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BETWkBr FZIES, RERERFRENIIME R P HTRENE,; BEXR:
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Tab.l Variation of the concentration (mol. 17') with reaction time at different temperatures

reaction temp. 50.0 (C) | reaction temp. 55.2 (C) | reaction temp. 65.0(C) | reaction temp. 70.3(T)
time con. time con. time con. time con.
(min)  Gmol.™") (min)  (mol.1™") (min)  (mol.I™") (min)  (mol.I™!)

- 0.0 0.3520 0.0 0.3428 0.0 0.3477 0.0 0.3444
21.0 0.2780 15.0 0.0901 15.0 0.2531 16.0 0.2368
43.0 0.2348 35.5 0.2322 30.0 0.2067 30.3 0.1704
e 0.2105 46.0 0.2113 46.0 0.1702 45.5 0.1412
81.0 0.1847 60.0 0.1845 60.0 0.1441 60.0 0.1199

Tab.2 Rate constant k of TEDS for model reaction

TEDS/ di — n — butylamine

Reaction temp. 500 552 650 70.3

action er;1p ©) RVK'\\Q\_‘QO(;\ o
1T )X 10 3.095  3.046 2957 2.913 | s =g~
k (min.~')x 10° 7787 10.340 14.300 17.656 = —1iF T

2 PHIEIERE Arrhenius 28, InK=In 4
E/RT #474b3, 18 TEDS 5 F T Ay

RN IEIEEE=36.0k)J/mol. (HiXEH 0 20 20 60 80

t (min)

p=—0.9963).
3. TEDS 5 DDM BE{LERizh 1% Fig.l1 Plot of InC vs. curing time for
’ - TEDS/di— n— butylamine system
(1) FTIR &w%@ mfiﬁd}j} % ?E%Ea at different isothermal temperatures

% TEDS/DDM (BE/RECH 2 :1) BB, 4 BIFE 117, 129, 134, 145 CTFHEEBE . #%
BRRG W (1615, 1cm ™' ) AdRig, AR EE B Wi (910. Sem™ ) 5N R g2 H
i 4910.5cm ™'/ A1615. lem ™' F/RFE LMWK, WB AR R EIKS S iR
W WA, &R TR RE ] t B B%t B8 In (4910, 5cm ™'/ 41615 1cm ™) #&—%
REAFATRIEEIR , SRIBFEE FTEDS MR SR HHKk 1n (4910 5cm™YA41615.1cm™")
Ht BEHEXRBAES. KFEET In (4910.5m™ Y/ A 1615.1cm™ ') 5 3B RFMLTE
%%, A, DDM 5 TEDS WEK N 5 TEDS) ZIE T BREBIK N —H, RNV
TEDS Xh—& KRR, HBKkEL TEDS /& {b 5 R HLH -5 AR M HLE AR R 4 Ink
5 1/ T # Arrhenius 2R 408, BEHRNIEEEE=61.1kJ/mol.

Tab.3 Rate constant k and correlation coefficient for TEDS/DDM system at different temperatures

T(C) 117.0 129.0 134.0 145.0
1/T(K) 10° 2.565 2.488 2.457 2.392
ks™' 10° 0.829 1.359 1.657 2.970

P -0.9974 ~0.9975 -0.9847 -0.9924
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BEFARBEL, AFRFABEEHMYE DSC $TERE (K)FIF£4, ¥InV, 51/T,
ELRERE, B KRB LR NIERE E=52.5k]/mol. (p=-0.9999), 5 FTIR #:
W2 55 RAHIA.

