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Relation between Chemical Structures and Characteristics on Epoxy Resins

Ocura Ichiro

This paper presents the study of the relation between chemical structures and characteristics of
epoxy resins with respect to the technological trends in recent electronics epoxy applications and
DIC novel high performance epoxy resins. The aim of this study was to reveal this relation in order
to quickly and efficiently develop novel high performance epoxy resins without a lot of trial and
error. We reanalyzed and rearranged the data obtained by previous R&D activities from the
viewpoint of this theme in order to frame the theories described in this paper.
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Fig.1 Basic chemical structures of glycidyl ether type
epoxy resins.
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Fig.2 Relation between molecular weight and softening
point / melt viscosity on BPA type epoxy resins.

90 720

CHy N CHs
—c» —cn

80 115

70 110

60 [ Melt visc. 4s

Softening point °C
Melt viscosity 150°C dPa.s

50 L 1 L L L " 0
700 800 900 1000 1100 1200 1300 1400 1500

Molecular weight

Fig.3 Relation between molecular weight and softening
point / melt viscosity on cresol novolac type epoxy
resins (ECN).
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Fig.4 Chemical structure of dicyclopentadiene (DCPD)
type epoxy resin.
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Fig.5 Relation between softening point and melt
viscosity regarding ECN and DCPD type epoxy
resins.

Table 1 Effect of Hydrogen Bond on Viscosity
1
e OO { A O EO

R M.W. Viscosity *

-H 1,800 470 mPas

—ﬁ—CH3 1,800 380 mPas

ity : 40wt.% Buthylcarbitol solution, 25°C
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Fig.6 Chemical structure of tetra-functional

naphthalene type epoxy resin.

Table 2 Difference of Molecular Structures of Multi-
functional Naphthalene Type Epoxy Resins Derived
from DHN Isomers

Epoxidation
—_—

cat.
X + HC=0 -H0 Y ECH Z
X Z Molecular Melt viscosity at 150°C
structure Molecular distribution
H GoOG 3 dPa.s
2,7-DHN 6= < AA—J
“- oH \17 >100 dPa.s
Ho—ZS
\ [/
Except for 2,7-DHN g /WU'\/ {
/

DIC Technical Review No.7 / 2001

315 O00O0ODOOooooo
goboooboobobobobooboooboo
goooobobbbbbbooooooooooobon
goboobobooboobbooboobpoboon
goboobobooboobbooboobpoboon
goboobobooboobbooboobpoboon
goboobbooboobbooboonboboon
goboobgoo
goboboooobbooobbooobbooo
(EPICLON EXA-7035)0 000 00D0OO00ODOOOO
gooboboooobbrs-ogooboboooobn

gi15-DHNO0O0D0O0O0DO000oboooooboooboo

0000000000000000000000
Fig.70001,5-DHNOO0O0OC0O0O0O[@DOOO
1700 0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000
00000000000000000000000
000000000R-0000000000000
000000000000000000000000
O0[a)lb]cl000000000000000000
000000000000000000000000
00s5000000000000000000000
00O0O00000%s0

3.2 OO0
gogoooobobobbboooooooooboboo
goboobboobuoobbooboooboon
goboobboobuoobbooboooboon
goboobooobooboon

o<1
o
R Mixture of [A)/[BY/[C]
OO mp = 127°C [bl S

R
?}Q/o R=HorCH; >

[01
Vibration dimension and wave number of
three kind of 1,5-dihydroxynaphthalene type q o
l‘

° O
O

epoxy resins with different epoxy groups
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Vibration Vibration wave

dimension number mp =172°C il

y z em-1

mp =174°C

Al 40 -18 0 1421
B] 33 -13 0 1421
[l 35 -11_ 0 1417

All values in this table are calculated by the

prog of
and MolStudio(NEC)

Fig.7 Adjustment method of crystalline type epoxy
resin's mp by using the resonance effect among
different kinds of epoxy resin with similar structures.
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Table 3 Comparison of Gel Time between Naphthalene
and BPA Type Epoxy Resin

Gel time

Epoxy resin Acid-anhydride * Imidazole **

oI

° 321 63 sec.
>0

o)

‘l’>\/°—®—§:—3©—°\/<? 605 230 sec.

e Hardener : Acid-anhydride(MeTHPA ) ,EPICLON B-570
* Acid-anhydride Stoichiometric ratio

o Accelerator : BDMA 0.8 phr

o Curing temperature : 121°C

e Hardener : 2E4MZ 2.0phr
e Curing temperature : 150°C

** Imidazole

Fig.8 Three-dimensional chemical structure model of
naphthalene type epoxy resin with smaller steric
hindrance (plane skeleton).
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Table 4 Effect of Substituted Group at Epoxy Group on
Curability

Epoxy resin Gel time

N ° 58 sec.
(o)

Rl
o 85 sec.

