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KB 177 A MOAS [l S 1 epoxy/ UAR SIN #1 4 1 gh Ap2pleond AR FTIR
BRE T 81 A 4F 8 PPO & M A7 CAR 5 epoxy JE B SIN A A~ R 45 09 £ B 3h 12, 3
5iX 3% SIN B mllal 2 Py e 8k T A 68

1 SCEER4S

1.1 BEEEE

2,4-HERFREN(2,4-TDD) (H EE A — 24t M R 2500, ie £ 129 + 4T/
1333.2Pa 150, R AL H — c B &k T = 2t (PPO-220, {8 55megKOH/g;
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W, RIS GE BB 2 B3R ah 5 R 2608, W& 162 = 3T /733Pa {84, R E WS & ESt
GELIr3E, FEE N 0.50) HERAEHE LH Z 2% =M (DETA), h Eigilm —T 12
i, R 18, Y8 112 £37C /924, 3Pa 1 4r. UAR 95| R RIBA —F T B (AIBN), #0
rde B oS ZMELSEN, HE TEETREERE HEEB ks,
1.2 UARMIER5FRE

el A E S T BB LA ZTR(PPO 2 T & 4514 400, 1000 5 2000) 5 2,
4-TDI R M, RGBS PENBEE ZRB(HEMA) RN & R 8 R H R T EY(UAO).
UAQ K4+ T B AU A1 5> 7 8 B R hn i 25 (GB12005.3-89) LA & KNAUER-11.00 < 48
BEN(VPO)EIE, BB EREAEH KT 1.8, WF | FiR. £ UVAO PR IINEEM
MMA B SE(FERRBEL N 66/34) )5, B8 UAR. X UAR M RE & S RILT A,
EEE CIENY . E T e i UAR-X FiE 4, X BB F&E.

Table 1 Some physical parameters for urethane acrylate oligomer

Concentration

T f M, of Viscosity”’
ype s of double bond Mo M. wo fad sty
sample FPPO \ (Pa-s}
{ % 10" mol/g)
UAO-400 400 3.901 1270 1360 1.88 0.101
UAO-1000 1000 3.360 1930 2150 1.80 0.244
UAQO-2000 2000 3.085 2690 2880 1.87 0.310

a) Theoretic caleulation from concentration of double bond measured by using bromine standard method;

h) f=2Mc_ o/ Mupo: ¢} The viscosity of UAR (containing 34% MMA) at 25T

1.3 A FTIR SRER epoxy/UAR SIN BT 20 L R IFEE H ik

Nicolet 5SX ZLSMYEIE (LA BEEE K dem ' 3EFF UAR T LE 1640cm ' {hAY FFIET
oE R epoxy TR EETE 913cm  4LHTEFIE R YIS A A (b, A BIRER AR B R, I
Li-—CH, 7 2970cm ™ b5 IE R di i 1 9 Py #og ™) A BT B R M RS A o, iR 1
462 HF W g 8 L 4 T LB A W 2 AT 7k P AR 4 19 7848 Beer-Lambert 24, B .
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Fig. 1 Epoxide conversion versus reaction time lor Fig.2 Double bond conversion versus reaction time for
epoxy/ UAR {50/50) SINs with diferent UARs at 80T epoxy/ UAR (50/50) SINs with different UARs at 80°C
(Hl)UAR-400; (O }UAR-1000; (@)UAR-2000 (M) UAR-400; (O)YUAR-1000; (@) UAR-2000

SIN 1, U FERTIEM RN FEERET 40% S, EHTH R EJLE 284X E;
BEZ,SINTELRAUAGERSRVHERREE SRV HERE LX RKEHR
HITE R W8 SIN AN 28 09 R B (de/de ) IR 2 FTR. 0 T AT RS, R 2 2+ 51
B H B SCHR Y epoxy 5 UAR SR G VI B a0 g o™ £k R
o, epoxy RIEEBEE S 0.4 80 Ik, EEERE S AT cpoxy R AR RERATTHAR, ThE
SEEDEEHFBTBUERE L SR AERLEET 0% 5, FHEERNE, WEFE
NEEAEN TR HAHAEMESET H5Y, R h LA B RE R X
UARMEHELER N HHIEM. F 2 B, SEMEHE, AR FE PPO400,
1000, 2000) Ff & M. #7 UAR FFTE A SIN , epoxy MM EGEREE TR TRT
4.3,.5.1M6.81F, REERMEKE epoxy HHELTRE 50% . WML EF, UAR B985
BEH epoxy/DETA M ¥ B & 13 & (25C B epoxy/DETA BT RIE, HEHEE
epoxy PHE PN 9.9% T XK K H B S, AR (X H 0.05Pa-s AH), WAE 1 978, R
@4+ F & UAR BI85 UAR-2000> UAR-1000 > UAR-400 BUF 2 8 . Bt UAR-200 &
W SIN U, R R R, M8 T M TR 8K, & epoxy MR SR ERLD
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ETER B k2 L0, B FER/AN UAR400 FrE S84 SIN 9, epoxy M 45 B137 44
EmEER AT, 59 FEH M UAR-1000 SIN B, R EAE#HLERT 20% 5
EATE R, HFEOR R R E - B NRTEES SIN &1 UAR-400 19 4%
BB B AT A 25 CT il FHtE T i)

