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Non-isothermal crystallization Kinetics of polypropylene

containing silica hybrid particles as fillers
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Pharmacy, Wuhan Institute of Technology, Wuhan 430073, China; 2. State Key Laboratory of Material Processing
and Die & Mould Technology, School of Chemistry and Chemical Engineering, Huazhong University of Science and
Technology, Wuhan 430074, China)

Abstract; By means of in situ emulsion copolymerization, core — shell silica hybrid particles with poly (MMA - co-
BA) shells were fabricated, which were subsequently compounded with isotactic polypropylene (PP) in the molten
state to prepare SiQ,/PP composites. The non - isothermal crystallization kinetics of SiO,/PP composites was
investigated by DSC. The results show that the addition of silica hybrid particles has an obvious nucleating effect on
the crystallization of PP, increasing crystallization temperature and crystallization rate. On the contrary, the
activation energies of SiO, /PP are higher than that of the pure PP. The kinetics of non-isothermal crystallization of
SiO, /PP can be indicated by Mo equation. It shows that silica hybrid particles decrease the cooling rates of PP
needed to reach relative crystallinities in a unite time.
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Table 1 Ingredients of SiO,/polypropylene
(SiO, /PP) composites

Mass fraction/ %

Samples
PP Si0; - P(MMA - co-BA)
PP 100 0
Si-5/PP 95 5
Si-10/PP 90 10
Si-20/PP 80 20
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PP Table 2 Parameters of non-isothermal crystallization process
for pure PP and SiO, /PP composites containing different
z contents of SiO, - P(MMA - co-BA)
= Si-5/PP
L [ it - ~ o . oy o .
i’ """ Si-lO/PR .......... Sample ¢ JCC s min™!)  Tonset/C T,/C  t12/min X/ %
Si-20/PP A 5 122.6 117.6 3.9
R 10 118.2  110.4  1.19
PP 42,2
. ) . . . 20 109. 2 100.8  0.62
80 100 120 140 160 180 200 10 105. 9 96. 4 0.50
Temperature / °C
5 129. 8 127.4 2.85
: 10 126.3  123.0 1.18
(b) Cooling Si-5/PP 38.6
PP 20 124.4  119.2  0.79
30 110.9 115.9 0.61
g T SR 5 137.3  132.8 2.38
= .
5 Si-10/PP 10 129.9  126.9 1.39
OE) .................. ‘ .............. Slflo/PP 36. 8
- Si-20/PP 20 128.3  123.9  0.59
\] - 30 126. 3 122.9 0.31
, 5 136. 1 130. 0 1.19
L ) L L L 10 129. 8 127.1 0. 86
60 80 100 120 140 160 180 Si-20/PP 38.5
o 20 126. 2 122.1 0. 66
Temperature / °C
30 124.5 119.6 0. 46

B 1 4l PP AR SO, —REWAALRER (SO, - PIMMA- co-BA))
1) SO, /PP EAMRHEF . Bl 4% 10 °C « min~ ! ) DSC £k
Fig.1 Heating and cooling DSC curves at 10 °C « min~ ' for PP

and SiO; /PP composites containing different contents of

silica polymer hybrid particles (SiO; - P(IMMA-co-BA))
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Notes: ¢— Cooling rate; Tone: — Initial crystallization temperature;
T, — Crystallization peak temperature; 1,2 — The crystallization

half-time; X.—Degree of crystallinity
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Fig. 2 DSC curves at various cooling rates for pure PP

and Si-5/PP composites
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Fig. 3 Relative crystallinity versus temperature at different

cooling rates for pure PP and Si-5/PP composites
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Fig. 4 Relative crystallinity versus time at different cooling

rates for pure PP and Si-5/ PP composites
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Table 3 Kinetic parameters of non-isothermal crystallization
for pure PP and SiO, /PP composites containing different

contents of SiO, — P(MMA-co-BA) by Mo method

Sample X/% a F(D) AE/(k] « mol 1)
20 0.474 8.32
40 0.514 10. 44
PP 171.76
60 0.532 12.16
80 0.578 15. 20
20 0.793 7.97
} 10 0. 808 8. 81
Si-5/PP 292.98
60 0. 820 8. 81
80 0. 848 10. 56
20 0. 889 6.25
40 0. 898 8.07
Si-10/PP 0 340. 51
60 0.915 9.18
80 0.941 10. 92
20 1.976 5.38
40 1.834 7.05
Si-20/PP 305. 37
60 1.763 8.63
80 1.764 11. 30

Notes: X(z) —Relative crystallinity; a— The ratio of the Avrami to
Ozawa’s exponent; F (T) — Cooling rate at unit crystallization;

AE— Activation energy of crystallization
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