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Preparation of DOPO-based reactive flame retardants and their flame-retardant thermoplastic polyurethanes
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Abstract : 10-(2, 5-dihydroxyphenyl)-10-hydro-9-oxa-10-phospha-phenanthrene-10-oxide (DOPO-HQ) and toluene diisocya-
nate (TDI) were used as raw materials, and a DOPO-based reactive flame retardant (DRFR) containing terminal isocyanate groups
was successfully prepared by addition reaction. DRFR was introduced into the thermoplastic polyurethane (TPU) matrix for prepar-
ing flame-retardant TPU composites. The flame retardancy, combustion behaviors, thermal degradation properties, and mechanical
properties of TPU/DRFR composites were studied. The results show that, when the addition amount of DRFR is 26 wt% , the flame
retardant rating of the TPU/DRFR composite successfully reaches UL 94 V-0 rating with limited oxygen index of 27.6%. The
melting drops of TPU composites are significantly suppressed. The introduction of DRFR promotes the early degradation and char-
ring of TPU matrix and leads to the formation of a dense, homogeneous and compact char layer on the surface of TPU/DRFR
composites. It effectively exerts the shielding effect in condensed phase and the peak heat release rate and total heat release of TPU/
DRFR composites are reduced by 49.64% and 34.65% compared with that of pure TPU. Meanwhile, the phosphorus-containing radi-
cals and inert gases generated from the decomposition of DRFR effectively play the inhibition effect in gas phase. Therefore, the
TPU/DRFR composites obtain excellent fire safety performance. In addition, the introduction of DRFR plays a cross-linking role on
the TPU molecular chain segments, which significantly enhances the tensile strength of the TPU composites.

Keywords : thermoplastic polyurethane ; DOPO-based reactive flame retardant ; flame retardancy ; mechanical property
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Tab.1 LOI and vertical combustion test data

for TPU/DRFR composites

DRFRT mass t/s t/s Droplet  Ignition UL 94 LOU
fraction/% ! 2 grade %

0 221 515 Yes Yes V-2 19.0

22 19.52 18.19 No No V-1 263

24 7.93  7.80 No No V-1 268

26 3.13 431 No No V-0 27.6

Note: ¢, is the extinguishing time after the first ignition for 10 s, ¢,
is the extinguishing time after the second ignition for 10 s.
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Tab.2 Cone calorimetry test data of pure TPU and

TPU/DRFR composites
Sample 1TV PHRR/  f,,/  THR/  av-EHC/ Residual
P kW'm?) s (MIm? (MIkg') char%
pure
54 856 110 78.49 26.1 1.75
TPU
TPU/
DRFR 30 431 55 51.29 18.4 9.73

PR, NITTAT R AR A T 2 35 T Pl 1E L, Al
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Tab.3 Tensile strength and elongation at break of pure TPU and

TPU/DRFR composites
DRFR mass fraction/ Tensile strength/ Elongation at break/

% MPa %

0 10.40 1015.38

22 12.76 673.48

24 11.87 480.86

26 11.31 412.86

3 HHig

(1)id 3t DOPO-HQ H1 TDI (-1 ik B2 it e B il 45
TR R Y N T BHR ) DRFR, I8 5] A%
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