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Abstract: The effect of diluent system on curing behavior, thermal and mechanical properties of epoxy resin system
for composites were investigated. Three types of diluents were used: reactive diluent, high purity bisphenol-A (BPA)
epoxy and bisphenol-F (BPF) epoxy. Resin systems with similar mix viscosity were prepared by mixing with a BPA
epoxy and diluent system, and their properties were compared. The curing behavior of the resin systems was inves-
tigated using a differential scanning calorimeter (DSC) and rheometer. The viscoelastic properties and mechanical
properties of the cured specimens were compared using a dynamic mechanical analyzer (DMA) and a universal testing
machine (UTM). Additionally, the fiber strength transition rate was measured through strand test. With high purity
BPA epoxy resin thermal stability was improved when compard to reactive diluents and BPF epoxy. With BPF epoxy
resin, an increase in tensile strength was observed, but the elongation at break decreased. It was found that the fiber
strength transition rate of epoxy system with reactive diluent was higher compared to other diluent system. Therefore,
through this study, it is possible to manufacture and optimize an epoxy resin system capable of improving the prop-
erties of composites.
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Table 1. Chemical Structure and Properties of the Epoxy Resins Used in This Study

Epoxy Type Structure EEW (g/eq) Viscosity (cps@257C)
E-8128 BPA epoxy PO O _= G 184-190 11000-14000
KE-8120 High purity BPA epoxy o/ @4@ 170-175 4000-6000
KF-8100 BPF epoxy {u O ] \_,H 160-180 2000-5000
KEW-L2400 Reactive Diluent {0‘7\,0\/\/\0/\4\0 120-145 15-30

EEW: Epoxy equivalent weight
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Table 2. Properties of the Hardener Used in This Study

Table 4. Properties of the Carbon Fiber

Hardener Type AHEW Viscosity Carbon Tensile strength ~ Tensile modulus Yield
M (g/eq) (cps@25C) fiber (MPa) (GPa) (g/km)
KEF-6310 Polyetheramine 57~58 10 H2550-24K 6006 244 1650

*AHEW: Active hydrogen equivalent weight

Table 3. Component and Property of Resin Systems

Remark Resins Hardener Mixed Viscoosity
Component 1 Component 2 (cps@25C)
Cl KEW-1L2400 444
C2 KE-8128 KE-8120 KEF-6310 409
C3 KF-8100 432
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Figure 1. DSC thermogram of different resin systems.

Table 5. Cure Properties of Different Resin Systems

Item C1 C2 C3
Peak point (C) 125.64 128.65 124.81
Onset point (C) 84.44 89.65 85.25
Heat of cure (J/g) 3223 363.5 322.0
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Figure 2. Complex viscosity of different resin systems.
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Figure 3. Storage and loss modulus of different resin systems.

Zan, 41494 A13, 20253

A A A A )

Table 6. Gelation Point of Different Resin Systems at 80 C
Item C1 C2 C3
41.46 45.56 40.91
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131 ppmOZ °F 40% A}, o] = <l3l] C29] Zshit-g-o] 4
Ao g AAse Aoz Fetert
SHEH BN, ok sl ol|FA] A1) AdEPd S (storage
modulus, £")3} 73} & (damping factor, tan §)5 Figure 49|
SEAIEIATE A 2 fElHolRE o - o] REoA A
2 ehbs] 7hAsit) frEjxlol oA 5438 e &
13ttt ol= ZsgolA F4€ 3k Y 2T &
7t gepde] wel EAREE (molecular segment)E°] &%
o]z, olof| wie} AE7F FAsHA Ho] AFEEEC] F43]
Tasle A= Ak Ao AP AR T 540]
o}’ oo fEjHlolRE o]He] A ES C27} Cl, C3
ie] w2 A SRl 4 Ark(Table 7).
frejdol e 73t Al &S ov]dhs tan 6o F
oz gRlsitt. ol A Ee] F438 7haet 2
o] AAAHAE AEAITIE WA FEjdolo] mE ol
711} fEjdol 2= Cl C37} fASE v C27}
< ATHTable 7). HE o= vk
o] 4L AL SR
ol 7SS o] % 7hw AR Ak 22 A H
35 84 ARSA] Fjol] ATid o2 EAke] 24l &
At AW (aliphatic) 252] o] S Slof gl
AslEi= 202 ALEECh WA, I BPA ol EA] 4] AR

M1 O oXx F

oo
oftt
ot
£
2
*
O]
>,
T, 4
ne -
ox, M
rlo
iy

C1E C2E —CGFE
3000 —~Cltan b -C2tan & —C3tan b 1
—_— 0.9
g o 0.8
ie" 2000 0.7
E 0.6 @
g 1500 05 £
Zo 0a v
g‘ 1000 0.3
m
S so0 0.2
w 0.1
1] 0
30 50 70 a0 110 130 150
Temperature(°C)
Figure 4. DMA thermogram of different resin systems.
Table 7. DMA Results of Different Resin Systems
Item Cl1 C2 C3
T, (C, E' onset) 99.15 104.02 98.55
T, (C, tand) 107.44 111.77 106.10
E' (MPa, @507C) 2,563 2,509 2,575
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Table 8. Result of Fiber Strength Transition Rate of Different Resin Systems

Remark Elastic modulus (GPa) C.V. Tensile strength (MPa) C.V. STR (%)
Cl1 240.27 1.52 5,259.79 3.98 87.58
C2 238.65 1.51 5,039.57 4.88 83.91
C3 239.09 1.33 5,054.60 2.77 84.16
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