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Curing Process and Performances of High Heat Resistant Isocyanate/Epoxy Resin

WANG Chengzhong'* WANG Lianyi' FU Xiaoqi' HUANG Li'?

(1 College of Materials Sciences and Engineering, Beijing University of Chemical Technology, Beijing 100029 )
(2 Beijing Engineering Research Center of Syntheses and Applications of Waterborne Polymers, Beijing 100029 )

Abstract Isocyanate can be used as hardener of epoxy resin. The curing process was studied by comparing the
differences of the final structures under different curing conditions. Altering the molar ratio of isocyanate to epoxide
groups, the changes of structure during curing and final properties of the cured materials were investigated by using
FTIR/ATR, differential scanning calorimetry ( DSC) ,dynamic thermal mechanical analysis( DMTA) and so on. As the
results indicated, the curing process of epoxy/isocyanate formulations can be divided into three stages in order of in-
creasing temperature. Trimerization of isocyanate took place at first. And the following stages are a complex process ; ox-
azolidone rings are prepared by Isocyanate and epoxy resin firstly. Trimerization of isocyanate took place among the oli-
gomers terminated by isocyanate groups with oxazolidone rings as linear chain extenders. Oxazolidone rings were pre-
pared by isocyanurates and remanent epoxy resin at the last stage. And the transition between oxazolidone rings and
isocyanurate rings is a reversible process. Different structures ascribed to initial ratios lead to the different perform-
ances. When I/E=1.8, the isocyanate/epoxy resin/glass fiber formulation composition appeared a good comprehen-
sive mechanical property. The bending strength , bending modulus and interlaminar shear strength of the isocyanate/ep-
oxy resin/glass fiber formulation composition are 652.53 MPa,3 3270. 63 MPa,31.66 MPa,respectively, better than
those MeHTPA/epoxy resin/glass fiber composites. When I/E=2.0,the T, reached 305°C , higher than the tempera-
ture of traditional epoxy resin curing formulations, obviously.

Key words Epoxy resin, Oxazolidone , Isocyanurate , Curing process, Heat resistance
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Fig.3 Main reactions between epoxy resins and isocyanates at each stage

FHIAEL T 2 http // www. yhelgy. com 2015 4F 3 8



FES— BB, 1S FAERTECRAR K, WA OX 3F,
VLB TDI "h i) SR R B 1 e & 2k = R L, Bl
TEE B T v, RO E B B B, 7E 120°C OB 2 h
J& , SEFRRFERELAN IS PR /b, a0 Ik Y IR g v
A —NH—HFEIE (3 200 ~3 500 em™ ), {H&E A 0X
P A B, 2438 B T i 3] 160°C B, 42 3 R R
() —NH - R FEAR T 2% | Bl 2 Bsf o] 1) S 4 S R B
S EAkE > 1S FRA OX BR5 i [al B 38 i, 43 A
AIRESE A A TN 3 55 B BOT R S AR . h SR
Fis B = RAF B Y 1S BR el 2 (B 47 BHL, 76 & R 45 1
TARE TR IR R A TE R BL T, S R I 2
H1IS PR Tk 14 12 35 I 1o A i 2 5 FH R i , 76 = Tl
AT, I FRER R 43 0 ff , RETICHE 1) S R B 4
SEZMBE, el T A 2R i 1) A U R A e
Bt R 25 A A S SUIKBR BR 4514 5 FEREE OX BRIy i BLAI
AEXT E5 B B3 I, 1S PR A & s 73 in, SR W B 1Y
OX FRJ2: Hh S SR e AR EU i R A5 2], ik 1S 36
FIRERG ; i T OX H B P8 4E 25 [l BELAE
PSS, AR v L ) S R R A kA = R RO, T
R F 200°C, HEA R N 9 ES BB e 1 h A,
SEEIRERSEEE %, OX PR 4k 2L T, 1S 0 3 it f%
I, 4k 2k 200°C fH L 1 h, 7 &2 1948 1k H BAH I 19 AR
1. 0X &4 TR, IS FRa& ETH, Frih
IS ¥R [i) OX R HEAR ] 385 SN, FEAEE IR ) A S B0
FEEMIE LT, BINFR e /Y 7S TR IR 25 4 1S ¥R ] LA
b OX ¥ (H I & 20 A 0 (1) TH AE , X Fp i AR 2 1k 5]
S Bt A T PR [ B sORTE SN BT & AR kA
WK, e il P A5 A R T 1S BRAETE
2.2 (VE) b3t REEREE/ N EMBEE R &M

