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Fig. 1 The structures of three ligands



38 I S 2013 4
Table 1 Effect of ligands on the butadiene polymerization with Nd-based catalyst®
Microstructure®
Ligands Yield (% ) M, x107*" M,/Mm)
cis-1,4 (% ) trans-1,4 (% ) 1,2-(% )
TBP 88.3 105 1.30 97.2 0.9 1.9
Py, 27.8 123 1.28 93.0 0.5 6.5
TPP Trace — — — — —

* Conditions: catalyst aging at 30°C for 40 min, polymerization at 50°C in cyclohexane for 4 h, [ Bd] =1.02 mol/L, [ Nd] =0.24 mmol/L,

[Al]/[Nd] =50; b Determined by GPC (THF, PS calibration) ; ° Determined by FTIR ( CHCI; film)
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Fig. 2 H NMR spectrum of polybutadiene obtained with
NdCl, -4TBP/MAO catalyst
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Fig. 3 ' C-NMR spectrum of polybutadiene obtained with
NdCI; -4TBP/MAO catalyst
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Fig. 4 IR spectrum of polybutadiene obtained with
NdCl, -4TBP/MAO catalyst
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Table 2 Comparison of microstructures of IR, 'H-NMR and "C-
NMR
Microstructures IR "H-NMR B C-NMR
1,2-% 1.9 1.5 2.0
cis-1,4% 97.2 98,5 97.6
trans-1,4% 0.9 0.4

2.2 BhEAFINT _HEESHNEI

g4 FR ST 45 5 LA NdC, - 4TBP 8 &
AL, 1% MAO, TIBA , DIBAH 3 Fj K [a] (1) Bf
e BT T BIAEAL I T 0 A R . 45
3 3.

C.% = ————+ x 100% . \
S ’ W3 S A MAO Ay 1 i A 550 7T L
o V o0 AEEDECE 5 T (105 X 10°) =409 40 T4k 4
0 = — X 0 . . N
' C.+C +C A7 (1.30) B3R T 0 5 i TIBA £5= 9 By fiE 4k
C% = C, « 100% IR AF SR A B 42 F RN (5.0 x 10°) (H
R O TP ATARGE (4. 7) B0 7 W A0 R A T
Table 3  Effect of cocatalyst on the butadiene polymerization with NdCl; -4TBP-based catalyst®
Microstructure®
Al Yield (%) M, x10~*" M, /M,"
cis-1,4 (%) trans-1,4 (% ) 1,2-(% )
MAO 88.3 105 1.30 97.2 0.9 1.9
TIBA 83.3 5.0 4.71 97.5 0.1 2.4
DIBAH trace — — — —

* Conditions; aging at 30°C for 40 min, polymerization at 50°C in cyclohexane for 4 h, [ Bd] =1.02 mol/L, [ Nd] =0.24 mmol/L, [ MAO ]/

[Nd] =50, [Al]/[Nd] =15; " Determined by GPC (THF, PS calibration) ; “Determined by FTIR ( CHCI; film)
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60 Table 4  Effect of aging time on the M, M and M /M of poly
F 2
butadienes polymerized with NdCl; -4TBP/MAO catalyst”
50 b L L I L L L 0 Aging time (min) 1 10 20 40 60
20 40 60 80 100 120 140 160
[AIJ/[Nd] M, x10°*" 130 135 136 136 121
M, x10 %" 92 98 105 105 90
Fig. 5 Effect of [ A1]/[ Nd] on the butadiene polymerization M, /M," 1. 41 1.38 1.30 1.30 1.34

with NdCl; -4TBP/MAO catalysts
Polymerization conditions: in cyclohexane, at50°C , 6 h, [ Bd]

