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3R 1% 48 (CPD) 2646 & 4% B — R B BUFF % — 4 (DCPD) BB i — SR 9 ¥4, "I A
T AT RS S (TRCC) B 1©), W TIAR AR 3R IR — 8 2 Z B AT B e EESL IR M & 2
A ARERAWEGRE Y, AW #5E CPD it f th ES KR EUR, FHIKAR
Ay ER 2 A AR AT K A T (7% ~46.7%) 4 A RBNESI R, R ARE
RFEA CPD 3| %58 & EART-Hh A0 3t 8 B R A 77 8. 2 SCBARUFR IR — 4 — A MR X4 /K Il
RS (DGDCA) fE N 3E B bk, SFEE P (ECH) S BT R TR, i 7 Aol
KA, I8 T R A A S B A I VAR

1 ERIEL

1.1 FEHR5EN
1.1.1 B FHEAARERSS FEELAFAFEZKI LA, KRAT=]7;
KOH 3t 1h W 9~ 11T g4 F AR CP &, LAUBAL LI 7™, ¥ EHE, BR
33~35.5C 184 . B4k 4nm 4+ T T4 48h KL EFH.

IR R M P& W4 K H B (DGDCA) d SR R — 4 — R & (DCPD
(COOK),)5 ECH 5 %, S i >80% , A X BHBARRITRIE.
1.1.2 By SRTEEABL)BESE, LRRUGLARGRBET ™=, REH
85g/l{ AR TS W ) 5 Z Bk P9 M (acac) CP, & L # 1 H;POJAR, EAFEAETI = K=
85.0%, K P,0s $1& 100%H,PO, ; = Z BE(NEt;) AR, E X IR AL ¥ AH 7, KOH T
¥ 72h DA b ; 7B AR, RERTH LR T 7, CaH, T#2 48h KL E{H A
1.1.3 BT NFFR 4 (DCPD)EEH O, £l >93% ; ¥ (Tol). IEEC%i(n-Hex)\
£ (c-Hex) WEEW(THF) X% AR &, (5 F T4 CaH, T4% 48h LI L.
1.2 Re&h&
1.2.1 fE{kmacH AliBu;-HzO-acac—Z.ﬁfE‘f—tjf‘J, AliBu;-H3; PO,-NEt; A& £k 77 4 B % 3C
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BR[5], [6]177 BAEH.
1.2.2 BRES HARRAHATHERRE N, $HE KK RES, KKEFWMARN, T—<
BEREG -EEHRJGE, A 2,6- 28 T HER(264) LB RER Yok, METH.
1.2.3 JEREG MECKBECRNIREITR, KEEHE 1%264 Y LBFBITKE.
BHIRA DR, TS ME T .
1.3 SHER
1.3.1 HUEKE]SERABYES R ECHHERYWEM 0.3¢/100mL # THF B,
AGpERIIEE, HEEEEHF 2520 1ICTHEHE, &S E[ 1. &
G RIMEERTEHIRYEZR TRABYNIE.
1.3.2 IR i 35H Nicolet Instrument 24 ] SDXC B{F3LH IR RN HEHRA
KBr #: i BB 8, SR YR Al KBr SURHEE 5 ik #E . WE R AR E R, H# 30 ).
£ B+ DGDCA £ BatEE LA TH . §ARHE T LA AR # DGDCA
5 ECH ¥ EW¥6 THF B, Bl 2B ® IR Ei#, L 1712em™ ' (C—0 ) # 750cm ™!
(CH—CDE A E BT BHEMEE, REIEAEE LM Diy,/ Dy DGDCA/PECH HEER
HEER M T HFE(REHEXERECH 0.9996) .

