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Study on the Improvement of Epoxy Property for Aluminum Conductor
Composite Core

Seok-Bong Heo*'***, Junyoung Kang*, Young-Gil Youn****, Munju Goh**, Nam Hoon Kim***

ABSTRACT: The Aluminum conductor composite core consists of fast-curing thermosetting epoxy used as
reinforcements and carbon fiber and glass fiber used as matrix. In this study, we have investigated fast curing epoxy
cured products used for composite core(Aluminum Conductor Composite Core, ACCC). Tetrafunctional epoxy(PA
806) was used as a multifunctional epoxy, along with two kinds of curing agents, MNAn(5-Methyl-5-norbornene-2,3-
dicarboxylic anhydride) and HHPA(Hexahydrophthalic Anhydride), to make an epoxy cured product and their
properties were evaluated. Optimum conditions are confirmed by varying the content of curing accelerator in the
selected epoxy and curing agent.
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Fig. 3. Molecular structure of tetrafunctional epoxy(PA 806)

Table 1. Typical properties of MNAn, HHPA

Test item Unit MNAn HHPA
Molecular weight | g/mol 178.2 154.2
White solid

Color ~ Light-Tellow o

Liquid clear liquid
Viscosity cps 175 -225 .
Anhydride curing eleq 178.18 154.16
agent
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Table 2. Typical properties of Imidazole

Test item Unit HHPA
Molecular weight g/mol 68.08
Color - White solid
Density g/cm’ 1.23
M.P °C 89-91
B.P °C 256
3.4 NEYY
R C ERE P PR L ERE B
% 3

‘:*EIOM ofel 319} 7o) 48 AR sisick 42

3 phr, 5 phr ‘r7}x] A= '?iﬂ 01’04 AleE 213 O]—J_ 43’—]r
573 ollFAI(PA 806) HHPA®] 9= 3 phr, 5 phr] 73}

Table 3. Test condition

Epoxy Curing agent Curing accelerator
1 PA 806 MNAn Imidazole 3 phr
2 PA 806 MNAn Imidazole 5 phr
3 PA 806 HHPA Imidazole 3 phr
4 PA 806 HHPA Imidazole 5 phr
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Fig. 6. DSC isothermal heating curve of PA 806 + MNAn +
Imidazole

Table 4. Measured physical properties of PA 806 + MNAn +

Imidazole
Imidazole Curing 1% heating Cl.lring
(phr) temperature calory time
0 (/) (m)
PA806 3 140 227.9 3.5
MNAn 5 140 226.8 3.5

PO
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Fig. 8. DSC curve for 1** heating cycle of PA 806 + HHPA + Imidazole
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Fig. 9. DSCisothermal heating curve of PA 806 + HHPA + Imidazole

Table 5. Measured physical properties of PA 806 + HHPA + Imid-

azole
Imidazole Curing 1* heating Clllring
(phr) tempoerature calory time
°C) (J/g) (m)
PA806 3 140 361.5 2
HHPA 5 140 302.9 2

Ao o] 5 53] HHPA H A5 A 79 of ZA]
3ol £kl 7HA S ER1E 4= AU Th(Fig. 7-
9, Table 5).

N gzl mE 2

DY %78k o E Ao ATk chat
PA 806) A AHFE7 B 3HA| (HHPAYES A1
o] o 4|2} AR5 5A) A S ALt
2207 & setshr] A8 A2 B

ZAHE 542 4515 DMA
A, UTME o] 83t olA7t e 4

=N
>
oot O
lon
I
|'>I

2

JPA o
2 of
%

—~

|2

2R ook
2

o 0
o,
1?1

fR oMt ot b of off
e
U
-3
¥
m{m
ﬁ
O{‘
4ov

o

o st
Jo
&
2
°
r

o

=7g0l

rE
ek
>

=)
Ao

PV < < A

Lok
Ihw
)

f
S
H
N
RS
:C’rL_t‘
o
o

it

>~ 2
Lo

oy, >

}+

i.%
r>~1
T
N
ak)
N
_rd
-10
o
=

oo 12 o N,

AL O oflo oM > o
I,
ot
>
N
oﬁ [‘E.
X
2
I
>
oM,
e
mlo
2
2
o
NORc [ e
2

]—/t F"]M—]—> 1_0 o]—

i o A1 5 phe)
]

1
ey
N 2]

_l)l'
| ok

oﬁ

|
] 9ic}. ofe}
A SelAoleE B HEAT, QA Bl B Ak
Eo)= 4857 0] o] 3 phr @& tha) FhA 2]
% 4 99l

M| ABHE Bo] ABHAIZE 28 olife] £} o]
oA 3} 24417t olAke] ZPARAIZES: el 4 it
(Fig. 10-12, Table 6).

ﬂ

0L > 3@ off by
¢
2
N
N
N

¢
0.
_[
—
aQ
N
N
o
5
1)
”o
O x
j_
\1
,d
O
HU
e
X
le
0_u

Imidazole 1 phr 3 phr 5 phr

Fig. 10. Photographs of epoxies after curing

500 — PAB0E (HHPA /Imdazole 1 phr
e PAB06 (HHPA /Imdazole 3 phr
...a. 00k ———  PAB06 /HHPA /Imdazole 5 phr
o
£
2]
2
3
T
=]
£
0
7]
=]
-
100 150 200 250
Temperature (°C)
Fig. 11. Loss modulus of different epoxies
— 60F e PA806 | HHPA | Imdazole 1 phr
© = PA806 | HHPA | Imdazole 3 phr
o 5t —— PAS806 / HHPA / Imdazole 5 phr
=
< 40f
g
30
£
"]
o 20
®
g 10}
=
OF; . . . .
0.0 0.5 1.0 15 2.0
Strain (%)
© 50l
a 50
E /_\
<
) 40
c
[+F]
fu.
et
® 30L
2
®
G
P 20

1 2 3 4 5
Contents of Imidazole (phr)

Fig. 12. Stress-strain curve of different epoxies



354

Seok-Bong Heo, Junyoung Kang, Young-Gil Youn, Munju Goh, Nam Hoon Kim

Table 6. Measured physical properties of epoxies

Tensil
Imidazole | Curing Tg |Elongation enste
hr) | time | (O | (%) |eneh
p (MPa)
1 1m 30s 189.4 1.3 25.4
PA806 3 1m 20s 181.8 2.0 47.0
HHPA : : ’
5 1m 20s 168.1 2.1 45.1
548 E
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92 ) ABAILb0] 35802 YA 07 U £
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