Table 2 Some kinetic parameters of SIN composed of epoxy and different UARs at 80T~

Epoxy/UAR SIN

UVAR-X UAR network
Epoxy UAR
da/dz Co;;ersion Induced de/dt Conversion da/di Conversion Induced
{min" ") at 30 min period (min?) at30mm (min"')  at 30 min period
(a) (min) (a) {(a) (min)
400 0.1241 0.94 2.5 0.0327 0.44 0.08710 0.62 19
1000 0.0721 0.79 4.1 0.0279 0.54 0.03242 0.57 4.4
2000 0.0120" 0.94 4.2 0.0209 0.41 0.03056 0.44 5.2:
a) de/d¢ for epoxy/DETA system is 0. 1424 min~ " and epoaide conversion at 30 min is 0. 78;

b} de/d¢ for UAR during accelerating polymerization is (0. 0528 min~

Table 3 Glass transition temperatures for epoxy/ UAR(50/50)SIN”

T.(T)
Type of network T I
epoxy 113
TUAR-460 77
UAR-1000 48
UAR-2000 - 11 32
UAR-400 SIN 89
UAR-1000 SIN -18 72
UAR-2000 SIN 32 100

* T, for PPO 210 and PPO220 are all at — 69°C and for UAO-1000 is at - 32T

B EHREN, A FER AN UAR2000 B R A R B s 2 M7, BE ¥
PR R, I B i B BB R R M, W TR RGBT K 3
B i DSC i MBS B2 B, UAR-400 5 UAR-1000 RN £ RH T HREETERE
(T,), ZREIHMK £ k1 UAR20 MR AR T, E14 PPO220 1 T,( - 69C) LK
B E DT P ES(PMMAY Y T,(111°C) M H8 Lk, A8 KRR (4 P9 #8, 150 B 77 46 30 7y
MM A . Damyanidu SR 54, EEBE PU K45 PMMA ER AL E F IPN 4,
PU 5 PMMA #4258 20 B I 7E UAR-2000 [ 45 th TN &9 362 BOR 4811 4,
A[RE A RS PP EBE/HEMA 87 5 REAM % H MMA #5735 B B8
B, R R B A R D TR BB, R K s R
MEMEREHTFAESR SHESSIREPH A MBERY. RN, £ UAR-2000 5
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4% HRFE AR/ ARNRRERELFRSURSENHHERR

epoxy FEAY SIN i f2rh, ST R A B I BB 14 %, H UAR W 4589 97 RE o
b UAR s+ FEMGRMB/N(RE 2 1k 2).

5 UAR-400 ML A LY, B B 5 epoxy FE L 50/50 SIN B, UAR MZ81)
Joe i B AL T B 30 % (1R P SR 3 iy ¢ BE B AR 509% ). DSC 19 2 55 R Bl 53X 2 SIN
A AE R, B UAR MERRMIERERZERRE B THEEW epoxy/DETA X UAR £
WREM, IETHREPREKN T B SERE. T SIN 4 UAR-400 M4 1 TE i #
HU B T4 T BHAH UAR-1000, 5 Bk 58 R EM K, JWH T epoxy M4 HIIE
R, 3 TR BRI B A LR 4 T 28 KM UAR-1000 3 UAR-2000 1 5 SIN &,
UAR M4 #EBGE R N (AR 25 TRET 55% 5 44%, I5 & 5 B I RZR A 3
HFEFEMHE). BAKKEEN epoxy/DETA iR W3 B K UAR R AW E{EH, 2
UAR-2000 #% & . UAR-1000 #7. AT & 7€ SINMEZ P LB RV EE THRAIEER
M UAR-1000 /b X-—~REMBAET ARG XKW SIN EMGHNEEREH
¥, #3MEUETE N, B UAR-2000 2R #7 SIN B9 @ 4 T, [A1#) % (E t UAR-1000 SIN %
KELZHEF2, BEEMNHANHEESRT BIXCEIHEHEEWN AR, XRER LY
50/50 @) SIN HAARE LRI B B, X T P AR 8] M 78 4 20 5 B9 epoxy/ UAR-1000
SIN i &, fEE 52 UAR MW, SR B F 5 20 epoxy M, FEHILE RN MRTERE T
RE, HPER T HRRIVHE

