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Preparation and performance of phosphorus/silicon synergistic flame retardant

non-ionic waterborne polyurethane
DING Wenpeng, WANG Gui, PEI Kemei
(School of Chemical Engineering, Zhejiang SCI-TECH University, Hangzhou 310018, China)

Abstract : Polyurethane prepolymers were prepared by using dihydroxysilicone oil, polyether diols , and toluene diisocyanate
as the main raw materials. A phosphorus containing flame-retardant polyol monomer 6- {(4-hydroxyphenyl) [(4-hydroxyphenyl)
amino] methyl} dibenzo [c, e] [1, 2] phosphine oxide and trimethylolpropane as chain extenders, and polyethylene glycol with a
molecular weight of 2000 was used as a hydrophilic chain extender to prepare a nonionic waterborne polyurethane dispersion with
phosphorus/silicon synergistic flame retardant effect. The molecular structure of the resin was characterized by infrared spectrosco-
py,and the effects of the introduction of dihydroxysilicone oil on the appearance, stability, particle size of the dispersion, as well as
the mechanical properties, hydrophilicity , water resistance, thermal stability ,and flame retardancy of the adhesive film were studied.
The results indicate that the introduction of dihydroxysilicone oil can lead to an increase in the particle size of polyurethane disper-
sion. When the introduction of dihydroxysilicone oil accounts for 25% of the prepolymerized polyol component, the waterborne
polyurethane dispersion is unstable. As the introduction of dihydroxysilicone oil increases, the tensile strength and elongation at
break of the adhesive film gradually decrease, and the mechanical properties significantly deteriorate. The hydrophilicity first
decreases and then is basically unchanged and the contact angle gradually increases to be basically unchanged. The introduction of
dihydroxysilicone oil can effectively improve the thermal stability and flame retardancy of polyurethane film. When the introduction
of dihydroxysilicone oil accounts for 15% of the prepolymerized polyol component, the limit oxygen index of the adhesive film is as
high as 28.2%, and the carbon residue rate at 600 °C reaches 7.46%.
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flame retardant ; mechanical property
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Fig.2 Synthesis schematic diagram of phosphorus/silicon flame

retardant non-ionic WPU lotion
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Tab.1 Basic formula for the synthesis of phosphorus/silicon flame

retardant non-ionic WPU

Component Mass fraction/% Mass/g

N210 13.3~10.7 56~44.8

PDMS 0.0~2.6 0.0~11.2
PHAD 35 15.0
TDI-80 7.0 29.0
TMP 0.7 3.0
PEG2000 5.0 20.0
EDA 0.5 2.0
H,0 70.0 125
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Tab.2 Effect of the content of hydroxyl silicone oil on the appearance, stability, viscosity and average particle size of SiPWPU dispersion

Samples Appearance Storage stability(60 °C,7 d) Viscosity/(mPa-s) Particle size/nm

PWPU Lighe yellow and opaque Pass 89 106.6
SiPWPU(5%) Lighe yellow and opaque Pass 108 111.8
SiPWPU(10%) Lighe yellow and opaque Pass 127 130.0
SiPWPU(15%) Yellow and opaque Pass 148 140.4
SiPWPU(20%) Yellow and opaque Pass 183 159.8
SiPWPU(25%) Yellow and opaque Fail to pass / /
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Fig. 4 Particle size distribution of SIPWPU dispersion with different

hydroxyl silicone oil content
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Tab.3 Effect of dihydroxysilicone oil contents on mechanical
properties of SIPWPU film

Samples Tensile strength /MPa  Elongation at break/%

PWPU 22.63 1220
SiPWPU(5%) 22.28 1 140
SiPWPU(10%) 19.35 1020
SiPWPU(15%) 16.84 880
SiPWPU(20%) 14.25 730
SiPWPU(25%) -
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Tab.4 Water contact angle and 24-hour water absorption rate of

films with different hydroxyl silicone oil contents

Samples Water contact angle/(°) Water absorption rate/%
PWPU 78.08 22.18
SiPWPU(5%) 86.10 18.06
SiPWPU(10%) 92.10 15.68
SiPWPU(15%) 95.16 14.28
SiPWPU(20%) 95.10 14.43
SiPWPU(25%) - -
2.5 WFEHAEG A AR AAL MG R

5 S o ml A [A] R A R
SiPWPU JEARAE N, U T ) TG £idli . TG #1 DTG it
.

x5 AREWEEREHSESIPWPUREMREHIE
Tab.5 Thermogravimetric data of SiPWPU films with different

dihydroxyl silicone oil contents

Samples T,,/°C  Carbon residue rate/%

PWPU 282.6 6.6
SiPWPU(5%) 286.4 6.7
SiPWPU(10%) 288.7 7.0
SiPWPU(15%) 291.2 7.4

Note:T,, is temperature at a thermal weight loss of 5%.
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Fig. 5 TG and DTG curves of SiPWPU films with different
dihydroxysilicone oil contents
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Tab. 6 Horizontal combustion test results and LOI values

Sample thickness / Burning time/s Average linear combus- Flame retardant
Samples . . LOI/%
mm (0 ~ 25 mm) (25 ~ 100 mm) tion rate/(mm-min ") level
PWPU 0.984 23 59.2 72.5 25.6 HB
SiPWPU(5%) 0.993 25 61.8 70.2 26.3 HB
SiPWPU(10%) 1.014 26 / 0 27.1 HB
SiPWPU(15%) 0.992 28 / 0 28.2 HB
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Fig. 6 SEM images of residual carbon from different films and corresponding elemental analysis of combustion residue
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