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B E RHEMAHERANDSOFRTAAT FRASBEELEZ _M(ATPEG)S N, N, N, N- T
ARZ_ERI1LIZ(RFEPE)ARMEA RN ¥ #HAFT- IR BETHEEE NS RPHIEE
A B AL SREH ATPEG S NN N N -MRAXZ _HEAEN B RN ELEBRR TS 1,1,
L=(HRAEAR)ARMNBEARN. #MATPEGHNATE . AR T SEERERZHEARE, HRETH
{L R R TE AL 8 . T SR P 8 A I MR IR B 4k 2 B 15 LB
(WA FHBKRE BEAY, 13- BEFME, B30, 250 %%

K ROE , 7 B kM 2E R DE SR B0, AT 8%
BERIRL NN AR IHRE, RN X
HAEFAEE LAZTREL. EFLSHRILE
1 EBRUYESRBHEGRE 1, 3-BEA MR
ERER—FMRHELAXRRHCEVUNERAIE,. A
TERKM, AMNERRT —FZFNEB TR Bk
ARAEBEYHTHEDY ZE HKEFEMAT
EERNABRPRRERREMTHEAMNKETHE
3¢ (E R AT i 2 R RY A 48 B A A B L
AREMEYEMHFBEUEBA XM HESHN
AU N2 5 H 8K 1 B 5 8 GAP. BAMO,
BAMO/THFS B R E RSB —KHR
SHEMKAN ATEESENBELAYERRE
BFREREE, JRERAEIEN SRR B
R AFPECERHSEIRMAEEK. XHRE
ALY SRR A K I R R R R, WA
BERBW. L EHERIER BB A MG
®H, R GAP.BAMO.BAMO/THF % i it &
B AR —RNEERNEFSIETSELS
THAEENEM.

BRAVBELAYSEERERZEN 1,
EBHFMER N SBNES Y - BRRAES
EHEANER, BB HBERLEERR,E
B EE, BEE I XN RFT N
HERSEEEN, LA E#HTSFE. 23X
EEEBAATRER . EHEF . SHRERE
BE K8 PEG400~ 4000 R FEHN, Biwidk
HBRAALENFEH TR TREAGE _EFRES

Bict  EXMES B L EERERBIEEGY, H
FIH DSCHROWMEARMFT-IR FEHE T Ef]
By B 4k B2 i 3h 4

1 XS

Bruker ARX-400 Spectrometer % @ 3 #g (%,
CDCl; TR, TMS 3 N #5; Heracus CHN-Rapid
JLEK 4+ #7 {4 ; PEKIN-ELMER 2000 FT %41 5h )%
#{% ; Finigan MAT-711 (Y.

L,1L,IL-=Z(BRBE)RK 49, A A
_ERKES AR SR, HRTA
25 1 v B b st
1.1 RBEERZ_BNHE

FZ2E AR (6] HERBAERZ M
(ATPEG).

1.2 MRFRLESWNEE

N, NN, N, NA ## A & 2 - &
(( CH=C—CH,),NCH,CH,N (CH,—C=CH), )1 ¥
HETHBYRTINFEHBOECREN
N,N,N' N -WBRAEL K, = 68%.

'H-NMR (CDCl;, 6),2.25(z, 4H, J =
2.4Hz),2.73(s,4H),3.49(d,8H,J = 2.4Hz).
IR (KBr,cm '),3294(C=CH) , 2103 (C=C), 1101
(C—N).JEE 7 (CaHys No), WA (GHBME)
(%),C 79.01(79.21);H 7.48(7.61); N 13.08
(13.20).MS(m /e),213,187,173,160,120.

1LLLI-=(3RHEHE) A K (CHCHC
(CH,OCH,C=CH);)2 WA BT . ¥ e T
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i P 4 ok T 300mL. 6g EALHIMA = T REMR
hLOERASAEP BEAE 92 1,LL-Z(BFX)RA
HE A9 100mL [0 4 0k e 725 0 4 1 09 m 3B S B 28
BAEESE, MARERIEEN 3h. REBHES
BEZEHEMN Sl AR, BxE, mAZEE
BB Sh. &k B JE i o8 B A, 2 W Gk
LR, LA B AN R RN E AR L ERE
YRR T5%.

