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Improvement of Electrical Conductivity of Carbon-Fiber Reinforced Plastics by
Nano-particles Coating

Seong Wook Seo’, Min Seok Ha , Oh Yang Kwon~ ', Heung Soap Choi

ABSTRACT

The electrical conductivity of carbon-fiber reinforced plastics (CFRP’s) has been improved by indium-tin oxide
(ITO) nano-particle coating on carbon fibers for the purpose of lightning strike protection of composite fuselage
skins. ITO nano-particles were coated on the surface of carbon fibers by spraying the colloidal suspension with
10~40% ITO content. The electrical conductivity of the CFRP has been increased more than three times after
ITO coating, comparable to or higher than that of B-787 composite fuselage skins with metal wire-meshes on the
outer surface, without sacrificing the tensile property due to the existence of nano-particles at fiber-matrix
interface. The damage area by the simulated lightning strike was also verified for different materials and
conditions by using ultrasonic C-scan image. As the electrical conductivity of 40% nano-ITO coated sample
surpass that of the B-787 sample, the damage area by lightning strike also appeared comparable to that of the
materials currently employed for composite fuselage construction.
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Fig. 1 Cross-sectional view of hot-pressed CFRP samples.
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b) EDS result - ITO 20% coated CFRP
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d) EDS result- ITO 40% coated CFRP

Fig. 2 Results of EDS for CFRP with conductive ITO nano-particles
colloid coating.
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Fig. 3 Comparison of electrical conductivity of the CFRP by conductive
ITO nano-particles coating with B-787 aircraft sample.
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Fig. 4 Tensile strength of the CFRP by ITO nano-particles coating.

oA ITO ieglai7h A6et 714 7t Aol 247

B2

G2 vAT: ¥ 5 g3, IT0 st 298 &
4735 BHARY 7AH Aol ARE BAAAE A
shux] ghee Bhelstih

3.4 ™AtE XtH &3}
A7\ AEE7t A= MRmale e T3 Folxith4].
YA oA ITOR FEE CFRPY AAulxlw A%L
olsly] ¢l vfAE CFRP AJ|(8-ply UD 155%230x205)
= %8, S 10% ZE, nano-ITO 40% ZEof tjjs}o]
Azbsta, 2 ujio] Mxlul YRS de o, QRoA

Source signal

Uncoated specimen
//\\ P

- A 4| - m e

B e T hi I
A red T i \
2 Y R e i

Silver coated specimen ITO coated specimen
Fig. 5 Electromagnetic compatibility test.

e FEsHe WAoR Adus AEE Sastic
Ashe TYeA g dEARue At Aol 90
e HolFul, Aulge U AEo] Hulste] 10% Siheg)
#} F¥ CFRP(22.7-54.6%)2} ITO 40% i-¢)Z+ & CFRP
(25.0-57.1%)7F A9 ¥ %3 ol

A2 O
TTo=

TG AFRAZPEA (Type  ICVG001)E  o]-&sto]  40KA
AFE 8/20us9] waveformo 2 A|Ho| Q17}sle] o] Y
e Blsisleh %ol He

\,
oo
~

o=

Z(20-ply woven fabrics, ASTM D7174)} ITO 40%
g, 2ubic 10% %, =& CFRP wﬁwr’a ] (32-ply
cross-ply, ASTM D7174)& AZ}5to] ARME-3}4 , Fig. 6&
S} 3 AJge] Yeiearel 2718 207} Cscan FA|(Melrbeye
EX, Toshiba)Z EA5F ALzEo|t}
=

o]

wel dEAY An 49 RS} Zohees

7|7} FolAE AFE Bola Qirh B3] 1TO 40% =9l
A Ay BARARs SRR 9EEdIYY A7)e
B-787 MZH 719 vsdt #EYE & 5 o

3.6 Weight penalty £He| HE

Y B B0 AHOR 3 BAZIM: ArHER
Pl SIok oIHE HAT 4 Gk YA e CFRP,
ITO 40% & CFRP, B-787 MZ2 ztzt £ =7|(1x5cm)
2 37 At & 1/10000g7HA] &4 71s3F ARA-&(OHAUS

AR2140)E A2 =A3}dTh Fig. 72 2W ITO 40% =

WES] FAL 09% Z71stgd) o) B-787 @%94 %
% 63%2 F7kE Horh F& sfololtHE vjEt B-787
WA Bl ITO gl mPe ASSHE TAUY E¥
oA o fEEe moo)



H23% 5 6 5% 2010. 12 Ve glah 2

/K

4% A BEARe AHER Y 5

DEFECTAREA
DRAG SIZE (mm2) : 74000
DEFECT SEE (PIEL) : 317
DEFECT SEZE (mm2) : 251.00

| SNR:361  MAX: 65686

a) A defect area of B-787 sample

~DEFECT AREA
DRAG SEE (mm2) : 214500
DEFECT SEZE (PIXEL) : 278
DEFEGT SEE {mm2) : 27200
| SMR:1072  MAX: 55278

~DEFECT AREA
DRAG SZE (mm2) : 228000
DEFECT SIZE (PIXEL) : 856
DEFECT SIZE (mm2) - 358.00
| SNR: 303 MA : 56647

c) A defect area of silver 10% coated CFRP
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Fig. 6 Comparison of defect area size by lightning strike for different
conditions measured by ultrasonic C-scan image.
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Fig. 7 Comparison of weight penalty.
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