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Abstract: Curing behavior of silicone rubber modified epoxy resins, which were prepared from the reaction of cycloal-
iphatic epoxy resins and silicone rubber with amine functional groups, cured in the presence of an anhydride hardener,
was studied by differential scanning calorimeter (DSC) and oscillatory rheometer. The rate of cure reaction increased, the
heat of cure reaction decreased, and the time of gelation shortened as silicone rubber content was increased until 10 wt%.
Isothermal cure results using DSC fitted to the values calculated by the modified Kamal’s model well. It is thought that
the reactive silicone rubber modified epoxy resins with improved processability as well as flexibility and good weather
resistance can be obtained by introducing a small amount of flexible silicone segment to weather resistible cycloaliphatic
epoxy network.

Keywords: silicone rubber, cycloaliphatic epoxy, methyl hexahydrophthalic anhydride, cure kinetics, chemorheology.
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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).

sk st 261

AA AT 7R AFAIFAE AZSIAT o] EFE
o AsASt MEAAE HALo)A 400 pme] AL ER
1587 E31819aL g8l A 1587 7tste] 74] U9
71325 AAS o S48E Flgk rAst EHES THls)
ATk o1FA FH)E vAs) EFE2 AIRSAFE FA(DSC)
o HerE &4 Al 7HE gl uel AskstA "t o9
APZAE WA CFAFR ] o B XY AHrrEde
HEgol oJgt A }4-S Figure 20 =A]8FST
PSS, 7d3hitgol st BEATS 43 28t
A ZFEARE A (DSC, DSC2910, TA Instrument)S A3}
o} A9 A A5 9F 1043 mgS hermetic pandll B

Table 1. Mixing Ratios (by Weight) of SMEs at Different
Silicone Rubber Contents

Sample Silicone
code Epoxy rubber Hardener  Accelerator
SMEO 100 0 105 1
SMES5 95 5 97 1
SME10 90 10 88 1
SME20 80 20 71 1
1]
- o + HyN Sli-O—?i NH,
(@) (0]
>~ o ¢ <] R R,
Diepoxy Diamine

0
O H3C
3
N
o Z/ N\
Alkyl Anhydride N

heat

Y
Crosslinking

Figure 2. Reaction scheme of silicone rubber modified epoxy with
anhydride.
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Figure 3. DSC curves of SMEs at different silicone rubber contents
at 10 °C/min.
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Table 2. DSC Results of SMEs at Different Silicone Rubber

Contents
Sample code E, (kJ/mol) AH (J/g)
SMEO 70.3 359
SMES5 69.3 321
SMEI10 60.9 293
SME20 61.7 269
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Figure 4. In(b/T;?) vs 1000/T, of SMEs at different silicone rubber
contents.
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Figure 5. 120 °C isothermal DSC curves of SMEs at different sil-
icone rubber contents.
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Figure 6. Peak time and heat of cure vs temperature of SMEs at dif-
ferent silicone rubber contents.
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Table 3. Kinetic Parameters for Modified Kamal’s Model of

SOl - 59
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Table 4. Activation Energy and Pre-exponential Factor at

SMEs Different Silicone Rubber Contents
Sample T k ky E, E, Inky, Inky,
code  (°C) (") (@ M n @ C Sample  yiol)  (ki/mol) ) s
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Figure 7. Arrhenius-type plot for rate constants of SMEs at differ-
ent silicone rubber contents.
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Figure 8. Reaction rate vs conversion degree of SME10: experi-
mental results (symbol) and modified Kamal model (line).
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Table 5. Gel Time (min) and Activation Energy of SMEs at
Different Silicone Rubber Contents
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SMEO 105 50 20 5 87.2
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SMEI10 92 38 17 4 93.0
SME20 66 33 23 3 92.6

9

s
i |
8| goe
/ .
= L
g 7
‘éa ///’//‘f/‘//. Silicone rubber
had oz j/f' content (wWt%)
ol 727 A o
%}-/ v 5
L 2 ® 10
5/ ® m 20
25 26 2.7 2.8 2.9
1000 / T(K)

Figure 11. In t,y vs 1000/7 of SMEs at different silicone rubber con-
tents.

i‘é‘}oi‘:]' A e ghefo] FIVsEAY ZF EgellA] vk
257 ZolAH Aspr|te] Hadke Ag & U o]
= NﬂiJ:r-J el S7H EAARES] fdel St
Slal 257F =875 5730 SUlete] Eke] whgTEo]
T ghgo] =olA]7] witolgtal AlEE T ASIA T} 2
Tolo] AAE Arrhenius law FEIE FAS 4= At}

k' =K yexp(-E/RT) where k'=1/t,,
A7 A, k= AIJATS o] &3 S, kT pre-
exponential factor, Ex= 2433} ol #|o]3L
o} A (7)) Yol AARTE FHapA vhS} o] |

lntgel =—Ink'y+E,/RT

w52 27X BEHS ZAES 7|ES A

o] ¥sks 4 (8)F ol&ste] 2x2] ool wet Figure 11
of TAEIAT Al 2 gl Sl wet dui

o Zashe L B 5 Yudl ol F, AsAKe] FolA)
2L SJEgt, W], 1971 2 FolE Holx)