Tab.4 DSC data of TEDS/DDM system determined by Kissinger method

Vr (C) 5 2 1 0.5
Tp(K) 448.0 420.0 402.0 385.0
1/ T, x10° 2.2321 2.3809 2.4875 2.5974
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Fig.2 Plot of 72(S/h) vs. T2 (h/r) obtained from Fig. 3 Dynamic mechanic spectra of samples
the DSC curve on TEDS/DDM system listed in table 5 measured by

at scan rate 5 C/min DDV -II-EA Autovibron at 110Hz
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Tab.5 Preparation condition of (E—51+TEDS)/DDM samples for Rheovibron
measurement (Epoxy/Amine=2/1 mol /mol)

No. E-51:TEDS Precure Post cure
(w/w) Temp. T Time (min)
1 100:0 120 10 120C 1h —150C 1h
2 100:5 120 10 —180TC 0.5h
3 100:15 120 15
4 100:25 120 25
5 100:50 120 25
6 100:100 120 30
7 0:100 120 60
Tab.6 Relaxation temperatures and modulus for the various samples
No. T, (C) T, (C) T(C) T(T) E—150T E20 C
Detd. Calcd. (N/m*x10%) (N/m? x 10°)
1 186.5 -36 —125.5 4.3 2.0
2 180.5 178.0 -136 —-125.5 5.4 2.2
3 170.5 168.0 -136 —-125.5 5.2 2.2
4 168.5 157.0 -37 —125.5 5.4 2.2
5 136.5 139.5 -37 —125.5 4.9 1.9
6 115.5 116.0 -36 —125.5 3.7 1.4
7 44.0 -38 -125.5 4.1 07
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Tab.7 Impact strength of £- 51 and TEDS mixtures cured with DDM and the preparation
conditions of sample (Epoxy/ Amine=2/] mol {mol}

E-51/TEDS Precure Post Cure Impact Strength
(wf w) Temp.(T)  Time {min) KJfm?)
100:0 120 10 120C 1h— 0.2
100:15 120 15 150 th— 3.6
104 :30 120 L5 180T 0.5k 29.4
102 50 120 15 36.7
100:70 120 15 38.6
100 : 1) 120 0 44.3

EENZEMARLEFE, mrhd@ENTREEI G hET8, TEDS X AHE
E—51 89—§ R &=

Fig. 4 SEM micrographs for E—51 and TEDS mixture cured with DDM E- 51/ TEDS =w/w
{a) 100 :0; (b)40 :60; )60 :40; (d)BO :20 (curing conditions listed in tabke 5)

B4 A AR LA TR RN EN SEM My, dEE R, 74 TEDS A5 kL
B, RSRERORE, AEM—-FaRERS, RADMRERTE. MELLEP
F— Si— O — Si—FUEWM TEDS S frpiin, WMBAEHLER, BHENTHH
F4H, HEHERBNE, LIRS 80 (# TEDS (M3 F 100 f E— 51 )95, H
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STUDIES ON THE KINETICS AND CHARACTERIZATION
OF DGEBA/DDM SYSTEM MODIFIED WITH EPOXY
’ TERMINATED DISILOXANE

ZHANG Baolong, CAO Guogiang , HUANG lJifu , DING Peiyuan,
ZHANG Baoshen , DU Zongjie , ZHOU Xiuzhong
(Department of Chensstry, Nankai University, Tianjin, 300071)

ABSTRACT

1, 3— Dimethyl — 1, 3 —diethyl— 1, 3 —bis(3— (2, 3—epoxy propoxy) propyl)
disiloxane (TEDS) was synthesizc;d and used as modifier for epoxy resin. Based
on the studies on the curing kinetics of TEDS/DDM system as well as model reac-
tion of TEDS/di— n— butylamine, the first order kinetic was proposed for TEDS.
Besides, the dynamic mechanical behavior, impact strength and the morphology of
DGEBA/DDM system modified with TEDS were studied. Results showed that
the Impact strength of the modified system was found to be enhanced with the in-
crease of TEDS content, whereas the glass transition temperature (Tg)' was de
creased linearly. SEM observation of the fracture surface of the impact specimen al-
so showed that as the increase of the modifier content the toughed fracture charac-
ters were obviously appeared.

Key words Epoxy Resin, Disiloxane, Curing Kkinetic, Modification,
Morghology .





