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Abstract: Self-sensing was evaluated for carbon nanofiber (CNF)/epoxy composites with two different aspect
ratios via electro-micromechanical technique and wettability test. Volumetric electrical resistance was measured
to evaluate the comparative dispersion degree indirectly and it decreased due to the increase of electric contacts
with increasing CNF concentration. The dispersion degree was evaluated indirectly by calculating coefficient
of variation (COV) of volumetric electrical resistance. The CNF type A with a high aspect ratio showed better
self-sensing than the case of CNF type B with a short aspect ratio. The CNF type B/epoxy composite showed
little self-sensing at a concentration higher than 2 vol% probably due to poor dispersion. The apparent modulus
of CNF type B was higher than that of CNF type A due to the orientation effect and the high surface area.
The thermodynamic work of adhesion was consistent with the result of apparent modulus.
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Figure 1. Electrical resistivity measurement for: (a) volu-
metric resistivity (b) apparent modulus under uniform cy-
clic loading test.

< AR&SATE CONFoF Sl FAl= 7247} of
2417 % ZFHAHTE ARRS E4
o 7z BArEo] = CONFS} ol &4
=3 AH7IE ARESE 15A1ZE o] 4
Atk 253 A F 70°C AFLLEAA S E
A ZHS A3 AW H 2F(Electron  Microscopy
Sciences, Pl=N)= 714 HEES A ARSSETh
CNF/ol|ZA] BEAl = 80°CAlA 2417 A st &
o 120°Coll A 2413t &< & AsE W dq st

%
o nlo

(R}

q
(

(ol
o
™, o o 2

ofN o 8 o x

T oL B xR

= e
b e
i

222, A7l A 54
CNF/ol| A 53HA) 9

point probe)S AHE-3lA4]

T AW HEHE AREst dA7 1A

FAsAd. 1714 FAAZEE A7])4
4o 7 F U, 4,5 CNF/OAFA] A5
watE @de] mHo|x [ = FEAld 23 A%
AlHe] Zojolt}. 713 FuAFH AF Atole] #
Ae B 2o
AI/
=\ X R, (2« cm) Q)

HEAY, p= A7 2ok

pe=A XR, (2« em?) (2)

A%t R= 247 A7) HE WA Aol

Figure 12 3] A3o] AlAZ wbE stz AF A
S ®HoFE 79 A FAtxer #dHE FAE
g A2 Yepdn HkESE Ade 539 ukE
stzo]l H&Ew wtoll, A7) Ao WHIE $H/M
FEY Wslel Al SAsATh A FE¢ 2=
Ao Z+z: 0.5 mm/min®t 100 Nojt}, 2R 7] FAE=
Y vHE gtF AF o3 A o=Z TR A
FHE gAY AW HERET e A AR
S AlFgrh

FE A A9A A1E, 2008 H



7k e Aa b el B Bage] A g U AESY

Cyeclic Load

Copper Wire
CNFlepoxy

Figure 2. Electrical contact resistivity using electro-pullout
test.
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Figure 3. FE-SEM photos of two different aspect ratios of
CNF: (a) Type A and (b) Type B.
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Figure 4. Schematic plot of CNF type A (upper) and type

B (below) with increasing CNF concentrations: (a) 0.5
vol%; (b) 2 vol%; and (c) 3 vol%.

Yo, Vist v FEL Ao ALHE A So
4 g

MM Z AHA da, v ek riE BEL =A
3 Aol Fapalsr AAA FEe] Bargz
2-97) ARl AAE (5)AS wWt AN AR

B g A4E CNF7F 3EE IZA A1)
Aolel W2 AT

3. 20 2 E9

3.1. ONFOISAl S3E0| S| xlolet Lalxst

Fu(RolH el Aol oAEA YelMe] M=
O B4 GEE oplstn, w9 QYA NAH B
Aol AFe F & itk AEKI Beile] Wabule
Z+7} 1000 : 100°]t}. F/FH]e} CNF H-3&E&°] th=
W oolo] e AAE, 718 54 Al A% AA-

