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Curing Reaction and Properties of Blended Resins of Bisphenol a Dipropargyl Ether

and Cyanate Esters
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Abstract: The blended resins of epoxy/cyanate esters have been used as matrix for composites of liquid oxygen
tank. In this paper, the bisphenol A dipropargyl ether (DPEBA) with low water-absorption is blended with cyanate
esters in solution at an equimolar ratio, and the effects of catalysts on the curing reaction of the blended DPEBA/
cyanate esters are studied. The thermal stability and impact strength of the blended resins are further investigated. The
results show that the transition metal acetylacetone and dibutyl ditin laurate can decrease the curing temperature of the
bisphenol AF-type cyanate ester (BAFDCy). The copper acetylacetone (Cu(acac),) can reduce the curing temperature
of the BAFDCy to lower than 200 ‘Cmarkedly. The DPEBA is prepolymerized and blended with the bisphenol A-type
cyanate ester (BADCy) and bisphenol E-type cyanate ester (BEDCy) in solution at an equimolar ratio. The blended
resins could be catalytically cured with 0.3% mass fraction of Cu(acac), at a temperature lower than 200 ‘C. The
residual yields of the cured blended resins of prepolymerized DPEBA with BEDCy, BADCy, and BAFDCy at 600 ‘C
in air are 38% , 36 %, and 0.7%, respectively, and the impact strength is 5,6, and 8 kJ-m™”, respectively.
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Fig.1 Synthetic route of DPEBA

DPEBA FI#H 8% i & A, $5 XU (0.6 mol) . 1Y
T HRIR B 4% (0.1 mol) A1 NaOH (3.0 mol) il A %] 2%
600 mL & & /KB = HRE i HE, L h i
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SV 8 he J W25 WS, 3 U8, 2% B 7K vk Uk R
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B Ea TR ,60°CFES T 2h 158 A6
W K7 1) . DPEBA 7 #9704 5 /8 i : 81 “C(DSC
%) 546 (HPLC ) :99% 3 'H NMR (CDCl,, 400
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4H,—CH,— ), 2.49(s, 2H, —C=C—H) ; FTIR:
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Fig.2 NMR spectra of BAFDCy
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Fig.3 FTIR spectrum of BAFDCy
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Fig. 4 Curing reaction of cyclotrimerization of cyanate

groups to form triazine ring
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BN T AT A BB ) w] i BAFDCy 1Y i 46 WL EE
SRR I 2 RN B 4 BAFDCy (%) [& £k 16 {8 1 7 i
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R A L TR AR AR A 51k 75 T RE R A 30 960

T‘?‘J
g
44% Sl i Cu(acac),
& Mn(acac),
3L . DBDTL
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Fig.5 DSC curves of BAFDCy with 0.1% mass fraction
of catalysts
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Tab.1 DSC results of BAFDCy with 0.1% mass fraction

of catalysts

it T,/ T,/C T/C | AH/(Ug )
% 197 248 296 404
Cu(acac), 153 171 220 400
Mn(acac), 156 192 226 382
Cr(acac), 180 219 266 352
DBDTL 162 192 208 363
X A [ i 4y A9 Cu (acac) , i 1k 50 BR B

BAFDCy [ 4k [z i i DSC i & 6 f 7, 45 5430 W
F 2, TIFE B 2T PN R A AR R0 A 5 S 5k
K, BAFDCy (4 [5 4b 1f BE 52T Rt 3, A Y 5T
A3 B35 0.2% I, BAFDCy 1Y [ 4k 25 oI5 i AR T
190 °C. 2R A 120,150 #1170 °C/2 h [& 1k T. 2 [ 1k
BAFDCy, 4t [l 4k 0 FUR fg E 17 DSC, 45 5 n &
6 . Mg Ral, AL i) BAFDCy 2 Jo A, [
fe5e4 . RE, H 0.2% & 40 507 Culacac) fEfL TR
R ls BADCy #1 BEDCy [ 4k s by, 45 8 W3 3. vl &
H, Culacac), Al i BADCy #1 BEDCy 2 R iR i
P4 TP S o8 1 T 2 ) b
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Fig.6 DSC curves of BAFDCy catalyzed by Cu(acac),with

various mass fractions
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Tab.2 DSC results of BAFDCy catalyzed by
Cu(acac), with various mass fractions
Bt /% | T/°C T,/°C T/°C | AH/(Ueg )
0.1 153 171 220 403
0.2 138 160 185 389
0.3 135 154 175 396
0.5 131 150 171 410

