- |
2005 £ 8 H

moa T F R No.4

ACTA POLYMERICA SINICA Aug., 2005

VB A—_HRAERS4,4/-BE_FTEAN
EREBEREMAR"

ERal™ Fia

FEH

(EABIASHEHES TRER LR 20037

F4R' EAEF # B

CrEMAMEERARBARKR L& 200233

B OE SMTREMEE S ACRAEMS 44/ BECFRE HRT -HFNEERSEE —U®
ACHFEMS 4.4 BECERAEHBAINAKEATY B0 BRERUREH# TRIFTEHER
Tk as R M o 4T SR (FT-IR) RS TR & RN R PSRN ER, R 2R AM R B
RDSOBRTRAREM LEREHNE MAESH(TCAIEE T RA-PHMBEERE BT Kissinger 3
) Ozawa EARB T RN — B HeERK EREVN UMAHAERS 4,4 BRE_FTREASEE1.3-/
BHRMBARSEY . ERAUERPER- ALK, ENMESERAEA T0CER RARNMER K
B R, RRIEALEE AL =84.6 kl/mol EATE F 4 =4.865x 10" min"'. A AR RSV RARFHH

BEKE.

LA WH A CRKER, BRASY, |L-ERFMBRE, =o, KEBEL

S 20 7S AR &5 H B LRI B ZE R AR B
ER HRFERBEL REEMAYHIBERE S
MEESSTHEIAEZFEBRH B E
Mk 48 70 4R FF 1R K IR B f & 3R {4 A (Low
temperature moulding, LTM) W g & X K& A 408
pEr R . AP UEEM ACC A AMXEY
AiTech A A AR F, 5 #HEH T LTM 1 Low
temperature curing ( LTC) Z& % # 8 465} 7= i , #I BL 19
LM WA AR B MEE— R CIHTREH
S asEbasaTRAY ERE,LTC MBER
M TFROB B, FRENRIBERIEDER
ARigrmEs .

20 #4260 ERFH ARERABSTFERHR
ATEHESREARENTEREASY, TRLRAE
SFHE L, HERFMBRN, £ EFET =M
RROAERSY . Lk R AT LI SR E 70T
EEERA4E . BRABRSUAARENBLEE
B JE RE WAEEMBFFES > AR BAIA
AR B THE S RN AR b
T A2 BEFBEMUNMSERT" .

BERGTEMNRHERSME, LHENHLE
) 55 BT A M B BRI B R RO R, W BB SR B
R EL, MEAE ORI S S H R =
F,AUURFRIERFHTERER. Bit, RINE

EHARRASY SREEARFIMBARE KA,
FHE—ATEEREA . BRERAKRIEEEMR .
EAXFEBES NS A HRAEBRSKEA_TE
W3- BEMREN, AR T A FEBTEER
1,2,3- S8 ARPKLTEREY, FH FT-IR 1 DSC
AR TEARMEHABRENNE . RARE
2R fE B IR (60 ~ 70°C) BIR] K4, TGA 5 &
EHREREMBFRETHAREN.

1 XRMBH

1.1 {8k

£1 5 JEHETE Nicolet5SXC £0Ah 6% b W& 5
BRIt iR S i 7E Advance S00H: B LR (EE
BRUKA 2+ 8]) ERif8, L TMS A N#R, CDCL, A%
s it 7E HPS989A Jifi i {¥ EIS0-400(EE HP 24
A7) L@ ; T E P EEE Elementar vario EL III
TCE ST BB E K8 R TE SGW X4 83 X
(FBEENENEERAR) LA EREOH
B #TE Netzsch DSC 204 ER AR/ WA N,
S5 R E A HTEE Metler TGA/SDTA 851 #7047
X M, N, S, AREESF 10 K/min.
1.2 i®H

WE A, SELH, MT EELE, "RNES
MR BRE R, TR REML

* 2004-04-12 1 55 ,2004-06-03 45 7% : E & 863 32U ¥EBY M B (I H S 20024A35103) , EH & 973 T B (H H 5 5131101);

wx FIEE F A, E-mail : huyhxy @ ecust. edu.cn



41 BHRA%E - UBA_RFAERS4 4/ BEEXE_FREANERERERETR 561

B, ALl O Ak, FRE, N, N-_FREH
B AT E AR . U AR EMA
BRFHELHE.
1.3 4, 4-BRE_FRBANER

E=OHBEP A EAAN(0.05 mol), NaN,
(0.1 mol), (20 mL) F DMF(20 mL) . JZ /% ¥ £ B
HFMMP 70C, % 70~ 75 CHRB R 3 h. KM
HERAMREN (TLOBRE RNEEREH T
R ERMBEEA200nL ZEFKP.BEA
w. A O EE S, B LR K%, T
BiEB AR RREK, ™% 8 %,mp 67 ~
71°C; 'H-NMR (CDCL/TMS, &) :4.40 (s, 2H
CH,), 7.39~ 7.42(d,2H, AtH), 7.60 ~ 7.263(d,
2H); IR(KBr, v, cm™'): 3030, 2910, 2848, 2214,
2129, 1561, 1497, 1436, 1434, 1400, 1319, 1140,
1000, 801; MS (EL, m/e) : 264 (M)", 236 (M—
N,)*, 222 (M—N, )", 208 (M—N,—CH, )" ,180
(M—N,—N,—CH,) " ,166(M—2N,—CH,) " .
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B MG . R B A0.05 mol), AWM (0.15
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3 NaCl,NaOH 24 /i 2 BEKELE R L5
8.3 REA MM, ™ &K 56.1 %, mp 78.5 ~
79.5C; 'H-NMR (CDCL/TMS, &) : 1.62 (s, 6H,
CH, },2.50 (tr,2H,=CH), 4.65 (d, 4H, CH,),6.86
(m, 4H, 0—Ar—H), 7.15(m, 4H, C—Ar—H);IR

