HBBAME S a® 27

G5B Fol =2Y AHGHRAE BEN) Wl 37}

w4

oX
ol

o]
RuN

Evaluation of Durability for Glass Fabric/Phenolic Composites
under Salt Water Environment

®q
Sung Ho Yoon

ABSTRACT

Salt water spray and immersion tests were experimentally conducted for over 6 months to investigate the
durability of glass fabric/phenolic composites under salt water environment. Mechanical properties such as
tensile properties, flexural properties, and shear properties were evaluated and thermal analysis properties such
as storage shear modulus, loss shear moduls, and tan § were obtained through a DMA. A change in chemical
structures was analyzed through a FTIR. According to the results, mechanical properties and thermal analysis
properties were sensitive to salt water environment and these properties began to degrade in increasing in
exposure times. However, tensile and flexural moduli started to decrease and then slightly increase as increasing
in exposure times due to plasticization and crosslinking in matrix as well as physical swelling in composites.
Beyond a certain exposure times, these properties began to decrease as further increasing in exposure times.
Also the shape and location of peaks in FTIR curves were insensitive to exposure times, but the intensity of
peaks would be. Finally we found that the durability of glass fabric/phenolic composites were affected on salt
water immersion environment rather than salt water spray environment.

z =
AeABE Tl MY B ArEFAER AP EE AT d4E8A ) 220 FHeNEE
SAA ftdE dEdor zaAstAtt oln A48 kEW Alle] wE AREA, FUEA, AUE4 o
NAH 54E BUeln §98 HREAE BEste] AR AGHAAS, SAAGE AL, an § 5o AR B4
Sgstolch. B3 oA BHEAVE A Eoto] deutgole) iAol up2 sjetzel Wate Bastnk dpa
Toff wEw YA E43 dEY 5L LE&Agtel wustA Wste & 7ko] Aojol uhel Hal Aawi= A
& UERHTE Ty g o] Aol Aty L EY B stastR e wmEo] xyoi Fadty] Arst
i eFAze] ool et Bt WA, £x A4S, sta A v So8 d) tha ErbshE AS U
Ul AR mgalzte] oS o AojAd HA Ba¥ AoR £E9ch EF FT-IR A%ojAe] 73 dA4 ik »
FA ] & FFe A gdon Ha ArlEe wEAZY e gebdin. upAge g d4sA e JeRRsiAo)
el FEl AR A EETA Y Wl U A4 938 uHe ¢ 4 Yt

Key Words: -84 8/8+& Egl(glass fabric/phenolic composites), B2 A4
(salt water immersion test), 7] 4% & -4J(mechanical properties), & 5-4]
(chemical structure)

—

salt water spray test), H2l4AlE
thermal analysis properties), S}z

%
|
92; i

*+ G2 FFN e Z)AFEE, A A AH(E-mail:ishyoon@kumoh.ac.kr)



=
=3

fabric

=
tol 6

ch. ol
!

A

b
ol
Glass

3 718
Zk 8count/inch
71 @l

A

BB A R i
o

7

0.5mm,
3
5

244

7

=
T

of uj

& 21(

b

71 sl d Al

[e)

3T
i

A ok ddolAl sjaao

AT Z|o e el v

7+8
7}

I

*‘-].%.Q
T
1 2] |

@} 10count/inch ©]t}.

of ey
a2l

2]
Fol

I3

L

A7

b
iy

17] %7}

14247
e
9]

o)

=
\=2ge]
R

o]

17ke.
il

PANS
(=4

=

e
£o) u}

=1

317 o]
Z7)8F3L u]=ke] Naval Facilities

LAE
Yol A @] WiakAg

A 3
ok
dek. of

B}
HC]-

8l

18

ki
s

A A1 8t

&l

Q

gy

|

[=]
o
H

=

.
==

L.

171
Engineering Service Centero] 4]

3
3]

4]

A7

i

e
&

AR

]
!
37}

1
#
S

E

A
L.

(s}

Jamond[1,2]

g &

28

(=)
#

3=
=

o} AL 26%, ol

=
3

9]

El

Ao AL 39%

A2z o WA Hrlg AEEo] e gl ojm BE

5 29

AE71E olgstel vidolay, &

k=

| A2 10%, ¥
s
glof 28, i, olEA

el 7 &
@

Q.
Ry

&7] Zxof uw

=

A=)

L

A e

3 ETA

[
Caceres[3]

Fdof dste] 2509

<k

3 35%

o =l

al

0C, 80T

S

£
=
E3

et 71 RASEE 5 99.9%9]

L

s

SEERLE

A
o

]
AE 30T

1
i

B

B 59 5

gt Gellert[5] & sl&& 7t



H184F 4% 2005. 8 Aol xzH HudGREmE BgA WA Bt 29

Specimen
holder

Indicator

Immersed salt water

Fig. 1 Overview of salt water test system.

