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Study of nanoparticle effect on durability of carbon fiber/epoxy

composites in moisture environment

Young-Min Choi

Major of Materials Science and Engineering, Pukyong National University

Abstract

This study has been investigated on the durability of carbon fiber/epoxy
composites(CFRP) in moisture environment. The carbon fiber/epoxy composites
were modified to use the different weight percentage of nanoparticles. These hybrid
composites were exposed to moisture environment for a certain’ period of time.
Weight gain according to immersion time, quasi-static tensile test and micro-graphic
characterization were investigated'on the -samples exposed-to moisture environment.
Consequently, the weight gains -increased -with increasing immersion time and
weight gain of the hybrid composites was lower than the one of the CFRP through
the whole immersion time. The tensile strengths decreased with increasing
immersion time and tensile strength of the hybrid composites were higher than the
one of CFRP through the whole immersion time. CFRP was observed more
degraded than hybrid composites in moisture environment. Therefore, it was
concluded that the addition of nanoparticle in CFRP could lead to improve the

durability in moisture environment.
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Fig 2.2 Effect of reinforced particles in composites
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Fig 3.1 SEM photos of nanoparticle (a) MWCNT (b) TiO,
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Table 3.1 Mechanical properties of carbon fiber

Tensile Tensile ) ,
Strength Modulus ( Dens1t3y : Elo(n§/at)1on
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Fig 3.6 Photograph of tensile testing machine
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Table 4.1& HAALHE o]83l] =A3 CFRP HE7Z}A] A3
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o2 Adstarh e ArbE 100 Wi%T B FRHIDNE
NE2RZ 0952 g& HUbsdth AR FRHEE Fig 3304 & F AR

FEAe ey ARow 2HS P o 56%0]T).

Fig 4.1 &Ml A8 Strand A1 FHe] A4 A 9o FFS #ES
ANE AFE AT B2 BE9 ¢k A47 dojuteS & 5 Uth
AT Fig 4.1 (D9} #Zo] CNT & FH7igk stolEel= EdAlss 5Ys
ZAMAE tE AFHA HE Afel A&KHE Hola Slth o]+ CNT
AA7F 7HAE WEA LR WEY2o 98 Aol Eolzl AoF HITH
metA HAATAE ONT Y427 x4tk A= oA R, o]F CNT 743}
CFRP #3 g4 7 77 B8 2o & oA

b3

Table 4.1 Volume fraction of fiber

Strand : :

G IR T ]
CFRP 0.5057 0.3357 0.1700 56.21
CNT/CFRP 0.3885 0.2585 0.1300 56.38
TiO,/CFRP 0.4923 0.3223 0.1700 55.20
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Fig 4.1 Photographs of burn-out test specimens (a) before (b) CFRP (c)
TiOo/CFRP (d) CNT/CFRP
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Fig 4.2 Weight gains of the specimen according to immersion time in
moisture environment
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Fig 4.4 Tensile strengths of CNT/CFRP composites as a function of the
immersion time in moisture environment

_35_



02 Fig 4.5+ TiO; & 7} CFRP & 7 FE370 HA F A g9
A3%E Yebd Aot ¢A CNTE H7Ig A$-¢ mariA =
A7 AlgHe JAAFRE Fhol Eeel CFRP Rth Aukd oz ¢ £& s
UEbSh sHARE AR TIO, b w2t o AL Ax @S Btk
CNT ¢} TiO, & H7Ist AdHANA EAH H7isFol wet 2o CEFRP
AgHES JAZAETE 232 olfes A" v R PARCTE=
o] F7| Bt $Xl(aggregation) o2 13 &4 A2 AAZXGY U A=
polymer HeollA 7tu WEE EAFAU 2EA st S0 IFS mHTh
oJAE Uk AAeL polymer 3EHO| 31812 bl whel 1 A Aol DEbAH,
1) attractive interaction g 4% 1Ake} polymer o A7 o] Zolx|HA|
cross-linked density 7} 2358l EAo] 7|A =W, 2) repulsive interaction €
A9 AA7F polymer Abole] cross-link & ef|EkE &S dto] EAo]

Hshe AwE ApeE A,

A Uis e HI7MES ARG =Y Al -$-X(aggregation)d ol
e, o] I3 polymer oA YAt AStE o] F7] BT cross-link &
el sl=  2) repulsive interaction ABS RIS & £ Ayt a8

dent neos AgAwel gl T AL AP W, LedAE

AeoHnth FRFLEO] Eob MAsk 4 QAW L oS
hestE Avte BuRn

_36_



—a— CFRP
4.5- —e— TiO2 0.50
] —a— TiO2 1.00
—v— TiO2 3.00
4.0+ -0.00256
T 3.51
g J
£ 3.0
g ]
(0]
g 2.0
~ 1.5
1 O T T T T T T T T T T T T T 1
0 20 40 60 80 100 120
Immersion Time (day)
(a) distilled water at room-temp.
—=— CFRP
4.5+ —e— Ti020.50
] —4A— TiO2 1.00
—v - Ti02 3.00
4-0‘_ -0.00564
F 3.5
9 J
£ 3.04
g ]
o
B 2.0
5 ]
~ 1.5-
1 0 T T T T T T T T T T T T T

0 20 40 60 80 100 120 |

Immersion Time (day)

(b) distilled water at 80C

_37_



—m— CFRP
4.5- —e— Ti02 0.50
| —a— TiO2 1.00
—v— TiO2 3.00
4.0+ -0.00532
$ 3.5
Q, J
< 3.01
o))
2 |
Q
% 2.0+
S |
1.5
1 0 T T T T T T T T T T T T T 1
0 20 40 60 80 100 120
Immersion Time (day)
(c) saline water at room temp.
—=— CFRP
4.5- —e— TiO2 0.50
] —a— TiO2 1.00
—w— TiO2 3.00
4.0 -0.01184
~ 3,57
& ]
e
< 3.04
o) ]
5
& 2.5
g 4
2 2.0
P ]
1.5+
10 T T T T T T T T T

0 20 40 60 80 100 120

Immersion Time (day)

(d) saline water at 80C
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Fig 4.6 SEM photos of tensile fracture surface of the strand type specimen
(@) CFRP (b) CNT/CFRP (c) TiOy/CFRP
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Fig 4.9 SEM photoé of feflEile f-rac't:uré surface of the specimen after
immersion of 60 days in distilled water at 80°C (a) CFRP (b) CNT/CFRP (c)
TiO,/CFRP
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Fig 4.12 SEM photos of tensile fracture surface of the specimen after
immersion of 120 days in saline water at 80°C (a) CFRP (b) CNT/CFRP (c)
TiOo/CFRP (d) micro crack
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Fig 4.13 SEM photos of tensile-fracture surface of the specimen after
immersion of 120 days in distilled water at 80°C (a) CFRP (b) CNT/CFRP (c)
TiO,/CFRP
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