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ABSTRACT: Two-component polyurethane (PU) flame-retardant coatings were prepared by
blending tribromo modified polyesters (TBAOs) 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 vertital burning test.

Keywords: tribromo modified polyester, isocyanate, polyurethane coatings, flame retardancy.
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Al of dARER]  EHEROMEM (TBA)E
Tokyo KaseiAl, 1,4-3€tjE (1,4-BD)3} olt]=
AF(AA)E Sigma ChemicalA}l, EgjWlglgxzad
(TMP)& Junsei ChemicalA}e] 1G4k ztz 2
g2 g3t EF o|aA|oldlo|Ex= Bayer
LeverkusenA}e] Desmodur L-75 (L-75)[Z8&
75%, NCO®= 13%, H=(207T) 2000%
500 cps], ®MA¢tEE Britisch Titan ProductsA}e]
TiO, (*¢&% RCR-6), F&EIAE Byk-Mal
linckrodtAle] Byk P-104S 2 {FA M3A=
Dow ChemicalAle] Dow Corning-11 A &S Z
Zr AHg-EH T

HAZalo|AE 2 M. WA ZeldaH2y §
A& Table 12] B-3 $zHoz e, 70 C
RE Nyotag FMFeH, 24528 10 C/h2
3o o 23 sy g9eE Y= 150~
200 cHx, HAF 220 CAA 247 ¥H-S XA
71 & ukg-g TAANZ e, ke TUHE L WE
243t AR} SEAAES 10v3e] et
A AHAA wFEDS &3 AAS oE
50 C, 3 mmHg 3ol 2 zsle T4 Hxo
40 OHr7l &4 WddZeldavlze =ZlZein]
(B-3)& 4t

Ezlp2a HMED|olAHE29] Y.

TBA/TMP EZMHME2| 81M: 5 42 Table 1
o] NHTA z7ho=z 39z, 7] wrexze B-3
we} 2 WHoz P} HHAHES 10
wlge] =audl it JHAIA FA R, 50 C
4mmHg 34 At zste A Fx 3
Aol TBA/TMP Z7MJAEQ  neohexanediol
tribromoacetate (NHTA)E 4t}

TBA &l e wMEZellas22] 314 TBA
3 10wt% 9l BAZSd 22 §42 Table 1
9] TBAO-10 7oz gt HEES A=
RAES O FFpd AFAAA wlvbEe] 1,4-
BDg} AAE &3] AAT F oA =2 A
AAA glukge] TMPE AASE A34& AR HAl
sen, AxFN Hz FHYgel TBA T2
10wt% < Eglnzy AAZedqaH2 Ze e
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Table 1. Reaction Conditions and Conversions for Modified Polyester, TCA/TMP Intermediate, and
Tribromo Modified Polyesters

materials . . . .

products  1A-BDE AAD TMP® TBA? NHTA® toluene tefnp. time acid dehydration conversion

(cy (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 4.0 74.3 92

NHTA - - 67.0(0.50) 148.5(0.50) - 8 115~180 6 26 89 94

TBAO-10 102.1(1.13) 262.4(1.80) 133.5(1.00) - 9.7 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 5.1 58.5 90

TBAO-30 88.6(0.98) 182.8(1.25) 73.8(0.55) - 2091 80 120~220 11 49 54.0 91

¢1,4-BD: 1,4-Butanediol.  AA: Adipic acid. © TMP: Trimethylolprapane. ¢ TBA: Tribromoacetic acid. ¢ NHTA: TBA/TMP interme-

diate.

