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Manufacturing and Mechanical Properties of Epoxy Fibers Spinning
using Anhydride and Amine Hardeners

Pyeong-Su Shin*, Jong-Hyun Kim*, Ha-Seung Park*, Yeong-Min Baek*,
Dong-Jun Kwon**, Joung-Man Park**"

ABSTRACT: Commonly-used polymers are manufactured as versatile forms. Furthermore, continuous polymer fibers
are recently manufactured using nylon or aramid fiber. One of common epoxy was also used to make polymer fibers.
Bisphenol-A type was used as base epoxy whereas amine and anhydride were used as hardeners. Epoxy fibers was
cured by stepping up the temperature to maintain the shape of epoxy fiber. Surface energy was measured to confirm
the degree of interfacial adhesion by modified static contact angle method. After mechanical properties were measured
via fiber tensile test, the evaluation of fiber fracture was proceeded. Tensile strength of epoxy fiber using amine type
hardener was higher as 138 MPa than anhydride case as 70 MPa. Fractured surface exhibited different failure patterns
at the cross-section.
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Table 1. Chemical structures of two epoxies and three hardeners

Types Chemical structure Model Manufacture
o
Acid Anhydride )@QG KBH-1089 Kukdo Co.
HiC
0
Methyl tetrahydro phthalic anhydride
CH3
Kl\tNH 2
o]
Amine s s KFH-141 Kukdo Co.
HaN 4)\/ 0 \}X\Cﬁfo \%)\);NH 2
HsC
(1E,1'E,1"E)-1,1',1"-(ethane-1,1,1-triyltris(oxy))triprop-1-en-2-amine
CHy CH:,
Bisphenol A epoxy u/f _O v‘\‘} @ KFR-121 Kukdo Co.
D1glyc1dyl ether of blsphenol A
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Fig. 1. Manufacture of epoxy fiber
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Fig. 2. Curing and spinning about epoxy fiber
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Fig. 3. FT-IR test of epoxy resin and hardeners
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Fig. 4. FE-SEM of epoxy fiber using different hardener: (a) anhy-
dride/epoxy fiber; and (b) amine/epoxy fiber

Acid anhydride ~Amine hardener
hardener

Fig. 5. Static contact angle about acid anhydride and amine

hardener epoxy fibers
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Fig. 6. Tensile test about acid anhydride and amine hardener

Table 2. Tensile properties of epoxy fibers

Modulus
(MPa)

Tensile Strength| Elongation
(MPa) (%)

Amine 138 (3.0) 11.0 (0.4) 4604 (218)

Acid Anhydride 70 (4.7) 2.2(0.2) 3184 (508)
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(b)

Fig. 7. Cross section about each epoxy fibers: (a) anhydride/
epoxy fiber; and (b) amine/epoxy fiber

° Fully extended chains
—
Stress — —
Concentration ——
Easy to fracture
()

Partially extended chain

BT

Fig. 8. Different type of fiber fracture: (a) tough fiber; (b) brittle
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