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Fig. 1 Copolymerization rate R, and intrinsic viscosity([ 7]) versus
feed mole ratio{ [Bd1/([Bd] + [Ip]))

Condition: Ti/M = 50 x 10~ * (mole ratio) , AU/Ti = 100{ mole ratio) ,
[M] = 3.0 mol/L, 50°C , 90 min

@ R, .gp/gTi-h; I [n],dLig

2.1.2 BEMER HEEAHEMBENE
LB —eE (RE2), SRR X 20%.
BAEE S0CH, B4 90 min KA EE 1410
P RERABREXNRAMNEBEL FHKN,
1600 12

1400 *
1200
1000

300+

600 1 1 1 6
0 20 40 60 80
T(C)

110

(7] (dL/g)

18

CE (gP/gTi)

Fig. 2 Catalytic efficiency( CE) and intrinsic viscosity (5]
versus reaction temperature

Condition: Ti/M =1 x 107* ,AUTi = 50, [ M] = 2.0 mol/L,
£2=20%,120 min

& CE.gPieTi; B [7],dlig
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Fig. 3 Catalytic efficiency(CE) and intrinsic viscosity versus AU/Ti
mole ratio
Condition: Ti/M = 1 x 10~*,40°C , 180 min, £ = 20% ,
[M] =2.0 mol/L

B CE,gP/gTi; & [7].dlig
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H TR, EESRK.

Table 1  Effect of Ti/(M] on CE and [ 4]

Ti/[ M1( x 10° mol/mol) CE(gP/gli) [ 7]{dLig)

7 633 6.0
8 774 5.9
10 741 5.7
20 936

Condition: £} = 20(mol) % ,{M] = 3.0 mol/L, AVTi = 100,50°C ,60 min

2.1.5 BKEENREW BEET/M=3x10",
ERFRREL(BID) A EMEHT , HEHE
SHRE . IATRAARENILESHER, ERW
Ha B4RHABEEERENHKMEAEBRERS
PE I I . A PR Xt B A O R A T I KL
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Fig. 4 CE and [ 7] versus monomer concentration
Condition: Ti/M = 1 x 10™*, AU/Ti = 50,50%C , 180 min,
£ =20{mol) %

B CE,gP/eTi; @ [y].dl/g

2.1.6 WEBWER AR N R
HAEEHAESYNEHNERER BREBXES
HHEMENLE 2. S BAE R/, TIA, 5 M,
fERI R 4, TiC), RER 5 F i, AL B8R, 4
BERBEXXH (KT 3 wi%),TiCl, 75 MgCl, B 48
HE ABESREANEH,FFATFS TiC, AHFR
B SRR HEARAORERRELX
BLOBAETE1.5w% ~2.5w% NE.

Table 2 Effect of titanium content of catalyst on CE

Titanium content of Catalytic efficiency Catalytic efficiency
catalyst(wt% ) (gP/gCat) (gP/gTi)

1.8 31 1720

2.4 43 1770

3 47 1550

4 35 8380

Condition: Ti/M = 1 x 10™*, A/Ti = 50,50%C , 120 min,
[M]=3.0mol/L,f} =20%
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2.2.1 pSCath AREHKRHFBREASWH
DSC A HERREI BFEIWTH,(DOFRE
HEVARA 1,4 BREZH(TPDMESR(T,)
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(TPB) I & T7,150.3C; (2) S &R HE £
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Table 3 Thermal analysis of butadiene-isoprene copolymer
Ta of the homopolymer

(mf%) (;’) T;:Zicﬂ;e(:ﬁ’gr Ta () (LM, Je)
TPI TPR
0 -70.1 52.4(25.6)
5.5 -175.2 36.0(1.5)
1.5 -714.4 32.2(1.0)
14.8 -78.3 36.6(0.3)
20 -77.7 39.1(0.1) 132.3(0.2)
27 -79.9 31.3(1.4) 135.0(1.7)
35.4 -85.9 33.8(6.0) 138.3(2.2)
% 748 35.7(1.3) 139.6(3.3)
100 150.3(55.6)

Measure condition : heating rate 10 K/min, N; protection
Polymerization condition: see Fig. 1
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Fig. 5 IR spectra of the Bd-Ep copolymers
Copolymerization condition:see Fig. 1
DA =20%; 2)f =11.5%; 3)f] =14.8%; )/ =5.5%

MEATLUEL, ARG REARELET 8
—RECHERREARBESYIREN 1,45
BWToAARATRA 1.443BKTF 9%, 7
BoRpEkR TR 1,488 KT 8%, 508
HEAT _HEARRE_AHRYNERELM
H.RROBEHATEAKARMERB/N,T
TREWRTLRAS W £ M WA R, B8
A/NT 9% .