X TSR R/ R AR B A R T A i
OX PRy 4 , 1S FRERALACHE A1, PRI | %) P B3 i) A
KSR OX T IS PRAY & &, X OX/1S 521 fie K
(A S LR i/ A BB R R R A2t = 1k VE,
T AT IV/E X OX/1S By, it oE IVE Hexk
FYERRIRZ R, 53 A0, X 4 K H Ik 2K 1 A SR
I8, FEREURR Y A e D i R 3 | 5 3 URR R s
A R EH R TR, T DA RS R 3R — R
Al 2RI, AR /E o A 2 5 T R g
(A B, R 2 A 2 [ AR 1

4 TDI 555 56 LK 1) 38 8 g 70 4% IR 1V/E =
1.2.1.4.1.6.1.8 2.0 W HLBIR G 35], iR & Hom
A 0.3% [ 2,4-EMI VER {25, P4 50 5 Ba v 2
BEE . B TEREIL D R A S = B B, 2B R, 1
SRy AT A e T A T R PRI, AL T
4 80°C/3 h+120°C/2 h+160°C/2 h+200°C/1 h,
FEREAE P E AL R 4 RO s 21463 an & 4

FA BT 2 http ; // www. yhelgy. com 2015 4F %53 ¥

Bios

HIZLAE 3G BTl 41, ANTR] )T A 36 46 HATAH
LARFAE e 150 ] 50728 L9 AS 2 52 o [l AR AL, G
B SE AR IR K TR Z AL T 2555 T
ERETES, VE=2.0 WA 58 1 5 5UR ik
FLRFIEIE , AT RESE i T BEE SOV R REAT, ALY R
B AS AHAEIN, & R I SRR RS
INECE RME, T8 A (1) AR (2) TR E Y b
B REMBIARXT S 5o N IR A ZE AT A AR 5 1 51 T
x2H,

4000 3000 2000 1000
wavenumber/cm™!
Bl 4 R[E L E TDI 534 AR IR & AP i 205Gk I

Fig.4 FTIR spectra of TDI/epoxy resin mixtures cured
with different initial ratios
REE1* ~5* I IVE 23510 1.2,1.4,1.6,1.8,2.0,

F2 AREVE®ELYH OX F1 1S WHENESE
Tab.2 Relative contents of OX and IS in final composition
with different I/E ratios

VE OX(N,) IS(N,) OX/IS(N, /N, )
1.2 0.757 0.897 0.844
1.4 0.640 1.283 0.499
1.6 0.650 1.411 0.461
1.8 0.584 1.450 0.403
2.0 0.549 1.517 0.361

A X L P P A 2 i e W m A B R
BVR 28 Hh SRR IR 2 1 AR T RS I, OX BRAY &5 4 B
ZI G Z XIS PR A, BLE
1 57 SRR R A ] T4 v 8T AL PP B 1S PR R
R BFNEM IR A R T 5 v AL A OX BRI
i, X5 VE=2.0 BAEA R I 57 i5UR R R Rk
WA, Fh RO A ] R S SRR IR B S kA =
R, FEIX — e i R ) S R I 22 i R, A
fel AR F R AR LA OX B D 47 i 25 A1 K S 1Bk i
Fk ok HBEE OB A HEAT 1849 b o1 iz sl i 2
(i) (57 BELAE i, OX 34 Az 8 PR, B4 4066 T kA i) S
31—



MG R RB IO A R OX 3R, R £ rh S EUIR
TR L A 22 T OX PRk

JRFRIK 2 500 ~4 000 em™ BYLLANETE E i E
5 FR, ME VE BRI, 20500 E E 3 200
~3 500 em™ {7 EAL I T — R I LLAME %
WA S R IR R 1) — N RRIE G . R Bl R R rp
SRR TR B i 3G 0, [ A 2 o B A B R IR

o

B

3750 3500 3250 3000

wavenumber/cm™'