Fig. 3 Inside view for salt water immersion test.
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Table 1 Variation of mechanical properties along the fill direction with Table 3 Variation of mechanical properties along the fill direction with
exposed time for salt water spray test exposed time for salt water immersion test
Base 1 month } 2 month | 4 month | 6 month Base 1 month | 2 month | 4 month 6 month
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
s.0/C.v. i spscv. | spicv. | s.p/cv. ] spicy. s.n/cv. | s.pscy. | s.oscv. | sp/cv. | spscy.
nfgg;‘lle 14.30 13.19 13.68 14.51 14,63 Tegsg‘e‘ 14.30 12.93 13.09 13.30 1453
(szl;ls 0.597/4.174[0.977/7.410 | 1.410/10.306 | 0.772/5.320} 0.370/2.528 m(%l‘fa;“ 0.597/4.174 |0.82076.411 | 1.111/8.485 | 0.945/7.102 }0.968/6.662
;{fer:;ﬂtch 175.8 162.1 162.4 1532 153.3 ;‘;fe“;é“; 175.8 164.6 156.0 161.0 151.9
(MPay | 337192 | 1110686 | 581358 | 3.992.60 | 471507 Mbay | 337192 | 1187720 | 1247799 | 621586 | 9.40/6.19
Fle;\j'u,m', 1628 14.02 1262 13.38 14.17 Flexural | 6.8 13.04 1178 13.11 1259
m(%g‘a‘;* 0.820/5.037}0.3752.6741 1.290/10.218}0.663/4.952 ] 0.819/5.778 (GPay | 0:820/5.037]0.935/7.165[0.970/8.2301.696/12.937| 1.006/7.989
lft‘f"“’fg' 280.4 2752 2383 235.1 2582 Flexural 1 2504 240.8 2302 247.4 2399
SNl 1 9.973.56 | 9.35/3.40 | 33.81/14.19 §28.10/11.95] 11.5%4.49 S g 9.97/3.56 |27.64/11.48129.46/12.80 25.13/10.16 } 21.67/9.03
(MPa) {MPa)
-(Sheﬁ{l 73.6 67.3 66.9 65.0 61.3 _ls?je‘igh 73.64 65.91 63.34 65.51 61.74
5(;51?’3)1 0.90/1.22 | 3.16/4.69 | 094141 | 228551 | 1.492.42 5&'},%) 0.895/1.215 ] 5.033/7.636 | 2.808/4.433 | 4.362/6.658 |2.068/3.349

Table 2 Varintion of mechanical properties along the wap direction with
exposed time for salt water spmy ftest

Table 4 Vardation of mechanical properties along the warp direction with
exposed time for salt water immersion test

Base 1 month §} 2 month | 4 month | 6 month Base { month | 2 month } 4 month 6 month
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
s.o/cv. | spscv. | soscy. [ spscv. | spicy. s.nsCv. | s.oscv. | s.oscv. | soscy. | spicy.
Tensile 1 2234 18.66 18.07 19.47 18.59 T"SSillcﬂ 22.34 17.44 1673 18.79 19.00
MOSWUS | 705/7.630]0.864/4.628 | 0.454/2.511 |1.131/5.8070.531/2.856 mocwius |y 705/7.630 | 0.680/3.886§0.501/2.993 | 0.653/3.474 J0.703/3.698
(GPa) (GPa)
Tensile ) 2582 2402 2317 2325 2130 Jensile 1 2582 239.1 2346 2126 2168
stenalh | g68i3.36 | 1533638 | 922398 | 1243535 | 7.7118.62 strength | o 683,36 | 1249522 | 647276 | 9.63532 | 1153532
(MPa) (MPa)
F 1‘33'“]“‘! 20.10 18.65 1712 17.65 16.39 nF] 'gzl‘:;l’:l 20.10 17.83 15.67 16.44 16.47
oS 11.171/5.824]0.343/1.839 ] 0.284/1.658 [0.499/2.826§0.636/3.579 5 11171/5.824]0.34871.952 | 0.34012.169] 0.573/3.485 J0.853/5.179
(GPa) (GPa)
Et'r“;“‘d‘l 382.1 363.9 356.0 3419 3126 ft‘fc‘n“’t}l‘ 382.1 365.3 3255 340.7 337.0
strensth o3 37612 | 20475.63 | 14azant | 17.67/5.07 | 15051485 Stengih 1 o3 376,12 § 17.574.81 | 25.007.71 | 487143 | 2033/6.03
(MPa) (MPa)
Shear | 77.02 72.38 66.92 70.39 65.91 Sheat | 77.02 71.75 74.92 71.08 71.62
SUEngY y 151/4.052)2.5533.527] 0.942/1.408 J2.901/4.121 [2.32373.524 rength 3 19 1/4.052|3.410/4.752}2.93203.913] 3.993/5.617 |3.112/4.345
(MP2) (MPa)
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