CHy

e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 0.7 phr

e Curing temperature : 175°C

8r n=0.1, EEW=188

n=2.1, EEW=480

lon viscosity

f@fw@"‘@%

0 20 40 60 80 100
Curing time sec.
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio

e Accelerator : TPP 1.0 phr
e Curing temperature : 175°C

Fig.9 Effect of epoxy group content (EEW) on curability.

=

[73

o

(%]

2

>

c

o

Curing time sec.
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio

e Accelerator : TPP 1.0 phr

e Curing temperature : 175°C

Fig.10 Effect of functionality on curability regarding

phenol novolac type epoxy resins (EPN).
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Table 5 Effect of Hydroxyl Group on Curability

OO OO

n OH Gel time
0.0 400 ppm 230 sec.
0.1 6,000 ppm 130 sec.
e Hardener : 2E4MZ 2.0phr
e Curing temperature  : 150°C
GHy OH
_®_ _Q_ Do Hydrolyzable CI
CHy
o GHs OH
Q\/O—O—E;@—o\ Ll oH a - Glycol

Acid-anhydride

200 175
190 o Hardener :
170 EPICLON B-570(MeTHPA)

E Stoichiometric ratio

180 o Accelerator :
BDMA 0.8 phr
s e Curing temperature :
0.00 002 004 006 0.08 0.10 150°C
o - Glycol meqg/g

Gel time sec.
Gel time sec

0.00 0.02 004 006
Hyd.Cl meqg/g

Fig.11 Effect of impurities (Hyd.Cl and a -Glycol) on
curability.
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Table 6 Comparison of Tg among Naphthalene, BPA
and BPF Type Epoxy Resin

. Tg
Epoxy resin 5 cig.anhydride * Imidazole **
0/\<1
170 219 °C
{H-@-w 152 183 °Cc
oY a2 153 °c

e Hardener : EPICLON B-570(MeTHPA), Stoichiometric ratio
* Acid-anhydride e Accelerator : BDMA 0.8 phr
e Curing schedule : 110°C/3hr+ 165°C/2hr

o Hardener : 2E4AMZ 2.0phr

** Imidazole o Curing schedule : 150°C/2hr
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Table 7 Comparison of Tg between Tetra-functional
Naphthalene and ECN Type Epoxy Resin with
Same Viscosity

Tg

Epoxv resin Phenol novolac * Imidazole **

P/\ oo/\q

o o< 243 326 c
0O

R
Sl
n

189 214 °C

-  Hardener

* Phenol novolac
o Accelerator

: PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
: TPP 1.0 phr

® Curing schedule : 175°C/5hr

L]
** Imidazole Hardener

1 2E4MZ 2.0phr

e Curing schedule : 150°C/2hr

Table 8 Comparison of Tg between Normal and

Hydrogenated BPA Type Epoxy Resin

Tg
Epoxy resin Acid-anhydride * Imidazole **
OO 152 183 ¢
?>\,o-@—$'3®—o\/<? 126 70 °C

CHy

e Hardener
* Acid-anhydride e Accelerator
e Curing schedule

e Hardener

** Imidazole e Curing schedule

: EPICLON B-570( MeTHPA), Stoichiometric ratio
: BDMA 0.8 phr
: 110°C/3hr+ 165°C/2hr

: 2E4MZ 2.0phr
: 150°C/2hr

Tg (Imidazole) - Tg (Acid-anhydride)

o éy\o ’

4 Acid-anhydride

® Hardener : EPICLON B-570(MeTHPA)
Stoichiometric ratio

@ Accelerator : BDMA 0.8 phr

e Curing schedule : 110°C/3hr+ 165°C/2hr

CHy

?>\/°®—cm @0\/4’