Dina/ Dasy = 0.0209 + 0.0664( DGDCA/PECH)
ALY Dy71a/ Dyso WEER Z T BER B IL RS DGDCA M ETH S B .
1.3.3 BENERELR 250 g TEBESYBRASATEOEERS, A 0.1g B
7 264 FIBREMN, HP—MMAERSXREAELEY. LRBEKEH (R
MEH 2h, B HS 200 EARBHRMSE, BRBEYH T, EERNMEERTEAED S
B NS kBREXLSUEFBARD S BN KA TR0 S ], ZEHRE KRR
A AR R
1.3.4 DSCHIE FFEE Perkin-Elmer 227 DSC-2C RERHB R M. MiX LR
E#|]~250C, N, R, FHEZEE 20C/min.

2 ER5itd

DGDCA 5FBEA LR B U IRE >, HHENABRS K H W8 (GMA) S ECH
WItEERRBEM T Y, A3 DGDCA 5 ECH.EO 8, PO B R A I ECH 5 EO 8
PO FH 3Rt H ] AR 1651
2.1 fEEERNERE

A3 L AliBus-acac-Z, BE-H,O (R #R Al-acac)!*! il AliBuy-HyPO,-NEt; ( %% Al-P)[¢]
¥ R[5 ECH ¥ % Ml ECH-DGDCA St RMEbH . REERNR 1, £2.

Table 1 The polymerization results of Al-acac-EtOEt-H, O catalyst

DGDCA/ECH' Conversion [l Insoluble
No. Feeding order
(wt/wt) (%) (dL/g) (%)
1 Tol+ Cat+ ECH 0 57.8 3.55 33.0
2 Tol + Cat + ECH + DGDCA® 4.39/100 53.0 - -

a)DGDCA was used in the form of ECH solution; b) polymerization condition; Al = 0. 875mmol/ 100g monomer; Al:acac:
EtOEt:H;0=1:0.37:9.6:0_4{mole ratio}; [ M] = 10g/100mL; T,=70C ;2,=7h
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Table 2 The polymerization results of Al-HyPO4-NEt, catalyst*

N ] . DGDCA/ECH Conversion [4] Inscluble?
> Feeding order (wt/wt) (%) (dL/g) (%)
3 Tol+ ECH + Cat 0 97.04 4.48 4,59
4 Tol + ECH + DGDCA + Cat 4.39/100 98.59 0
5 Tol + ECH + Car+ DGDCA 4.39/100 88.84
& Tol+ ECH + DGDCA + Cat 2.19/100 93.00

a) polymerization condition: Al=2.3g/100g monomer; Al: ;PO : NEt3=1:0.17:0.13(mole ratio) ; [ M] = 10g/100mL;
T=70C ;¢ = 4h; b) DGDCA was used in the same way as in Table 1;c¢} [Al] = 1.15g/100g monomer;d)in boiling
(153C )N, N-dimethyl formamide{ DMF)

XEE L R2VUEN, EHFABET Alacac A& M 8L RE BT ALP 4
#;;ECH BRI B[] ZRIAK, B Alacac K AN A B S EVE ST ALP &
£, A EYT DMF R o el EABR, A ABEY IS SFE T 3 ALP R ERS, i
B AL A B AL RS EmE D, 5 0 ALP 4k &3t DGDCA/ECH 3 i i1k
BEEFRBE T ECH BB AR (B Ak S B 1%7).

2.2 MERSE

EFWIEL RS, H DGDCA A% T WA BT, IiTA ol B S X% B RA

¥, EwR YN %R R DGDCA RWEEH B, 5 ECH X B 5B R
BT HEEARAERR, AHESAERERAIEHN B SR . TRSERE
M.EEUECSRMF CREERBEANIGNERS.
2.2.1 RGRNARNHE WHERRECRIAFCHEEHTES, SRS EXH
BIR, BRESEAHN —SEMNERBREGYERER, KEHETWAR, B ER
MEFSILBEREZEXZ AT . L3 EFAANMRIPHESEE MYBEGS, A RN E
Cieh, RS E B B TR, RAF O, #{EE 5 ECH B ESIFK, iR
HIECHEn, ¥ ECH BIRWAME 30% . AL EY T DGDCA S B X E,. LEE S
FAHMTHRERN, N3 FE EEHBERGEEE, M FERADE.