Table 4 The microstructure of the copalymer

(%) F\ (mol} % F,{mol% ) 1, Micro-structure units{ % ) Butadiene units( % )

' ('H-NMR) {IR) trans-1,4 3,4 trans-1,4- cis-1,4- 1,2-
5.5 26.3 26.0 99.1 0.9 %0.2 9.6 0.2
11.5 40.9 40.6 99.0 1.0 95.7 4.0 0.3
14.8 49.4 51.5 98.8 1.2 97.4 2.2 0.4
20.0 57.5 60.0 1.1 99.4 0.2 0.4

Copolymerization condition: see Fig.1

2.2.3 'H-NMR A T ZH-RR-HELE
W' H-NMR EELE 6, B ERARLEKS.
"H-NMR #EE{E R 5 FT-IR f§ & —H.

f'H-NMR it B BYARF FE4+,'H-

NMRHEERS FI-IR 2§ . SREXHE,F, &
mKF AT - HMENEHERTRE_-S.E
BELHEEY, T _RUREEFERS. A
5% ~20%RH.
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Table 35 'H-NMR spectras chemical shifts and assignments of the
copolymer
Series Chemical Asi
gnmets
no shift
1 5.33 —CH—CH— of 1,4-FBd
2 5.05 —C{CH; )=—CH— of 1,4-Pid
3 1.98 —CH,— 1,4-PBd and 1,4-FlIp
4 1.57 —CH; 1,4-Plp and 3,4-Plp
5 1.25 —CH,— of 1,2-PBd and 3.4-Plp
6 0.88 —CH, of 3,4-PIp

k /\ A f[P=55%

“ ” /l A%=115%
. I A ‘f]°=14.8%

N g

1 1 L 1 L 1

6.0 5.0 4.9 3.0 20 1.0
5

Fig. 6 'H-NMR spectra of the copalymers
F=55%,11.5%,14.8% ,20.0%

Copolymerization condition: see Fig.1

2.3 HERGRAEHNEEER
2.3.1 EA&HHEWN BEHLTHREKR
(Tilwt)% = 1.8), TR TEEZXHWEARE.
AT B PR o BE | B0 k0 6 AT b S X 3L 38 B M L 455
HWHER(LE6) SR XHESRAMNEEY
) B R 435 A B R RS K
2.3.2 HAAREKEBENER HEFANRER
AR MEHMEEBER(LEXT7) X7
W BERAENNM, B P T Sk
TR 1,4-ZHSEMA RN L 4-FEER. R
SGBRXTIRIEEIPT _HEEHETR 1,4-
BERMET 0% X FTREMRLNPREED
Hhn AN PHESEASEBAC, ATT ZSHKk
BRRESR RESHEEPCRE, AT BN
Aadnlm HEEFREBRRASTEHOREY
g 0 B AR BE 2.5 B LT .
TiCL-Al(i-Bu), A& X Ip B4R E ML 2 M
L, A Bd BSKBREHESY, M5 MgCl, i
5 ¥R A, o R ALk T B AL A (Y
R AN E, W SRS URLEE
AL R Me-CI-Ti B, BT Ti S L
MR A AMEEERENEHNEREY.