@ Imidazole

60 -40 -20 0 20 40 60  G,ngschedule : 150°Ci2hr
Tg °C

Fig.12 Difference of Tg between imidazole system and

acid-anhydride system.
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Table 9 Comparison of Tg between Two Kinds of BPA
Type Epoxy Resins with Different E.E.W.

e O LA LA <

Tg

n E.E.W. Phenol novolac * Imidazole **
0.1 188 gleq. 145 183 °c
2.2 480 gleq. 120 130 °C
o Hardener : PHENOLITE TD-2131 (SP=80°C)
* Phenol novolac Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr
. e Hardener : 2E4AMZ 2.0phr
Imidazole o Curing schedule : 150°C/2hr
220
210 | | A\ ~CHa
——CH
o 200f 2
o
190
Ay
180 -
170
160 1 L 1 1 1 1 1 )
0 1 2 3 4 5 6 7 8
Functionality (=n+2)
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5 hr

Fig.13 Relation between functionality and Tg regarding
ECN.
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°C

180 |

Tg

161

=3
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140 L

0 6
Cross-llnkmg densuty mmol/ml
e Hardener : Phenol novolac resin, PHENOLITE TD-2131(SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr

® Curing schedule : 175°C/5 hr
Fig.14 Relation between cross-linking density and Tg
regarding ECN and DCPD type epoxy resin.
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Fig.15 Chemical structures of various alkyl phenol
novolac type epoxy resins.
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3 05
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E.EW. gleq.
o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
o Accelerator : TPP 1.0 phr

o Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr

Fig.16 Relation between E.E.W. and moisture
absorption.
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Hydroxyl group content in cured resin wt.%
e Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio
e Accelerator : TPP 1.0 phr
e Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr

Fig.17 Relation between hydroxyl content in cured
resin and moisture absorption.
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Table 10 Effect of Hydrophilic Group on Moisture
Absorption

Epoxy resin

o. §Ha o
1.6 wt.%
LS :
[*]
Il

o~ )t~ oS 2.4 wt.%

Moisture absorption

o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio

o Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5hr « Moisture condition : 85°C/85%RH 300hr

Table 11 Comparison of Moisture Absorption of Various
Naphthalene Type Epoxy Resins Derived from Mono-
and Dihydroxy Naphthalene

Epoxy resin Moisture absorption
'd ®\°/\<4‘7
b\/\(g() 1.4 wt.%
Mono-

L b% 1.5 wt.%

( MJC&Q’ 2.1 wt.%

Di- L ; <
L W 23 wt.%

o Hardener : Phenol novolac resins, PHENOLITE TD-2131 (SP=80°C)
Stoichiometric ratio

o Accelerator : TPP 1.0 phr

e Curing schedule : 175°C/5hr * Moisture condition : 85°C/85%RH 300hr
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Fig.18 Relation between Tg and moisture absorption.
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Fig.19 Relation between Tg and moisture absorption
regarding ECN and DCPD type epoxy resin.

Table 12 Molar Polarization and Molar Volume of

Various Functional Groups

Functional IM?Ia:_ M|° lar
group polarization volume
[ v
- 1.8 10.9
s 5.6 23.9
TCH 4.7 15.9
- 25.0 65.5
e 15.0 23.0
B 10.0 13.4
o 5.2 10.0
—OH 20.0 9.7
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Fig.20 Relation between E.E.W. and dielectric
constant.
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Fig.21 Relation between hydroxyl content in cured
resin and dielectric constant.
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Fig.22 Relation between Tg and dielectric constant.
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Fig.23 Comparison of relation between Tg and dielectric constant
between alkyl phenol novolac type and DCPD type epoxy resins
(with different functionalities).

Table 13 Causal Relationship between Features of Chemical Structures and

Characteristics Regarding Epoxy Resins

Features of chemical structure

Characteristics

1.  Molecular weight
Stiffness / Flexibility
Symmetry

Steric hindrance
Functional group content
Functional group number

Hydroxyl group content

® N o o & W D

Impurities (Hyd.Cl / Glycol)

Resin characteristics (S.P. / Visc.)

Curability (Curing speed)

Tg

Moisture absorbing characteristics

Dielectric characteristics
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