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Fig. 1 Chemical structures of piperazine pyrophosphate (PAPP) and melamine polyphosphate (MPP)
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Fig. 2 (a) Curing curves and (b) crosslinking density of EPDM



Tab. 1 Curing characteristics

. . ) ) (Mu— M) Vix10*
Samples t4/min too/min M /(AN-m)  M/(dN-m) /(dN - m) J(mol - m”)
POMO 0.61 10.2 1.75 19.1 17.3 2.79
POM40 0.77 6.90 2.29 24.7 22.4 3.52
P20M20 0.77 3.98 2.12 18.0 15.9 3.18
P26.7M13.3 0.74 3.24 2.07 15.2 13.1 3.05
P30M10 0.79 2.91 1.90 14.6 12.7 2.97
P40MO 0.76 2.52 1.70 12.8 11.1 2.46
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Fig. 3 (a) G'-strain curves and (b) AG’ for different EPDM compounds
Tab. 2 Physical and mechanical properties
Samples Hardness Tensile strength Elongation at 100% Tear strength Resilience
P /Shore A /MPa break/% Modulus/MPa /(N-mm™) /%
POMO 56 8.84 288 2.35 43.9 68.4
POM40 66 14.1 389 2.37 325 60.8
P20M20 63 13.6 560 2.13 31.5 61.6
P26.7M13.3 62 12.9 598 1.84 30.2 61.6
P30M10 61 12.3 605 1.76 28.6 62.2
P40MO 60 11.8 639 1.67 28.3 62.5
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Fig. 5 Thermal mass loss and DTG curves of (a) PAPP and (b) MPP
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Fig. 6 (a) Thermal mass loss and (b) DTG curves of EPDM vulcanizates
Tab.3 TG and DTG data of EPDM
Samples Ts,/°C T/ °C Rl (% °C™) Char residue at 700 °C/%
POMO 365.7 475.3 1.70 233
POM40 341.9 469.8 1.31 25.1
P20M20 316.6 475.2 1.29 28.1
P26.7M13.3 302.5 465.4 1.26 28.3
P30M10 3133 475.3 1.32 28.4
P40MO 3233 475.7 1.32 28.8
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Fig. 7 Cone calorimeter test curves of EPDM: (a) HRR; (b) THR; (¢) SPR; (d) TSP



Tab. 4 Combustion results and LOI of EPDM

Samples TTl/s Y (E\I;I/Ri) /XQRI:IE) Y (LI.EII{n'Z) TSP/m’ [s- nl;P {(W") LOI/%
POMO 21 793.8 541.5 205.4 13.98 0.0265 22
POM40 28 536.6 348.2 183.1 13.80 0.0522 29
P20M20 27 469.5 337.5 186.0 12.73 0.0575 28
P26.7M13.3 25 539.9 404.3 187.7 15.43 0.0463 27
P30M10 25 542.9 399.3 177.4 17.28 0.0460 27
P40MO 26 520.9 383.4 179.2 16.41 0.0499 26

POMO POM40 P20M20 P26.7P13.3 P30M10 P40MO

Fig. 8 Pictures of the samples after cone calorimeter test
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Fig. 9 Synergistic flame retardant mechanism of PAPP/MPP
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Application of Piperazine Pyrophosphate/Melamine Polyphosphate Compound
Flame Retardant System in Ethylene Propylene Diene Monomer

Zepei Yan', Ming Liu', Chengyu Ruan', Luyao Su', Bo Li*, Qing Lii’, He Wang'
(1. College of Polymer Science and Engineering/Key Laboratory of Rubber and Plastic Materials and
Engineering, Ministry of Education, Qingdao University of Science and Technology, Qingdao 266042, China;
2. Jiangyin Haida Rubber & Plastic Co., Ltd., Jiangyin 214400, China)

ABSTRACT: In this paper, ethylene propylene diene monomer (EPDM) was selected as matrix, and the effects of
the ratio of piperazine pyrophosphate (PAPP)/melamine polyphosphate (MPP) on the curing characteristics, filler
dispersion, physical and mechanical properties and combustion behavior of EPDM- based composites were
investigated. It is found that when the total amount of PAPP and MPP is 40 phr, with the increase of PAPP ratio,
the crosslinking density of EPDM compound decreases gradually and the reversion is intensified. Compared with
the blank sample, the addition of PAPP and MPP is beneficial to improve the hardness, tensile strength and
elongation at break of EPDM vulcanizate, but it would advance the thermal decomposition of EPDM. However,
for the blending system, with the increase of PAPP blending ratio, the hardness, tear strength, tensile strength and
100% elongation stress decrease continuously, and the thermal decomposition process and combustion process
have obvious effect on promoting char formation. Compared with the blank sample, the addition of PAPP and MPP
is beneficial to prolong the ignition time, reduce the peak heat release rate, and increase the fire performance index
(FPI) and limiting oxygen index (LOI). Especially, when the dosage ratio of PAPP/MPP is 20:20, the peak heat
release rate of EPDM vulcanizate is reduced by 40.9% compared with the blank sample, the total heat release is
reduced by 9.4%, and the total smoke release is the lowest.

Keywords: ethylene propylene diene monomer; piperazine pyrophosphate; melamine polyphosphate; physical and

mechanical properties; flame retardant property



