SEM
CNT/phenolic resin
5-2
4-7
5-3
[] Gr/epoxy
4-9
5-2
ASTMD570-98 [47]
85%RH 85 /85%RH 168(+5/-0)

5-4 5-5

~

25 / 85%RH
168

29

5-1



85 /85%RH
VanLandingham [50]

5-6
5-4
1wt%
5-5 25 /
85%RH 25 / 85%RH
2wt% 25%
5-4  5-5
0.7% 0.8%
0.1%
5-3
CNT/phenolic resin Owt% 0.5wt% 1wt%
2wt% 5-7 (
85 175 25 /85%RH 85 /85%RH )
CNT/phenolic resin
SEM

SEM
Lau [34]

30



)

(imperfection) (weak spots) (voids)
(flaws)

(submicroscopic cracks)
(dilation) (micro voids)
(craze cracks) [51,52]
50%
[53]
[54,55] T,
(130~170 )

[56,57] (microgel)

(cross-linking)

31



(inclusions) (holes)

(aspect ratio)

SP? C=C (covalent bond)
(toughness)
[4,58-60]
CNT
CNT
2wt%

2wt%
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[61] 2.  5-8[62]

[63]
CNT/phenolic resin 7
5 5-1 5-2 53 54 5-5
59  5-13
5-3.1
SEM
SEM
SEM
SEM 5-14
Iwt%
5-15
2wt% 5-16

CNT/phenolic resin

33



SEM

[60] SEM SEM
5-9 51.92+2.84MPa
[64] 45~55MPa
2wt% 47%
SEM 5-17
2wt% [58] CNT/epoxy
(linked)
2wt%
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(bond)

<0.5wt% / <1wt% / <2wt% /
5-32 85
DSC 5-18 85
85
T,
175
[65]
SEM 5-19
2wt%
(microgel)
5-20
[66] 70
5-21 (microgel)
2wt%SEM

5-16
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5-12 <0.5wt% / <1wt%
5-3.3 175
T,
T, 125 T,
175
5-18[69] 175 5
T,
175 85
5-13
<0.5wt% / <1wt% / L2wt%
T,
SEM 5-22
85

85

36

2wt% /

[67,68]

DSC

85

175



5-23

5-34 25 /85%RH

85%RH
25 / 85%RH 85 / 85%RH
13% 2wt%
6% SEM
5-24
0.5wt% 2wt%

85

175

5-4
5-10

< 0.5wt% / < 1wt%

/ <2wt% /

5-35 85 /85%RH
85 [85%RH
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SEM 5-25
2wt%
5-26
5-5 25 / 85%RH 2wt%
0.38% 85 / 85%RH 2wt%
74%
2wt%
12%)
1wt% / <2wt% /
5-3.6
5-28

18% 2wt%

25 /85%RH

38

85 [ 85%RH
25 /85%RH
85 [ 85%RH

SEM

0.66%
5-11 85 /85%RH
15%( 25 /85%RH

5-27

< 0.5wt% / <

85
11%
13% 2wt%



6% T,
85 / 85%RH

25 / 85%RH

85 / 85%RH

85
175
175
175 T,

85 /85%RH

5-4
4-13
CNT(wt%)
529 5-30 5-6 5-7 5-8 5-9
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40  60x10-6/

-1.61x10-6/°K [70,71] -40 125

[72]
100 SEM 5-31

2wt%
2wt%

2wt%

SEM 5-32
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400 5-33 2wt%

SEM 5-34
SEM
400 100
100
100
400
2wt% 21%
0.5wt%  1.0wt% 200

2.0wt% 400 2wt%
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5-5

CNT/phenolic resin Owt% 0.5wt%
1wt% 2wt% ASTM D257 [46]
Rs( Q) Ryv(
Q)
5=18.8xRs Q) (5-1)
p=19.6xRv/t (Q cm) t= (cm) (5-2)
5-10 5-11 5-12 5-35
5-36 CNT
CNT CNT
[31]
CNT  Epoxy 0:5wtYo~1wt%
10*Qxcm [73] CNT PA-6
Awt% 10"°Qxcm
Swt% 10*Qxcm
[31] CNT S5wt%
10°Q [72]
01
2
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25 /85%RH 85 /85%RH CNT/phenolic

resin

5-35 5-36
85 /85%RH 10"°Q
<25 /85%RH<85 /85%RH
5-6
CNT/phenolic resin
10°Q
Swt%
Gr/epoxy 5-37

CNT/phenolic resin  Gr/epoxy
5-38
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Gr/epoxy [0/+45/90/-45],, 16

5-13 5-39 Gr/epoxy
5-40

Gr/epoxy
CNT/phenolic resin ~ Gr/epoxy

5 5-14
Gr/epoxy CNT/phenolic resin
CNT/phenolic resin 5
CNT/phenolic resin

60% - 55% 50% 40%
5-42 515

S=74.06-8.06 logN;

S (MPa) Ny (Cycles)

CNT/phenolic resin ~ Gr/epoxy
5-43
CNT/phenolic resin Gr/epoxy
CN CN

44

5-41

Gr/epoxy

Gr/epoxy

(3-3)



Gr/epoxy
CNT/phenolic resin
CNT/phenolic resin
CNT/phenolic resin
CN
CNT/phenolic resin
Gr/epoxy

Gr/epoxy

45

CN

Gr/epoxy



