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Abstract: In this study, epoxy/anhydride mixing ratio for the highly silica filled compounds with chromium (III) octoate
catalyst was investigated at a low curing temperature (71°C for 40 hr) by evaluating the compressive strength with the
weight ratio ranges from 0.3/1.0 to 1.0/1.0 of epoxy part (Part A)/anhydride part (Part B). In case of epoxy/anhydride com-
pounds used surface unmodified silica by coupling agent, these compounds need excess anhydride unlike the weight ratio
in the conventional epoxy/anhydride compounds. In curing behavior, the epoxy/anhydride compounds containing chromium
(IIT) octoate showed high conversions at 71°C for 40 hr, even if a dipropylene glycol (DPG) was not used as a poly-
merization initiator. Also, DPG leads to a poor epoxy network structure. In conclusion, the appropriate weight ratio of Part
A/Part B of highly silica filled epoxy/anhydride compounds with chromium (III) octoate catalyst is 0.5/1.0 and the max-

imum amounts of silica is 1470 phr of epoxy resin.
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Scheme 1. Chemical structures of (a) novolac phenol epoxy
resin, (b) bisphenol A diglycidyl ether, and (c) cycloaliphatic epoxy
resin.
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Scheme 2. Chemical structures of anhydride hardeners: (a)
maleic anhydride (MA), (b) methyl tetrahydrophthalic anhydride
(MTHPA).
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Table 1. Formulation of Epoxy Molding Compounds

unit : phr (parts per hundred weight of epoxy resin)

Weight ratio of

Part A / Part B 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Items
YDPN-638 40
Epoxy resin YD-128 40
S-51 20
Reactive diluent Glycidol 17.54
MA 106.96 80.22 64.17 53.48 45.84 40.11 35.65 32.09
Hardener
MTHPA 213.53 160.15 128.12 106.77 91.51 80.07 71.18 64.06
Coupling agent S-510 33.76 27.29 23.40 20.82 18.97 17.58 16.50 15.64
Foam reducer SH-5500 1.74 1.41 1.21 1.07 0.98 091 0.85 0.81
Catalyst HYCAT 3000S 6.33 4.74 3.80 3.16 2.71 2.37 2.11 1.90
Polymerization initiator DPG 7.86 5.89 4.72 3.93 3.37 2.95 2.62 2.36
Filler Overall 2149.86 1724.76 1469.70 1299.65 1178.20 1087.10 1016.25 959.57
(fused silica) In Part B 1700.40 1275.30 1020.24 850.20 728.74 637.65 566.80 510.12
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Fused Silica

Scheme 3. Reactions between silanol group of the silica and the coupling agent and the anhydride.

%

Z
1x
o fl |o

b [o
% o

de)7hs BHo ARE7]E 7HA
o A7t 2k S0l 71dstE
s A7) - AR FE 2 24 BEe IY A
o 5 QlojA Azt e ASZA= /HEsto
ARGt SRR AP 7o) W A2 B2 - et 7]
SE EU AT AR o] FofA|A] g2 AF, 23] A
ste Aol A7) Abolof SH o] dojut AfZA] A
AR o, SRE YR Vo2 AW Aol of
A 714 B4 Aot dojdrhe A= Yok 2 A
ToAE LA ALEA 2 FEE Aste HAA=
A 38 um O] Hat AR 718 T &5 A7 A8
e, ASPAR 2 A2 AES FHSHA] AL
o AT TefellA HEg = A2 Zdo] &olskA] ot
A By Qlol olFA 29 AULE Ax Mo A= A
A F ARG A7) AbreEe] 7tEsA7] 9 jES
gto] AHrrES MBAZI71E sk, A7 29 A
e ATE7d YsiM = el 277 e
a e g, 1 Hh-s w#YES Scheme 3] LE}
Wl
Part BE E3sl= A AEZA7E A& e
Aol sHrpgo] Hed = lon, Ao 2 ofFAle}
HEESHA] Jetal A7t EHolA &HlE 4= g Aee &
ST ol2Rt B9, ERtH e R I E|ee €Y
AHFEo] BFOR Foj7Iok SIERE o] & #lst] 9i5he]

e
T %0
d o

x
o o>

i9

HEZA,

o

o B
o ox iy Mo
I Mo

_‘_,,
)

O

70

60
50 4
5 e
0 404 Phd
2 e
% .
& 30 e
20 - e
104 7o
y ——PartA/PartB= 1/1
o ” ----PartA/PartB=05/1
: ; . : : : :
0.0 0.5 1.0 1.5 2.0
Strain (%)

Figure 1. Stress vs. strain curves of the epoxy/anhydride compounds
containing chromium (lll) octoate according to the ratio of Part A/
Part B.