=1.85 mol/L, [ Nd] =0.24 mmol/L
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* Conditions: aging at 30°C for 40 min, polymerization at 50°C in
cyclohexane for 4 h, [Bd] =1.02 mol/L, [ Nd] = 0.24 mmol/L,
[MAOJ/[Nd] =50, [AL]/[ Nd] = 15; "Determined by GPC
(THF, PS calibration)
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Table 5 Effect of solvent on butadiene polymerization with NdCl; -4TBP/MAO catalyst®
Microstructure®
Solvent Yield (% ) M, x107*" M,/Mm)
cis-1,4 (% ) trans-1,4 (% ) 1,2-(% )
Cyclohexane 88.3 105 1.30 97.2 0.9 1.9
Hexane 10.0 87 1.36 95.7 3.6 0.7
Toluene 9.5 84 1.38 98.7 0.9 0.4

*Conditions; aging at 30°C for 40 min, polymerization at 50°C for 4
"Determined by GPC (THF, PS calibration) ; °Determined by FTIR

Akt (MAO) Ry B AL, LA O btk 3 6 77
F51,3-T 4B B4 3 FBC AR B9 15 105 9 TBP
> Py, > TPP. ff 55 45 5 3R W] | 11 MAO & B f# 1k
AT TERAR B [ AL] /[ Nd ] N REERN I 0+ i1
B (e Tk 109 x 10%) 40 F i 4 i 45 (1. 20 ~
1.58) 1958 T — 4 ; FI Al NdCl, - 4TBP 2y 3 i 1k

h, [Bd] =1.02 mol/L, [ Nd] =0.24 mmol/L, [ MAO /[ Nd] =50;

AR T i i Ak [ Al]/[Nd]
FE A 38 T 728 B, AELATS B AT A 0 A B R A5 R AR I [H)
HUZ R 2 00 3R 5 0 M, 0 3R T 0 1 OUE 45 4
SR AN R 5 00 00 R T M ) RO 45 A 5 T A K
R HFRC el R 5 R R R TG PEE R, 3R
2 e 79 3R & e ).
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SYNTHESIS OF HIGH cis-CONTENT AND NARROW MOLECULAR
WEIGHT DISTRIBUTION POLYBUTADIENE WITH NEODYMIUM
CHLORIDE COMPOUNDS ACTIVATED BY METHYLALUMINOXANE

Qiang Xu''?, Yan-ming Hu', Yang Li""*, Zheng-hai Shi'*,
Yan-shai Wang'?, Yu-rong Wang'"*
(" State Key Laboratory of Fine Chemicals, Department of Polymer Science and Engineering, School of Chemical Engineering ;

* Liaoning Key Laboratory of Polymer Science and Engineering , Dalian University of Technology, Dalian 116024 )

Abstract By using the neodymium chloride compounds([ Nd]) [ NdCl, -4L,L:TBP (tributyl phosphate) ,
TPP( triphenyl phosphate), P,, (di(2-ethylhexly)phosphoric acid) ] as the catalyst while the
methylaluminoxane ([ Al]) as the cocatalyst, the polymerization of 1,3-butadiene could be carried out in
cyclohexane to obtain high cis-content and narrow molecular weight distribution polybutadienes. In this article,
the polymerization activities, and the molecular weight,the molecular weight distribution and the microstructure
of the products were examined on the basis of the the effects of the ligands, the amounts of the
methylaluminoxane , the aging time and the solvents on the 1,3-butadiene polymerization. It was considered that
the polymerization activities of the ligands were in the order of TBP > P,,, > TPP which was attribute to the
differences among the electron donor group inductive effect of the ligands; when the [ A1]/[ Nd] was 30,the
GPC curve was unimodal , indicating the single-active-site in the polymerization process,which revealed that the
molecular weight distribution was narrow (1.20). By means of aging at 30°C , the cis-content of polybutadienes
were over 97. 2% which was determined by IR and confirmed by NMR. Compared with toluene and hexane, by
using cyclohexane as the polymerizing solvents, high cis-content and narrow molecular weight distribution
polybutadienes were obtained and the catalyst system was at the highest polymerization activity ,which revealed
that the cyclohexane was the proper solvent for the polymerization.
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