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Abstract | Two-component polyurethane flame-retardant coatings were prepared by blending trichloro
aromatic modified polyesters(TCMPs) and polyisocyanate, TCMPs were synthesized by polycondensation
of trichlorobenzoic acid{(TCBA), a flame-retardant component, with adipic acid, 1,4-butanediol, and
trimethylolpropane. The content of TCBA was varied in 10, 20, and 30 wt% for the reaction. These
new flame-retardant coatings showed various properties comparable to other non-flame-retardant
coatings. Moreover, we carried out the combustion test and the flammability test for our flame-retardant
coatings. The results of vertical burning test for the coatings containing more than 20 wt% of TCBA
were determined as‘no bum’. The results of flammability test for the coatings with 20 wt% and 30
wt% of TCBA contents indicated the limiting oxygen index(LOI) values of 25% and 28% respectively,

which implied relatively good flame retardancy.

Keywords : two-component, polyurethane, combustion, flammability.
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Scheme 1. Synthesis of TCBA-adduct and TCMP.
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Table 1. Molar Ratios of the Reactants and Reaction Conditions for Modified Polyester, TCBA/TMP Intermediate,

and Trichloro Molified Polyesters

Reactants Reaction
.y v a _ e : Acid Dehyd- «.
Products 1,4-BD AA TMP* TCBA" TCBA-adduct®| Toluene | Temp Time value  ration Yield
glmol)  g{mol) g(mol)  g(mol) g g (C) (h) (mL) (%)
1089 3022 163.4
B-9 - — 20 150~220 14 36 739 91
(1.21) (207 (1.22)
TCBA 201.0 3383
— - — 20 130~180 11 40 265 93
-adduct (149)  (150)
102.8 2613 128.3
TCMP-10 - 759 20 130~180 11 4.1 68.0 90
(1.14) (1.79) (1.43)
9.8 2205 932
-2 — 151.9 20 120~175 11 28 619 88
TCMP-20 (1.08) (151) 0.69)
90.7 1796 582
TCMP- — 22718 20 120~ 170 10 2.1 55.7 86
%0 (101 (1.23) (043)
2 1,2-BD : 1,4-Buntanediol.  °® AA : Adipic acid.
¢ TMP : Trimethyloipropane. © TCBA : Trichlorobenzoic acid.
¢ TCBA-adduct : TCBA/TMP intermediate,
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Table 2. FT-IR and ‘H-NMR Chemica! Shiits of
TCBA-adduct

Product FT-IR(KBr, cm ) H-NMR
Cts = T, Cm .
e (200MHz, CDCls 5 in pom)
1760 - C=0 0.9(CH;-C)
139 : C=0 of Ar 15(C-CHa-C)
TCBA-addne, 2970 CH 33(R-OH)
A 1470 + -CH- 37(C CH-0-)
3380 : OH 4.4(C-CH:-0CO-)
1060 : OH of pri-alcohol  7.3~7.7(-CH=CH of Ar)
0.9(CH;-C)
10+ C=0 L 5CH-O)
e - 2~
1180 : C-O-
1.7(C-CHa-
2970 : CHa (C-CH-O)
TCMP-10 24(C-CHy-CO-)
1470 © -CHq- '
4 36(C CH: 0)
3510 : OH
4.1(C-CH,-0CO- )

1060 : OH of pri-alcohol
Of Prralconol g 57 9(-CH=CH of An)

Table 3. Chlorine Content for TCBA-adduct

Molecular , Cl content”
Type :
formula Calcd Observed
TCBA-adduct CisHisO«Clz 3425 31.09 30.07

* Measured by reforming combustion flask method at 25°C.

Table 4. Molecular Weight Distribution Data for B-9
and TCMPs Determined by GPC

Type M, M. M, M./Mn
B-9 1080 1520 2370 141
TCMP-10 970 1340 1790 138

TCMP-20 870 1090 1280 1.25

TCMP-30 760 910 1200 1.20
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Fig. 1. Relationship between viscosity and TCBA
contents of trichloro modified polyester.
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Fig. 2. TGA thermograms of (a) B-9, (b)TCMP-10, (c)

TCMP-30, and (d) TCBA-adduct with the heating
of 10°C/min in N2gas.
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Table 69 ¥]dAEEe BPU-9% HF9xHQ

Table 5. Physical Properties of TCMP/N-3300 Polyurethane Flame—Retardant Coatings

Test types Sample names
BPU-9 TCPU-10 TCPU-20 TCPU-30

Viscosity (KU) 59 56 53 51
Fineness of grind 7 7 7 7
Drying time(h) 3 4 6 8
Pot-life(h) 8 12 15 19
Sward hardness(7days) 50 47 40 35
Flexibility(1/8in) good good good poor
Impact resistance(1000g/50cm)

Direct good good poor poor

Reverse good good poor poor
60 ° Specular gloss 985 100.5 101.1 101.6
Crosshatch adhesion(%) 30 87 90 0
Abrasion resistance 20 31 58 104
{(mg loss/100 cycles)
Accelerated weatheri
resistance(100% glosrslgretention) 100 % % %
Yellowness index(4N) 0.077 0.195 0.329 0.400
Lightness index difference( 4L) 1.58 334 5.08 6.52
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Table 6. Flame Retardancy Test of the Synthesized Coatings

Testing Samples
methods BPU-9 TCPU-5° TCPU-10 TCPU-15 TCPU-20 TCPU-30
(s) (s) (s) (s) (s) (s)
Vertical 104° 130 154 229 SE* SE
Horizontal 188 231 SE SE SE SE

* The blends of TCMP-5/N-3300 and TCMP-15/N-3300 were named TCPU-5 and TCPU-15, respectively.
° The average value obtained from the result of five independent tests,

¢ SE ! It denotes self-extinguishing property.
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Fig. 3. Relationship between LO! and trichlorobenzoic
acid contents of trichloro modified polyester in the
two—component polyurethane flame-retardant

coatings.
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