(KBr, v, cm™"') 3284, 3263, 3037,2970,2875, 2118,
1605, 1580, 1507, 1450, 1366, 1290, 1264, 1219,
1181, 1152, 1018; JCE 4 #7 (Cy Hy 0,:), T W HE
(GHFEME)(%), C82.19 (82.87), H6.63 (6.62).
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Scheme 1  Preparation of 4,4’ -hiphenyl dibenzyl azide (BPDBA)
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Scheme 2  Synthesis of bispropargyl ether of bisphenol-A ( BPEBA}
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Scheme 3 1, 3-Dipolar cycloaddition polymerization of BPDBA with BPEBA
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Fig. 1 FT-IR spectra of BPEBA with BPDBA polymerization
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Fig. 2 DSC curves of BPEBA/BPDBA polymerization at different

heating rates
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Table 1 Typical temperature parameters of DSC

scans at different healing rates

#(K/min) T:.(K) T,(K) T{(K)
5 363.9 395.8 4331.2
10 371.9 405.2 440.6
15 378.2 411.8 451.2
20 380.9 416.2 455.9

BARNIRE R EES LZER

HAHEREABELEDSHRER 1,3-BHRHF
IMERARNERKRE TN #;T .58 it
SRR EFEREIRRALIBEER BERER
R IR E A 70°C .
2.2.3 REEM3NE R BB S8
Tk, FI R DSC AW BRIER —FFEHB A
# AR RN F A DSC MIAARFARERT
kAN &, BN T RS RAME Y, 183
HEBEDE 2 iR

%M Kissinger JT B AE In(¢/72) ~ (UT,) A
(A3, BIAELWFEN k= - AEIR =
-10.176 HE G RN EWEILAESN AE =846
kJ/mol . th A [A] 5 i3 8 2 T #H ie T3 3 5K 18 AN el /9
BMERBF WMEIFRA WEFHHAEHT A =

4.865 x 10" min™".

Table 2  Kinetic parameters from DSC scan curves of BPEBA/BPDBA
polymerization at different heating rates

#{ K/min) T,(K)  In{#/ T2) UT,(x10K™") AH{Vg)

s 395.8 -10.35 2.526 T14.8
10 405.2 -9.706 2.468 785.5
15 411.8 -9.333 2.428 167.2
20 416.3 ~-9.067 2.402 789.1
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Fig. 3 Kissinger plot of n( #/ Tl,z) versus (IITI,)

Table 3 Pre-exponental factor A by Kissinger
method at different heating rates

#(K/min) T.(K) A{min™")
5 395.8 4.756 x 16"
10 405.2 4.989 x 10"
15 411.8 4,854 x 10"
20 416.3 4,861 = 10"

ARG SHRELSY N RN ILE - BIA
RR—-SHERN, B ERERBRINEE
=1.19, 53CRR[7)HGE R B 0L, B E R,
ZHBARNMONBLREIL BRTERE_-TFTE
BEWE A “HRPIEREN - RRE RN, B
B T 88 R

A - ¥ 8 o &, B R R Doyle-
Ozawa 32403 DSC BH M ESH, X MEEH T
T4 Dhlgd *F VT, (EE WA 4 PR, B8 —%
HZ HH % k=0.4567,AE/R =4.831 , MM #
WML EE AF = 87.94 kl/mol, 5 # A Kissinger &
BINERYE.

Table 4 Kinetic parameters by Doyle-Ozawa method of BPEBA/BPDBA
polymerization at different heating rates

#(K/3) lg# VT {x107*K™")
0.083 -1.08 2.526
0.17 -0.78 2.468
0.25 -0.6 2.428
0.33 -0.48 2.402
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Fig. 4 Doyle-Ozawa plot of lg$ versus I/T,
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Fig. 5 TGA curves of the polyiriazole
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1,3-DIPOLAR CYCLOADDITION POLYMERIZATION OF BISPROPARGYL ETHER
OF BISPHENOL-A WITH 4,4'-BIPHENYL DIBENZYL
AZIDE AND THEIR THERMAL ANALYSES

HU Yanhong', LUO Yonghong' , WAN Ligiang' , QI Huimin', HUANG Farong', DU Lei’
{' School of Materials Science and Engineering , East China University of Science and Technology . Shanghai  200237)
(? The Eighth Academy of China Aeraspace Corporation, Shanghai  200233)

Abstract Twe monomers , bispropargyl ether of bisphenol-A (BPEBA) and 4 ,4’-biphenyl dibenzyl azide ( BPDBA)
were synthesized and characterized with FT-IR, 'H-NMR and elementary analysis. Their bulk polymerization was
conducted in an oven,and a polytriazole was obtained by the 1,3-dipolar eycloaddition polymerization . The variation
of the reactively functional groups during the polymerization was traced by FT-IR, the polymerizing reaction of
BPEBA with BPDBA and its kinetics were investigated by using differential scanning calorimetry (DSC) at a variety
of heating rates . Some kinetic parameters including the reaction order, activation energy and pre-expenential factor
were obtained with the Kissinger and the Ozawa methods. The thermal stability of the polymer was evaluated with
TGA .The results showed that BPEBA and BPDBA were easy to form polytriazole by 1, 3-dipolar reaction. The
polymerizing reaction happened at low temperature, i . e. 70°C ,the reaction was a one order reaction, the activation
energy AE = 84.6 kJ/mol, and the pre-exponential factor A = 4.865 x 10" min~'. The polymer exhibited good
thermal stability.

Key words  Bispropargyl ether of bisphenol-A ( BPEBA), Azde, 1, 3-Dipolar cycloaddition, Triazole, Low

temperature curing