(TBAO-10)& 9t}

TBA 3} 20 wt% 2 30 wt% ¢l HAZ o] 2|
2 AL Table-19) TBAO-207 TBAO-30% 2
o] 3%, oleje] Whe-Z3y FA|74-& TBAO-10
A} LA zissle] TBA &% 20wt% ¥
30wt% <l EgjERy WgEedaH 2 me|Zen
(TBAO-20, TBAO-30)& ztz} dith

BHEZ 3 ENFHMT Y. AP Zd 220
o] BE3eke ARAL Zgragoz! 233549
th. ZH4dEE KS M 5000-21219] Egeis 9
HAE AEWPY F, Gardner tubeel] welr F
Aslg e, AEUE-S A EE Gardner o] A9
I 25+0.05 CY ez SolA BE A2 ol
Ale] Z1E B AR 47 EA3K ok Al ot
2 A EE Fasignt

u=O.73t—%

A71A v B ® (stoke) ol R, = ARt (sec) S
HEepdch

717124, IR #3842 u)Z Bio-RadAle] FT-
IR #337] (Digilab FTS-408)2X, NMR &332
A& ol VarianA} (Gemim 2008) 'H-NMR &
WzH, 2% 9 Bxg BEZHLE vF Wa-
tersAle] GPC (R-410%)& AM-3lo], ®3 9%
242 vz DuPontA} (951 Thermogravimetric
analyzer, TGA)E AMH-3to N, 7|FsolA g2 &
gt

PU HHE 89 Fi=. A 4% Edluzw

Ea|of #1253 A33 2001d 5¢

BAZEd2H = 109.6 goll dlEolMElo|E, F-ro}
AHolE, 5 92 dz&Boleo]EE 2z} 39.
5 g% 7tstd SMAZ F, WAQgd TiO, 88g,
&8 B¢ Byk P-104S 0.3g 2 S5/
¢l Dow Corning-11 0.4 g& FY3sHA v gt &
gol2g2 52498 2A 3. & o]4A ok
o|E £ Z3gdel XAl o]4Aoldlo|EQ L-
75 1358 g& 3 F oy|d Helzddn d=4&
HoMflHlo|EE 242} 21.2 g¥ 3|43l A&t

T 2484 PU dd=89 AzE 25% U
a2 G A7 wo] flellA 4z A" Flol A
B2 #3289 356.3 g7} o|xA|opo]E 2] 3}
g 1782 g& EH=3j wEQ=dl TBAO-10/
L-75, TBAO-20/L-75, TBAO-30/L-75& A|Z3%
PU vdxg& TPU-10, TPU-20, TPU-302 =&
Ztzt gusig e, B-3/L-75A1 ¥A& BPU-3
o2 At

TR0 SMAIE. £ J-dA A143 AHS &8
9] Av A|FEe WE 2 wio] 3FFE Al
Q2 JY7LAFR(KS D 3512)& AMgAl=
KS M 5000-1111¢] wHe=z, FMA(KS D
3516)& AMEAle= KS M 5000-1112¢) Ao g,
£2BL AMRAIE 200 %150 X5 mme] FZo] w3
At

3 BAAE P F HAEE= Krebs-Stormer
viscometer (Pacific ScientificA}, serial 803283)
2A4 FAsded, 5% ¥ Krebs-Stormer =8
A (KS K 5400)9)A B =3k (Krebs unit: KU)
S T3t A3le:= 93l =%7| (Precisions
Gauge & ToolrAlA) =, AZRAZI 2Pz
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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.

4000

o] A=At Figure 2(a)e NHTA9 'H-
NMR ¥ E=QlH, & 0.8 ppm (triplet, 3H)ojA]
=)ol w3, §1.4 ppm (multiplet, 2H)d|A W
719 9=, ¢ 3.2 ppmelA R-OH (2H)e] 7]€
¥, ¢ 3.4 ppm (mutiplet, 4H)d|A wElg&7)9) 3|
A 92 §4.2 ppm (triplet, 2H)9)} d2H 24| 7]oh
Hed ¢2F5 313 Fo2 NHTAS Tz3¢l0]
7Vs8ldth. 3 Table 2¢] NHTA<9 Hgdat =
AEe debdled, 2Estere] A=ga Aalgrol
A & Ax=HNU