Table 3 Polymerization results in different media®

DGDCA/ECH P(DGDCA)/P(ECH) Conversion (] Insoluble

No Media and feeding order®

{wt/wt) (wt/wt)* (%) (dL/g) (%)
7  Tol+ECH+ Cat 0/100 92.3 4.39 2.60
8  Tol+ECH+ DGDCA+ Cat 4.39/100 1.22/100(27.8%) 98.6
9  n-Hex+ECH+ Cat 0/100 91.5 0.954 0
10  n-Hex+ECH+ DGDCA + Cat 5.26/100 2.92/100(55.5% ) 62.8
11  ¢-Hex+ ECH+ Cat 0/100 76.3 5.11 2.97
12 c-Hex+ ECH+ DGDCA + Cat 5.13/100 1.95/100(38.0% ) 72.8

a) polymerization condition; Al Hy;PO, i NEty = 1: 0,17 : 0. 13 (mole ratio); [M] = 10g/100mL; T = 70T ;[ Al} = 2.3/
100g monomer in No.7 and No.8,but 1.2¢ in No.9~12;¢=4h in No.7 and No. 8, t =1.5h in No.9~ 12; bYDGDCA
was used in the form of ECH solution; c} the value in bracket is the ratio of [ P(DGDCA/P{ECH))1/[DGDCA/ECH]

2.2.2 IHTAMBE R EEARMARGER AEaTUEL  EmsbE Rt
MR AL RE WA K, BE 1h, BLEKBE T 90%, No. 13 1 No. 16 f 5 B4 M,
MY T DGDCA # & B A RE My 2 A1 R 4 B[] 69 HE € 1 2 FU A0 A v a1 0k, 51k
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Table 4 The effects of feeding order and polymerization time
on conversion and the composition of copolymer”
P{DGDCA)/P(ECH)" Conversion
No Feedign order® Time
(wt/wt) (%)
13 ¢-Hex + M + Cat 2.84/100(37.8%) 1h 90.1
14 c-Hex+ Cat+ M 2.33/100(31.0%) 10min 74.9
15 c-Hex + Cat+ M 3.78/100(50.3% ) 30min 78.2
16 ¢c-Hex + Cat+ M 3.03/100(40.4%) 1h 91.1
17 c-Hex+ Cat+ M 3.33/100(44.3%) 2h 93.1
18 c-Hex + Cat+ M 2.37/100(31.6%) 4h 93.0
19¢ c-Hex+ Cat+ M 2.50/100(33.3% ) 1+3h 94.7

a) polymerization condition; Al: HyPOy :NEt; = 1:0.17:0.13{mole ratio); [M] = 10g/100mL; T = 80C; [Al] = 1.2¢/
100g monomer; DGDCA/ECH = 7.51/100{ wt/wt};b)M was the mixture of ECH and DGDCA;c}the value in bracket is
the ratio of [ P{DGDCA/P(ECH)) ]/[DGDCA/ECH]; d)adding 20% catalyst sclution and 20% monomer mixture every

15min in the first hour

Tl AT FR 77 X, SR Y  DGDCA 1 & BH K T 845+ DGDCA M & &, HIHE

A fER DGDCA /- F B A (332.26) M LA FI 48 P IEHE PO 5 BUN R, R A SRR

Ko+ F#—HHB T DGDCA FEH O B R

2.2.3

CRNITRER SRR ERER.

