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ABSTRACT: Two-component polyurethane (PU) flame-retardant coatings were prepared by
blending tribromo modified polyesters (TBAOQOs) and isocyanate. TBAOs were synthesized by
condensation polymerization of tribromoacetic acid, a flame-retardant component, with 1,4-
butanediol, adipic acid, and trimethylolpropane. The content of tribromoacetic acid was varied
by 10, 20, and 30 wt% for the reaction. Various physical properties of these new flame-retard-
ant coatings were comparable to nonflame-retardant coatings. Coatings with 20 wt%
tribromoacetic acid did not burn during the vertical burning test.

Keywords: tribromo modified polyester, isocyanate, polyurethane coatings, flame retardancy.
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Table 1. Reaction Conditions and Conversions for Modified Polyester, TCA/TMP Intermediate, and
Tribromo Modified Polyesters

materials . . . .
products 1.4-BD? IV TMP® TBA? NATAC toluene tefnp. time acid dehydration conversion
(t) (h) value (mL) (%)
g(mol) g(mol) g(mol) g (mol) g
B-3 108.9(1.21) 302.2(2.07) 163.4(1.22) - - 20 150~220 14 40 74.3 92
NHTA - - 67.0(0.50) 148.5(0.50) - 8 115~180 6 26 8.9 94
TBAO-10 102.1(1.13) 262.4(1.80) 133.5(1.00) - 69.7 80 110~220 11 5.1 65.0 87
TBAO-20 97.0(1.08) 217.0(1.49) 106.1(0.79) - 1394 80 120~220 11 51 58.5 90
TBAO-30 88.6(0.98) 182.8(1.25) 73.8(0.55) - 2091 80 120~220 11 49 540 91

41,4-BD: 1,4-Butanediol. * AA: Adipic acid. ¢ TMP: Trimethylolpropane. ¢ TBA: Tribromoacetic acid. ¢ NHTA: TBA/TMP interme-

diate.
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CH3CHy =C=~CH0H + Br—CH-—~COOQH === CH;CH3 =C=CH,0H
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(TMP) (TBA) (NHTA)

P2 12
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| |
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Scheme 1. Syntheses of NHTA and TBAO.
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Figure 1. FT-IR spectra of (a) NHTA and (b)
TBAO-10.

Lo] #el=drt. Figure 2(a):= NHTAe 'H-
NMR 2#€E39ld], § 0.8 ppm (triplet, 3H)olA
W72 33, §1.4 ppm (multiplet, 2H)d| A o€
A9 =, 6 3.2ppmollA] R-OH (2H)9 7)¢1=
33, § 3.4 ppm (mutiplet, 4H)o A t€&7]9] o
= 9 ¢ 4.2 ppm (triplet, 2H)d| J2H 24 7]Q="
Hedl $285 9= Fog NHTAS FxEle]
7V 8ttt &3 Table 29 NHTA9 BE3gs =
Aake JeEled, BESE dEga Alabghol
Aol Z A=

¥H NHTA ZF7M44835 14-BD, AA 7
TMPe| 9j3t HEg{ WA EYdav= TBAO
F 84 9 B4 Zgg 2v9ed ogd g
TBAOF #4& TBA #=F 10, 20, 30 wt% )
438l TBAO-10, TBAO-20, TBAO-309] 3%%
€ Azsiged, F92dH% 488 & Table 1
o, #3224 & Scheme 1o} ztz} Yehiict.

Figure 1(b)x= TBAO-109] FT-IR A#HEZH
o, 1730 cm™o) C=0 A&A%, 1180 cm'd C-
O-A%3A%F &571 4 Jehy 2827171 24
& Ugtm, 3520cme) OH7ZY A%,
1060 cm™el] A1F FFL UFAF FFaAd =
EA7|= #Rlsglen, 29709} 1470 em™'e] CH,
A&5AEH -CH,- ¥43% Fi7 42 ey
@H = &9} Figure 2(b)& TBAO-109]
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Figure 2. 'H-NMR spectra (a) NHTA and (b)
TBAO-10.
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Table 2. Bromine Content of NHTA

