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Table 1 The various parameters of samples from Avrami equation

Sample T, C n K min~" typ min max TN Gip min~!
130 4.39 7.30x 107! 0.99 0.950 1.01
132 3.98 1.11x 107! 1.59 1.567 0.63
134 3.82 2.23x107? 2.46 2.417 0.41
Pure PP
136 3.61 4.26x1073 4.10 4.100 0.24
138 3.57 9.77x107* 6.30 5.767 0.16
140 3.65 1.07x107* 11.06 11.050 0.09
130 4.06 1.33 0.85 0.800 1.18
) ) 132 3.946 9.85x 107! 0.91 0.850 1.10
PP with 0.03% nucleating 134 3.78 2. 73% 10~ 1.28 1217 0.78
agent A 136 3.75 5.16x107* 1.99 1.933 0.50
138 3.45 6.27x1073 3.91 3.700 0.26
140 3.50 4.28x1073 4.28 4.117 0.23
130 4.38 43.32 0.39 0.350 2.56
PP with 0.15%¢ compound 132 4.52 14.18 0.51 0.483 1.96
nucleating agent 134 4.25 2.16 0.77 0.700 1.30
136 4.26 4.00x 107! 1.14 1.083 0.88
138 4.03 6.33x 1072 1.81 1.733 0.55
140 3.93 1.15x 1072 2.83 2.767 0.35
Table 2 The various parameters of samples from Avrami equation
Sample T, C n K min™" Ly, min Lax N Gy min~!
130 4.61 62.44 0.38 0.333 2.63
132 4.90 27.04 0.47 0.433 2.13
PP with 0.1% nucleating 134 4.67 4.53 0.63 0.617 1.47
agent A 136 4.60 7.78x 107! 0.98 0.933 1.02
138 4.36 1.06x 107! 1.54 1.500 0.65
140 4.06 1.28x1072 2.67 2.533 0.37
130 4.38 43.32 0.39 0.350 2.56
132 4.52 14.18 0.51 0.483 1.96
PP with 0.15% compound 134 4.25 2.16 0.77 0.700 1.30
nucleating agent 136 4.26 4.00% 10! 1.14 1.083 0.88
138 4.03 6.33x107?2 1.81 1.733 0.55
140 3.93 1.15x1072 2.83 2.767 0.35
130 4.57 91.02 0.34 0.283 2.94
PP with 0.20% compound 132 4.71 28.16 0.46 0.417 2.17
nucleating agent 134 4.48 4.86 0.65 0.617 1.54
136 4.41 7.93x 107! 0.97 0.950 1.03
138 4.23 1.16x 107! 1.53 1.483 0.65
140 4.01 1.64x1072 2.55 2.417 0.39
130 4.17 51.41 0.36 0.300 2.78
PP with 0.30% compound 132 4.57 27.16 0.45 0.400 2.22
nucleating agent 134 4.66 8.00 0.59 0.533 1.69
136 4.62 1.67 0.83 0.783 1.20
138 4.33 2.10x 10! 1.32 1.267 0.76
140 4.15 2.59% 1072 2.21 2.150 0.45
130 4.54 128.48 0.32 0.267 3.13
PP with 0.40% compound 132 4% 36.03 0.44 0.400 27
nucleating agent 134 4.86 11.33 0.56 0.517 1.79
136 4.40 1.31 0.87 0.817 1.15
138 4.43 2.60x 107! 1.25 1.200 0.80
140 4.18 3.55x 1072 2.04 1.967 0.49
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Fig. 7 Plots of ¢,,, and content of nucleating agent A at different crystallization temperatures
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Fig. 9 SEM images of different areas of compound nucleating agent
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THE EFFECT OF COMPOUND NUCLEATING AGENT ON THE CRYSTALLIZATION
BEHAVIOR OF POLYPROPYLENE

LIANG Mingxia ZHANG Xiaohong SONG Zhihai ZHANG Hongbin

GAO Jianming LAI Jinmei CAI Chuanlun QIAO Jinliang
SINOPEC Beijing Research Institute of Chemical Industry  Beijing 100013

Abstract A new type of nucleating agent NA  compound nucleating agent made of ultra-fine rubber particles and
organic phosphate was applied to modify polypropylene PP resin. It is found that the new NA is a high efficiency
nucleating agent. A small amount of organic phosphate NA can increase the crystallization rate and crystallization
temperature of PP obviously. For example a PP with crystallization temperature of 118.5°C may have a
crystallization temperature raised up to 125.6°C while it is modified with 0.1% of this new NA containing only
0.02% organic phosphate NA. It is impossible to reach so high crystallization temperature if we use so small amount
of pure organic phosphate NA. The morphology study showed that ultra-fine rubber particles acted as carriers of
organic phosphate NA . The organic phosphate NA in compound NA could disperse better with the rubber particle
dispersion in the PP matrix. Good dispersion of organic phosphate NA resulted in the high nucleating efficiency of
new NA therefore PP modified with this new NA had high crystallization rate high crystallization temperature and
good mechanical properties while only a small amount of organic phosphate NA was used.

Keywords  Ultra-fine rubber particle Compound nucleating agent Organic phosphate nucleating agent
Crystallization Polypropylene
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