B Bk &, 54 UAR-2000 #95 & L7 AR ik, 7 SIN WTE S B X2 UAR B &
R AF ) B S ImE % R i A, FTRER 5 cpoxy/DETA I B MM SINEREMEELH
J. SIN ] 7530 4 48 0T Ak 28] UAR ORI AL 3 I X A TR B " HE R A R B 15, 1
THEKER MENREEST BORE, #R2 L F 0, 88 R EE K, B &8
7E SIN PRI LR HETRE.
3.2 AIBN AEX epoxy/UAR-1000 SIN & B zhHh 30 % W)

[H 1 R 2 20, X 2 SIN WL 4, epoxy M ST TEMK, B UAR 8B
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Fig.4 Epoxide conversion versus reaction time for epoxy/
UAR (50/50) SINs with different amoun:s of AIBN at
80T

(l)1.00%: (D)1.96%;: (@)3.84%; ([0):7.42%

Fig.3 Double bond conversion versus reaction time for
epoxy/ UAR (50/50 ) SINs with different amounts of
AINB at 80T

(Ml)1.00%; (D)1.96%; (@)3.84%; ((3).:7.42%
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ARMBR -ENFESH BT PSP RREM S ETRR VER/PU SIN i 2% 3, i
FRARSHEREE LT SHSINNESHARERERAER. B}, 3K
AIBN 4 B, LB 91 PO 45 0 A SO . T 3 R 4 23 BRFE R AIBN I B TR
epoxy/ UAR(50/50)SIN i, B R A @i (b R SR E B L EME RN X R,
LRIEEY. BE AIBN BN, CARRESE VM AS IR ASE, MiEREE
AR K. UAR 4% b v 76 BB S 38 M T 4k R s R B, SO T SIN MBS R R,
T epoxy MBHER, SHEENBESEXRSRAKLE MTHN7.4% AIBNH
SIN i %, UAR W % 6 B B W epoxy W4 B 1G 2, BT & B A, 77 KU 48
UAR R RSEE R IPN. 75X IPN PR M RERRIRFMER, FaBmrEES
ShaeE, XX EORAEERE -STFR.

& FE, AR F B UAO S8 epoxy/UAR SIN A MBI NER R KER,
Stk M ERERK SIN UESEREVMERX, M VAOPRRBERS TRHED,
i UAR 58 BESK B F BB 18] 5% A OB A8 7 38 5 e S, £E SIN 7 ALEd, UAR 1 epoxy
£ (H] S 23U 4040, S RECP B 20 AT b 0E AIBN M9 E, TR R D
R A RUE, o A R B SIN R B S R
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POLYMERIZATION KINETICS OF INTERPENETRATING
POLYMER NETWORKS COMPOSED OF EPOXY RESIN
AND URETHANE ACRYLATE RESIN

ITUA Fengjun, HE Bin, HU Chunpu
{ Institute of Material Science and Engineering, East China Untversity of Science and Technology, Shanghai 200237)

Abstract A series of simultaneous interpenetrating polymer networks (SINs) composed of
epoxy resin( epoxy) and urethane acrylate resin{(UAR) with different molecular weights were
synthesized and characterized. The polymerization kinetics of both network formations was
monitored by using Fourier transform infrared spectroscopy ( FTIR) for preparing the
toughed epoxy or reinforced UAR materials. [t was found that during the course of
synthesis, the polymerization rate for formation of both networks is almost independent of
the concentration of reactants especially at the early stage of reaction. The two pairs of
reactants interferc with cach other appreciably in the SIN systems, although they follow
different polymerization mechanisms, i.e., step polymerization and free radical
polymerization. All these unusual polymcrizaion kinetics behaviors observed could be well
correlated with the changes of viscosity and morphology of the systems. UAR network
synthesized with difunctional polyoxypropylene polyol (PPO) having larger molecular weight
{ M, =2000) shows a partial microphase separated morphology. Thus, the SIN consisting of
epoxy and such a UAR not only exhibits a phase separated behavior between the tweo
networks but also a microphase separation for UAR giving rise to even more depressed
reaction rates for network formation. It is clear that for these SIN systems the
polymerization kinetics is mainly controlled by diffusion effect. Furthermore, the sequence of
both network formations has been adjusted by changing the amount of initiator for UAR.

Key words Epoxy resin, Urethane acrylate resin, FTIR, Polymerization kinetics,

Maorphelogy