'H.NMR (CDCL3, 8), 0.88 (¢, 3H, J =
4.2Hz),1.42(q,2H,J =4.2Hz),2.42(¢,3H, J
=2.4Hz), 3.40 (s, 6H), 4.14 (d, 6H, J =
2.4Hz). BC-NMR(CDCl;, &), 7.39, 22.63,
42.66, 58.50, 70.19, 73.99, 80.05. IR (KBr,
em™ ')}, 3294(C=CH),2117(C=C), 1107 (C—
0). LE A (CisHyOq) , EWMEGHHEMAE) %, C
70.96(72.55);H 7.98(8.12).

WA K B Z - B (HC=CCHO
(CH,CH,0),CH,C=CH)3 #)& B 2 ¥ 160mL#
2 T 5 9 DO S ok i F 3g S ALY A B RE 28
HEESFEY, ZEE I 16g PEG-400. HEE K
B mMAEEEEN 2 AHEZRE, REHm
1SmL AR, B, MAZEEIER M Sh. AL N
Hukmg, MA 160mL —H L, E BRERNEHE
BB PSR ERA,
ERREE A=Y, BEH 78%.

TENSNEME(%),C53.04;H7.77. IR
{KBr,em™ ') 3248(C=CH),2113(C=C), 1102
(C—0).'H-NMR(CDCly, 8),2.47(¢,2H, J =
2.4Hz), 3.69 (m, 36H), 4.20 (d, 4H, J =
2.4Hz).

1.3 ASHXE

PE DSC-7 ERHAHERN. MK HRIBRA
Ny RSB E SOmL/min. Hsh7A AL 7 3 % 4
1% 2.5.10,20TC /min.

2 GR5WR
2.1 APEG5 N,N,N',N-EBRABEZ_KEBE
o EhHEXEANTL
1,3-BBAmMBE B INT s
A A—
RN; +A=B— N/ B\N——R or R—N/ IE\N
Ny N\~

ATPEG &K _ERESELY,. N, N,
N N -HRAEZ AU ERERREEL

A4 BRI R 21 BERHKRRERMY,EBEY
5, BRI 10mg BRI BATER . A X H EF
AFT- IR BT RFAR, BERESERL
REdEPRIEEALINBEEENTEL. FRE
Bl 30~250C ,E£ A EBEXMHERATHE.
EERTHALM FT-IREELE 1, B4R B
EAE{L R FT-IR EE LE 2,45 2.5h /5 B{L B
£ RS B FT-IR 3B A 3.
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Fig.1 FT-IR spectrum of ATPEG and 1 mixture
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Fig.2 FT-IR spectra of curing reaction with time

ME1.2.39A[LLEN, EEARNRH#T
WM. Z2mELRNHNERLEERIES ATPEG ¥
FHAE 2 B 0 B T DL, B P FE B B 3299em T
3243cm ™' A v_e=c s 2110em™! Ab 2 veee
ynen, TN X B EH;1100cm K veo,
TZE 3500cm 'H— RN H, RAFERFL.
FEREMAR, BN FHET MRAES
MAXHHERS, ARETREINERNEE R
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Fig.3 FT-IR spectra of the end of curing reaction

530 H R  M 2E  RE A, OB A E 190C B,
—cme S4TSR, T B LS 0 5 B 3 FOTE P

MEERDSREENHREE EXRRERE 4
BEFE 2S0CHBERMEE. 7EE 3 7, B
¥ 3136ecm ' RE R =MF EERMBERS,
1650cm™ ' =M 3 FEENBHER KRS,
1542em Mt =R R R EREBH T RHIRS,
1100cm 'SR BRER WM E RS0 LB, 750
WEAEBSBEARAFLE TRIKENEEL
Wit B FTE.