=

S HAAEVH(FE-SEM)S 3 ##3F Aotk CNF

AESlo] BEFYHRET FH3 A o)A qE A

7Y 20 RS B 5 Aok
Figure 48] 7|2F=ol A 34171 2 CNF AEFY el A

RuoEgo] Z7HESE I ol ool wel 7]



[ evra ]
3 e |

o

Volumetric resistance (M52}
S

4

3

a

AN

1 2
Concentration (Veol %)

Figure S. Volumetric resistance versus concentration.
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Figure 6. The change of standard deviation and coefficient
of variation for CNF A and B: (a) standard deviation (SD);
(b) coefficient of variation (COV).
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Figure 7. The change in the contact resistivity between
carbon fiber and CNF A type/epoxy composites at three
concentrations: (a) 0.5 vol%; (b) 2 vol%,; and (c) 3 vol%.

Figure 7> CNF9] F3i-&o| F715] wel CNF
AERQ/AZA] BEdA s LS AFstsel 283
hs7h WHEE S W] ARE YERd Aolth 7 F
V& HE BT 5He QAstEo] A-8/¢hEr) wkE
HAes W A7) A= W FA & o]FoiA &
AL FA & Al

CNF ABFIS F3lEgo] F7heel wet <17l ¢
3l CNF/ollFA] EtAg0 7HeliAl= &8 #tkel S7F
SHAth CNF ABF)S Al 7FA] A FaliE&ollA AA]

Figure 8& CNF9] F3|E&0]
BEFY/AFA] EFA =
st HAS W] AFRE veRd Zolth FAHITE 2
AR I E T2, AR EE 2% o)delA
Rl F3 T g JEAF WstE
o} =3 A ghe] wo|Z7F ARFSZ 23, CNF

FE A A9A A1E, 2008 H



7k e Aa b el B Bage] A g U AESY 7

—
=]

1
[T || [ . {Cvoma b | -
7 15 055 1”2
B2 Sos” Hoss
= g 7E E1
g T s 154’
CR
g1l 8% #l 4
n 05 02‘&’ 05 40.2q
3 4
] 0
b1 'z 3 40 0 %
Time {mimn)
(a)
2 1
&
0.8¢
) =
Soe™
1 E| B
§0.4;
w2
05 {o2g
g
0
LA T
Time {min)
(c)

Figure 8. The change in the contact resistivity between
carbon fiber and CNF B type/epoxy composite at three
concentrations: (a) 0.5 vol%; (b) 2 vol%; and (c) 3 vol%.
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trations.
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Figure 10. Comparison of (a) apparent stress and (b) their
apparent modulus of CNF B type with different concen-
trations.
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Figure 11. Comparison of dynamic contact angle of CNF/
epoxy composite with different aspect ratio and different
concentrations in water: (a) CNF A type; and (b) CNF B

type.

ZA B A 2Ry g wlms)A
CNF7F g8 BEiAge] Fuigo] 57
F7HRE FAsA

—;~
it}
9
R
2

= YehY. 2R7] 38L& CNF AEFY] o) 1
7] &9 Fro] ZA S-S ¢ 4 ASTE CNF
git-go| F7HE Wl CNF/o|FA] 53Al 8 9
7] A xe) vinste FRY] FAAxrE SRS
st o= FAHIZF F2 BEYY CNF7} u)
FYE 8 ABYERG 2 AW ZWFHS 7HA]7)
2o 2R7] AAxe =712 JeE AT

M
£ o2 M [ Hrmd B o

34. CNFOIEA| SEME2] EHHHX| H|w

Figure 112 EoA SAHE F BFY9 CNF/ZA|
EdAse w4 HE4 A ZAE YERATH
CNF BEFIET ABFYOlA AFAe]l A UEwe
W, Zk BdellA CNFé] H3E&0] S7HEFE &7
o] Z7HES HAFIUTE CONF AEROIAM ©S &
FAS Ugie 2L 2 g d BdAs
Holl 2449 CNF7F =257 47 & o

B P ox



(b)

o
e

Work of Adhesion (mJ/mf)
b=
5w 5
Appurent Modulus {GPu)

Work of Adhesbon (mJ/m’)

!

Concemtration (Volbiy

Comcentration {Val.5a)

Figure 12. Relationship between (a) the work of adhesion;
and (b) the apparent modulus as a function of concen-
tration.

