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Effect of Degradation in the Moisture Environment and dry on the

Mechanical Properties of Fiber Reinforced Composites

Sang-Dae Park

Department of Materials Science and Engineering, Graduate School

PuKyong National University

Abstract

This Study has investigated about the effect of degradation in the moisture environment and
dry on the mechanical properties of fiber reinforced composites. And we also investigated the
effect of moisture absorption as a function of immersion time in various moisture environment
such as sea water, tap water and distilled water at 80T.

As a results, the rate of water absorption in fiber reinforced composite materials
depended on immersion and dry time under repeat process of immersion and dry on all water
environments. The increasing and decreasing value in the rate of water absorption was
reduced very delicately as increasing primary immersion time.

The tensile strength of fiber reinforced composite materials decreased with increasing
the rate of water absorption. In the case of glass fiber reinforced composite material, the
increasing rate of tensile strength immersed and dried for 10days was lower than dry for
10days at 30 and 60 days, respectively

The decreasing tendency of tensile strength as a function of immersion and dry time was
nearly similar to that as a function of immersion time in fiber reinforced composite

materials.
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Fig. 1 Schemetic of mechanical model of unidirection composites
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3.1 Ax
2o A3t E-glass  fiber(ER270ITW,  ghar 3ol ul (7)) <}

Carbon fiber(Acclan TZ-307, el g2t (F)E 2h2h AL &3t e, wAE
}

Table. 191 t}EhLT

Table. 1 Properties of fiber

Diameter! Density | Tensile Strength| Tensile Modulus
(gm) (g/cm) (GPa) (GPa)
E-glass fiber 13 2.57 15 77
Carbon fiber 6.8 1.8 35 | 250

nfEY A FAEZE epoxyT A=A FAZE Fig, 29 22 Diglyceidyl ether
of Bisphenol-A (DGEBA)[YD-128, = %= 3}3H(5)]5 Ab&aksiaL, datAet 74
sl 2 A= Fig. 39 2% Nadic Methyl Anhydride(NMA)[KBH-1085, = %%}

-
A&

il

3H(F)]9 Benzyl Dimethyl Amine(BDMA)KBH-1086, =% 8}8H(7)]&
gttt 1 EA-E Table. 29 WeER AT

Table. 2 Properties of matrix

Density Tensile Strength Tensile Modulus
(g/cm) (MPa) (MPa)
Epoxy resin 1.25 90 350




Fpoxy A = 2 Ae] wafiag @ el AaAAst AR g o)F
B ool ZAVE AHEL i FAR S5 JIAH B, WebEA, AU Ed
3 B ZlEb AR ekel B d AR LS /P, Phenol At Polyesters 7]
W] AE T FEATI e Exo] ol crelal AakA i AFREE)

d NMAE AF&stsl=d ol R LV A

1
o.o

Lo g ol olir amine
Azt QA thdt HAde) Ha FFARAZHpol life)el Aol #giAde] -4

alv, ma AAGAT FEAA e S 4o Al



Resin

BPA (bisphenol-A) + ECH(Epichlorohydrine)
0

HO—@-COOH + 2 CH,——CH—CH,CI
| \_/
CH, o

NaOH

P DGEBA (Diglycidyl ether of Bispnol-A)

H;

(I:H3 C|3H3
CH,—CHCH 20~©-C OCH, CH—0 c
Yo’ ¢H | |
3 OH ¢

N\ /

Fig. 2 Chemical formula of epoxy resin



Curing agent

H
c I
H———C/ \CH —c
™~
T b T
CH;—C S——
\C/ |
0
H

NMA (Nadic Methyl Anhydride)

Catalyst

CHs

/ \c CH, N<

CH,

BDMA(Benzyl Dimethyl Amine)

Fig. 3 Chemical formula of curing agent and catalyst
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Orifice

Wire frame
Resin bath

— /
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Heater

Curing
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T —/—

Strand tensile specimen

Fig. 4 Making procedures of tensile specimen
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3.3 Hydrothermal exposure & dry
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Fig. 6 Weight gain of glass fiber strand as a function of immersion time

in the various water environment at 80C
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Fig. 7 Weight gain of carbon fiber strand as a function of immersion time

in the various water environment at 80C
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Weight gain (wt.%)

—— after 10days immersed
—t— after 30days immersed
—"— after 60days immersed
0 —O— after 120days immersed
—@— immersed for 180days

T T T Ll T T T

0 30 60 90 120 150 180

Immersion & dry time (days)

Fig. 8 Weight gain of glass fiber strand as a function of immersion time

in sea water at 80C and dry time in air at 25T
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Weight gain (wt.%)

—C— after 10days immersed
—+ after 30days immersed
—— after 60days immersed
0 A —C— after 120days immersed
—@— immersed for 180days

T T T T T T T

0 30 60 90 120 150 180

immersion & dry time (days)

Fig. 9 Weight gain of glass fiber strand as a function of immersion time

in tap water at 830C and dry time in air at 25T
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Weight gain (wt.%)