Table 6 Effect of the polymerization conditions on micro-structure of the copolymers

Micro-structure{ % )

T [M] t F,

No AUTS . Bd units Ip units

() (molL) (in) (%) trans1,4- cis1,4- 1.2 trans1,4- 3,4
1 30 30 2.0 120 61.8 96.9 2.8 0.3 9.8 0.2
2 50 50 2.0 120 55.0 96.2 3.2 0.6 9.5 0.5
3 50 70 2.0 120 58.7 97.0 2.4 0.6 9.4 0.6
4 20 40 2.0 18D 30.0 93.2 6.2 0.3 99.3 0.7
5 50 40 2.0 180 45.5 95.1 4.7 0.1 9.5 0.5
6 20 40 2.0 180 46.0 95.2 4.3 0.1 9.6 0.4
7 100 50 1.9 90 58.6 95.3 4.3 0.4 9.6 0.4
B 100 50 5.0 9% 60.6 99.5 ) 0.5 9.5 0.5
9 100 50 10 90 45.9 96.8 2.3 0.9 99.4 0.6

£ =20(mol) % ,No 1,6.No 10~ 11:T/M =1x10¢"*,No 7~ 9: Ti/M=3x 10~°

Table 7 Effect of the supportied titanium content on micro-structure of
the copolymer

Bd units Ip units
Ti{wi% )
transl,4- cisl 4 1,2 trans1 ,4- 3,4-
1.8 96.9 2.8 0.3 9.8 0.2
2.4 93.0 6.9 0.1 99.5 0.5
3 90.3 9.2 0.5 99.4 0.6
4 87.7 11.3 1.0 99.3 0.7

Copolymerization condition: Ti/M = 1 x 10™*, AUT: = 50, f} = 20% ,
[M] = 3.0 mol/L.,50C . 120 min

233 HAEXRMESHESHNER HEHH
MG BT LRI, T % wansl , 4-5 B RE

fi,cis1,4-S RN BHEABEAX. XREAN
HESPTT BN ENERBRTRE -G HE
RMNMHET ARG YHRE&RR 4 BHED, W
REFHR.f MEESET - HBER 1,454
ERETRE.

Table 8 The effect of conversion on copolymer micro-structure

Conversion Bd units Ip units
(%) tronsl, 4 asl,4& 1,2- 3,4 ool 4
25 93.9 58 0.3 0.5 9.5
13 93.0 68 02 0.6 99.4
42 92.1 7.7 0.2 0.6 99.4

Condition: Ti/M = 5 x 10 7% , AUTi = 100,40°C £} =30%
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&b Prik, A TiCl,/MgClL,-Al (i-Bu), 1k
EE(BAFBEKESRIKAT 2.5w%), BHEE
MERET T _HE/REE i AT 20%, 58
HOEBEGEAGFTAUAEBRA-1.45H0T
THR-RECAEES LKRYM T, E-T3CE
A, T.HE30~0CESR, XEPDT ks

ERAEHRESEAT 8%, T Rk a R
HHERAT 0%, LESREXNIERYMBSLE
HWEBRAK.
EEWHHER T SHBMMRERE X
S ESHEBVHRFFISAMTFHERKESRX,
BAEA-1,4-T_H-RR_BERVMFENGH
BEHgERLESEABATIRE S CHE.
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SYNTHESIS OF HIGH trans-1,4-BUTADIENE-ISOPRENE COPOLYMERS
BY SUPPORTED TITANIUM CATALYSTS

HE Aihua', YAQ Wei’, JIA Zhifeng’, HUANG Baochen’ , JIAO Shuke'
(" Institute of Material Science and Engineering, Beifing University of Chemical Technology . Beijing  100029)
(* Department of Polymer Scienve and Engineering , Qingduo Instituse of Chemical Technology , Qingdao  266042)

Abstract Butadiene(Bd) and isoprene(Ip) were copolymerized with TiCl,/MgCl, -Al{ i-Bu); catalyst system.The

effect of polymerization conditions such as feed ratio, temperature , A/Ti mole ratio, Ti/M mole ratic and comonomer

concentration on catalytic efficiency and intrinsic viscosity of the copolymers was investigated in details. The DSC
results indicated that the products with low butadiene feed ratio ( f| < 20% ) were copolymers. IR and "H-NMR
spectra analysis of the copolymers showed that the copolymers were mainly trans-1, 4-structure. Ip units of the
copolymers had trans-1,4-contents above 98% and Bd units had trans-1,4-cotents above 90% and

copolymerization conditions had little effects on micro-structure of the copolymers. It was found that the reaction

activity of Bd was greater than that of Ip.

Key words Butadiene, Isoprene, Copolymerization, Supported titanium catalyst, Trans-1,4 siracture



