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Preparation of Solid Acid Materials from Kaolinite and Its Effect on Flame-Retardancy of
Polypropylene Composite

TANG Wufei', GU Xiaoyu®, ZHANG Sheng*
(1. College of Chemistry and Bioengineering, Hunan University of Science and Engineering, Yongzhou 425199, Hunan, China;
2. College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Solid acid materials (A—K) were prepared via calcination of kaolinite (K) and successive acid treatment. The structure of
products was characterized by X-ray diffraction (XRD) and scanning electronic microscopy (SEM). A-K was then introduced into
polypropylene (PP) composites to further enhance the flame retardancy. The flammability and mechanical properties were evaluated
by limiting oxygen index, vertical burning test, cone calorimetry and universal test. The results show that the peak heat release rate for
PP composite with a loading A—K (0.5%—3.0%, in mass fraction] can reduce from 1474 kW/m? of neat PP to 177 kW/m®.
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K is kaolinite; M—K is metakaolinite; H-K is hydroxyl intermediate; A—K is solid acid materials.
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Fig. 1 Preparation process of A—K
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Table 1 Limiting oxygen index (I o) and UL-94 tests of
polypropylene (PP) composites
w(PP)  w(IFRY w(K)/ w(A-K)/

Sample No. % % % % Io% UL-94 g
PP 100.0 18.0£0.1 NR
PP/IFR 75.0 25.0 31.1£02 V-2
PP/0.5K 99.5 0.5 18.3+0.1 NR
PP/1.5K 98.5 1.5 18.3+0.1 NR
PP/3.0K 97.5 3.0 18.4+0.1 NR
PP/0.5A-K 99.5 0.5 18.2+0.1 NR
PP/1.5A-K 98.5 1.5 18.4+0.1 NR
PP/3.0A-K 97.5 3.0 18.3+0.1 NR

PP/IFR/0.5K 75.0 245 0.5
PP/IFR/1.5K 75.0 23.5 1.5
PP/IFR/3.0K 75.0 22.0 3.0

31.5£0.2 V-0 1.01
32.5¢0.2 V-0 1.08
31.9+02 V-0 1.03

PP/IFR/0.5A-K  75.0 24.5 0.5 33.7£02 V-0 1.17
PP/IFR/1.5A-K  75.0 23.5 1.5 349+0.2 V-0 125
PP/IFR/3.0A-K  75.0 22.0 3.0 32.1£0.2 V-0 1.05

IFR is intumescent flame retardants; 7 is synergism effectivity; NR is no

rating; V-0 is V-0 rating; V-2 is V-2 rating.
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Fig. 4 Heat release rates () of PP and its composites
2 PPESHMRMEE CCT ¥R
Table 2 Key cone calorimeter test (CCT) data of PP composites
t.
. Tt/ o/ Fsmi/  Tsm/ / T -/ In
Material y 2 . tmi/S tmofs y 5 g tsml/S tsmo/s M2 t/s  Am/(gs) " B T t
&Wm™) (kW-m™) (m™s) (m™s) MJm™) (kW-m™) (mZ'S‘kwl) (kW'm’Z'S’I)
PP 1474 145 0.110 125 142 27 0.131 751 0.018 10.2
PP/IFR 329 438 104 331 0.065 0.082 118 315 123 18 0.058 272 0.041 1.4
PP/IFR/0.5K 375 403 189 334 0.057 0.072 113 315 124 17 0.047 272 0.042 1.2
PP/IFR/1.5K 326 374 165 439 0.058 0.079 171 404 123 17 0.047 219 0.045 0.8
PP/IFR/3.0K 221 327 200 536 0.035 0.059 186 500 115 18 0.047 142 0.055 0.6
PP/IFR/0.5A-K 273 220 174 485 0.050 0.046 203 462 105 16 0.029 163 0.058 1.6
PP/IFR/1.5 A-K 186 233 246 605 0.035 0.053 197 522 105 20 0.029 104 0.086 0.4
PP/IFR/3.0 A-K 174 177 316 720 0.023 0.034 316 698 100 18 0.029 58 0.102 0.2

Fml, 'm2, Tsmi and rgmo are the first and second peak values on heat release rate and smoke release rate curves, respectively; # mi, ¢ m2, fsm1 and #mo are the first and

second of time for peak values on heat release rate and smoke release rate curves, respectively; Q is total heat release; ¢ is ignition time; Am is average mass

loss rate; r, is average heat release rate; t;/ry, is fire property index; 7./t is fire propagation rate.
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Fig. 5 FTIR spectra of condensed phases systems obtained
after heated at different temperatures
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Table 3 Tensile strength and elongation at break of PP

composites
Sample No. Tensile strength/MPa Elongation at break/%
PP 355 18.9
PP/IFR 23.9 14.5
PP/IFR/0.5K 24.7 15.0
PP/IFR/1.5K 253 15.1
PP/IFR/3.0K 25.1 14.8
PP/IFR/0.5A-K 25.7 15.4
PP/IFR/1.5A-K 26.9 15.8
PP/IFR/3.0A-K 26.0 152
3 5
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