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Tab.1 Formulation for the synthesis of resins

Sample Mass of components/g
IPDI PCDL PDMS P-20H DMPA PETA Di-PE TEA
WPU 8.9 16 0 0 1.34 2.98 0.42 1.02
WPU-Si-4.2% 8.9 14.80 1.28 0 1.34 2.98 0.42 1.02
WPU-Si-8.3% 8.9 13.60 2.55 0 1.34 2.98 0.42 1.02
WPU-Si-12.1% 8.9 12.48 3.74 0 1.34 2.98 0.42 1.02
WPU-P-5.8% 8.9 12.48 0 1.66 1.34 2.98 0.42 1.02
WPU-P-13.3% 8.9 8.48 0 3.56 1.34 2.98 0.42 1.02
WPU-P-20.1% 8.9 5.34 0 5.04 1.34 2.98 0.42 1.02
WPU-P 20.1%-Si 12.1% 8.9 2.4 3.06 5.07 1.34 2.98 0.42 1.02
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Tab.2 Mechanical properties of WPU-P x%-Si y%

Sample Tensile strength/MPa Elongation at break/%
WPU 7.7+0.5 283.1+10.1
WPU-Si-4.2% 6.4+0.2 327.1+5.9
WPU- Si-8.3% 6.3£0.2 361.2+14.7
WPU- Si-12.1% 6.2+0.3 401.0+11.9
WPU-P-5.8% 9.1+0.4 250.0+10.5
WPU-P-13.3% 10.2+0.3 220.2+10.0
WPU-P-20.1 10.8+0.3 198.149.3
WPU-P-20.1%- Si-12.1% 11.8+0.3 310.0+8.8
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Fig.5 TGA curves of WPU film , WPU-Si-x% films,WPU-P-y% films and WPU-P 20.1%-Si 12.1%
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Tab.3 LOI and UL-94 results of WPU-P x%- Si y%

Sample LOI/% Ij:t;rglg Dripping
WPU 17.8 NR Yes
WPU-Si-4.2% 18.3 NR Yes
WPU-Si-8.3% 19.2 V-2 Yes
WPU-Si-12.1% 19.8 V-1 Yes
WPU-P-5.8% 19.5 V-2 Yes
WPU-P-13.3% 23.8 V-1 No
WPU-P-20.1% 253 V-0 No
WPU-P 20.1%- Si 12.1% 27.5 V-0 No
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Fig.6 SEM of residual carbon of (a)WPU, (b)WPU-Si-12.1%,(c) WPU-P-20.1% and (d)WPU-P 20.1%-Si 12.1%
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Fig.7 Raman spectra of residual carbon of WPU,WPU-Si-12.1%,WPU-P-20.1% and WPU-P 20.1%-Si 12.1%
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Fig.8 AFM topographical surface images of(a) WPU and (b)WPU-P
20.1%-Si 12.1%



Tab.4 Physical performance of films

Sample Adhesion/grade Pencil hardness/H Water resistance/7d
WPU 1 1 slightly whitening, no shedding
WPU-Si-4.2% 1 1 no whitening,no shedding
WPU-Si-8.3% 0 1 no whitening,no shedding
WPU- Si-12.1% 0 1 no whitening,no shedding
WPU-P-5.8% 0 2 no whitening,no shedding
WPU-P-13.3% 0 2 no whitening,slightly shedding
WPU-P-20.1% 0 3 no whitening,slightly shedding
WPU-P 20.1%- Si 12.1% 0 3 no whitening,no shedding
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Preparation and Properties of Waterborne UV Curable Six Arm Polyurethane
Modified by Phosphorus Silicon Composite

Binghui An, Bolong Yao, Xu Yao, Jian Song, Xiaofeng Cao
(Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122,China)

ABSTRACT: A self- made phosphorus containing diol P- 20H was synthesized from phenyldichlorophosphate,
triethylamine, hydroxyethyl methacrylate, 2 - (diethylamino) ethanol and diethanolamine. Using isophorone
diisocyanate (IPDI), polycarbonate diol (PCDL), hydroxyl terminated polysiloxane (PDMS), phosphorus containing
diol(P-20H), dihydroxymethylpropionic acid (DMPA), pentaerythritol triacrylate (PETA) ,a waterborne UV curable
six arm polyurethane modified by phosphorus and silicon was synthesized by dipentaerythritol (Di- PE) and
triethylamine. The synthesis of the polymer was characterized by IR and NMR. Compared with pure WPU, when the
mass fraction of phosphorus containing diol is 21.1% and the content of hydroxyl terminated polydimethylsiloxane is
12.1%, the comprehensive performance of the film is the best. Its water resistance is enhanced, the limiting oxygen
index (LOI) is increased from 17.8% to 27.5%, UL-94 grade reaches V-0 grade, the graphitization degree of residual
carbon is improved, and the flame retardant performance are improved.

Keywords: six arm polyurethane; flame retardant; waterborne UV curing; composite modification



