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Abstract : Epoxy resins have been widely used for many applications along with good processibility. However,
epoxy resin systems have poor hot/wet performance properties and brittleness after resin curing and have
limited to apply for environmental resistant materials. In order to improve the toughness of epoxy resin, this
review article deals with iricorporation method of rubber and high performance thermoplastics into the matrix
resin. In addition, molecular design of epoxy resin and modification of thermoplastic have been introduced
for improving hot/wet properties of epoxy resin.
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Fig. 1. Fracture energies of various materials.
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Fig. 2. Chemical structure of carboxyl terminated butadiene acrylonitrile rubber.

Table 1. Properties of CTBN Liquid Polymers

Properties CTB CTB CTBN CTBN CTBNX
Viscosity(cP at 27 °C) 40,000 33,000 55,000 625,000 155,000
Percent carboxyl 1.9 2.1 247 240 293
Molecular weight 4,800 — 3,500 3500 3,500
Functionality 201 - 1.9 18 23
Acrylonitrile(%) 0 0 10 27 17
Solubility parameter 804 804 845 914 -

Heat loss, 2hr at

137 °C(%) <20 <10 <20 <20 <20
Specific gravity at 25°C 0.907 0907 0924 0.960 0955
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Table 2. Effect of Functional End Groups on

Toughening
Dispersed phase

Liquid Functional (Domain) Size Toughness
rubber end group (um)  (kJ/m?)
CTBN  carboxyl yes 1-5 2.8
PTBN  phenol yes 1-5 26—30
ETBN  epoxy yes <1 18-25
HTBN  hydroxyl yes 1-5 09—26
MTBN  mercaptan ? <0.01 02-04
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Fig. 3. The effect of elastomer concentration on frac-
ture energy.
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Fig. 4. Scanning electron micrograph showing two-

particle size distribution of the elastomer ;
X 34,000.
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Fig. 5. Fracture toughness as a function of PEI con-
tent for HH 1/UPEI((J), HH 1/MPEI-30
(O), HH1/MPEI-90(©), and HHYV/
MPEI—-180(@®).
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Fig. 6. Schematic diagram for the reaction of PEI
with sodium hydroxide solution.
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Fig. 7. SEM micrographs of epoxy/PEI system(PEI concentration : 10 wt %) A) Untreated,
B) 30 min, C)90 min, D) 180 min treated.
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Table 3. Physical Properties of Various Epoxy Resins.
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Fig. 8. Chemical structure of EPON HPT 1071 resin and EPON HPT 1062 curing agent.
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Table 4. Properties of PEI Modified HPT 1071 Resin
Cured with HPT 1062 Curing Agent

HPT1071/HPT1062 Flexural Modulus (GPa)
/PEI System (RT/Dry) (Hot/Wet)
UPEI 0.0 341 2.88
(wt %) 125 341 293
25 340 295
50 343 29
10.0 343 3.0
MPEI—30 1.25 344 2.95
(wt %) 2.5 342 299
5.0 347 3.07
10.0 345 3.06
MPEI—90 1.25 342 293
(wt %) 25 345 293
5.0 345 2.97
-10.0 348 3.05
MPEI—180 1.25 344 2.90
(wt %) 25 344 292
50 348 3.02
10.0 3.50 3.10
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