2.2 ATPEG 5 ERERENEUER}NE
2.2.1 FEABERET M ATPEG 5 EHEE
Hirp BRI h%¥E W PE DSC-7 3h 1%
BURBHAFEAEBBEET ATPEG400 5 1 B
R R2: 16, B AL RO AT AL EE IR SR R
FREINTRIL

Table 1 Kinetic parameter at of ATPEG-400 with 1 (2:1) different
ratio of increasing temperature
Ratio Peak temp. E, AH
(T /min} (T) {k] /mol) (g/1)
2 132 93 -963.6 1.4

5 147 90 ~871.4 1.3

10 157 95 -819.6 1.3

20 170 94 —796.5 1.2

EHR&4T BB Kissinger B3R 8 RN
#E1LRE E, 4 96. 1k] /mol.

et R BFR T ATPEG400 5 1 BER L R
4: 10 MBE L R, B DSC-7 3h A1 ¥ R RB K
B SEITER2H.

EHFE KA T, BB Kissinger ZREH ML
I E, & 77.7k]) /mol.

MFE1HIFE 2 BEEVTLUE S, FHEEEH
B, B SR EH, B R R/ R

Table 2 Kinetic parameter at of ATPEG-400 with 1 (4:1) different

ratio of increasing temperature

Ratio Peak temp. aAH
E,(k]/mol) n
('C /min) (T) (g1}

2 132 75 -394.9 1.2
5 148 77 -377.5 1.1
10 161 73 - 381.5 1.0

20 170 83 -353.4 1.1

PHEMENTEARDE R AEL, ZHLLRAE
heeH L RANERE N 21 HRE 1,3/
BHRMBERN, AR THEEBEN="SMRES
B, X065 —HHNEBRECSSXNANER,.E
HHFESPBARNNBAERE S RERRA
M s E A EE R 41 B UERT
HBEEHRYRERY, TAAXERSET
¥ ik , A FESRI AR B A A 23 | 7 B, Rk A 4L
BERENS. M Ah, FH DSC-7T MR BN MEH »
AW AFRRABRERT » HEARK, XK
AZBEAREN NSRS, AT RE
b, AR NERRXEREA REAL.

B EXBHRTHENELGDE BN
ZEibxt ATPEG S H# T EAR N KW . h
% DSCT MU RBEARFREET ATPEG-
400 5 2 BE/R L 93284, B b S RE TS fLBE S5 3K
BATFRIP.ZIFTHREEHE NS
FI2FMEMEABBRAREREN 2C /min 5,
Hetaail.

Table 3 Kinetic parameter at of ATPEG-400 with 2 (3:2) different

ratio of increasing temperature

Ratio Peak temp. E, AH
{'C /min) (T (&I /mol} (g7}
2 124 68 - 1024.0 1.9

5 137 63 - 756.2 1.4

10 149 71 -655.4 1.4

20 162 78 -618.9 1.5

3 Kissinger 2X KRB RMIEE E, X
71.6k] /mol , 1 58 DSC-7 4 M B M BB HEY

f

ME1HEIDIVAER-FAREET,H
F4rF& ATPEG B S AR BEERNREZLS
¥ R BB, B R TR BB B A R I . X RS E s
P M FERIER A FHMWAE NN, N ,N-I§
BARZ_BEHSEUEEBRRXT 1,1,1-= (4
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2.2.2 AFKTERMN ATPEG 5EBEREH®RE
MEARMESHAE HTFARAABREREN
ATPEG SEZEHREREELESZH HESTIL
FRERW, N T HEiT ATPEG 4+ F B BT 40
BIER MM, & XEABEER 10C /min
B, DSCHART AfE4rFB ATPEG 51 8 R
RE,FEENMMERL S 2:1 HHELR N HIE
TR ; AR TR ATPEG 52 YERK
A3 2B MBI TERS .

Table 4 Kinetic perameter of the curing reaction of ATPES with 1

On set temp. Pesk temp. E,
ATPEG
() () (kJ/mol)

95
76
T4

ATFPEG - 400 157 1.3
ATPEG - 1000

ATPEG — 4000

80

100 168 1.3

1.2

125 180

Table § Kinetic parameter of the curing reaction of ATPEG with 2

Peak temp E,
(C) (kJ /mol)