2.2.4 BEREMESHARHEM(ES) ARSTUEL, TRREMRBRA K
ERHE, TG BEN, RARYETRERE, EIIER G T s BUFE AR E %
LAY EXFHES AREEER -, B —, XKAEHRIK, TREE LA, FiE

REREREr MHEIZI4INBEEEZA BSEEN 70CERTD 80T, UHF

FLAERMRESDEOE, ELUASERES, SEERSHEMR, BRARTE H -,

KRBT HFER ERR, T SHBEPOCRE. HAE 3 HEETTLEY, DGDCA &

Bt 10% I}, ¥ b REARZRMR.
Table 5§ The copolymerization results of different monomer weight ratic®

No Media and foeding order DGDCA/ECH T t Conversion
(wt/wt) (C) {h) (%)

20 c-Hex + M+ Cat 5.13/100 70 1.5 72.8

21 c-Hex + M+ Cat 19.12/100 70 1.5 46.0

22 c-Hex + Cat+ M 19.2/100 70 2.0 38.7

23 ¢-Hex + Cat+ M 7.51/100 80 1.0 91.1

24 c-Hex+ Cat+ M 12.98/100 80 1.0 65.8

25 Tol+ Cat+ M 11.60/100 70 4.0 83.2

26 Tol+ Cat+ M 16.00/100 70 4.0 51.4

a) polymerization condition: Al H, PO, : NEy; = 1+

2.3gAl/ 100 monomer in No.25 and No. 26

0.17:0.13({mole ratio); [Al] = 1.2g/100g monomer in No. 20 —24;
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2.3 DGDCA 5 EO.POMEE
WM& 6 F i, DGDCA F[LAld] EO 3K PO 343, 1T EO sk PO {3 S8R, B BOR A
BRR RN, AT LR R 8K,

Table 6 Copolymerization of EO or PO with DGDCA*

N Media and feed der DGDCA/ M T Conversion
0,

i ne e {wt/w) (T) (%)
27 o-Hex + Cat + M{DGDCA/ED) 4.6/100 50 25.3
28 c-Hex + Cat + M{DGDCA/PO) 5.7/100 70 29.4

1) the polymerization catalyst was the same as in the table 43¢ = 4h;b)M was the mixture of DGDCA with EQ or PO;c)M
waz EO or PO

DGDCA W[5 ECH.EO & PO I %, iR 8L DGDCA gt Btk , iE 5 305 of 18 —
JC. oM =Jch B (TRCCTPE).
2.4 HEPHEKiotse
2.4.1 %# B 1 £ DGDCA/ECH #

w W IR BE. NE 1 TE S,
d DGDCA F B #93#% I, DGDCA/ECH #£ %
J'J\W\/\Wa WHI R IE(1712cm ™) f1 C=C Wigig
¢ J\-\/V"/\/\/‘*"\ (1590 ~ 1630cm ') B F 4 58, DGDCA/
"W EO £33 P o077 4% 1 08 MO, 4

HEEY P &/ DGDCA G 8. i

a 1

1900.0 15805 ]f(z.i-r; 966.7 000w 3tEe Bt B A L BRI 3L IR M TE AL B
PG kA B R TE R, 1581 DGDCA X
Fig.1 IR spectra of DGDCA/ECH copolymer WMITEENES THHARS . EBYY R

‘The monomer weight ratio of DGDCA/ECH in a, b, , ¢ and DGDCA ﬁﬁﬁ$ﬁ%%$§k$%%ﬁm‘fﬁ[

d were 19.20/100,19.12/100,5.13/100, and 5.26/100 B-E, ﬁ}ﬁﬂﬂﬁfﬂ—'ﬁﬁﬁﬂﬁﬁﬁ%%%ﬁﬂ

respectvely BILF-HIF, 5 DGDCA 2 bA RELEY

AN T8, mHE L4,
2.4.2 WA EAFYE WFIEIREE, L DCPD S B S R BE R S A 4 hn Bt
HOEMAAF(MARNTHER HEBESREE MAEGTERE S HE DCPD LA
WM_RREN, ESB _RBERA CPD 5 MA Z4F v Diels-Alder 3R b IR KN, B&
KSR FIEEHMRE, BAEYSLIER. B X B RNV 5 B el iE A BRLs A A9 AT
W28 DGDCA/ECH SR I I IS RS R # 7.

