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Abstract: Cycloaliphatic epoxy resins were modified with amino group terminated silicone rubber and cured with
cycloaliphatic anhydride. Thermal, mechanical properties and morphology of the epoxy resins were investigated by TGA,
DMA, UTM, impact tester, and SEM. Thermal stability, flexibility, tensile, flexural, and impact strengths of the epoxy
resins increased with increasing silicone rubber content. The tensile, flexural, and impact strength has a maximum value
at 5~10 wt% of silicone rubber content. The morphology revealed that the impact strength increase was due to the flexible
siloxane segment introduced into epoxy network, which caused the rough fractured surface and absorbed the impact
energy. Therefore it was thought that the epoxy resins with improved thermal and mechanical properties as well as good
weatherability can be manufactured by adding a small amount of the reactive silicone rubber into the cycloaliphatic epoxy
resins.
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Figure 1. Chemical structures of epoxy resin, silicone rubber, hard-
ener and accelerator used in this study: (a) epoxy (ES602); (b) hard-
ener (HJ5500); (c) silicone rubber (DC3055); (d) accelerator
(2E4AMZ-CN).

Table 1. Compositions (by Weight) of Silicone Rubber
Modified Epoxy Resins (SMEs) at Different Silicone Rubber
Contents

Sample Silicone

code Epoxy rubber Hardener  Accelerator

SMEOQ 100 0 105 1

SMES5 95 5 97 1
SME10 90 10 88 1
SME20 80 20 71 1
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Figure 2. Schematic of molecular structure after cure reaction of silicone rubber modified epoxy resin with anhydride.
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Figure 3. TGA thermograms of silicone rubber modified epoxy res-
ins at different silicone rubber contents.
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Table 2. TGA Results of Silicone Rubber Modified Epoxy
Resins

Sample Residual 7500 105s  Trmax E, IPDT
code (Wt%) (°0) (°C)  (kJ/mol) (°0)
SMEO0 0.49 375 431 226 368
SMES5 1.60 348 419 207 371
SME10 2.03 350 423 198 382
SME20 2.17 355 421 196 389
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Figure 4. Kinetics of thermal decomposition of silicone rubber
modified epoxy resins by Horowitz-Metzger method.
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Figure 5. Schematic diagram of the Doyle’s method for determin-
ing the IPDT.
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Figure 6. IPDTs and activation energies at different silicone rubber
contents.
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Table 3. Thermo-mechanical Properties of Silicone Rubber
Modified Epoxy Resins at Different Silicone Rubber Contents

Sample 7,DSC T,DMA T, E'at25°C E'at T,+30°C
code  (°C)  (°C)  (°C)  (MPa) (MPa)
SMEO 135 146 41 2290 18
SME5 130 139 -44 2241 10
SMEI0 124 132 47 2252 11
SME20 116 118 -49 2334 8
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Table 4. Tensile Properties of Silicone Rubber Modified Epoxy Resins at Different Silicone Rubber Contents

Tensile properties

Flexural properties

Sii)rgzle Modulus Strength Elongation at break Modulus Strength Elongation at break
(MPa) (MPa) (mm) (MPa) (MPa) (mm)

SMEO 940 67.4 1.90 3280 103 5.8

SMES5 986 72.5 1.93 3160 111 6.7

SME10 985 80.8 2.38 3150 130 10.1

SME20 926 74.8 2.34 3090 129 11.5
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Figure 11. Notched Izod impact strength of silicone rubber modi-
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Figure 12. SEM micrographs of the failure impact surface of sili-
cone rubber modified epoxy resins: (a) SMEO; (b) SMES; (c)
SMEI10; (d) SME20.