Ag|7tel AZYAE AAS v]SH iFES AR F Part A/
Part B £-A| 8|7} 0.5/1.0, 1.0/1.02] QIAAHE A 25t AH
gt A3 Figure 1o UYepf it

o] 7 o ZA] AFRERE v gHE0] Part A/Part B 4] 1.0/
1.09)4 Q1A% 64.44 MPa, ZEZ A 4.11 GPaS UeR) o],
Part A/Part B F-A|4] 0.5/1.00]42] AAZE 45.57 MPa, =
E92L 3.29 GPakith Y53] L% 7141 EAS UES



Determination of Epoxy/Anhydride Mixing Ratio for the Highly Silica Filled Compounds with Chromium (III) Octoate Catalyst 107

th 9HE, o F AFY Melt FAH ABANTSE WEAE
o BANE 4E4E B7t 29 Figure 48 KW Part A/
Part B A ] 0.5/109041 71 S48 FEHEES el
NHE 20HE B 4 ik ol Aert Ewle) Augo] o
Appe] AL SEo] ks o) Al o E |8t wHS-shok 3}
ARpgo] 2u)d Aol BE RO, ALIE ABTY
AR FUATY 5 FE B9l nFHol WA )B4
AYESE R A RSB o s Fesolof 3
£ Ae g 4 ek

F

0

fr 2L ox
T

2. DPG Q/20| T2 Maj7} TEH oIZA/MRAE HIEE
of X A3t AS

DSCE L& Ao] e ho] WS AeE S45te] 71°C
oA 40X7E B2k ABkE Aelrt 1FW ABAARSE B
3 RAv] 9 DPGE] §/70) e 43} JES BASYE
DPG /50l weh o A ALR4E B3 2765 0.3/1.09]
A LOLO7EA WSk AzE HHES T1°ColA 40412
9k ABA7] 5 DSCE 43 o] wdo e A3}
Azbel e ABES Woe AT RE MEB SN A
£90] °F 98% = ERIE o™, 11 = Part A/Part B F-AH] 0.5/
1.09] DSC2A ATHE Figure 20] UERAQITH Z2(11) L&
oo Fujol a4 71°CS] Aol A= 40412k o] the] o]
Z A9} AHRSRe] HAoRs BAgle] | EA| o} AESE
Apolo] A%t e FEI $=AL 5 A8 & 5 Yt

DPG §/Fo] b2 o EA AR 42 wighee] 27] 23} A
52 2] $iske] B7 2AN] 0.5/1.09] A 05, 1,2,
3, 4 A7 ABAZL F DSCE ol 3t MBS ZHT 2
#}E Figure 3o Vhehfgic.

N

normalized 52.7 Jg/-1
f Uncured with DPG
. Part A/Part B = 0.5/1.0

o normalized 0.36 JgA-1

Cured (40hrs) with DPG
Part A/Part B = 0.5/1.0

Heat flow

lized 47.66 JgA-1
| i $ Uncured without DPG

Part A/Part B = 0.5/1.0

Temperature (C)

Figure 2. DSC thermogram of the epoxy/anhydride compounds
with/without dipropylene glycol (DPG); cured at 71°C for 40 hr,
silica filled compounds.
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Figure 3. Initial curing behavior of the epoxy/anhydride compounds
with/without dipropylene glycol (DPG); cured at 71°C, silica filled
compounds, Part A/Part B = 0.5/1/0.
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Scheme 4. Reaction between hydroxyl group of the dipropylene
glycol (DPG) and the anhydride with chromium (lll) octoate as a
catalyst.
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Figure 4. Compressive strengths of the epoxy/anhydride compounds
with/without dipropylene glycol (DPG) as a function of weight ratio
of Part A/Part B; cured at 71°C for 40hr, silica filled compound.
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