Br content®
type  molecular formula MW Tl obs
NHTA CgH;30,Br; 413 5811 5810

9 Measured by reforming combustion flask method at 25 C.

'H-NMR 2#®Egld], § 0.8 ppme] CH,-C, § 1.3
ppme]| -CH,-C, & 1.6 ppmd] C-CH,-C, & 2.3 ppm
o C-CH;-CO-, & 3.5ppme] C-CH,-O ¥ § 4.0
ppmdl] C-CH,-0CO- 4%+ mart 4zt Jyeht
TBAO-10¢] 727} &¢15 ¢} Figure 3] B-3,
TBAO-10 2 TBAO-30¢] GPC 24 ZAE FAH
=4, B-3& M,=1150, M,=1700, c}EX% 1.48
2, TBAO-10& M, 1030, M, 1460, t}lEAx
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Figure 3. Molecular weight distribution curve for B-
3, TBAO-10, and TBAO-30.
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Figure 4. Relationship between viscosity and TBA
contents of modified polyester.

29 BE7] BUA Fo A4l 2 Aol E Hol
i led, BE7E =9 W4 Edagart u
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TEEAN =ZEARFe TBA #%d wE =utEAy
W32 Table 39 #A)EIE T} Table 394 Ydx
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AES 27 Hx, ddx, Bx, 234, 1$E%
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Figure 5. TGA thermograms of (a) B-3, (b) TBAO-
10, (c) TBAO-30, and (d) NHTA at the heating of
10 C/min in N, gas.
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t}.
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I v HE] f8td 29 da4e S FE
#E Table 4o BAISIEEH, 34184 BPU-
39 A AaA7re] 96%90d uksled TPU-10&
150%, TPU-15% 210%2 ZZ Jehgon,
TPU-20% TPU-30& £% 93l% 2 B3] AR
t}, FHA Y= BPU-39) 94 dA2A)zte] 170
22 yepdont, 7lg Yd=g9 A EEE 7
3 AT LElE $ 2 AFPoen 2o B
7Vs seh

29| g v]Fo HEF ] F71EFE dEA
o] FAEL ¢ F ANEd, o3 EHL ¢
oA e} o] HEo| d&s7 AX oy B
7¥27) AAE APAA PU 28 AR AAE
A F, AN AFT 9L AFE JAAFHe
24 Table 49X} o] TBAQ| HEgdge] F7}

F& 7] 2840 A 23l Eof] daHR
et A=A

|
&
o

#2lof A25¢ A33 20019 5€

Table 3. Physical Properties of PU Flame-Re-
tardant Coatings

tests sample names
BPU-3 TPU-10 TPU-20 TPU-30

viscosity (KU) 56 55 53 51
fineness of grind 7t 7t 7t a
pot-life (h) 8 14 20 28
drying time

S. T. T. (min) 9 15 19 21

D.H.(h) 3 5 6 6
hardness (7 days) 50 50 51 53
flexibility (1/8") good good good  good
impact resistance (100 g/50 cm)

direct good good good  good

reverse good good good  good
60° specular gloss 970 1005 1020 1025
cross-hatch adhesion (%) 30 100 97 95
abrasion resistance

(mg loss/100 cycles) 21 20 48 5
accelerated weathering

resistance (% gloss retention) % % % o
yellowness index (¢ N) 0.0465 0.1033 0.1302 0.1498
lightness index difference (6 L) 158 253 500 637

Table 4, Flame Retardancy Test of the
Synthesized Coatings

samples
testing method BPU-3 TPU-10 TPU-15 TPU-20 TPU-30
(s) (s) (s) (s) (s)
vertical test ~ 96° 150 210 SE* SE
horizontal test 170 SE SE SE SE

¢ The average value obtained from the result of five independent test.
¢ SE: It denotes self-extinguishing property.

4 £

£ A7 FA% Eglizy A Zeld A
(TBAO-10, -20, -30)2} ¢]xAlopdlo]ER] L-75&
Edc=3d PUA YAERE AZsur 88 B
AANEH AR AES P A g 2o FE
£ 4.

1. TBAO-10, -20, -30& 110~220 ‘CollA 11
A7 BgEdste M,=770~1150, tHEAlE 1.27
~1.48 R APE 87~91% & AU}

2. TBAOF #4elA HEe o] Bold4E
FTHAAAES} WolA, oM didEes B
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