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ABSTRACT Two—component polyurethane flame—retardant coatings were prepared by
blending trichloro lactone modified polyesters(TAPTS) and isocyanate, Desmodur IL.
Polycondensation reaction of trichlorobenzoic acid(TBA) as a flame—retardant component,
and adipic acid with trimethylolpropane, polycaprolactone 0201, and 1,4—butanediol gave the
corresponding TAPTs. The content of TBA was adjusted from 10 to 30 wt% in our
experiment. It was found that various properties of these new flame—retardant coatings were
comparable to other non—flame—retardant coatings. We also carried out three different tests
for the measurement of flammability of flame—retardant coatings. The results of vertical
burning test for the coatings containing more than 20 wt% of TBA were determined as 'no
burn'. The results of flammability test for the coatings with 20 and 30 wt% of TBA contents
indicated the limiting oxygen index(LOIl) values of 25% and 27% respectively, which implied
relatively good flame retardancy. They also showed the char length of 3.6 5.2 cm according
to 45° Meckel burner test, which can be classified as the first grade flame—retardant coatings.
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Table 1. Reaction Conditions and Physical Properties of TT-adduct and TAPTs

materials reactions . dehyd—

products TBA* TMP® AA° PCP! TT-adduct® toluene temp. time a?d ration yield
@ @ @ (© @ @ O m M oy
TT-adduct 338.3 201.0 - — - 20 140 220 13 4.9 26.6 87
APT-1 - 177.6 196.6 174.3 - 20 150 190 13 3.8 48.0 89
TAPT-10A - 132.7 156.1 173.7 75.9 20 130 190 9 5.8 37.4 78
TAPT-10B - 132.7 156.1 173.7 75.9 20 130 200 10 4.4 37.8 86
TAPT-10C - 132.7 156.1 173.7 75.9 20 130 210 11 4.3 379 86
TAPT-20A - 106.4 136.0 139.3 151.9 20 130 190 10 55 32.6 79
TAPT-20B - 106.4 136.0 139.3 151.9 20 130 200 11 3.7 334 86
TAPT-20C - 106.4 136.0 139.3 151.9 20 130 200 12 3.7 33.2 85
TAPT-30A - 80.1 1158 104.8 227.8 20 130 200 13 5.2 26.0 80
TAPT-30B - 80.1 1158 104.8 227.8 20 130 200 14 4.6 28.1 87
TAPT-30C — 80.1 115.8 104.8 227.8 20 130 200 15 4.6 28.2 89

“TBA : Trichlorobenzoic acid. “TMP : Trimethylolpropane. ‘AA : Adipic acid. “PCP : Polycaprolactone 0201. ‘TT—adduct :

TBA/TMP intermediate.

TBA/ TMP neohexanediol trichlorobenzoate
(TT—adduct)
TBA
TBA 10 wt%
Table 1 TAPT-10B
, TT—adduct
, TBA
10 wt%
(TAPT-10B)
TBA 20 wt% 30 wt%
Table 1  TAPT-20B
TAPT-30B ,
TAPT-10B
TBA 20 wt% 30 wt%
(TAPT-20B, TAPT-30B)
TAPT 10
KS M 5000-2121
,  Gardner tube
. IR Bio—Rad FT-IR
(FTS—40 ) , NMR CDCls/
202

T™S Varian (Unity—300 ) 'H—-NMR
spectrometer .
Waters GPC(R-410 )
, TGA DuPont (951 Thermogravimetric
analyzer)
Philips  XL-30 (SEM)

, Eiko Engineering lon
Coater(Eiko 1B-3 )

, 80

TAPT 110 g ,
, 60 g
, TiO2 89 g, Byk—320 3.0 g,
Dow Corning—11 1.0 g, Tinuvin—384 1.0 g,
Tinuvin—292 0.5 g DBTDL 05 g

Desmodur IL 220 g
2
445 g
220 g
TAPT-10 B/IL, TAPT—20 B/IL, TAPT—-30 B/IL
2 TIPU-10B,
TIPU-20B, TIPU-30B |,
(AA/TMP/PCP
APT-1/IL AIPU-1

=APT-1)
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(KS D 3512)
KS M 5000-1111 , (KSD
3516) KS M 5000-1112
, KS M 5000—
1121 , 0.076
mm doctor film applicator
Table 2
.3
. (ASTM D
568—-77) (ASTM D 635-88)
8 (ASTM D 2863-77, A

Table 2. Test Methods and Conditions of Physical
Properties

tests instrument and specification
viscosity (KU) Krebs—Stormer viscometer
Pacific Scientific Co., serial 80328
KS M 5000-2122

contrast ratio KS M 5000-3111

fineness of grind Braive Instruments Co., type 2020
KS M 5000-2141

drying time Dry-through method
KS M 5000-2512

pot-life Krebs—Stormer viscometer
JIS K 5400 (4.9)

hardness Yasuda Seiki Seisakusho, serial 4664
JISK 5400 (8.4.1)

impact resistance DuPont Impact tester, type 552
Ureshima Seisakusho

JIS K 5400 (8.3.2)

