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Fig. 1 IR specirum of éans-polybutadiene synthesized
by Lalnaph); catalytic system
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Fig. 2 GPC pattemn of frans-polybutadiene
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Table 1 Effect of thind component

LazMg: [l Microstructure of PBd
Conv (%) M, x107?

{molar ratio) trans 1,4(% ) 1,2(%) cis 1,4(%)
La-Mg 1:10 14.5 2.5 99 1 0
La-Mg-HMPA 1:10:12 Trace — — — —
La-Mg-acac 1:10:12 Trace - — — —
La-Mg-Pag 1:10:12 20.1 2.5 95.6 4.1 0.3
La-Mg-THF 1:10:8 81.5 4.7 9.6 3.3 0.1
La-Mg-THF 1:10:10 82.1 4.5 98.9 1 0.1
La-Mg-THF 1:10:12 87.5 4.5 97.8 2.1 0.1
La-Mg-THF 1:10:16 48.9 39 98.2 1.7 0.1
La-Mg-THF 1:10:18 37.6 35 96.4 3.5 0.1

Conditions: [ La] = 4.6 % 1072 mol/L,[Bd] = 2.8 mol/L, solvent is hydrogenated benzin, 50°C, 8 h,Mg/Al=5.5

Table 2 Effect of content of alkyl aluminum in (2-Bu), Mg

Mg: Al Microstructure of PBd
No Conv (%) M, x107°
{ mol/mol) irans 1,4( % ) 1,2(%)  cis 1,4(%)

1 2.5:1 86.2 6.2 9.5 2.9 0.6
2 3.2:1 87.1 6.3 96.0 3.1 0.9
3 4.5:1 88.0 6.2 97.0 2.8 0.2
4 5.5:1 86.9 6.4 96.0 312 0.8
5 6.5:1 88.2 6.2 96.5 3.0 0.5
6 8.7:1 86.8 6.3 9.0 3.0 1.0

Conditions: [La] = 4.6 x 10~ mol/L, La: MgBu, : THF = 1:10: 12( molar ratio}, [ Bd] = 2.8 mol/L.toluene, 50C, 8 h
(1) Alkyl aluminum was Al{{-Bu), :(2) ~ (6): Alkyl aluminum were AlEt,

Table 3 Effect of Mg(Bu),/La molar ratio

Mg(Bu);:La 8 9 10 12 15
Conv (%) 3.2 4.8 87.5 79.9 67.7
M, x10°? — 3.6 4.3 3.7 2.6

Conditions: [La] = 4.6 x 1072 mol/T., MgBu, : THF = 1:1.2(molar ratio), [Bd] = 2.8 mol/L, hydrogenated benzin, S0°C, 8 h, Mg/Al=5.5

Table 4 Effect of various Ln{naph); in catalytic system

Microstructure of PBd

Rare earth naphthenate Radius of M** Conv (%) M, x10°°
trans 1,4( %) 1,2(%)  cs1,4(%)
La{ naph}, 1.061 82.4 4.8 97 2.9 0.1
Pr{ naph), 1.031 7.3 4.2 9% 3.8 0.2
Nd( naph), 0.995 60.7 3.9 94.2 5.7 0.1
Sm{naph}; 0.964 23.5 2.6 R2.1 7 0.9
Gd(naph); 0.938 2 — — — —
Er( naph), 0.881 Trace — — — -
Y(naph}y 0.900 Trace — — — -

Condition * [Ln] =4.6x 10"* mol/L, La:MgBu;: THF = 1:10: 12( molar ratic) . [Bd] = 2.8 mol/L, hydrogenated benzin, 50°C, 8 h, Mg/Al =5.5
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Table 5§ Effect of different meodymium and lanthanum compounds

Lan( Py} La( vesatate) ; Le{acac), La(00Cph); Ln(naph),
brla Nd La Nd La Nd La Nd La Nd La
Conv{ % ) Trace 1.2 71.0 85.0 3.4 11.0 1n.t Trace 60.7 84.2
M, x107? — - 4.1 4.6 — 2.4 2.3 — 4.0 4.7

Conditions: [Nd] = 4.6 x 10™? mol/L , Nd: MgBu, : THF = ! : 10: 12{ molar ratio), [Bd] = 2.8 mol/L, hydrogenated benzin, 5¢°C, 8h, Mg/Al = 5.5

Table 6 Effect of temperature

Microstructure of PBd

Temperature( ) Conv (% ) M, %107
trans 1,4(%) 1,2(%) as 1,4(% )
30 Trace — — — —
40 38.4 3.5 91.0 8.8 0.2
45 72.5 4.0 94.1 5.7 0.2
50 87.5 4.3 97.8 2.1 0.1
55 82.3 4.2 96.1 3.7 0.2
60 80.5 4.8 9.2 9.7 0.1
70 Trace — — — —

Conditions: [ La] = 4.6 x 10! mol/L., La: MgBu, : THF = 1:10:12{ molar ratio} , [ Bd] = 2.8 mol/L, hydrogenated benzin, 8 h, Mg/Al=5.5
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Fig. 3 Relationship between time and conversion, viscosity

Cond.iliuns:[l.-ﬂ] =4.6x 10_] HDUL.[Bd] =2.8 I:DD-LI'L, Fig. 4 Plot of Etl(l/(l—eonv))versua pﬂlymenmnon time
La: MgBu, - THF = 1:10:12,50C , hydrogenated benzin Coudition [Ia] = 4.6 x 107! mol/L, [Bd] = 2.8 mol/L,
_ La:MgBu, :THF = 1: 10: 12 (molar ratio ), hydrogenated benzin,
Table 7 Effect of different solvents 50C, Mg/Al=5.5
Solvent Toluene 1 ,4-Dioxane THF Gasoline A
e e (0~ 8 h) B3 & SR B I 0 40 6 A B2 0 A4
H,xlO" 6.4 — — 4.3 ﬂiﬁﬁsﬁﬁfiﬁﬁﬁﬁﬁfﬁfﬁ ahEE%'{’t$ﬁ
Condition: [ La] = 4.6 x 107* mol/L, La:MgBu, : THF = 10: 12 ( molar BB
matio), [Bd) = 2.8 mol/L, S0 , 8h, Mg/Al=5.5 : 7 SOCH , = uH ARSI RT _HERS

TEREMFEER 1~7h AN, In(1/(1-conv) ) XF A
E(OER(LE4), BIELE IEHE-EN
EHNEARMEEMAEKEES R NEX
.
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SYNTHESIS OF trans-POLYBUTADIENE BY LANTHANUM
NAPHTHENATE CATALYTIC SYSTEM

SHI Chenjun, ZHANG Yifeng, SHEN Zhiquan
( Department of Polymer Science and Engineering , Zhejiang University, Hangzhou 310027)

Abstract High trans-polybutadiene (over 96% trans 1,4- content) was prepared by lanthanum naphthenate,
dibutyl magnesium and THF catalytic system.The dependence of polymerization on molar ratio of catalyst components
(Mg/La,Mg/THF) , different rare earth elements, solvents and temperature was studied in detail . It was found that
the dependence of polymerization rate on monomer concentration followed the 1% order relationship.

Key words Lanthanum naphthenate (La(naph),), trans-Polybutadiene, n-Dibutyl magnesium (( n-Bu),Mg)



