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Influence of Phosphorus-containing Polyol OP550 on the
Thermal, Mechanical, and Flame-retardant Performance of
Poly(tetramethylene ether glycol)-based Thermoplastic Polyurethane

WANG Yu-bao, MA Guo-sheng, SHI Shao-feng, WEI Meng-meng, WANG Xiao-lei,
CHENG Li, DENG Kang-qing, CAO Lan"

(College of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract: Thermoplastic polyurethane (TPU), a high-performance polymer material, requires flame-
retardant modification to expand its application fields. In this study, a phosphorus-containing polyol,
OP550, was employed as a reactive flame retardant, and a series of poly(tetramethylene ether glycol)
(PTMG)-based TPU materials were successfully synthesized via a two-step bulk polymerization method.
The effects of varying OP550 contents on the microstructure, mechanical properties, thermal stability,
surface characteristics, and flame retardancy of TPU were systematically investigated. Fourier transform
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infrared spectroscopy (FTIR) and differential scanning calorimetry (DSC) analyses revealed that the
strongly polar P=0 groups in OP550 formed competitive hydrogen bonds with the N—H groups in the hard
segments, disrupting the ordered packing and microphase separation of the hard segments. Consequently,
the hydrogen bonding index decreased from 1.99 to 1.73, and the glass transition temperature (7' g) of the
soft segments increased from —16.1 °C to —4.1 °C. Cone calorimeter and vertical burning tests demonstrated
that the addition of OP550 significantly reduced the peak heat release rate (PHRR), delayed the combustion
process, increased the char residue, and effectively suppressed melt-dripping in UL-94 tests. Scanning
electron microscopy (SEM) observations showed that OP550 transformed the combustion residue from a
loose, porous “sponge-like” structure into a continuous and dense blocky char layer, indicating a typical
condensed-phase flame-retardant mechanism of action. Contact angle measurements revealed a transition
from hydrophobic to hydrophilic surface behavior, reflecting the increased polarity of the TPU matrix
upon the introduction of polar phosphorus—oxygen groups. Thermogravimetric analysis (TGA) results
indicated that although OP550 slightly shifted the initial thermal decomposition temperature to a lower
value, it markedly enhanced the char yield at high temperatures. The combination of melamine phosphate
(MP) and OP550 produced a significant nitrogen—phosphorus synergistic effect. MP not only released non-
flammable nitrogen gas in the gas phase but also promoted, together with OP550 in the condensed phase,
the formation of a dense intumescent char layer, effectively suppressing heat release and melt dripping.
This study systematically elucidates the flame-retardant mechanism of OP550 in TPU and its regulation
of overall material performance, providing a theoretical basis and experimental reference for developing
high-performance TPU materials with desirable flame retardancy and processability.

Keywords: Thermoplastic polyurethane; Phosphorus-containing polyol OP550; Flame retardancys;
Microphase separation; Hydrogen bonding
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Figure 1 Polyurethane synthesis mechanism diagram
&1 TPUFRHAL MLkl
Table 1 Percentage of each component in TPU ?
Sample OP550:PTMG (weight ratio) OP550:PTMG (molar ratio) @ (MDI) (%) w (OP550) (%)  (hard segment) (%)
TPU-1 10:10 1.533:1.000 46.58 21.70 55.35
TPU-2 10:20 0.7664:1.000 45.76 14.71 54.98
TPU-3 10:30 0.511:1.000 45.30 11.13 54.77
TPU-5 10:50 0.307:1.000 44.82 7.49 54.19
TPU 0:100 - 43.84 - 53.53

4 Mass fractions of BDO, MOCA, and melamine phosphate in each group of samples are 5%, 15.5%, and 10%, respectively.
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Figure 2 FTIR spectra of pure TPU and OP550-modified
TPUs with varying OP550 content
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Table 2 Information on the hydrogen bonds of the — C = O group after fitting the FTIR spectrum of the TPU

BRI TR B 2 18] DA KR B 5 A B[] (1) AH ELAE
FH 24, % H Gauss-Lorentz Y& 2 B8 506 55 356 1% i
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E IR AR BORA, B T3 2 R
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Sample W(—C=Oygrogen bonding) (6M ") W(—C=Oy;.) (cm ") Anydrogen bonding Afree HI
TPU-1 1710 1730 20.21 11.59 1.74
TPU-2 1709 1729 19.53 10.77 1.81
TPU-3 1705 1729 29.13 15.82 1.84
TPU-5 1710 1729 23.06 11.75 1.96

TPU 1704 1727 26.82 13.45 1.99
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Figure 4 Comparison of mechanical strength between
different OP550 contents and pure TPU
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Table 3 Elongation at break and tensile strength of TPU as
a function of OP550 content

Sample Tensile strength (MPa) Elongation (%)
TPU 11.5 173.2
TPU-5 8.7 97.6
TPU-3 6.4 116.6
TPU-2 5.4 32.8
TPU-1 39 29.4
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