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Abstract: Flame retardant halogen containing compounds have been replaced as environmentally safe material
which does not contain hazardous materials generating toxic gas. Self-extinguishing epoxy resin compositions
have been studied in order to produce eco-friendly epoxy molding compound, which is used as insulating
materials in semiconductor. We developed self-extinguishing epoxy resin compositions which do not contain
halogen compounds with new epoxy resin (E3). The new epoxy molding compound (EMC-1) showed high
flame resistance (UL-V0) and high thermal resistance (451.9°C at 5 wt% loss) enough to use as eco-friendly
material.
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Figure 1. Self-extinguishing mechanism of phenol aralkyl-type
epoxy resin compounds.
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Figure 2. Network formed in phenol aralkyl-type epoxy res-
in compounds.
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Table 1. Structure of epoxy resin and hardener

Epoxy Structure
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Hardener Structure

Phenol biphenylenetype

1 OOl
éﬂ%é%é

Phenol novolac type

ZAAEEMC)S A Fske] A

2.1, KEAA AKI(E3)

374x18149 EMC (Epoxy Molding Compound)2] 7j'&e]]
A LAR] A AFA] FAE EATE Wl 24
o ZA] A<l biphenyl?} 22 WIFZES EQdste] 7
e WA S HastHA Tget A&l vz v
oA =g FI A FE A&7|7t EolU= 4,4"-Bis-
(Glycidyloxy)-5-phenyl-m-terphenyl-= 43ttt =3 =
AEAe] AHg &3S 8l A S 94 252 =
Hatr] 98 WHETZE, n = 0~1°] HES 2AFS

58]

22. ZMEL| ME

2 AToA AR Ass, AESHE AFAFARZ
NC-3000 (Nippon Kayaku)¥ YDCN-5P (=3 =3}8}h)o]aL
748IA| 2= HF-IM (Meiwa)¥} MEH-7851SS (Meiwa)=
T-ZE Table 19 EA3G L o] 59 FHL Table 29
A oP%‘D} FAAZE 78 A7 SS-0182R (§H=4t
=A&A), 2z ETUEEE2A, oZAA AdgtE
HAE §-510 (Aloll=), o|FAZ Ft2hent o)
&7k AHEH AT

2.3. o=|l=l°H _A'I

o ZA] 29| AAAel UL 94 H7}= 1 batch T 1
~15 g B9 oFA FA7} B v, AF A<
das ofyAIN 7] EBe da A oPOﬂH 1G]

o3 Qe Lo MR YFRE B4 & Ut @

O



170 094 - A8A - 1

Table 2. Epoxy equivalent weight of epoxy resins and hy-
droxy equivalent weight of hardeners

EEW (g/eq) HEW (g/eq)
E3 222
YDCN-5p 206
NC-3000 274
MEH7851SS 203
HF-1M 106

Table 3. Formulation of epoxy resin composition

Ratio (wt%)

Epox;
i 14.20
Hardener
Silica 85.00
Coupling agent
Catalyst
Y 0.8
Natural wax
Synthesis wax
Total 100.00
Z 52 7](Thermo Gravimetric Analyzer) W'H-2 A%
SxE & ARl Alge] JHssith meks HA o
WS Sote] AL ARE S5t dEE A
=9 Hlwsdly] 95t A8E 7171= TA InstrumentsA+S]

Q5000]a1, AL F7] HH7](IOO cc/mln)oﬂf\‘] 900°C
7HA] 10°C/minE <23 J Th.
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Table 4. Composition of epoxy resin and hardener

Epoxy EMC (wt %)
1 2 3 4 5
E3 (Se-EMC) 90 50 50
YDCN-5p 10 50 50 100
NC-3000 100
EMC (wt%)
Hardener
1 2 3 4 5
MEH7851SS 50 50 100
HF-1M 50 50 100 100
oSkt
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Figure 3. Thermal degradation behaviors of epoxy resins
(NC-3000, YDCN-5P, and E3) (10°C/min, at Air).
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Figure 4. Thermal degradation behaviors of epoxy resins cured
with hardener, NC-3000/MEH7851SS, YDCN-5P/HF-1M, and
E3/MEH7851SS (10°C/min, at Air).

3l Uehd A#EA FX Lx Fo| ZIAE FA
<+ 9&‘—:« IFEA56]0] ASEHAR WEHd Ho
A= AL ‘/]'E]' =3

Figure 4= 4719] E3¢} Z3IA] MEH7851SSE 1 : 1
FFHE Y3 Fud EHEEATAE 0.67% 2
IHSAIZ1 4SS, A4 4] NC-30003 MEH78518S 2]
7A8E, 183l HAAA A YDCN-5P2} HF-1M 2]

s

Journal of Adhesion and Interface Vol 11, No.4 2010

FA FAE AT 171

Table 5. Softening point of epoxy resin and hardener
Softening Point (°C)

Resin
Ref. Observed
NC-3000 57 55
YDCN-5p 68 -
E3 62.5
MEH7851SS 77 -
HF-1M 83 -

Table 6. Flame resistance of epoxy molding compounds
(EMC1 ~EMC5)

EMC
Item
1 2 3 4 5
Flame resistance Vo Vo Vi Fail Vo
7A=ol g d&Es Ase HAFTI ot Al FA]
AL ABAS W A 7] Baless)t AnHoR
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Figure 5. Flame resistance of epoxy molding compounds
(EMC1~EMC5) by UL 94-V.
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Figure 6. Thermal decomposition behaviors of epoxy mold-
ing compounds (EMC1, EMC2, and EMCS5) (10°C/min, at Air).
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Table 7. Char contents and temperature of decomposition
for epoxy molding compounds (EMC1, EMC2, and EMCS5)

EMC
Item Unit
2 5
Char content (800°C) % 83.5 84.9 84.4
Ta (5 wt% loss) T 451.9 415.0 437.9
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Figure 7. Thermal transfer behaviors of epoxy molding com-
pounds (EMC-1, EMC-2, and EMC-5).
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Table 8. Tg of epoxy molding compounds (EMCI1, EMC2, z Ab
and EMCY)
HGE o EMC 2 A7 FIARIE)Y Aol ot Y H
! 2 5 glom olo] ZA=YYTh
Tg °C 142.9 145.1 143.6
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