstel T3k A7 4Fwe] A
e wolEth 4WWE AHgTlel T A/AFEE 14
o guglol UHTS Hol Fehout, 2W AL 714

o wet 27 gebde melRglth. ol 7ol FolEe
et QEAG] AT HA Ao dre 2 F
7] whgolct.

Fig. 8& wEslEatolae] Ya-beiahol 2 thes
FAme] AEAPEES epich vad 2 el 1 vol%
oA, o) Zew WA ANEE RelE AL, Ydihe
sure] gapo] yfolet A714 percolationo] £ 7]
Folth. ok, BAe] XA gAMbl ohlel AEA
woAe] FAHE w9 FRF WS ojujgi.

20
@
@2 point
O 4 point

Electrical Resistance (MQ)
s
T

0 10 20
Length (mm)
12
®)
® 2 point
04 point
1o}
£
4
S
e 08
&
&
5 o6
3
~
g
-5 04
2
=
02
& 9 Q
0
0 10 20
Length (mm)

Fig. 7 Electrical measurement of gradient specimen: () electrical resistance;
and (b) electrical resistivity.

4000 2 a1

[_Sum Stain  — 4p
408
3000 415

—_ S
& 2 qos 3
= = £
7 2000 15 g
£ g Joa G
» o

<

1000

Time (min)
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Table 1 Acid-base and polar-dispersion surface energy component (m]lm)

Type Lw ¥ Y+ yd Yp YST Wa 1)
Cabon fiber| 17.9 42 0.1 10.3 9.6 19.3 -
Epoxy 21.0 2.4 0.4 294 21.1 23.0 423
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YWork of adhesion with carbon fiber
Table 12 %* N s P LR RRARCE S B2
HUARS A7) 4BREI TLL Rl 2
L}EM"*E} BaARe YA R/ 2 A Hal R
o) HAkele bk o AEALS HAke Bek 2 e
BolFgith. of FrhE Yws ZriE-Ar] 4B g
w2 gmudd gros st
3.4 X7|EoIM HE-LI-EU/0| ZA| S =2
HA| s
Fig. 123 AI7HA 3] B4, (a) ARQl, (b) 42k 283

folEat=1

(©) ARz HeElReE A 0.5 Hz 9 10 VO 2714 o
A 10 vol% YA-UL-BI/o|ZA] ZE7|o) &% HoFE
o ThE Fube ot b £5S HolFolAu Ak

2 A% AR melRgth A%l e 3 ol
wstel o] £/ 2 FelE welzth wEe 74 F

shgeol A ulZsit.

Fig. 13 5ha gh4eh 7ore] wiste] mhe Uzl-thegaly
oNZA A57I0] WSS melETh AZteld 2579 ws)
OE £ wheuct godh ARle gzielAel 257
Bl 15 VA ot stelh Adet seERel 2
A4gTe] PANA Az A AAEES 2 et
Sl ee Aga At 5 AV AR

2 FoEs 49l B AZuhnc 27] o] & o 2

_IZi rr o}n 1o rfr



3% M 2 B 2010. 4 A A5 2 A5G ol

sfoluels UrRaRe] AW 54 % £44 BY AT 29

HEAE UA717) el Ao AR,
Y- iee A L+iaro101a} Wliste] 27 ohe 3
*ohﬂ] Aslstat Aolgelde] AHE Ao A2 st

oh Ud-epel 2 2R 45e LE
o wet eA gt

Fig. 145 A71g0l4] 25719 §4908 Hejzth 4% &
e FHAA gm dANY gAY tehelch Ua-
theRo|EA ugEe e ARustE Bd s
st

wel A7)

L5

< 10

S

S

€ 05 S
s 3
w0 =1
2 =
— o
S 05 <E(
I3

<o

S

s

£ S
o @
& E
B =
5 2
B <
(&)

<

-15 : - : : -15
0 2 4 6 8 10
Time (sec.)

S

=

<

= S
g 3
& 2
o] -_
E o
©

g <
<

2.0 : ! . : -15
0 2 4 6 8 10
Time (sec.)

Fig. 12 Movement of actuator of 10 vol% Ni-nanopowder/epoxy at 0.5
Hz and 10 V in air field with wave function: (a) sine; (b)
triangle; and (c) square.
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Fig. 13 Displacement of actuator of Ni-nanopowder/epoxy composites
with wave function and voltage.

Fig. 14 Photos of actuator movement under magnetic filed.
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