IRNEARIS WIS ONES|
Fig.5 FTIR spectra enlarged partially

2750

2.3 VELXMREBRE/AREMERGESHAHE
EAEA)
2.3.1 J1iERE

4 TDI 555 58 K 1) 35 M g 0 4% IR 1V/E =
1.2.1.4.1.6 1.8 2.0 W HLBRE G35, 6l & & & 4
B, E4E T 203% K 80°C /3 h+120°C /2 h+160°C/2 h+
200°C/1 h, WA A AORE G 25 il A2 (8] 55 U0 PE fE
DL BE PO SR I S R/ BB A AR RIE A 2 1L,
5K 3 Fis,

x3 AFEVEBLFMESHHNNZFERE

Tab.3 Mechanical properties of composite materials

cured with different I/E ratios MPa
IVE 25l i B Ryl JZ Y 5 BE
1.2 385.43 16741.93 24.56
1.4 438.45 17641.93 25.73
1.6 506. 16 25181.82 27.37
1.8 652.53 33270.63 31.66
2.0 618.43 2242412 36.95
ZIt 644.56 15464.78 33.09

1SS RR TR/ A EM PRI R B IS PRI AC Bk
MIE OX Y aE, R 2 W MEE VE LRt
hn, IS RS TR, T OX R R, XitEwE,

B 1/E FeiBshn, B =P &4 2 A8 Bk,
MR TEPE R, SRR A Y /K 1.2 4 3
1.8, 75 158 BF 1 385. 43 MPa $5 3 652. 53 MPa, %5
AL 16 741.93 MPa #2553 33 270. 63 MPa, {H
X FPRAFIEA R — A AE R, Bl S AT, R &R
Hrn] AR N S B S 0 IS BB (EAE NPT EE 1 OX
WD TCHRAE R A B o5 1 BE P B R IR R )
SEVERENGAE 2, I/E 1.8 $EE E 2.0 A, Al o
W A7 FAG , 1 652. 53 MPa F#{K 3] 618. 43 MPa, 75 i
FiE 33 270. 63 MPa [£{IK5 22 424. 12 MPa, il
SR E T RN KT, 4 B R R R, nTRE R TR
SEH R EREL M AEAE , S BUR R o BEREAR, R el T
KRR, F58, 2 RIBUIRE — EHH VE g &
MK, RIS 5 SR FR BRI & R A8, 26 ¢
BRI AR

5B DU E R AR A [ AR A A R R A L8R, IVE
=1.8 MY HIRER/ 1 AR B 4 = HAT AR LAY 25 i i
BERUZ RIS UI58 B (0 S SRR e/ AR IR R R A
LU FH 7S EUOR I BR S8UR  B vas 1 2  A o, RB
AR
2.3.2  #HikgE

MDTA J&XF M R RE FAF A9 B2 F B, N DMTA
Mk LR sR2ER ., FHRh VE=1.2 1.4 55
PR TR/ AR IR R 0 2A e RB A 25, F S AFSY I/E =
1.6.1.8 2.0 WA IAR, I T 225 2.2.2. 1 ([#
LT ZAAE, H DMTA phZk ikl 6 frzx, %FF DMTA
M2k, SFEH F tand B UE(E f B T 52 & 1 RE 5L i P
REMIAFIR I H— R U o 8 PR - DA (BT Xof o 1 3k
FEACH ER i T, , SO i FAvE B . 43 BT it 2k i

RERIN TR 4,
0.20
0.16-
0.12+
@ ]
o

& 0.08
0.04+

0 100 200 300 400

temperature/ C
6 I/E=1.6,1.8,2.0 MR 2 AFEHEY
DMTA Hh£& &

Fig.6 DMTA curves of composite materials

cured with I/E=1.6,1.8,2.0

W% L/E 942w, AL P11 tan6 (Y 06 (ELAS BT

FHIAEL T 2 http // www. yhelgy. com 2015 4F 3 8



R, RIIME I/E B85, 245 MOBH AU 7R REAS
Wik X 5 )2 18] 5 D) o B SR B R A PR g 2 —AF
1, JFHREE VE B8, B s B P
BRI T, AWt e, BmAR VE=2.0 MR T,
I VE=1.8 MBA 4, (HASEAR K AT RESE B T4
RAHWERY HER LA OX PR, Toe VR Ry 28 Bk A
(AL 1S PREHE R S T ACHR L
*4 IVE=1.6,1.8,2.0 WEMLFMESHIIH
DMTA 3 Hrg5 R

