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Abstract: The aim of this study is to enhance the flame retardancy by the synergism effect

of phosphorus and bromine groups. The flame-retardant polyurethane coatings containing
phosphorus and bromine compounds were synthesized. After synthesizing the intermediate
products of  tetramethylene  bis(orthophosphate) (TBOP) and trimethylolpropane/
2,3-dibromopropionic acid (2,3-DBP) [2,3-DBP-adduct], the condensation polymerization was
performed with four different monomers of two intermediate products, 1,4-butanediol, and
adipic acid to obtain four-components copolymer. In the condensation polymerization, the
content of phosphorus was fixed to be 2wt%, and the content of 23-DBP that provides
bromine component was varied to be 10, 20, and 30wt%, and we designated the prepared
modified polyesters containing phosphorus and bromine as DTBA-10C, -20C, -30C. Average
molecular weight and polydispersity index of the preparation of DTBAs were decreased with
increasing 2,3-DBP content because of increase of hydroxyl group that retards reaction. We
found that the thermal stability of the prepared DTBAs increased with bromine content at
high temperature.
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Fig. 1. Reaction scheme for preparation of 2,3-DBP-adduct.
; CH,~C
'm’()n i { ;,
?’E it qf‘: r ; CH,X } |
E H : C-Br C-CH,-0CO- \
= bt ‘\ \ \ c-CHoC ||
a Wit )
Mvu\ |

Wavenumber (cm™)

Fig. 2. FT-IR spectrum of 2,3-DBP-adduct.
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Fig. 3. "H-NMR spectrum of 2,3-DBP-adduct.
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Fig. 4. Reaction scheme for preparation of TTBA.
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Table 2. Bands Assignment of FT-IR Spectra and '"H-NMR Chemical Shifts of

YA PE - QIT - YFS R L

TTBA and DTBA-10C

1
B | H-NMR
Products FT-IRINaCl em ) 40001, CDCL, § in ppm)
3450 : free OH 0.9 (CH;-C)
2953 : CHj 1.7 (C-CHs-C)
TTBA 1731 : C=0 2.3 (C-CH»-CO-)
1175 : C-0- 3.5 (C-CH2-0)
999 : P-0O-C 4.1 (C-CH2-0CO-)
2958 = CHy 0.9 (CHs-C)
1731 : C=0
463 + —CHe 1.7 (C-CH»-C)
DTBA-10C : ¢ 2.3 (C-CH,-CO-)
1175 : C-0-
1004+ PoO-C 3.5 (C-CH»-0)
650 : C-br 4.1 (C-CH,-0CO-)

Table 3. GPC Data for Synthesized Modified Polyesters

Products M, M. M, My/Ma MM,
TTBA 1440 4910 11300 3.41 7.85
DTBA-10C 720 2170 5620 3.01 7.81
DTBA-20C 650 1500 2540 2.31 3.91
DTBA-30C 600 1240 2610 2.07 4,35

0
1

HO — Rj— OH + (HO);—P—0—-Ry—0—P—(OH); + 4HO —R;—OH + 2HOOC —R,—COOH

(2,3-DBP-adduct) (1BOP) (1,4-BD) (AA)
AA—14-BD T—m—BD
— TBOP
(-7nH,0)

1 ,4—BD—J‘_ 1,4-BD— AA— 2,3-DBP-adduct

2Hs
Rl R CHZA‘ _CHZ*
T

)
|
ﬁ? =0

CH—Br

CHy—Br

Rz :—(CHy)s—

Fig. 7. Reaction scheme for preparation of DTBA-10C.
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Fig. 8 FT-IR spectrum of DTBA-10C.
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Fig. 9. '"H-NMR specturm of DTBA-10C.
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Table 4. TGA Results of Synthesized Modified Polyesters and Intermediates

(Weight Loss %)

Products ~200C ~300TC ~400C ~500C ~600C ~700C ~800TC
2,3-DBP-adduct 1.8 54.3 20.2 3.5 1.4 0.9 1.3
TTBA 5.7 32.8 42.8 4.7 1.6 1.0 2.1
DTBA-10C 3.3 50.8 13.2 5.2 2.5 1.4 2.1
DTBA-20C 3.8 50.4 12.6 4.3 2.9 1.5 0.0
DTBA-30C 4.7 48.9 27.8 4.5 1.3 3.1 2.6
Red, BF 95 F#3 23-DBP-adducts ! ¥ 78 TTBAY 23-DBP-adduct®.th
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