= gz,

Figure 12 CNF A9} B
) BT Aelsl WA SR 45 BAE
ok e T3 HEz7 AL Esle]
ojth. Af F¥ Rgo] F/IEE
AT HZRAdT 2RV FAEE AEHETH
A %A Ueeth 2o @8 714 ONF BEY
AR AAEE Z7AZ0 AFdLe ARy 24

o} LT 2AFHE eI

S
bioro 2 Sz @

CNFe] HIig 7l e 5= 347t g&
CNF/OlFA] B3R A #AATE
o FAl We] CNFo] it Fu)7A g
A AR gRlst At CNF
o wel FuA3 ojo] WE EFHA 14
Atk CNF BEFIS 747 #7] wZd 32
LAte] o]Fojx WEASTIE SR ole
gule] o] HIAH A FTERE P
ARE Y GFol 4] wEolth. ¥
HA71A HZFo] ] 2L AL RAFYTE CNF/
ZA BEdAEY HF5A3 54 23 CNF AERC] B
E}?Jﬁli‘r AAE7} A YERET BEFY S AT
|

2
\l
T s X b
My & rlo ot O i

N

ol HEAT FHo] A o]FoA

% oJAL Z TEAAAM= WgET= 28]
#He FAHE 7= BEROl AR $Fe= <

A7 AFol sy WEosE Azddan A
S7tEss Al 9 g ket
7t ONFRlFA] BgAR9
Z7Fst9th. CNF BEFJ9] 217

<]
S|
o
i

r%xl

Ll

BARAE7E ABFIRT A Yelgd o] A7)
o BEFYO] Hio] HEg AW fHdS F7HAA
AWZATE S S7HA717] wiolth. AR FuEgo]
Z7HdeE JFde 34 yelgd. 3487 #Ze
BE}Y 9] CNF/AZA] E3lA] 5 9 @Z}E‘Ol A e
Yt o]AL ZHY] FAre Aol A5 IdxgS
HoAFEAT
ZAe =2
B dAyes 35 JgA7A dAstmAe AP
ol =P AHFU B AFa T AAGEL 22U
BK21’9] Aol ZALE =HYrth
a2

10.

11.

. O. Lourie

. S. M. Rhodes,

. A. Karim, T. M. Slawecki,

J. M. Park, D. S. Kim, S. J. Kim, P. G. Kim, D.
J. Yoon, and K. Lawrence DeVries,
B, 38, pp. 847~861 (2007).

and H. D. Wagner,
Technol., 59, pp. 975~977 (1999).

Compos. Part

Compos. Sci.

. S. Tsantzalis, P. Karapappas, and A. Vavouliotis, P.

Tsotra, Part. 1076 ~1081

(2006).

Compos. A, 38(4), pp.

. F. Pervin, Y. Zhou, V. K. Rangari, and S. Jeelani,

Mater. Sci. Eng., 405, pp. 46~253 (2005).
B. Higgins, Y. Xu, and W. .
Brittain, Polymer, 48(6), pp. 1500~1509 (2007).

. J. M. Park, S. J. Kim, D. J. Yoon, G. Hansen, and

K. Lawrence DeVries, Technol., 67,

pp. 2121~2134 (2007)

Compos. Sci.

. S. Wang, S. I. Lee, D. D. L. Chung, J. M. Park,

Comp. Interf., 8(6), pp. 435~441 (2001).

. J. M. Park, S. L. Lee, and J. H. Choi, Compos. Sci.

Technol., 65(2), pp. 571~580 (2005).

S. K. Kumar, J. F.
Douglas, S. K. Satija, C. C. Han, T. P. Russell, Y.
Liu, R. Overney, J. Sokolov, and M. H. Rafailovich,
Macromolecules, 31(1), pp. 857~862 (1998).

S. J. Park and Y. S. Jang, J. Coll. Interf Sci.,
pp. 91~97 (2001).

L. Jin, F. Qun, W. H. Chen, K. B. Huang, and C.
Y. Ling, Trans. Nonferrous Met. Soc., 16, pp. 457~
461 (2000).

237,

FE A A9A A1E, 2008 H



