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CNT and CNF reinforced carbon fiber hybrid composites by electrophoresis
deposition

Oyoung Choi’, Wonoh Lee’, Sang-Bok Lee’, Jin-Woo Yi’, Jin-Bong Kim’, Hyeon-Seong Choe’,
Joon-Hyung Byun"™

ABSTRACT

In order to increase the electrical conductivity and the mechanical properties of carbon fabric composites,
multi-walled carbon nanotubes (MWCNTS) and carbon nanofibers (CNFs) were deposited on carbon fabrics by
anodic and cathodic electrophoretic deposition (EPD) processes. In the cathodic EPD, carbon nano-particles and
nano-sized Cu particles were simultaneously deposited on the carbon fabric, which gave a synergetic effect on
the enhancement of properties as well as the degree of deposition. The hybridization of carbon nano-particles
and micron-sized carbon fiber significantly improved the through-the-thickness electrical conductivity. In
addition, both MWCNTs and CNFs were deposited onto the carbon fabric for multi-scale hybrid composites.
Multi-scale deposition improved the through-the-thickness electrical conductivity, compared to the deposition of

either MWCNTs or CNFs.
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Fig. 2 Schematics of EPD processes: (a) Anodic and (b) cathodic EPD

processes.
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Fig. 3 Schemes for two different surface treatments of CNT and CNF
by nitric acid oxidation and PEI treatment.



5234 45 3 %% 2010. 6

W oRkaUe S 3 SaAg stolHels ByR 9

SE_MAG: 5000 x_HV: 20.0 kV WD: 10.0 mm

Fig. 4 SEM images of carbon fabric with (a) anodic CNT deposition,
(b) cathodic CNT deposition, (c) anodic CNF deposition, and
(d) cathodic CNF deposition.
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Fig. 5 Electrical conductivities of CNT or CNF deposited composites.



10 0o - 0|2 - ol - o

AR R

o
o
2
ot
B
o
o
e
i
ottt

= O
o
Z
5 '
2 ’
[}
E 60
g [ ]
o)
m
et
O 50
=
n
T v T j '
» Anodic Cathodic Anodic Cathodic
Unmodified ONT CNT VGCF  VGCF

Fig. 6 Short beam strengths of CNT or CNF deposited composites.

Ao, Agel A A

whpol] w2 olefd Al
‘]

ooiF-i= ?i%*&iﬂ 247 R HaE Wl g @

o, $ Wgel ANHEEL Sadg Atolo] X%l 9]
o] Wyl vlstel ul$- ek e CNTL CNF7E
ZPEE QAR FH5] F7hER O olgk
WO R AFH SR 4 $1HS ONT 32 CNFR
ofet B4 F MAR el ol Fol BakElel At 4%
2 dzsrel A4 A= dA%HoR UEolRey] uw

ojch. Thek, BAFE theflRbel] mhE S =43
o] Aol what A7IAELE gref Apol7k AT

Short beam A¥-2 graAl{3 Atolof Z3hE vy 9
R 54% ddshy] 913 HERA, SbdEsEe] ool
ASEgA R A FAZE W FEelA szt WA =
o Zefuh AR Abelell CNT &2 CNFGof thie ot
7h ZAsHE T Ao A] AR Ao o] v QIfef 9
s ekehElal kel ook Figo 6ol A& o glRel
CNT7} st stolHee Sdaee 94 o2 4o
T Ad Amrh Frkeken, CNF B g2 235 29
o E 2 aAY] e g5 AVgERT &5 A9
A$7t =& A ghe Boed 1 olfE U 32719 g
AA7E EAlel sl A8 WL o oA sol7]
o2 gekE o= Cu o]o] CNFeh o] &zfolA
CNFo] B2 589 Argog &9 Aog welrh,

7J- 7%]5

Fig. 73 o] ABE A% o viestl, 1 mewe
A, vk Badg SIS AReh 4421 shaviol

& % 3 g 76) ol Vi) U sfoluels
G Ho) AR e QxEol s
e B5E Zzte) AW A Sl ek A%
9, MR Aole] 7] B BolAl he W HRE Ro} 2
7o Hr}p we CNT 32 CNF
b Telels W BA Hg wwol o] o, AdEE
W SRRYEL o 71950l At ek R

(o3

4
50
s
°
® g
N

Fig. 7 Fractured surfaces of carbon fabric/epoxy composite: (a) unmodified,
(b) anodic CNT deposition, (c) cathodic CNT deposition, (d) anodic
CNF deposition and (e) cathodic CNF deposition.
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Fig. 8 Cross sectional images of the fractured CNFs deposited composite
processed by cathodic EPD: (a) low magnification (x 50); (b)
high magnification (x 500) of the matnx and carbon fabric
interface in rectangular area of (a); (c) magnified rectangular
area of (b); and (d) magnified circular area of (b).
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Table 1 Characterization of concurrent CNT/CNF deposited carbon fabric

composites
Electrical In-plane 16.13+2.89
Conductivity ,
[S/cm] Through-the-thickness (x10°) 3.16+0.53
Short Beam Strength [MPa] 63.4+2.85

Fig. 9 SEM images of concurrent CNT/CNF deposited carbon fabric with
magnification of (a) 5k and (b) 20k.
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