Tab.4 Analysis of composite materials cured
with I/E=1.6,1.8,2.0

IVE T,/%C tan(T,)
1.6 275 0.1831
1.8 303 0.1712
2.0 305 0.1457

5L 50 1 21 A AR AR R % L ( MeHHP A/ 34 480 1%
ek Z . DDM/E-51 R Ry T, 4352 149
180°C) , S W R/ PR &M IR A R AR BOS 1Y T,, 1
FAEIE IV o Y I B N
3 it

DR R — S GURR PR AR S 11 A6 590 [ AL S8R il 15
)5 A R e ] 50 B S SUBK R TR 7S TT 3 1Y [ 4k
Yy, WEME R ER 15 S SRR 18R N R S i S A5
B E S ST UK IR IR 7S TCER ) B e I oG
I SEAL R T 0 B, A s I B[] B A B 4 5 A
SR, X TP AR 4 25 30 5 | S UK R TR 7S JC 3
T,

MU I/E LT A5 BS54 AN [F] i [ A6 7 9, Bl 1/ E
4T, S RUIRBREE PR & s n . AL 25 Hh i e
S [ A e 2 B PR R, LA ST SRR TR/ 20 S R AR &R
BRI B ) B AT AR R T S DR A R
T bl L/ E A58 i H BE e K5 sl i a3 78 1/
E=1.8 KB K, 5351k 652.53.33270. 63 MPa,

FA BT 2 http ; // www. yhelgy. com 2015 4F %53 ¥

BE VE AO$e ey, S SUIKIR MR B0 5 fE 04, S5 4R
FHEPERE AT APERE W] Wk, 2 VE=2.0 i), 2 5Y
SRR F] 36.95 MPa, T, i5%) 305C .

Sk

(1] BREGWT, E R BRI, 55 2 e g i A S i 1)
S TEREDTFE[J]. AL TR AR, 2005,33(10) :29-31

[2] Yeganenh H,Jamshidi S, Talemi P H. Synthesis, charac-
terization and properties of novel thermally stable poly (urethane-
oxazolidone ) elastomers[ J ]. European Polymer Journal ,2006,42 ;
1743-1754

[3] Chattopadhyay D K, Webster D C. Thermal stability and
flame retardancy of polyurethanes [ J]. Progress in Polymer Sci-
ence,2009,34.1068-1133

[4] s, SRR B R ARG [ C . b 0 4 i
VSRS & N2l 2 pl /ol EE B2 = = DI B e N o NV 1
27 (P SRS IBDCEE 2011 :123-124

(5] ARBUSC. M e b ) A S0 30 8 A 22 s Al 1) ol i 7 7%
[P]. H[E,CN 101244645 A ,2007

[6] FRUE, FIEZE, T, WEMs L B 5 5 25 S8 A B 1Y A
FELCT. P EMURE =Ll A5 B M 2014 4E 27 AR A8 Ui 2318 3¢
£ 2014.279-284

(7] B0, A BT, . T e do ) e B AU B A
AELT]. AL THERE,2013,32 (10 ) :2459-2462

(8] TR, 52 ubAm , A, S5, 3 (S U R P — M e
JoE T ) A R B 3R 2 TG 90 UK 114 B 1y BIL 3 R HL T R M BE T 5
[T] AL TR 24l ( A AR ,2012,39(6) :63-68

[9] Ao, B3k, MR, 5. S UBR ISR/ 0 S0 g 1Y [ £k
PR J]. LT 2741 ,2012,63(8) :2629-2634

[10] Marjorie Flores, Xavier Fernandez-Francos, Josep M.
Morancho, angels serra, xavier ramis. Curing and characterization
of oxazolidone-isocyanurate-ether networks[ J]. Journal of Applied
Polymer Science,2012,125(4) :2779-2789

[11] SIEW], S RS AR M. bt b2 Tolk i i
#,2004 :107

(#miE R%)



	2015年第3期大样