XEE A — BN Kk (DPEBA ) % $4 K A= 58 36 7%
(Claisen) 5 HE B 1 75 €04 45 14 1 B-Bir BEA g (34
I ), Ak 2 TR & 2B IR B B R 3R RS RO i
SEHRY RO TR 7 R . R TR R Y 3k b O
Tk AN [ 1) T Ak B 1o ML B £ 0 Bk —pe D S ok / R
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Tab.3 DSC analytical results of BADCy and BEDCy
catalyzed by Cu(acac),

HUR T T/°C | T,/°C | T,/°C | AH/(J-g ")
BADCy 247 | 290 | 355 871
BADCY +0.2% Cu(acac), 125 | 171 | 218 526
BEDCy 186 | 229 | 260 834
BEDCy+0.2% Cu(acac), 136 177 211 734

fi I TR A I T 5 L 2 I 4% 25 4, A R 3R TR A IS 1
TR A .

U A — B9 B (DPEBA) 78 185 “C L& U4
H R 6 hJE Y 21 AR S G TS AN 1 8 TR o R R
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DPEBA B & 1% i3 I b, 04.79 0 11 8 I 19 2K 3F itk
Wi 45 F B %) 7 FR R R, 05.72 F1 06.35 43 91l Ry 8 3 ik
MR 235 ) v BUEE 1 9 &0, U DPEBA g 52 2o 7 58
FI TG BT 2R I 0k i 25 4

Xz R Y AT DSC 40 A1, AT 4 DPEBA 1ii 2
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Fig.7 Curing reaction of bisphenol A dipropargyl ether (DPEBA)
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Fig.8 FTIR and 'HNMR spectraofprepolymerized DPEBA

F 200 °C, # 2 3 ILIRA AR AU 5116 T. 2205 90 °C/2 h
+160°C/2h + 200 °C/4 h.
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Fig. 9 DSC curves of catalytic curing of three blends

XiF 3 F L IR A i M4 & 7E 200 'CF A Cu(acac),
HEAL [E AL 5 T # H 43 BTA CTGA) 347 8 Ak i
Ji 2 AP AR E PR R SE L A5 SR R 10 T, 43 BT AL
P UL 4o PSSR AT MUY A bR TN 3 ik TR A
B R R T A LR IR IR R AR, s ]

5% I FE L (T,) 2 370 °C, 7 400~600 ‘CHE
A RBEE TR RN & U A RN I ik 15
R A B ERR B W E 7 EURR R A X
AF RUFURR B 1) 2 TR A% A [ 4k 9 76 600 “Ca5 < iy
FR B2 (Yoo ) » 20 4 35.9% .37.9% F10.7% . 3
TR HE [ Ak 9 78 25 S TGA 43 # Br 45 10 5% B8 %
(Y, , 7l 7 B g 09 A7 BR %045 %% (Limited Oxygen
Index, LOD) ff & . MR 4§ Van Krevelen-Hoftyzer
Dy,
Lo=175+04Y, (1)

P BE ALY 0 Lo, 75 0 T 26 19 A, A RE 2 WA
BAT FUAEE R Sk 1 LA B RE I FH o B AR B 72
— W A R R R T 21.2500, AT A BH
BEVE o 3R ILIR A G [ Ak P #E a2 b TGA MR 45
DL 4,600 °CORRE LR ) ™ AU A ZJR A fik 151 23R 4
500 E RS BRER AU A R R FR 4H R0 TR B
BIRZR, B BN . — e SO BE (400 °C) R 3 8h
PG 1A R A0S A PR PE , FUSUEY AF 70550 AR 15 1) S TR AR
P A TE 23 P R R T e v o U A L SRR P 4
A rb R S R A AR A XU AF B SRR T
50Uy A oM 3k ek TSR A TR A e [ AE ) 1
600 “Cz2 S 1 5% B R AUA 0.7 %0, i AR F 8L A Y
FRR MR IR G Ak P 8% B R . X AT RE R C—F
B (0.138 nm) K T C—H 8K (0.109 nm) , 7£ 25 .
Hs T T 5 5 R A H RN R R W R .
G 58 55 Tk 435 #g 19 XU AF 7504508 B [ 1k 99 78 600 °C
25 SR BR B R G I T U A B [ AR, R
VO 56 £ M5 TE 500 °C o3 fife Ay 45 % Mk B A 4 8 i i 0 ik
B, HEAE R R A beth b AL

