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Abstract : This paper deals with the study on the effects of lowering the curing tempera-
ture and also with the time of high temperature—curing anhydride-based DGEBA epoxy
resin system for filament winding. Five curing conditions having different curing tempera-
tures and times were selected and tested, where the final curing temperature was in the
range of 120~160°C. As the curing temperature and time increased, the mechanical and
thermal properties somewhat increased. Besides the relatively low temperature curing condi-
tion( final curing temperature : 120°C ), the other curing conditions( final curing temperature
21407 ) were found to be adequate for the curing cycle of the present anhydride-based
epoxy resin system for filament winding. The examination of fracture surfaces revealed
that the more complicated fracture surface formed as the curing temperature and time in-
creased.
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ol XAt (Mandrel)dell & & HsiAA &
A FEES ARsEs Yotk 2 F/W 3
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£ hol, FZZY (golf club) shafts 2 AZx}
£ drive shafts, 83 RE} HolA 5o )y ¢
Bl T2E AF O ol gEHm ATk
53]l 23l =2 FAolx AFA] BRHR(Glass,
Kevlar, Carbon/Graphite)$} zto] AFRH = tjE
YAZAE ST 39 AFEA F£3] 24o] A
g5o] goni® P ojge YA FH ne}
A A FFEA Y BHF oRIAZ U Zct.
Zt 2] 24L AFsle ERRE F2EY 4%
2 87 o ot FEE e, AFTEA CdF
Al £A 248 HFA ofglA AFA] X]of )5l
Al ve AR, 7 MR 2L € ¥HE =2
(HDT), $+% 2714 44 € W3y 59 3
Ho| Q= ¥hHol| Ex HH$E F lonz ¥
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Table 1. Properties of Epoxy Resin(AD6005) and
Hardener(H-3326)

Properties AD6005 H-3326
Epoxy Equivalent Weight 175~195 _
(g/eq)
Anhydride Equivalent _ 166
Weight(g/eq)
Viscosity(cps at 25C) 6,500~10,000 50~80
Color(Gardner) 3max. 1max.
Specific Gravity(g/cc) 1.16 1.206
Flash Point 390°F -
Low-
DGEBA-  viscosity,
Specification type Acid Anhy-

Epoxy Resin dride-type
Hardener
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& Aol a2 FAHEA HF 38 L8
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B ATode 2L($4 150C o4) HEE
AR5EA BA) $2 24 (ADE005/HN3326/
DY062)9] A= $31 A7HE FolwA 72
BAAE A A 57 A58 A, 47
54 W3l 3 Hod ¥HEe FPHoE A7/
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A 5.2 AFA AHER RIS F/WE

oz A2E 1 gl CIBA-GEIGY ALY )& A] &
=z AD6005, F3t&24] DY062 2 HITACHIAL
o] AREA ZH3A H-3326200 1 71254 S
Table 10 ZAJatgict.
AD6005 = DGEBA (diglycidyl ether of bisp-
henol A)A 7|2 oA X2 25Celx9] 3
=7} 6,500~10,000cpso]™ o HA] Bk 1759)
dold J&, 79, 2™, AHF, F/W§ 522 o
FsHA AREHL Ao BIAY H-33262
METHPA (3/4-methyl-1,2,3,6-tetrahydrophth-
alic anhydride)2 Al#=e W& AFTEA 7
A ZlA 73 e HE(25C, 50~80cps)E
Holug t#el FIAE §/E ¢ Jor 3
gol #5314 Aol Szttt

ZRLE-& AT A ARgShs AEE
A DY062% 3z} o179l N, N-dimethylbenzyl-
amine (BDMA)SEA FAI20 AZA] F3HE o)
H] 1~2 partE AHg3Ic} Steel 339 oA
o Chem-TrendA}t2] Mono-Coat® E432 A}23}
Ak
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Fig. 1. Schematic diagram of resin mold.
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Fo] gol3t=F st AEE #3 FYE 8ol
Al &7 Astd A, EWE TapeZ, CHE
round§ Fo YFE WA 7}t B, D&
FA7} Boj7be FEE s Ul rgoz T
SR BRE 1AW FAJA 6.4mm, D&
2 ZIAA] £ 3.2mmE 7HEEgict. 23
o] ;L& SCM 4 steelo|® AT E ATE F
7RIS 289 ZE TAHEY 2EdEH A
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Table 2. Cure Schedule of AD6005/H-3326/
DY062 Epoxy Resin

Experni-

Resin
ment  pormulation Cure Schedule
Code
AD6005/H-3326
1A /DY062 80°C(2hr)+120°C(8hr)
(100/80/1)
1B ) 807 (2hr) +120°C (2hr)
+140°C (4hr)
1c y 80°C (2hr) +120C (2hr)
+140°C(8hr)
1D ) 80°C (2hr) +120°C (2hr)
+160°C (4hr)
1E y 80°C (2hr) +120°C (2hr)
+160°C(8hr)
oA ADS%?{&'Z%% 80C (2hr) + 120 C (2hr)
+140°C (8hr)

