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Synthesis and process optimization of a new flame retardant containing phosphorus and nitrogen
WANG Liangmin"?,REN Qinglong®, LI Ligiang’,ZHANG Jie’, LI Jinzhong®, SHAO Zhubao®
(1. Weifang University of Science and Technology , Weifang 262700, China; 2. Shandong Sunris New Materials Co.,Ltd., Weifang 262714,
China; 3. College of Textile & Clothing, Qingdao University,Qingdao 266071, China)

Abstract : In order to improve the flame retardants and expand the application range of polypropylene(PP), diphenylphospho-
nyl chloride(DPPC) and piperazine(PA) were prepared with methylene chloride as solvent and triethylamine (TEA) as acid binding
agent. A new flame retardant(PN) with excellent water resistance and O=P—C and P—N—C structures was designed and synthe-
sized. The chemical composition, structure and stability of PN were studied by Fourier transform infrared spectroscopy, nuclear
magnetic resonance spectroscopy, thermogravimetric analyzer and differential scanning calorimetry. At the same time, the parame-
ters of the reaction process were optimized. The results indicate that the product structure is consistent with the target product struc-
ture. The optimal reaction conditions are n(DPPC): n(PA):n(TEA)=2.1:1.0:2.9, reaction time is 9 h, reaction temperature is 42 °C,
solvent dosage is 15 mL, and the yield of PN flame retardant is 93.5%. The 5% thermal weight loss temperature of the flame retar-
dant reach 363 °C, the maximum thermal weight loss temperature reach 427 °C, the residual carbon content is 0.07% at 700 °C, the
melting point is 160.3 °C, and the water-resistant weight loss rate is only 0.103%.

Keywords : diphenylphosphonyl chloride ; piperazine ; phosphorus-nitrogen flame retardant ; synthesis ; process optimiza-

tion ; polypropylene
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Fig. 1  Synthesis route of PN flame retardant
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Fig.2 FTIR spectra of PN flame retardant
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Tab. 1 Test results of water resistance of PN flame retardant

Mass loss
Mass .
Mass before Mass after ~ Mass ratio
Sample treatment/g  treat t/, loss/ loss
g treatment/g  loss/g ratio/% average

value
PN-1 10.001 5 9.992 0 0.0095  0.095

PN-2 10.000 9 9.990 3 0.0106  0.106 0.103
PN-3 10.001 3 9.990 5 0.0108  0.108
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Tab. 2 Effects of different material ratios on product yield

n(DPPC): Reaction Reaction Solvent

n(PA):n(TEA) time/h temperature/°C  dosage/mL Yield/%
1.8:1.0:3.0 6 25 12 55.4
1.9:1.0:3.0 6 25 12 60.8
2.0:1.0:3.0 6 25 12 72.1
2.1:1.0:3.0 6 25 12 83.4
2.2:1.0:3.0 6 25 12 82.8
2.3:1.0:3.0 6 25 12 79.5
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Tab.3 Effects of different dosage of acid binding agent

on product yield
n(DPPC): Re.action Reaction Solvent Yield/%
n(PA):n(TEA)  time /h temperature/°C  dosage/mL
2.1:1.0:2.5 6 25 12 70.9
2.1:1.0:2.6 6 25 12 75.7
2.1:1.0:2.7 6 25 12 79.3
2.1:1.0:2.8 6 25 12 82.8
2.1:1.0:2.9 6 25 12 85.1
2.1:1.0:3.0 6 25 12 83.4
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Tab. 4 Effects of different reaction times on product yield

n(DPPC): Reaction Reaction Solvent Yield/%
n(PA):n(TEA) time/h  temperature/°C  dosage/mL
2.1:1.0:2.9 0 25 12 75.6
2.1:1.0:2.9 3 25 12 80.8
2.1:1.0:2.9 6 25 12 85.1
2.1:1.0:2.9 9 25 12 87.2
2.1:1.0:2.9 12 25 12 87.9
2.1:1.0:2.9 15 25 12 86.8
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AN ) 52 I Y B X6 = R ) s i L 50 IR
S5HLIE L, 24 n(DPPC):n(PA):n(TEA) 1 2.1:1.0:2.9,
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JEE BT 5, P AR B AR B A R R B, 24 R B
R 42 °CH 7= I3 38 B i = 1H 92.8%
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Tab.5 Effects of different reaction temperatures on product yield

n(DPPC): Reaction Reaction Solvent Yield/%
n(PA):n(TEA)  time/h temperature/°C ~ dosage/mL
2.1:1.0:2.9 9 17 12 81.6
2.1:1.0:2.9 9 22 12 84.3
2.1:1.0:2.9 9 27 12 87.4
2.1:1.0:2.9 9 32 12 89.2
2.1:1.0:2.9 9 37 12 90.8
2.1:1.0:2.9 9 42 12 92.8
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Tab. 6 Effects of solvent dosage on product yield

255

n(DPPC): Reaction Reaction Solvent

n(PA):n(TEA)  time/h temperature/°C  dosage/mL Yield%
2.1:1.0:2.9 9 42 6 88.7
2.1:1.0:2.9 9 42 9 90.2
2.1:1.0:2.9 9 42 12 92.8
2.1:1.0:2.9 9 42 15 93.5
2.1:1.0:2.9 9 42 18 92.6
2.1:1.0:2.9 9 42 21 91.2
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