@d NHTA FUHAHET 14-BD, AA ¥
TMP9] 213 2E384 @4 Zegd 229 TBAO
7 4 ¥ 24 Avs 4vEd oed g
TBAO#F ¥42 TBA #&F 10, 20, 30 wt% ) ©j
<3t TBAO-10, TBAO-20, TBAO-309] 3% =
g Az, $824% 88 52 Table 1
o, +24]& Scheme 19 Z}z} YRl

Figure 1(b)= TBAO-10¢] FT-IR AslEgel
g, 1730 em™e] C=0 A&X%E, 1180 cm o] C-
0-1%d%F F571 44 el qaezr17t 23
Yk, 3520cme]l OHrZe] &A%,
1060 cm™'oll A1F LFo ANEAE F4EA =
FAZIZ 3= on], 29709} 1470 cm™ o CH,
AEFH -CHy B24% 57t 242 Jehy
&L E gt} Figure 2(b)= TBAO-10¢]

5.0
e

F2(of A25d A33 2001 59

PU ddZg9 47 &

o £43
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g

1 1 1 1
2 1
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Figure 2. 'H-NMR spectra (a) NHTA and (b)
TBAO-10.

Table 2. Bromine Content of NHTA

type  molecular formula MW _ Brcontent”
calc. obs.
NHTA CgH,50,Br3 413 5811 58.10

¢ Measured by reforming combustion flask method at 25 C.

'H-NMR =#]|E &<, & 0.8 ppmo| CH;-C, 1.3
ppmel] -CH,-C, § 1.6 ppme| C-CH,-C, & 2.3 ppm
9 C-CH,-CO-, 8 3.5 ppmd] C-CH,-O 2 § 4.0
ppmel C-CH,-0CO- 4% ¥z7t 47 vehd
TBAO-109] #z7} #l=dc). Figure 39 B-3,
TBAO-10 & TBAO-309] GPC 23 A7E FA|H
<dl, B-3& M,=1150, M,=1700, T} % 1.48
2, TBAO-10& M, 1030, M, 1460, CHExs
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Figure 4= TBAO<9] TBA 3k wle 34
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el wste] TBA & F7iol wet FE =7t A8
5o} TBA 3 30 wt% o4& 190 stokeZ vehy
Aok gt agEe) @B v feEen,
ol2 Q& A ZAFg W] A FsH= $E A
=899 FHLE 7FsA HAH

TH TBA §eko] 71845 AR WolRle
AL £ 479 TBA % 37k EApel #ad
gz 71"t o] 7hsaiAt, o] Hre th
9 o]&4 a4 ol v £EE Aog ddE
th. &, TBA @&3o| Bo® OH/COOH & &9
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5o Zt MAEe TGA Z4d& FAIY=H, B-3&
325 C FA 2= AlFste] 485 C Hol
M ok 96% 2] FHAAE UERiL gled v,
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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.
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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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£ Hla AES] H3le 19 AAgE FA A
€ Table 49 BA3IH T, #2AHNA BPU-
39] &R AxA|zto] 96&9lH] ¥l TPU-10&
150%, TPU-15& 21022 2z uehgond,
TPU-202} TPU-30& BE w35 2 23] AR
o FHA A E BPU-39 ¢ dA4A]zte] 170
22 Uepdoy, 7el dHEge) AgE BEE 2
s AsNAT Hald F & AQozN S0 B
7Vs &

9] 275 vjFo] BEFH] ZIMEFE YA
ol YL & 5 AT, olUF e Lol
EAMdA{ 2} o] HEe] Ry WA o} B
7t AaE APAA PU =8 A2 dAs
A &, MM JdFT a9 HHE AR
24 Table 4949} o] TBAS BEFF] F7}
B5E 27| 28] AeiAl Fste] Bl daEz|
Fooi HEHUAT.
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Table 3. Physical Properties of PU Flame-Re-
tardant Coatings

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

viscosity (KU) 56 55 53 51
fineness of grind VAR 7t sl
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 9%

abrasion resistance

. 2. 4, .
(mg loss/100 cycles) 2l 0 8 57

acc.elerated weathering ' % % % a
resistance (% gloss retention)
yellowness index (8 N) 0.0465 01033 01302 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.
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