3l A3} oA ZE Table 59 =3}

Polymer(Korea), Vol. 41, No. 2, 2017



266 T97] - oPHE

At A AT Fgol SRt wet ofzke] 843t of
UA 71 B F At o714 e st dlyAl gk
A7 ‘?i-?oﬂf‘i Kissinger 22 ©]-&-sto] 73 3tz
the A2HE Bled ol HEHe o8¢ Akt e
3FS o] &3 AlMte] Aol B AR Al 59 gl whE
2 89} wZolgaL AbRET

K

=kl

2 B
NF A ZTAE st HPAIR] £ X3
AleAle] ek ZshA o] WS DSC 54
7 Ae]E 35 ko] 10 wi% ol Sl ok
S =7 Wb oL ZJshbg-go] hdhs AEE B
DSC F-2A oM e vk A3E BN 52989
2|+ modified Kamal’s model®] AlXkx]9} & U=
LPHE o]gale] Aeks 71k AEjollae] HAS A
A A 2 gl 10wit% oY 71l wet
A zro] golAl= Ag AET F UST webA] 1A
YZATE RS A ZA|FAof] A A7k A3t
Fdo] 48 Bl oz} 71‘1/“0] RAE QEgAd
IR o EA] FAE LS T 3 dE

=2 &=

=

™

o
-,
ooy, 1

> 38
RUpe

= > foopoh & ogeh

OL
>4

32

+ 2

e o -

ol
—_

i
AC)

it
o
ror

i

1. R. S. Bauer, Editor, “Epoxy resin chemistry IL” in ACS
Symposium Series, Washington DC, American Chemical Society,
Vol 221 (1983).

2. C. K. Riew and J. K. Gillham, Editors, “Rubber modified
thermoset resins,” in ACS Symposium Series, Washington DC,
American Chemical Society, Vol 208 (1984).

3. W. Liu, Z. Wang, Z. Chen, J. Li, and L. Zhao, Polym. Adv. Tech.,
23, 367 (2012).

ZEd, A41E A2%, 20173

)

4.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

23.

oA

J. Chen, A. J. Kinloch, S. Sprenger, and A. C. Tayler, Polymer,
54, 4276 (2013).

. P. Gupta and M. Bajpai, Adv. Chem. Eng. Sci., 1, 133 (2011).
. D. J. Nagle, M. Celina, 1. Rintoul, and P. M. Frederics, Polym.

Degrad. Stabil., 92, 1446 (2007).

. Y. Seo, S. M. Lee, D. Y. Kim, and K. U. Kim, Macromolecules,

30, 3747 (1997).

. F. Burel, A. Feldman, and C. Bunel, Polymer, 46, 15 (2005).
. S. K. Rath, A. M. Ishack, U. G. Suryavansi, L. Chandrasekhar,

and M. Patri, Prog. Org. Coat., 62, 393 (2008).

S. Lee and B. S. Jin, Macromol. Res., 14, 491 (2006).

I.-K. Hong and S. Lee, J. Ind. Eng. Chem., 19, 42 (2013).

S. Lee, C. H. Choi, 1.-K. Hong, and J. W. Lee, Korean J. Chem.
Eng., 32, 1701 (2015).

S. Lee, C. H. Choi, 1.-K. Hong, and J. W. Lee, J. Ind. Eng. Chem.,
21, 980 (2015).

H. E. Kissinger, Anal. Chem., 29, 1702 (1957).

M. R. Kamal and M. E. Ryan, Polym. Eng. Sci., 20, 859 (1980).
C. D. Han and K. W. Lem, Polym. Eng. Sci., 24, 473 (1984).
K. C. Cole, J. J. Hechler, and D. Noel, Macromolecules, 29, 3098
(1991).

R. B. Prime, Thermal Characterization of Polymeric Materials,
E.A. Turi, Editor, Academic Press, New York, Ch. 5 (1981).

J. M. Barton, “Epoxy Resin and Composite 1”, K. Dusek, Edtor,
in Advances in Polymer Science, Springer-Verlag, Berlin, Vol 72
(1985).

R. A. Fava, Polymer, 9, 137 (1968).

S. Montserrat, G. Andreu, P. Cortes, Y. Calventus, P. Colomer, J.
M. Huthinson, and J. Malek, J. Appl. Polym. Sci., 61, 1663
(1996).

In Standard Practice for Measuring the Cure Behavior of
Thermosetting Resins Using Dynamic Mechanical Procedures,
Destination D; ASTM Standard: Philadelphia, PA; pp.4473-4490.
H. Teil, S. A. Page, V. Michaud, and J. A. E. Manson, J. Appl.
Polym. Sci., 93, 1774 (2004).