MNEIRILULES, EBYE ISICH DMF FREEFAEER® MESE MA'H
DMFE e[ 2 2B BN G L BRAEY, R & B IR+ DGDCA & & /Y38 hni o
FHHM, XATRE L DGDCA & B SR/, DCPD 2 [6] & 4 B iR Diels-Alder Z R 2R H
o, SB T AR 4A RS . RS ERE Rt AR
S DCPD 4548, W UL E A thw] i s 1k .
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Table 7 Salubility of DGDCA/ECH copolymer*
P(DGDCA)/P(ECH) Insoluble{ % )
Sample
{wi/ wt) DMF DMF + MA’
A 1.95/100 Swollen 0
B 5.33/100 Swollen 6.1
C 34.38/100 Swollen 10.2

a)MA’ = monoethyl maleate

FLR Y0 B AT R R YRR B R B Sk AL DSC MR A R —HiE L. W HE
B DGDCA/ECH 3: BB R (N E 2~ 3om) ETFTHEFTMEFBE 215C, RHEBH
REEBTEWE N ZE Imm), S50 83K 5 BH BT 68, A0SR 5 %t
&, R/ RTT LU . X A R SR T o LU S b R e B WS,
B/ ENME CPD 32 [A]# Diels-Alder MK B, X AR S B Y076 1R B4 37 BE P 2%

e L oF Ak i oy #4T DSC W iR,
(B 2). \E 2 "] I, ¥ 461K (188 )14 -
RIXIEIL BT R g, LIRS R
R (HEF 2 B F 215CHER B S E
B M &4 DCPD MR
EW G R, 57, £E 334K (61T ) 1
373K (100°C ) H B 38 W Bl ik, 500 1 bt 2 i
RILEY T ECH #1545 i b i B dhak
WOEWMAELH B P EES REERN
.

3K

334K

1 i

330 350 370 390
T'(K)

Fig.2 DSC curve of DGDCA/ECH copolymer
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SYNTHESIS OF THERMALLY REVERSIBLE COVALENT CROSSLINKED
POLYETHER RUBBER BY RING-OPENING POLYMERIZATION

CHEN Xiaonong, JIAO Shuke
( College of Materials Science & Engineering, Beijing University of Chemical Technology, Beijing  100029)

Abstract  Diglycidyl dicyclopentadienedicarboxylic acid ester (DGDCA) was used as a
crosslinking menomer and was copolymerized with epoxide monomers, such as
epichlorohydrin(ECH), by ring-opening polymerization catalyzed by alkyl aluminum system.
The effects of polymerization procedure, feed ratio and reaction conditions on the monomer
conversion and structure of the copolymer were studied in detail. It has been found that the
catalytic activity of AlBus-HyPO,-NEt; system was higher than AliBus-acac-EtOEt-H,0O
catalyst both in homopolymerization of ECH and in copolymerization of DGDCA/ECH, the
properties of reaction media have influence both on molecular weight of polymer and on the
conversion of coplymerized monomer, such as in homopolymerization of ECH, the [ 7] of the
polymer have reached 4.9(dL/g)} in toluene and only 0.954{dL/g) in n-hexane under same
conditions, but in copolymerization of DGDCA/ECH in n-hexane, the [1]] of copolymer was
5.11(dL/g). And the conversion was lower down to 76.3% . In addition the feeding order
of monomer and catalyst were almost haven’ t influence on conversion and composition of
copolymer, when the weight ratio of comonomer DGDCA/ECH was controlled in 31 ~ 40,
the conversion of most feeding order were higher than 90% in cyclohexane as diluent and
when EO or PO was used instead of ECH in copolymerization with DGDCA similar results
and rules as above has been obtained. The structure and thermally reversible covalent
crosslinking properties of the obtained copolymers were confirmed by IR analysis and the
tests of reacting solubility, DSC and pyrofluxibility.

Key words Ring-opening copolymerization, Thermally reversible covalent crosslinking,
Polyether synthesis



