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Montmorillonite and new intumescent flame retardant system synergistic flame retardant polypropylene
LYU Zixuan, WANG Yunfei, WANG Fuhai, SHEN Chunhui, GAO Shanjun
(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract : To investigate the synergistic effect of nano-montmorillonite (MMT) compounded with intumescent flame retardant
(IFR) on the flame retardant properties of polypropylene (PP), hyperbranched triazine charring agent (PCAT) and pyrophosphate
piperazine (PAPP) were used as IFR to prepare flame retardant PP by compounding MMT. The properties of flame retardant PP were
evaluated by limiting oxygen index (LOI), UL 94 vertical combustion test, cone calorimetry (CCT) test, scanning electron micro-
scope (SEM), Fourier transform infrared spectroscopy and mechanical properties test. The results show that the use of MMT with 1
wt% instead of IFR in the modified PP can produce a better synergistic flame retardant effect, the LOI value of the modified PP
increases from 30.2% of PP/IFR to 33.4%,reaching UL 94 V-0 grade, in the CCT test, the peak heat release rate of the modified PP
decreases from 197.4 kW/m’ to 114.9 kW/m’, and the flame retardant index is “excellent”. The char yield of flame retardant PP
with MMT remains above 9% at 800 °C. SEM shows that MMT promotes the formation of dense expanded carbon layer and enhanc-
es the thermal oxygen barrier. This is because MMT improves the flame retardant efficiency of PP/IFR system by catalyzing the
formation of silicon aluminum phosphate and the densification of carbon layer, but the agglomeration effect of excessive MMT has a
negative impact on smoke suppression and flame retardant properties. In addition, it can be seen from the mechanical properties test
results that the addition of a small amount of MMT will lead to a slight decrease in tensile and bending properties, and increasing the
amount of MMT will increase the bending properties of the modified materials. In order to obtain modified PP with good comprehen-
sive performance, it is necessary to consider the dispersion and ratio of MMT to balance flame retardancy and mechanical properties.
Optimal performance requires balancing MMT dispersion and dosage to synergize flame retardancy and mechanical integrity.
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Tab.1 Mass fraction of raw materials of pure PP and modified PP

Mass fraction/%
Samples
PP TER (15 Mgy =37 1) MMT
PP-1 100 0 0
PP-2 80 20 0
PP-3 80 19 1
PP-4 80 18 2
PP-5 80 17 3
PP-6 80 16 4
Note:m,, pp : M, 18 mass ratio of PAPP and PACT.

PACT
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€1 PP-3,PP-4,PP-5 I PP-6 F i AEA IR A AT 1) TEM ]
Fig. 1 TEM images of PP-3,PP-4,PP-5,and PP-6 samples at different

magnifications
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(b) PP-6 x25 000
K2 PP-4 ¢ PP-6 £ 25 000 B KAHHCF 19 TEM
Fig.2 TEM images of PP-4,PP-6 at 25 000x magnification
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Tab.2 Test results of flame retardant properties of PP and

(a) PP-4 x25 000

modified PP
UL %4
Samples LOI/% — -
Dripping Rating
PP-1 17.6+0.2 Yes No rating
PP-2 30.240.2 No V-0
PP-3 33.4+0.2 No V-0
PP-4 29.740.2 No V-0
PP-5 28.5+0.2 Yes V-2
PP-6 26.1+0.2 Yes No rating
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Fig.3 Heatrelease rate and total heat release of pure PP and modified PP
®3  LHPPZIE PP B CCT MR 4R
Tab.3 CCT test data of pure PP and modified PP

Samples TTUS /S (klisiljfz) (I\/FIFJI—-IIIE/’Z) FRI Fl(r}nlg\./s(}f;V
PP-1 40 148 1291.8 147.36 1 29.38
PP-2 26 213 197.4 75.21 8.33 12.10
PP-3 42 313 114.9 70.37  24.93 7.87
PP-4 37 288 166.4 9592  15.77 9.33
PP-5 41 245 162.8 120.24  9.96 10.98
PP-6 39 241 3235 131.08  4.37 11.84

Notes: TTI is time to ignition; pHRR is peak of HRR; THR is total
heat release; FRI is flame retardancy index; FIGRA is fire growth rate
index ; f,,xx 18 time to peak of HRR.
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TH R IEE (pHRR) A 1 291.8 kW/m? , i — i i i)
FU e A P B R AR 400 s N SE 2R, 36
B2l PP EL A & % B k1 . 5 PP-1 A L, PP-2 (1)
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Fig. 4 Smoke release rate and total smoke production of pure PP and
modified PP
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Fig. 5 Front and side views of the char residues of pure PP and modi-
fied PP after CCT test
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& ’i o SRR
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Fig. 6 SEM images of the char residues of the PP-2,PP-3,PP-4,and
PP-5 samples after CCT test
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Fig. 7 FTIR spectra of PP-3 carbon residues
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Tab.4 Characteristic parameters of TG and DTG of pure PP and

modified PP
Residue/%
Samples T,/°C T../°C
500°C  650°C 800 °C
PP-1 408 456 0 0 0
PP-2 405 461 9.8 8.9 7.6
PP-3 366 454 11.7 10.8 9.1
PP-4 365 454 12.1 11.2 9.9
PP-5 371 459 12.3 11.2 10.4
PP-6 363 460 11.7 10.6 10.1

Notes: T, is initial decomposition temperature of material; 7, is

maximum mass loss temperature.
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Fig. 9 Tensile strength and bending strength of pure PP and

modified PP
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