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Abstract: The curing kinetics and mechanical properties of siloxane—diaminodiphenylmethane (ETSO—
DDM) on the two kinds of bisphenol (BPH) system which are DGEBA and DGEBF were investigated with
the different contents of ETSO. To investigate the curing kinetics of the ETSO—DDM/BPH systems,
differential scanning calorimeter (DSC) was used. The mechanical properties of ETSO—DDM/BPH systems
were also examined by universal testing machine (UTM), tensile test and flexural test. From experimental
results, the activation energies and mechanical properties of ETSO—DDM/BPH were improved with the
decrease contents of ETSO. This was due to the high cross—linking density made from short length of
ETSO—DDM, resulting in improving the mechanical inter—locking between ETSO—DDM and BPH in these
systems.

Keywords: epoxy terminated siloxane, epoxy resin, mechanical property, curing behaviors.

M = Al g WRlEoe] ZIIESIET, o] F oAl A]oll CTBN (car—
boxyl—terminated butadiene acrylonitrile random copolymer),
o] 2= 2714 AdA, HE, s, eE, 7AE A, ATBN (amine—terminated butadiene acrylonitrile random copoly—
g Telar YoREA Fol frsly| wieel 9y i Nhe mer) 7} 2+ AR H7)8lo wa) GoIA)S Halsls uisko g
Ae] FAA, viEle] EAA, X*"Lxﬂ, EARe] viER A, 917 A} o At} o) oM gt o] A MRS of|EA] 72 U
5 59 W Mol veket §5 R AR ek e, o A W THARO, ClFEA] 1] AR §ES AshAlT
#] 714 el Behal Aol A 2 IS 9 v o] = A= xYslo] 1 2go] AFHH 07 o]FolA| L Ytk o] o
Phse W] e SO 7] s BHow la olgell  Za] 41 wfo] U /A SAS AshIA o 8] )
Aleks Wolgtth, ol FA] 5412] 4 (brittleness) = 71dsb] 918l oA RIS FHA )= Ho] @ EE A Qlek?
TTo whom correspondence should be addressed. éﬂ!i}‘\l— 7H El Oﬂ ] ‘Q‘ﬂ'ljﬂ’_ ]i/\] ﬂbﬂ—ml’]— 7_]4 E?___]?‘sl— 7171]%4
E—mail: jooheonkim@cau.ac.kr 701'_1::_‘/]' AR A= 7]';{]’/]' %"loﬂ /gg/‘\l,o] H?—i "H’\:T, "H}\‘l@}‘, ‘41‘!’/\6]

364



Siloxanes 233 ETSO-DDM/BPHA o %Al A|~8le] Zslses 4 7|44 574 4 365

gl A714] EAe AaL glom, Akze] 3]do] 7hsst Si—0-Si<]
T2 B 0% 9l Wold felidn} 52 FaeE 7B glek S
wEhr, B2 AFelMs 71 BPHA ollEA] G20l A=Ak 1A of
ZA] TS Basso 7y oFA] X9 WS el B
Aol 973t 71AdE ofate] Aol 88 LS Hs|aAt

Jnd

gk ARbA o R 312 A3} ofFA] AR AR AR Qe
WS oA Al =2 A3t 973 54 9 AshlzeE o
3 de] AR 9lon), g FAlZ sl A &gl At
&k gl Ao oA Qo o)l A= A=At
A of|ZA] E28]ar e} oPiAIE ] A3HA 4,4 —diaminodiphenyl—
methane (DDM) & 35317 02X H3lA2] Ars S7|xoz ot
F} BAl Ad2oflA] ZIARAIZI] A&E L 2 A 22E A1
F U= & o Folr). w3k ETSO—DDM/BPH ol]ZA] A AEC]
ETSO-DDM 3 ¥glel] w 7k U= Helel 7|A14 5495 =
ALsta} sAlof| o] FA] AEL] vehAS ZA18HO 24 siloxanes X
85} ETSO-DDME%87F ETSO—DDM/BPH ll&A] A|2E1S]
E24 Aol nAi= 9 Y o® B w1kt sk