On set temp.
c

ATPEG

108 1.4

i18

71
38

ATPEG - 400 150

ATPEG - 1000 160 0.9

MERE 4.5 FHETH, FRS TR
ATPEG 52 FRERER N, BHF ATPEG 4
TREGHEMm, BeRNERBENEERAE,
i B &AL RE T R X B B 4 T8 i, s vk
BFRE, or FREM LR T R, 57— F M EE R R
BB, PRI B i R B TS L RER PR 55
)z BEL (B 32 Bk o5 8% B ) 09 K /hNE 5%, ATPEG &
TR, 7B R B 0 4% BB BB A, 4T A K A B S
&7 B FE s/ FR UL IR SE T RE . 45 72
KT 1000 o , M IELRERMB THELSE A K, H
5 ATPEG-400 5 1 EE/R L M4 10 B IS L BER
HEY, KHENSETE SN HE T 2%
At s A —FAREET,ATPEG 51 E M
MEHBTITRTS 2 R MELEE.

2.3 FRAOARYELEBRER

KT MR ATPEG S ERRERBEL LY
Bl R BB, W EE R B P A Y B A&
XRHAM RS TEEMEGTHRRAERL 8
)My &n £EASRP, T — KBS 8E
RH.H ATPEG400: %t AR Z _®: N, N,
N N -WRAEZ K =2:1:0.5 VF #HKMN
3:2:0.5. LR A RIHRBMEHES,BEGEH
s BPAET M.

FMADSCHAETEABEEN 10C /min
B, 38l 89 T & %) ATPEG-400 5 1 89 b R
MPEW, XRERELES.

Table 6 Effect of the chain-exrender quantity on the curing reaction
Peak temp. E,

() (kJ /mol)
156 95

153 80
154

Chain-extending On set temp.
number (T)
0 112

1 111
2 115

1.3
1.4

77 1.6

WM& 6 Pl B, P2 g, B R R
HREMERBEE K ALTh, XEMET S5K
BN, R B TSR TR AR R
LM ATPEG400 # 79 &, RS W ERE
BERARLS YR E R, BmE
WEEMEEELR X K ELERE TRER
BB SR YN A X, EET R B A
i, 3 T B R, 32 BK A 1R A4 23S 7B 2 B 4 0
A B RN ERE TR ST — K5, RNIE
A EE KT TR YT EWKE
FBLEHERS ATPEG-1000 HE R+ 4W 4.

Bl ERFEE Y ATPEG 5 1,1,1- =
PP 3 Pk B8 46 5 R /Y Wl B R 0 5 1L BB 1
BF5 NN,N , N-IRFEHEZ _BHELE
R ARy B ATPEG SEEREERE RS
MR MBY, ATPEG 4 FRE K, SRR,
TN EALRE T R, Y4 F /R K F 1000 &, %
LB ML R T KT BAAMAY &
AT REf ATPEG-400 5§ N, N, N’ N -PU R &
Z e [ 4k B2 R B 5L T LB
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AN INVESTIGATION ON THE CURING KINETICS OF
MULTIFUNCTIONAL ALKYNES WITH AZIDES

WANG Xiaohong, FENG Zengguo, LING Jian
{ School of Chemical Engineering and Materials Science , Beijing Institute of Technology , Beijing 100081)

Abstract  Three multifunctional alkyne derivatives were synthesized, of which N, N, N’, N'-
tetrapropargyl ethylene diamine (1) and 1,1,1-tri{ propargyl oxymethy!) propane (2) were used as curing
agents while propargyl-terminated polyalkylene glycols (3) as a flexible chain-extender. The curing kinetics
of azido-terminated polyalkylene glycols (ATPEG) of different molecular weights with 1 and 2 was
investigated in details by using DSC, and the variation of the characteristic groups in the curing reaction was
studied by FT-IR. It was shown that the peak temperature and the activation energy of the curing reaction
between ATPEG 1 and are higher than those between ATPEG and 2. Increasing the ATPEG molecular
weight results in a peak temperature increase of the curing reaction and a decrease of the curing activation
energy. When the ATPEG molecular weight is more than 1000, further increasing the molecular weight has
little influence on the curing activation energy. However,adding 3 only plays a role of decreasing the curing
activation energy of ATPEG-400 with 1. It was observed that both the increase of the molecular weight of
ATPEG and the usage of the chain-extender affect the curing activation energy in same ways.

Key words Multifunctional alkyne, Aszide, 1, 3-Dipolar cycloaddition, Thermal analysis, Infra-red

spectrum gnalysis



