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Preparation and properties of flame-retardant polypropylene using polyphosphoric ammonium and phosphorus-
containing triazine carbonizing agent
LAN Guoyong"’, WANG Weiyin', XUE Qian', CAI Haopeng', WANG Shan', WANG Jun'
(1. School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China;
2. Guangxi Defort Technology Co., Ltd., Laibin 546100, China)

Abstract : Intumescent flame retardants are widely used in the flame-retardant modification of polypropylene (PP) due to their
halogen-free, low-smoke, and relatively eco-friendly characteristics, and the performance of the char-forming agent directly deter-
mines the flame-retardant effectiveness. To address the issues of traditional small-molecule char-forming agents, such as poor
thermal stability, low flame-retardant efficiency, and inadequate compatibility that hinder material performance improvement, a
novel triazine-based char-forming agent, poly (tricyanuric chloride-phenyl phosphonic diethylenediamine (PTCA) was designed and
synthesized, and combined with ammonium polyphosphate (APP) for flame-retardant modification of PP. The results show that the
addition of 25wt% PTCA/APP intumescent flame retardant significantly improve the flame-retardant performance of PP. When
mass ratio of PTCA : APPis 2 : 1, the best flame-retardant effect is achieved, with the limiting oxygen index increasing to 31.2%,
reaching UL94 V-0 rating. Cone calorimetry tests reveal that the total heat release and peak heat release rate of PP composites are
reduced by 76.2% and 92.8%, respectively compared to neat PP. Additionally, composites with higher PTCA content exhibite excel-
lent smoke suppression performance. The results of scanning electron microscopy and energy dispersive X-ray spectroscopy analysis
indicate that PTCA promote the formation of a dense and stable char layer, providing significant barrier effects. The mechanical
properties of PP composites decrease after adding the flame retardant, but increasing the proportion of PTCA can effectively reduce
properties loss. Overall, PTCA/APP synergistic flame-retardant system not only effectively improve the flame-retardant efficiency
and smoke suppression of PP, but also help to maintain the material's mechanical properties, offering a new approach for the develop-
ment of high-efficiency, environmentally friendly flame retardants.
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Tab.1 Formulas of PP and flame-retardant PP composites

Samples PP/% APP/%  PTCA/% m(APP):m(PTCA)

PP 100 0 0

PPO 75 25 0

PP1 75 18.75 6.25 3:1
PP2 75 16.66 8.34 2:1
PP3 75 12.5 12.5 1:1
PP4 75 6.25 18.75 1:2
PP5 70 6.25 18.75 1:3
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Tab.2 LOI values and vertical burning results of neat PP and

flame-retardant PP composites

UL 94 (3.2 mm)

Samples LOI/% — -
av-tl/s av-f2/s  Dripping Rating
PP 18.1 >30 - Yes NR
PPO 212 >30 - Yes NR
PP1 30.5 0.50 3.01 No V-0
PP2 29.5 0.85 2.04 No V-0
PP3 30.6 0.65 1.25 No V-0
PP4 31.2 0.50 2.21 No V-0
PP5 24.4 18.51 22.33 No V-1

Notes: av-tl is average self-extinguishing time after first ignition;

av-12 is average self-extinguishing time after second ignition.
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Fig. 5 Photographs of flame-retardant PP composites after vertical

burning test
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Fig. 6 TG curves of PP and flame-retardant PP composites under air

atmosphere
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Tab.3 Thermogravimetric parameters for pure PP and flame-

retardant PP in air atmosphere

Samples T,/°C T, /°C  T,/C T,c — Cuoonresidue

30% 0% P rate at 600 °C/%
PP 419.8 443.9 453.8 455.7 <1
PP1 361.6 446.9 461.5 463.1 12.5
PP2 372.4 447.9 460.5 460.3 143
PP3 363.8 4449 460.7 464.2 12.1
PP4 354.0 441.1 458.4 460.5 11.91

Notes: T;,, is temperature at 5% mass loss; T

Lo 1S temperature at

30% mass loss; T, is temperature at 50% mass loss; T, is temperature

at the maximum rate of mass loss.
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Fig. 7 CCT curves of neat PP and flame-retardant PP composites
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Tab.4 Combustion parameters of neat PP and flame-retardant PP

composites tested in cone calorimeter

Samples TTl/ pHRR{2 THR/i2 Av—EHS/ pSZPRi/1 TSIZ{/
kW-m~“) (MJI‘m~°) MJ-kg') (m™s ) m

PP 12 1237 122 54.5 0.080 9.0
PP1 35 202 98 39.0 0.030 125
PP2 34 171 80 35.8 0.018 6.1
PP3 32 117 67 31.0 0.015 4.5
PP4 28 89 29 22.5 0.007 2.0

Notes: TTI is time to ignition; pHRR is peak heat release rate; THR
is total heat release; av-EHC is average extinction heat contribution;

PSPR is peak smoke production rate; TSR is total smoke release.
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Fig. 8 Optical photos of char residues of PP samples after cone calorim-

eter test
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Fig. 9 SEM photos of char residues of PP samples from cone

calorimeter tests
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Fig. 10 Residual char rate changes of PP and flame-retardant PP

composites with time
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Tab.5 Result of elementary analysis of char residues
%
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PP4 35.61 41.29 6.88 16.22
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Fig. 11 FTIR spectra of char residues from PP and flame-retardant PP

composites
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Tab. 6 Tensile strength and elongation at break of PP and flame-

retardant PP composites

Tensile strength Elongation at

Samples

/MPa break/%
PP 20.5+0.3 504.1£9.6
PP1 16.2+0.4 141.2+3.4
PP2 16.4+0.4 163.3+4.2
PP3 17.94+0.3 192.942.3
PP4 18.5+0.5 208.2+4.1
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Fig. 12 SEM photos of fracture surface of PP and flame-retardant PP

composites
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