A s
ST

AR, E Ao AR of|EA]= diglycidyl ether of bis—
phenol A(DGEBA) Al2Q9] oll&A|R1 YD—128 (=38} ¥} digly —
cidyl ether of bisphenol F(DGEBF) A€ 2] ollZA|¢1 YD—-170(=
31l 7h AR IR, oAl ke Z17E 184.8 gleq 166 g/eq
& 7RO R BISITE PJek oflFA] A= RS Slste] 2A13E ©]
& AFeE SoflA 7tete] A Wl At #7844 5=
AT & SA) ARSI AR g WS ofwiel 4.4 —
diaminodiphenylmethane (DDM, TCI—Korea) 3} oF whtof] of|ZA]
7} 299 A=Ak S (KF—105, Aol Au)@) 7F ARE 20
), T o]Ake] A §lo] ETSO-DDM 358415 2Egith

ETSO-DDM &M, oA 4]9} A5k Sejam o) 48735 =
o7] Sl8te] oF Wetel] o] FA] IS 2= AFAt S8 (epoxy
terminated siloxane oligomer, ETSO) £} DDMS- AFg-51] ETSO—
DDM 35315 A38iQith AA| ol ZA] Jaa) opnle] Jeks 11
AJslo] DDM & A3+ & ESTOZ bisphenol (BPH) #} 2] =
212} 90, 70, 50% % zsko] DDM#F 100 ‘Colld 24 #2718}
A 6AI7F WA1A ETSO—-DDM 3-<53H| Hdsli)

ETSO-DDM/BPH OIZA| AlAE]. F7d% ETSO-DDM &% 3]
9} o] EA] 1= 23 F 50 € W] 2JellA] 3087 wHkslo] A
Zaink. w3k ojn uhysk 7|29 AAS ekl whk F Ao
ZAF B 2417t 53 71 EE A AL

ETSO-DDM/BPH AfE2| HIX, 7327} €3] AAE =415 200 T
2 o9 S8 23A el o] 1412F A3pAA ASTM D790 7
Aol Bh= SIS AlZslolch

FT-IR & 'H-NMR AHEZ 3HJ¥ ETSO-DDM 7-% 1S
I8t FT—IR(Magna 75, Nicolet, USA) = ©]83}930H, oluj] =
¥ gz 400~4000 em™' GellA] o]FoFrE 'H-NMR 2
HAEL- VarianAle] Gemini 20002 o]8-3lo] A2ox CDCly2

u|E ETSO-DDM F53Ale] w4 735 &4si8lom, 7le=
A2 TMS7F A= AT

45} S35t Al Hsl As. ETSO-DDM/BPH(DGEBA, DGEBF)
AR FHo] BER (7)) 9 At @43 uA(B) 45 218t
o] DDM#} o|ZA(ETSO+BPH) 7] da&w)E 1112 34 5
ETSO$} BPHZFS] d&H)E 22t 50/50, 70/30, 90/10= E&)st
of T4 ek v vigkE AESISich ol Akgw DSC=
TA AF] Q-100°] AR8HIoH, BE S4E 8~12 mg?] A
HelolA, 5, 10, 15, 2 20 Chnin®] 77] T2 5e&%2 30~
300 C W] delx] o] Foixick

7IAM S A "elsiXRl S4 24, ETSO-DDM/BPH ol %A]
Alz="le] Z1AIA £ 7 fIste] ASTM D638 4ol wet
InstronAle] UTM (universal testing machine) 3360 seriesZ A}
gafo] Ssigion, AlfHe] 71zl QIS 5 mm/min® A
2o G IEY IFHEE SFTE Ate] Al 53] A
Alste] daA] 3537 A-E Hlo] UL, 31 Ade) Sl A9E
I T e =g

ETSO-DDM/BPH el&A] A|AES] F473 5} S-S
ASTM D7900f =3l A1 Azt 55 UTM= o188 35 w9 A€
38l 574819121, oul|, span—to—depthi= 16:12, cross—head
speedi= 5 mm/minE 733tk ol EdE U ERES

Fohe A vhst e

"

3PL
P=At 35(N)

L=span ZA°](m)
b=AH] Z(m)
d=AHE A (m)
Lm
iy 2

m=35—A8 A9 7] FMFE9] 717 (N/m)

