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A Study on the Interfacial Properties of Nano
Patricles-contained Carbon Fiber Reinforced Composite

Materials

Lee, Jin Woo

Department of Material Engineering

Graduate School of Korea Maritime University

Abstract

Up to an extensive industry including from aerospace to marine
areas and daily supplies, the material which has a new characteristic
is required and a ceaseless study has been progressed for its
development. A representative material, carbon fiber reinforced
composite material, has not only high strength of carbon fiber, high
elastic modulus, high thermal conductivity, low coefficient of thermal
expansion, and excellent mechanical properties in high temperature
but also various excellent properties like corrosion resistance and

chemical resistance, so it is used as the representative material for a
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reinforced plastic of composite material. With a fast development of
carbon fiber property which receives most weights, the property of
carbon fiber direction represented by a tensile strength is already
reached to a quite competent level, but there still require
improvements on plane shearing strength, interlayer shearing strength,
and fracture strength affected from a base. Lately, an experiment
introducing nano particles is highly interested to modify the carbon
tiber surface for reinforcing a mechanical property of carbon fiber
composite material. Nano particles on the carbon fiber surface exhibit
a very effective possibility to solve an interlayer separation feature of
carbon fiber composite material. Carbon nanotube could be typically
known as the particle to improve interlayer mechanical property. It
has excellent mechanic and electric characteristics so it is mainly used
for addition nano particles of carbon fiber reinforced composite
material. However, most of studies for various nano particles added
composite material including current carbon nanotube are focused on
improving one or two mechanical properties by adding nano particles.
In addition, the expensive materials which are hard to apply in the
field are dominant, so an increase of mechanical property is
empirically obtained by adding nano particles which were not verified
in the industrial field. Therefore, this study has investigated for
primary factors that influence mechanical property, thermal property,
and interlayer fracture toughness by individually comparing and
analyzing carbon nanotube and other nano particles which are

normally used in existing studies.
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carbon nanotube carbon nanotube carbon nanotube

Fig. 21 The shape of carbon nanotube
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O Base Material . Nano Material

(b) Schematic of micro-nano composite

(a) Schematic of nano-nano composite
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(high-strength, super plasticity)

Fig. 2.3 Structural of nano composites.
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CNT7} 287 ol Agow ARHYR AL TAHA Paow
EuX

=

o}z YH o] E(PMMA), ElEZDAPP), Eg2ebo|APS), Zel o
(PU), 2 ELZ(PVA) 5 TFER £79 2AsHE A9 BrieA
A 7F A (Lin et al., 2003; , Jin & Park, 2011).

8 BREARTA TP Utk =g REoIA o]v] ojop]
stgsel a9W 4 BAARANA AFHE AL J1E AAH
e

7Htsle] GO(graphene oxide) & rGO(reduced GO)7} o F-+&
oltt. rGO= #71&m et F7]&uol AFHoz FHHAT GO= =
Sl 7] Wwol 84 LEAQ PVASE &34 o] -3tk (Xu et

al., 2009; Liang et al., 2009).
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o|t}(Vilatela & Eder, 2012; Stankovich et al., 2006).
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Fig. 24 Increase in modulus against mass fraction for a wide variety

of CNT polymer composites(Vilatela & Eder, 2012).
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Fig. 25 Increase in modulus against mass fraction for graphenebased

polymer composites(Vilatela & Eder, 2012).
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graphene-based polymer composites(Vilatela & Eder, 2012).
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Table 3.1 Physical properties of the carbon fiber used for experiments

Properties Units Value
Tensile strength MPa 4,694
Density g/m® 300
Elastic modulus GPa 26.2
Diameter um 11~15
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Table 3.2 Physical properties of epoxy resin

) ) Value
Properties Units
KFR-120 KFH-160
. . gleq, EEW _
Equivalent weight (DIN EN 15O 3001) 170 ~ 180
. g/ml _ _
Density (DIN EN 1SO 1675) 1.0 ~ 1.2 0.8 ~ 1.0
o Cps _ _
Viscosity (DIN EN 1SO 2555) 1,000 ~ 1,500 5~ 50
Total amine value mgKOH/g 400 ~ 600