+0.3% Cu(acac),)
20 | - - El{t4)(DPEBA-B+BEDCy

+0.3% Cu(acac),) .
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Fig.10 TGA curves of three cured blends with 0.3% mass

fraction of Cu(acac), in air
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Tab.4 TGA results of three cured blends with 0.3% mass

fraction of Cu(acac), in air

AL LB g T /C | Yoo/ %6 | Yoo/ %6
DPEBA-B/BADCy 379 81.6 35.9
DPEBA-B/BEDCy 379 85.6 37.9
DPEBA-B/BAFDCy 374 88.6 0.7

2.3 WEPA ZRAE B /R ERER R R E0RE
XU A e A Tk TSR 49 e ) AL 3 o TR i
FEEJRIR G 5 M A 0.3% Cu(acac) , fii £k [5 fk 2L 1R
IR R 2, 4 9 1 7 B L 2508 3 A 3R IR
i 5 B PR R AT ob i MR RE I, 45 SR L3R 50 bl
PEBE T, R B IR 08 85 R B4 ob i R RE RS OR T
5kJem i T — ORGP SRR BB A bk
Y T TSR ) 5 R AR SRR TR TR R i R 1A
B rh i PERE X 6 kJ-m 7, 5 XU AF Y 50K R 3L TR
i 58 A 0 o ol R RE RTS8 kT em o 3 AN UIR R
BER R 38 0 R TR BE R R B0 S N AR N R AL
Sl N B R 0 2 N R FR RE  AR P ve T EE
A P S5 AT ) AH A AT g ] AL AR i 1 2 9 50 2
PR T e VR AR Bl P X AF B EURR R 09 ooy o

x5 3FILERASSEGME R

Tab.5 Impact strength of three cured blends with 0.3%

mass fraction of Cu(acac),

A T A i R/ (kTem )
DPEBA-B/BADCy 6.07£0.55
DPEBA-B/BEDCy 5.2240.82
DPEBA-B/BAFDCy 7.99+1.24

3 % RiE

ARSCA BT W B A N Lk (DPEBA) , 5
E i OBy AT R0 BR F A 2 b B A BRI L 4 B 7
VT A EE R IR A T IR g 4 B LA S R
P L 2 TOE PO T A L 2 TE P A R T O R TR
By R AR TR XA Ak T f AR I 1A ZR 1 T s A
REFAT THESY . S5 R BRI, 2LV 4 )8 19 & T P9 1 R

T O HE R AT B IR AU AF B R R R
(BAFDCy) iy I8 Ak B2, it & 43 80 0.200 19 & Tk
T i 47 (Cu(acac),) 7T B B i BAFDCy 1) [& 1k i %
F% 2 200 CLLF . DPEBA Wi % J5 43 % 5 BAFD-
Cy WU A BRI (BADCy) Fl W By E 1R s
(BEDCy) % B /R 3R, 78 Cu(acac) ML T 3R LR
B i #B AT AE 200 “C LA [ 4k 5 3 A S IR A i 14 1k 4
H1,BADCy 5 DPEBA T R ¥y 4L IR B il 1 25 45 1 fig
BT #E 23 R 600 C Iy g% B4 2% A bl 98 B 43 1 R
36% F16 klJ-m °. DPEBA/BADCy 3B W JI§ 25k
LT YEXG 98 9 5 5 M ORE D 2R e R SR A A L S
ZEREAE HE— BT

S 3% 3Lk
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