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Table 1 Characterization of poly(1-butene) with different contents of B -nucleating agent

Nucleating agent( mg) Activity (g (gcat™")) (% ) M, x10~* M, x10"* MWD
0 15000 97.3 4.83 29.33 6.08

2 13000 99.7 6.56 25.30 3.86

4 12400 99.7 6.71 24.37 3.63

6 12100 99.9 7.33 26. 14 3.57

10 10500 99. 1 7.34 23.45 3.75

30 9200 98. 1 7.15 27.26 3.81

50 8500 98.7 13. 44 55.24 4.11

100 5400 98. 4 13.37 54. 62 4.08

200 3800 97.2 9.70 41.42 4.27

Polymerization conditions: 1-butene 200 g, n( Al)/n(Ti) =300, n(Al)/n(Si) =30, ED:CHMMS, 7 =30 °C, P(H,) =0. 15 MPa,
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Table 2 DSC melting parameters of PB with different contents of 8 -

nucleating agent

B-nucleating agent (mg) 0 4 10 30 100
T, (C) Th 99.6 98.1 96.6 96.7 99.4
T, 118.4 117.5 116.6 116.9 119.2

AH, (J/g)  AHj 20.2  48.1 53.1 99.5 42.7
AH, 26.9 34.4 350 64.4 30.5

Xa (%) X 24.6 40.5 44.8 83.9 36.0
X\ 22.7 29.0 29.5 544 25.7
T,,(C) 117.8 117.4 118.4 119.0 120.4

AH, ()/g) 29.0 30.9 33.9 37.1 42.8

X2 (%) 24.4 26,0 28.6 31.3 36.1
T,,(C) 123.1 125.1 126.1 127.4 128.9

AHy ()/g) 39.1  48.5 50.7 549 59.7

X3 (%) 33.0  40.9 42.8 46.3 50.4

2.4 XRDIME(1-TH)ZERERYSH
2 SRR B A=Y 0 XRD 3% &L A

u »

POM images of crystalline morphology of PB ( x 100) with different contents of 8 -nucleating agent: (A) 0 mg,
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Fig. 2 XRD patterns of the nascent samples: (a) PB
obtained without B-nucleating agent and (b) PB obtained in

the presence of 100 mg B-nucleating agent
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Fig. 3 XRD patterns of two samples under different aging time
lengths: (a) PB obtained without B-nucleating agent and (b)

PB obtained in the presence of 100 mg B-nucleating agent
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Fig. 4 Relative content of form I and form II under different aging
time lengths of PBs: (a) obtained without B-nucleating agent and

(b) obtained in the presence of 100 mg B-nucleating agent
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Fig. 5 DSC thermograms of PB with different contents of B-nucleating agent
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Fig. 6 Plots of In( —=In(1 = X,) ) versus In for non-isothermal crystallization of PB with different contents of B-nucleating agent
Table 3 Non-isothermal crystallization parameters of PB analyzed by Jeziorny method
Sample @ (K/min) n InZ, InZ, Z, ty,, (min)
PBO 278. 15 6. 64 -7.37 -1.474 0.23 2.87
PBO 283.15 7.00 -4.65 -0.465 0.63 1.84
PBO 293.15 6.95 -2.40 -0.120 0.87 1.34
PBO 313.15 4.86 1.39 0. 035 1. 04 0.70
PB10 278.15 3.77 -2.50 -0.500 0.61 1.76
PB10 283.15 5.04 -1.90 -0.190 0.83 1.36
PB10 293.15 5.05 -0.03 -0.002 1. 00 0.93
PB10 313.15 4.91 1.82 0. 046 1.05 0. 64
PB50 278.15 4.01 -2.05 -0.410 0. 66 1.52
PB50 283. 15 6.25 -1.61 -0.161 0.85 1.22
PB50 293. 15 6.47 0.76 0.038 1. 04 0.84
PB50 313.15 4.51 3.65 0.092 1.10 0.41
PB100 278.15 7.15 -2.70 -0.540 0.58 1.38
PB100 283.15 5.42 -1.17 -0.117 0.89 1.16
PB100 293. 15 4.98 1.00 0. 050 1.05 0.76
PB100 313.15 4.48 5.33 0.133 1. 14 0.28
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The Effect of Rare Earth g-Nucleating Agents on 1-Butene
Bulk Polymerization and Crystallization Behavior

Xiao-fang Dong', He-gang Ren'?, Zhi-bo Liu', Zhong-yu Duan', Min Yang',
Yan-hong Shi', Kai-hu Hou', Bin-yuan Liu'"
(" Department of Polymer Science and Engineering, School of Chemical Engineering & Technology ,
Hebei University of Technology, Tianjin 300130 )
(* Daging Petrochemical Research Center of Petrochemical Research Institute of Petro China , Daging 163714)

Abstract Poly (1-butene) was modified with rare earth B-nucleating agents which were introduced in situ
during bulk polymerization of 1-butene. The influence of nucleating agent amount on the molecular weight,
melting temperature (T, ), degree of crystallinity (y,), and crystallization behavior of resulting poly (1-
butene) was investigated in detail by gel permeation chromatography ( GPC) ,differential scanning calorimeter
(DSC) , polarizing microscopy (POM) ,and wide angle X-ray diffraction ( WAXD). The results show that with
the increase of nucleating agent content the isotacticity of poly(1-butene) was slightly increased,the number-
average molecular weight (M ) was obviously improved and the molecular weight distribution was narrowed
while the activity of Ziegler-Natta catalyst was somewhat decreased. The addition of rare earth B-nucleating
agents changed the crystallization behavior of polymers, the spherulite size of nucleated poly ( 1-butene)
dramatically decreased compared with that of pure poly ( 1-butene) and tends to homogenization with the
increasing of nucleating agents content,the y, of poly(1-butene) is improved, especially when the addition of
B-nucleating agents is 300 mg,but dropped dramatically after this point. In addition, the rare earth B-nucleating
agents not only play an positive role in improving T by changing the proportion of forms [ ' and I ,but also
speed up the transformation of crystalline form from [I to [ ,shorten the crystal transformation period.

Keywords Ziegler-Natta catalyst, Poly(1-butene), Rare earth B-nucleating agents, Crystallization
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