(100/80/2)

o|gA AzE FYE& AEFozZH 139 X1
&3 9 Azlg 200mm x 200mm Yeol9) HI 2
N7t AZEY o & 713l 2 A HE WHEA °
}.
AQA =/ 7HF. FA, F8A, Fs SHAE 3}
HohE B3 F FE3] E3slm 60T °)3ky
A7) Ovendll A 1At A& WX|5le] tiyie] 7]
¥7 AAE ¥, 80CE «gd % ZPA o
TR EFEE FYsL FI3 BFEF7)el &3l
3R AlE FsNH S Table 2] A3
th. ¥ # (F 5 plate) YA X EYEE
EYsta LBA S2AIE A s e H
5 e r FFY BNE 37 &% EUE
23S oJPA de A7) Ao FF YA
B3} Bajelo) gke HIZE HIY 1 plyE 7YY
o] #x7} Euigls A4S LR8I o1FA
AR 3] AlHL gyo] Ro)3l Qo] Y3
st

A 2g FEe vz MRS A7 dia-
mond wheel& o] &3} Al FH g 272
el 7hgaidnh. 6.4mm FA2] PHE Zol
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165mm, & 20mm oJAto g AHusly gH9
round ¥-2& X7 A& we} A4 ThEete
d A4719] 3A4EE 2300rpmo] 22 nhakd of
%t X9 &AL WXE] s WA [EH
HAMY(ATF2D) 9] ERE]o 2 YZ43dn. 713
" AR AW g4 2 X4= ASTM D638<]
Algey ol #Fect. 3.2mm FAQ HHL
Zo] 127mm, ¥ 12.7mmz AHGS ASTM
D7909] molding material A3 FA0] ¥ = 3}
ot

E4A414.

ARAY : Instron 4510 A|FP7IE  ©]&3o
ASTM D638ell &3t Al@aTt. JAFET=
1.27mm/min, grip Al°l9] Agl= 115mmo| 1,
extensometer2 WYL ZHIYE0]  gauge
length= 50mm3t}.

g 35S AlHY dEFe o A F
TE, $9-HYE FH9 27] 7|V EZRE AF
BYEE 18|31 A9 gauge lengthZRE 3
o HYES AT AFA A= Y3
A4t v oS53 gt

- ARRE, o=1

o

- 3uyE, =L

— AU E, % El= Lo
AuslE
1 27 9dE

: stress Z7}&

x100(%)

: strain &7H2
. A 9] gauge length
: 7] gauge length

SR> S

Al sigA) o] WEge] Foeuz AFFE AL
Al 7] 9EHeoz YE FHEHEE A
o 2t Agxuit 5309 A@E e Ao
7 EAQFe B
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Z2AY : AFA P AFRF Instrono 8 AS-
T™ D7909] Ay 19 3% 23 AQe 8
k. ™A= 50.2mmelH Xz ¥e] AAHL
3.7mm, 3539 AR L 6.25mmEA FF &%
1.27mm/minZ A|@&A. 2 A o} AW F
7] vl 16:1019T}.

oA oz RE FW A $¥E, 94
XNAFoZHH B9 Ho) WY S, 28 3F W
AP 718725 23 F4EE Feigden
ol9] Alsbge 3 gt

N _3PL

- 59 Adgd, s=27%

— 59 Ay, r= 65;’
" ’m

— 3 3YE, EB“W

P: o34 &5

L: AA&AF

D: BN AP

b AW =

d A =

m 5% o) HAFY 27) 7]&7)

Z+ 73 279 Aol tisf 532 Al S dhod
BoIZ EGE P

¥ : g ZAFA] HBE FHH)LE(Ty)
2 233}7) 943led DuPont 910 differential
scanning calorimeterE A}g3le] 250°C7HA] dy-
namic scanningd}gth. A189 WIEAL Yo}
B7] €3ld DuPont 951 thermogravimetric
analyzer& AM838le] 700C7A FA3I. ol
T2EEE 10C/minol itk A8 FEEH &
A& DuPont DMA 982 dynamic mechanical
analyzer& A}R&38te] 233519 2 DuPont 9900
thermal analysis system-& o] &8}l 23],
ol $2& % 5°C/minoliH.
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Fig. 2. Tensile strength of cured epoxy resins as
functions of curing conditions.
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Fig. 3. Maximum tensile strain of cured epoxy
resins as functions of curing conditions.
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Fig. 4. Tensile modulus of cured epoxy resins as

functions of curing conditions.
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Fig. 5. Flexural strength of cured epoxy resins as
functions of curing conditions.
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Fig. 6. Maximum flexural strain of cured epoxy
resins as functions of curing conditions.
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Fig. 7. Flexural modulus of cured epoxy resins as
functions of curing conditions.
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thermogram& thE& o g FA|3 AHo|t}.
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Fig. 8. DMA thermogram of cured epoxy resin
(10).
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Fig. 9. DSC thermogram of epoxy resin cured at 80
C for 14 hours.
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Fig. 10. DSC thermogram of epoxy resin cured at
140°C for 8 hours.
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Fig. 11. DSC thermogram of epoxy resin cured at
160°C for 8 hours.
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Fig. 12. TGA thermogram of cured epoxy resin
(1E).

Fig. 13. SEM photographs of cured epoxy resins
(1A, 1C, 1E) after flexural test( x 200).
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Fig. 14. SEM photographas of cured epoxy resins
(1A, 1C, 1E) after flexural test( x500).
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Fig. 15. SEM photographas of cured epoxy resins
(1A, 1C, 1E) after tensile test{ x 200).
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