AHe] shd P 9Jsle] ETSO-DDM/BPH AJH-S 94 2
A 7ol FAAR - ghdelol o, s platinum = 3
B3} & SEM (scanning electron microscope, Hitachi, S—3400
N)& o]&-3to] 6004 w2 Hasi3ich

20 ¥ ER

oM Bat BM gl H-NMR AHEZ 2M R ool A3t
ETSO-DDM?] 7% 8412 $J8}0] FT—IR¥} '"H-NMR £4]<&
&1Lt Figure 12 ETSO$F ETSO-DDMe] FT-IR ¥4 23}
24, Figure 164 B nfe} 220] ETSO, ETSO-DDM K SFellA
1020~1100 cm™' $29] Si—0—Si 978} 914 cm 'of|]4]9] of| =
Al =27 JePES & 5 9ltk e ETSO$R= ¥ ETSO-DDM
TEFAL] 7%, 3400~3500 cm ! Lol ol Agle] ©J3k N—
H ¥32, 1640~1650 cm ™' F-Zol] O—H 333 #2384 319
o} =8k 1360 cm! dleld C-H 932 #Esozx ETSO-

Polymer (Korea), Vol. 33, No. 4, 2009



== = = =
FnsiEdias|

i

366 Aav] - AW -

o

DDMo] A4 o7 FAH S-S elgt & gt Figure 3& ETSO-DDM/BPH=50/50 ©ll%A] A|A819] 73}
w8k 'H-NMR 2418 E8}0] ETSO-DDM] 344< AEkel st S-S Bl YERE Hv3E $2455E gElsle] S4sto] |
= =) o1& Figure 20 YERASITE Figure 204 Hi= vle} 2 Eligitt. ETSO-DDM/DGEBA, ETSO—-DDM/DGEBF *F 71 @il
©] §=6.99} §=6.5(a, b) ] WE= CH =29} §=4.0(c) X NH
97, §=3.8— 35(d)°ﬂ*1 CH -419}6 3.5=3.0(e) elH 3|=FA]7]

R1—%:H2 B R T 3.3 I
Ol 28l 7421 CH 2 5=05 (@) ol Si—CHz T|=1% Ho} ETSO- S
DDMo] %“éﬂ%é—% ThA] 3hd 2iklg = )siek R Lt
F8 AT 2. QWO S50 Sl 5719 ofel]e) T "
A opelE 7, 33 ohilg FJapAl sheu) ol whe: "8,
= Agxm =B o EA7)9) S ATS SAISE T KA o} - )
W77} FASHE Ske WES(Scheme 1) 0% Fa=l AHAQ A= rillg, - RFHT"C\N*RZ o g R
o) 0= eix] QIe olele Aakg el 1ol whg A ol RGE, "8G gy w,

EFH0] 9k YA TR 4 F9| SIESA, 27,
280 2J3to] nhgo] Skl Uk 3ol AW FopnS
F IE SEBA o] el S-S sMsat Ak

Scheme 1. Curing mechanism of the epoxy resins by amine
curing agent.
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Table 1. Heat of Reaction of ETSO-DDM/DGEBA and ETSO-DDM/
DGEBF Copolymer Blends Measured by Dynamic Mode of DSC

g  ETSO-DDM/DEGBA ETSO—DDM/DEGBF

Composition (C/min) 7, (C)
5 132.1 129.0
10 151.1 147.0
50/50 15 160.7 157.0
20 171.5 165.0
5 132.2 132.0
10 153.5 151.0
030 165.1 163.0
- 143.5 149.0
10 164.9 172.0
90/10 15 174.7 188.0
20 194.4 199.0
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Figure 4. Activation energy of ETSO—DDM/BPH system obtained
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Figure 5. Tensile strength and tensile modulus of ETSO—DDM/

BPH specimens cured at 200 C for 1 hr: (a) tensile strength;
(b) tensile modulus.
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Figure 7. SEM image of ETSO—DDM/BPH system (a) ETSO-DDM/DGEBA=70/30; (b) ETSO—-DDM/DGEBF=70/30; (c) ETSO-

DDM/DGEBA=90/10; (d) ETSO—DDM/DGEBF=90/10.
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