=7t S8 swi%eEs H7tel S AS AL = oF
14.1 kI/m=Z °F 8.5% S7Fstith. d7tego]l o S7ikgel u}p
A= Al o Ao 5 of| EA I Hlsﬁ*i‘—:— =5

A g 3 B ol =S =3

UP‘VP‘] Fragh AEAk Edo] ‘:%}5101
YRS F48te] 71014 (toughness)o] @357 @13‘013} AL
SHh °] 213k A A SAdEH e B
WEE A9 ¢ =t vt 22 Aoz deA Ak
3pRT
M

C

E- 3)

Zan, 44148 A35, 20174

|

opd%

A7IM, EE XV} HE, pe AR U, RS oV7IA A
T, I= @ZH = 7}5’-@?}4 *v‘x}ako]q upEbA 7kl
H7re] Bajere {75} SAE ol vl == DMA
@er"] Table 3—* B FALES 3 Aol A% vy

£ el SMES7F 7HE 92 ZE E 4 3tk &, SMES
7T BAFRo] iAoz T A7) w2l A E
WelMe] Higto] U o= Adter

olelat ek FAME AY F erE AH] vl nE
27)9] 2o «lsH/ﬂE g1g %= Sick. Figure 129 SEM
A B delE 257} A7) e ol EA] SHe) A

*Erﬂﬁ a7F 71

ANA AdAE
TR AS & 2;1"' ‘ﬂL %3—7} Swi%edd o ¥

°l AL A=A E&i{—tﬂ = Axtol Fataiin),

o1

 shitge) 7

=

01

437}-5}9;;}_ *E‘ﬂ%

Z7}sk v} ok Ao

/v]é‘,,]. Ay =

s} oI o sl ol

7}&01] w}a} IPDT x
AL oF 4= 9Jor}.

AD &
e e W

o 1), ofolz

‘:’/H_Q_ /\1.':!/]::'_ _6_7]_
ol 10 wt%
ol swi%d o
ke Bk ?ZV\] REIRAE BT
A3 A2 77t X47}5]011 tﬂrﬂ} i) gdo] A o
A& Fep] witolzk FEEANAL 5wl M Al AR &
HE BT mEp wkeAd AelE RS X oAl

Aol g Hrito 2 ek WiF Wk opet Ht g
e B 7IAE S-S A CllFA A E Al

ozt Azt

a5

;]
T B

ol o> X,

]
F 4

ZAel 2: o] A= 20159 % TSk ekl A
o2 ATEHASEAMZ R201500215).

=}

o e

L

1. S. Kar and A. K. Banthia, J. Appl. Polym. Sci., 96, 2446 (2005).

2. D. M. Dhevi, S. N. Jaisankar, and M. Pathak, Eur. Polym. J., 49,
3561 (2013).

3. K.-C. Jung, L.-T. Roh, and S.-H. Chang, Compos. Struct., 119,

195 (2015).



W7 el IR Y olFA A9 A 20 G4, 7A=Y 3 ZEEA 545

. R. Li, C. Zhou, Y. Chen, H. Zou, M. Liang, and Y. Li, High
Perform. Polym., 29, 36 (2016).

. Y. Meng, J. Chu, J. Xue, C. Liu, Z. Wang, and L. Zhang, RSC
Adv., 4, 31249 (2014).

. Y. G Hong, S. Lee, Y. J. Yoo, and J. W. Lee, Polym. Korea, 41,
260 (2017).

. M. Yaday and K. Y. Rhee, Carbohyd. Polym., 90, 165 (2012).

. H. Horowitz and G. Metzger, Anal. Chem., 35, 1464 (1963).

. C. D. Doyle, Anal. Chem., 33, 77 (1961).

. S.-J. Park, M.-S. Cho, and J.-R. Lee, Polym. Korea, 23, 305
(1999).

11

. Y. Xie, C. A. S. Hill, Z. Xiao, H. Militz, and C. Mai, Compos.
Part A; Appl. Sci. Manuf., 41, 806 (2010).

. S. G Tan and W. S. Chow, Polym.-Plast. Techn. Eng., 49, 1581
(2010).

. R. Wang and T. P. Schuman, Expr. Polym. Lett., 7, 272 (2013).

. J. F. Gerard, J. Galy, J. P. Pascault, S. Cukierman and J. L. Halary,
Polym. Eng. Sci., 31, 615 (1991).

. J. Unsworth and Y. Li, J. Appl. Polym. Sci., 46, 1375 (1992).

. L. W. Hill, J. Coat. Tech., 64, 29 (1992).

Polymer(Korea), Vol. 41, No. 3, 2017



