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Preparation and Properties of Phosphorus-containing Flame
Retardant Waterborne Polyurethane Emulsion

GUO Jun-hong WANG Xin-yuan LU Fu-you BAO Xue-mei MU Bo LI Min—ui
ZHAO Qiu-ping YANG Bao-ping CUI Jinfeng’
(College of Petrochemistry Lanzhou University of Technology Lanzhou 730050 Gansu China)

Abstract: DOPOMA was synthesized from 9 10-dihydro-9-exaH0-phosphaphenanthrene-0-oxide
(DOPO) and maleic anhydride (MAH) and then it was subjected to polycondensation reaction with
dicarboxylic acids and diols to get the side chain phosphorus hydroxyl-terminated saturated polyester.
Then the product further reacted with toluene diisocynate (TDI) with DMBA and DEG as chain
extenders and TEA as neutralizer to synthesize phosphorus flame retardant waterborne polyurethane.
The chemical composition thermal stability charring performance morphology and mechanical
properties of the phosphorus-containing polymer were investigated by Infrared analysis ( FTIR)
Thermogravimetric analysis (TGA) Limiting oxygen index ( LOI) Scanning electron microscope
(SEM) and universal tensiletest machine. The results show that the LOI and char yield gradually
increase with the increase of P content. When the P content was up to 2. 5% the LOI reached 34 and
the char yield was 36. 3% ;the SEM results show that the morphology of carbide layer of phosphorus—
containing waterborne polyurethane exhibits a uniform and dense carbon layer which contributes to the
retardancy of polymer.

Key words:9 10-dihydro-9-oxa4d0-phosphaphenanthrene-0-oxide ; phosphorus hybrid; intrinsic flame
retardance ; polyurethane emulsion ;dyeing and finishing auxiliaries
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81.0 g . I R
85 °C Table 1  Impact of R-value on the performance of waterborne
TDI21.6 g 0.3 polyurethane
g 0.5h R
NCO NCO 1.2 1.5 1.8 2.1 2.4
] (30 d)
70 C /H 3 4 4 3
3.2 g 1h /mm 1 1 1
3.3 Ih  50.0g / 2 2 2 3 4
35 C ) P /(N * cm) 50 50 50 50 40
0.5h 259 ¢ .
30% 1 R
1.4 R
FTIR KBr o R
TG 10 °C /min 25 C R 24 .
700 C 50 mL/min. NCO NCO
LOI GB/T2406 LOI
° o R
SEM
° - R
GB/T1720—79
) ¢ 30% DMBA 6% R 1.5~1.8
GB/T6739—2006 {
) ° 2.2 DMBA
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»
’ o R
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» o
20
5 N
N . 3 o 2 DMBA
Table 2 Impact of DMBA on the performance of waterborne
. polyurethane
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(D) FTIR

Fig. 1 FTIR spectra of DOPO(A) DOPOMA(B) pure
polyurethane(C) and phosphorus-containing

polyurethane (D)
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Fig.2 TG curves of polyurethane with different phosphorus

contents
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Table 3 TG data of polyurethane with different phosphorus
contents
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4 LOT
Table 4 LOI of polyurethane with different phosphorus contents

1(P0%)  2(P1.0%) 3(PL.5%) 4(P2.0%) 5(P2.5%)

LOI/% 19 24 27 28 34
4 LOI
o DOPO
12
13

2.4.3 SEM
SEM 3 o

3 (A) (B)

SEM

Fig.3 SEM maps of carbide layer morphology of phosphorus —
containing polyurethane(B) and pure polyurethane(A)
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