—C— after 10days immersed
—(+— after 30days immersed
—<— after 60days immersed
0 —C— after 120days immersed
—&— immersed for 180days

T T T T T T T

0 30 60 90 120 160 180

Immersion & dry time (days)

Fig. 10 Weight gain of glass fiber strand as a function of immersion time

in distilled water at 80C and dry time in air at 25T
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—O— after 10days immersed
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Immersion & dry time (days)

Fig. 11 Weight gain of carbon fiber strand as a function of immersion time

in sea water at 80C and dry time in air at 25T
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—O— after 10days immersed
—4— after 60days immersed
—O— after 120days immersed
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Immersion & dry time (day)

Fig. 12 Weight gain of carbon fiber strand as a function of immersion time

in tap water at 80C and dry time in air at 25C
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Fig. 13 Weight gain of carbon f{iber strand as a function of immersion time

in distilled water at 80C and dry time in air at 25T
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25

—&— sea water
—&— distilled water
2.0 +
R
2
=
[4+4 -
s 1.5
-
=
R
[
2
1.0 4
05 T T T

10 20 30 40

immersion & dry time (days)
Fig. 14 Weight gain of glass fiber strand as a function of immersion time

in sea or distilled water at 80C and drv time in air at 25C after

immersed for 10 days
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—&— sea water
—&— distilled water
2.0 A
R
-
3
£
[1+3 -
s 1.5
t
=
2
7]
2
1.0 A
05 T T T

30 40 50 60

Immersion time (days)

Fig. 15 Weight gain of glass fiber strand as a function of immersion time

in sea or distilled water at 80C and dry time in air at 25T after

immersed for 30 days
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2.0 A
b
2
£
1+ -
8 1.5
d
=
Ry
()]
=
1.0
—&— sea water
—a&— distilled water
0.5 T T

T T

60 70 80 S0

Immersion time (days)
Fig. 16 Weight gain of glass fiber strand as a function of immersion time

in sea or distilled water at 80T and dry time in air at 25C afler

immersed for 60 days
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© B
s 1.5
whed
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R
2
1.0 A
—&— sea water
—a— distilled water
0.5 T T T T

120 130 140 150

Immersion time (days)

Fig. 17 Weight gain of glass fiber strand as a function of immersion time

in sea or distilled water at 80C and dry time in air at 20°C after

immersed for 120 days
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Fig. 18 Weight gain of carbon fiber strand as a function of immersion time

in sea or distilled water at 80T and drv time in air at 25C after

immersed for 10 days
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Fig. 19 Weight gain of carbon fiber strand as a function of immersion time

in sea or distilled water at 80C and dry time in air at 25C after

immersed for 60 days
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Weight gain (wt.%)
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120 130 140 150

Immersion time (days)

Fig. 20 Weight gain of carbon fiber strand as a function of immersion time

in sea or distilled water at 80C and dry time in air at 25C after

immersed for 120 days
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Fig. 21 Tensile strength of glass fiber strand as a function of immersion

time in the various water environment at 80T
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Fig. 22 Tensile strength of carbon fiber strand as a function of immersion

time in the various water environment at 80T
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Fig. 24 Percent of tensile strength of fiber strand as a function of

immersion time in the various water environment at 80T
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Fig. 25 Tensile strength of glass fiber strand as a function of immersion

time in sea water at 80C and dry time in air at 25T
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Fig. 26 Tensile strength of glass fiber strand as a function of immersion

time in tap water at 80C and dry time in air at 25T
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Fig. 27 Tensile strength of glass fiber strand as a function of immersion

time in distilled water at 80C and dry time in air at 25T
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Fig. 28 Tensile strength of carbon fiber strand as a function of immersion

time in sea water at 80C and dry time in air at 25C
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Fig. 29 Tensile strength of carbon fiber strand as a function of immersion

time in tap water at 80C and dry time in air at 25C
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Fig. 30 Tensile strength of carbon fiber strand as a function of immersion

time in distilled water at 80T and dry time in air at 25T
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Fig. 31 Tensile strength of glass fiber strand as a function of immersion

time in sea or distilled water at 80C and dry time in air at 25T

after immersed for 10, 30, 60 and 120 days
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Fig. 32 Tensile strength of carbon fiber strand as a function of immersion

time in sea or distilled water at 80T and dry time in air at 25T

after immersed for 10, 60 and 120 days
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15 kV x80.0 375sm

Fig. 33 SEM photographs of glass fiber strand fracture surfaces.
(a) 0 days immersed (b) 5 days immerscd

(¢) 10 days immersed (d) 60 days immersed
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Fig. 34 SEM photographs of carbon fiber strand fracture surfaces.
(a) 0 days immersed (b) 5 days immersed

(c) 10 days immersed (d) 60 days immersed
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Fig. 30 SEM photographs of glass fiber strand fracture surfaces.