Table 3.3 Properties of carbon nanotube

Type
M1 M2 M3 M4 M5 M6
Properties
Particle size
20~30 20~30 40~60 40~60 | 80~100 | 80~100
(nm)
L
ength 1~2 5~15 1~2 5~15 1~2 5~15
(um)
Content (%) >99
PH 7-8
HO (%) 0.5
Mo (%) 0.1
Ni (%) 0.1
Cu (ppm) <1
Fe (ppm) <1
Mg (ppm) <1
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Table 3.4

Properties of milled carbon

Properties Units Value
Filament diameter um 7
Bulk density g/ml 0.22 ~ 0.28
Tensile strength MPa 3,150
Young modulus GPa 210
Elongation at break % 1.1 ~14
Carbon content % > 90
Sizing content % by weight 05 ~1
Mean fiber length um 100 += 20
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(1) Dispersion nano particle

(5) Painting release agent (6) Laminating wet-prepreg

-continued-
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* Metal plate

(7) Stacking metal plate for release (8) Apply of the breather

(9) Apply of the vacuum bag

A

(11) View of laminated by autoclave
(10) Curing on autoclave
process

Fig. 3.2 Fabrication process of carbon fiber reinforced comopsite

contained nano particle
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Below 35 °C release pressure and remove part

Temperature

80 °C

Heat up rate: 0.5~4 *C/min

Pressure 57t 7 MPa
(MPa)

0
[ T—AMy!’malaﬂBrﬁjlpmssm'Eaﬁmefamoda\re
Vent vacuum bag when pressure reaches 2 MPa

Fig. 3.3 Curing conditions for specimen preparation
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J
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Fig. 3.4 Schematic of tensile strength specimen(Open-hole Tensile)
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Fig. 3.5 Schematic of standard requirement for interlaminar strength

test specimen
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Fig. 3.7 SEM images of fracture-section of composite specimens
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(b) HNT = 5%

Fig. 3.9 SEM images of fracture-section of carbon fiber reinforced

composite contained HNTs
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Fig. 311 SEM images of fracture-section of carbon fiber reinforced

composite contained milled carbons
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Fig. 3.15 The entire view of the damage zone in a damaged SBS
sample with CNTs
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Fig. 3.16 SEM images of interlaminar fracture-section of carbon fiber

reinforced composite with different CNT length
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Fig 3.18 The entire view of the damage zone in a damaged SBS
sample with HNTs
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SEMHV:7.0kvV | WD:1641mm MIRA3 TESCAN
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KMU

(b) HNT = 10%

Fig 319 SEM images of interlaminar fracture-section of carbon fiber

reinforced composite with different HNT contents
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Fig 3.22 SEM images of interlaminar fracture-section of carbon fiber

reinforced composite with different milled carbon contents
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Fig. 4.3 The measurement of temperature on specimens
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Fig. 4.5 Effect of thermal variation by adding CNT
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A (Davies, 1991).
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Fig. 5.2 Specimen geometry (mode 1)
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Fig. 5.5 Picture of mode IItest
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Ho] otk (Willams J. G., 1990).
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SEMHV:7.0kV | WD: 14.44 mm
SEM MAG: 20.9 kx | Det: SE

(@) CNT = 0.5%

SEMHV:7.0kV | WD: 14.44 mm
SEM MAG: 30.0 kx |

(b) CNT = 2%

Fig. 5.8 Scanning electron micrographs of EP/CF/CNT composites.
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Fig. 5.11 Positive resultant forces and moment(% 2, 2002).
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SEMHV: 7.0 kV ‘ WD: 9.80 mm
SEM MAG: 30.1 kx ‘ Det: SE 2 ym
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Fig. 5.13 Scanning electron micrographs of EP/CF/HNT composites.
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