(60 days immersed in sea water); (a) 60 days immersed
(b) 10 days dried
(c) 10 days dried and 10 days immersed

(d) 10 days dried, 10 days immersed and 10 days dried
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x808.0 37S5um

(c) (d)

Fig. 36 SEM photographs of glass fiber strand fracture surfaces.

(60 days immersed in sea water); (a) 60 days immersed

(b) 10 days dried
(c) 10 days dried and 10 days immersed

(d) 10 days dried, 10 days immersed and 10 days dried

_55_



]

E-glass fiber, Carbon fiberi} of & A 4=2] &

i} o}

G2

-

i} ¥

5 220

o

13
e

SREREE

A=
O

PP

m
25

o
.
bl

i Ab cluster7b

b=

—
5

°

[y
W
—
e

=

1o

el

plo

e

;OF
g

]
il

s
i)
-

bl
m

A ol M

—nt

Oir

10

3

| A% 27 AAA

°

strand

Pk v el

5

A

=
L —

H

219l

i

5t

0}
<0
B

AL

o}

s

5 Ak o) a]-jl AL S

T

of wralg)

T
4
B

il el

il
ul

ARG o]

7:5_]__

_56_



it}

53

ol
ﬂMo
—~nt

ol

—r

_57..



- I
Faesl

..4

C. K. Moon, J. Appl. Polym. Sci., 54, 73 (1994)

B. Miller, . Muri and Rebenfeld, Comp. Sci., Tech. 28, 17 (1987)
. C. Ko Moon et al, J. Appl. Polym. Sci., 45, 443 (1992)

M. R. Piggott, J. Polym. Comp., 3, 179 (1982)

N

W

J. H. Kim and C. K. Moon, “Effect of Long-term Water Absorption on

o

the Interfacial Properties of E glass Fiber/Epoxy Resin.” Polymer(Korea),
22, 468 (1998)

6. M. R. Piggott, Comp. Sci., Tech. 57, 83 (1997)

7. K. H. G. Ashbee and R. C. Wyatt, Proc. Roy. Soc., A. 312, 553 (1969)

8. K. Friedrich, “Application of Fracturc mechanics to composite
materials” , pp. 397-424 (1939)

9. C. E. Browning, G. E. Husman and ]J. M. Whitney, J. Composite Mater.
(4th conference), pp.481-496 (1977)

10. N. C. W. Judd, J. British Polym., 3, 36 (1977)

11. A. C. Loos and G. S. Springer, J. Composite Mater., 13, 131 (1979)

12. J. H. Kim and C. K. Moon, J. Korean Fiber Soc., 35, 301 (1998)

13. M. 5. Song and C. K. Moon, Polymer(Korea), 21, 3 (1997)

14 Y. U, Kim, Y. S. Kim and C. K. Moon, J. Korean Fiber Soc., 38, 123
(2001)

15. B. Jang, “Advanced Polymer Composites” , pp. 17-21 (1994)

16. G. Lubin, “Handbook of Composites” , pp. 57-88 (1982)

17. J. M. Margolis, “Advanced Thermoset Composites” |, pp. 3-7 (1986)

18. C. K. Moon, Y. D. Kim and T. Y. Roh, J of Ocean eng. & tech.
(Korea), 12, 3 (1998)

_58_



T

Akl

<A
X
O

4

ol

e
L 4=

o

A
}'Tf

ulg

L=
oy

&) 13
a2

k<)

2l

w1y

-

=
i

nhe 7lo] ZhAb

|| %=

LT..ZJ7}

.

SR

2=
T

=

!

!

I

_34_

e
A
s

gy
i+

I

do

=
o

Y
™R
b

)
o

4n

T

T

Q

20021 14¥ 1

il

=13
=

= oy
_59_

=

7210 A

3

| - o] of] A

oA 5]

=
=

3101 =

R

T

nlaulo 2 A of A

HpE oo
71 7]

3|

pzs
A= I

=



	표지
	차례
	초록
	1. 서론
	2. 기초이론
	2.1. 복합법칙
	2.2. 흡수에 관한 메카니즘
	2.3. Strand 인장강도 측정법

	3. 실험
	3.1. 재료
	3.2. 시험편 제작
	3.3. Hydrothermal exposure & dry
	3.4. 수분 흡수율 측정
	3.5. Strand의 인장 시험

	4. 결과 및 고찰
	4.1. 수분흡수율
	4.2. 각 수분환경별 흡수와 건조의 반복에 의한 수분 흡수율의 변화
	4.3. 흡수 및 건조의 반복에 의한 수분 흡수율의 침지시간별 비교
	4.4. 수분흡수에 따른 strand의 인장강도의 변화
	4.5. 각 수분환경별 흡수와 건조의 반복에 의한 인장강도 변화
	4.6. 흡수 및 건조의 반복에 의한 인장강도의 침지시간별 비교
	4.7. Strand 시험편의 파단면 관찰

	5. 결론
	참고문헌