Glossmeter

Pacific Scientific Co., Glossgard
KS M 5000-3312

Cross—cut test

1SO 2409

Abrasion tester

Tokyo Seiki Seisakusho, Taber
FS 141C-6192.1

Spectro color meter

Data Color Ind. Co., ACS-5
Spectro color meter

Data Color Ind. Co., ACS-5

60° Specular gloss

cross—hatch adhesion
abrasion resistance
yellowness index

difference
color difference

) (Lon L Suga
( ),ON-1 ] * . 45°
Meckel burner (JIS Z-2150) 13
[100%,
( ) Ne 2/36 1
[ ( ) 70D/24F]
[ ( ) 75D/24F] ., wet
pick—up ** 80%,
60% ,
100 5
APT—1(Table 1) 5
‘CHZOH ‘CHZOH
CH3CH27EH*§:ZOH + HOOC —R, W CH3CH2*((‘;:CH20H
B 7 2
(TMP) (TBA) (‘::o
I
Ry
a (TT-Adduct)
Ry ¢ 4%370
Cl

Scheme 1. Synthesis of TT—adduct.

Table 3. FT-IR and 'H-NMR Chemical Shifts of TT-
adduct and TAPT-10B

products FT-IR . “H-NMR
(NaCl, cm™) (300 MHz, CDCl5, & in ppm)
1740 : C=0 0.9 (CHs~C)
3430': OH 1.5 (C-CH,~C)
1060 : OH of 1°—alcohol 3.6 (C—CH,—0-)
TT-addct 5570 g 4.4 (C~CH,—0CO-)
1470 : ~CHy— 7.4 (~CH=CH of Ar)
1580 : C=C of Ar
1740 : C=0 0.9 (CHs~C)
1170; C-0- 1.5 (C-CH,~C)
2940 : CH; 2.3 (C=CH,—CO-)
TAPT-10B 60 ~CHp- 3.6 (C—CH,~0-)

1590 : C=C of Ar 4.1 (C-CH,-0C0-)

7.4 (~CH=CH of Ar)
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CH, CH,0H
2HOCH2—(I:—CH20H + 3HOOC —€CH,)7 COOH + OH—R;—O—R—0—Ry;—OH + CH3CH,— (]:— CH,OH
CH,OH <|2Hz
o
(TMP) (AA) (PCP) (|:=o

E— —ETMP— AA — PCP—AA— TT-adduct — AA— TM P} + 6nH0O
n

(TAPT)

Cl

Ry : —Qu

d
Ryt -ECHZ)S—CO}m/Z

Scheme 2. Synthesis of TAPT.

TBA/TMP , TT—adduct
. TT—adduct

Scheme 1 , Table 3 FT-IR

"H-NMR

Table 3 TT-—adduct Scheme 1

Table 1 TT-adduct

1:1

26.6 mL( 27.0 mL)
1:1 adduct

TBA : TMP

TBA/TMP

TT—adduct
, 31.19
31.11 TT—adduct
, TAPT
TBA 10, 20, 30 wit%
TAPT-10B, TAPT-20B, TAPT-30B
, Table 1
Scheme 2

Table 1 TAPT-10A
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, TAPT-10B TAPT-10C
TAPT-10C
TAPT-10B
. TAPT-20 TAPT-20A
, TAPT-20B TAPT-
20C 3.7 ,
TAPT-20B TAPT -
20B . TAPT-30
TAPT-30A
, TAPT-30B TAPT-30C
TAPT-30C
TAPT-30B TAPT
TAPT
Table 3 TAPT-10B FT-IR IH-NMR
, Scheme 2
TAPT-10B
TAPT-30B
TAPT-10B

|
R1

(TT-adduct)
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Table 4. GPC Data for APT-1 and TAPTSs

products My My M, My/M,
APT-1 3100 15600 45700 5.03
TAPT-10B 2600 7500 20700 2.88
TAPT-30B 1900 4600 11800 242
14001
S TR
1200 “"w.._‘ =T
2 1000 ™,
i N
n, 800 M
>
‘G 600
8 .
Q400 %
> iz,
200 —
0
0 10 20 30

Acid content (wt%)

Figure 1. Effect of acid content on viscosity in
lactone modified polyester.

Table 4 APT—-1 TAPT GPC
, TBA
OH 16
. Figure 1
TBA
, APT—1 1290 stoke
TAPT
TBA 30 wt% 200 stoke
TBA ,1
TAPT
17
18
19
Figure 2 TGA , APT-1
300 490 , TAPT-10B 270 475 ,
TAPT-30B 255 460 TT—adduct
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Figure 2. TGA thermograms of (a) APT-1, (b)
TAPT-10B, (c) TAPT-30B, and (d) TT—-adduct
with the heating of 10  /min in N; gas.

Table 5. Comparison of Physical Properties of
Flame-Retardant Polyurethane Coatings

tess sample names
AIPU-1 TIPU-10B TIPU-20B TIPU-30B

viscosity (KU) 76 73 71 69
contrast ratio 97.1 97.7 985 984
fineness of grind 7 7 7 7
drying time (min) 178 155 135 122
pot-life (h) 32 26 23 19
pencil hardness (7days) 2H H F HB
impact resistance (500 g)

direct (50 cm) 5 4 3 2

reverse (50 cm) 5 5 4 3
60° Specular gloss 838 89 91 93
cross—hatch adhesion (%) 100 100 100 100
abrasion resistance

025 029 0.36 040
(mg loss/200 cycles)

yellowness index difference O N) 04 06 11 13

color difference (0 L) 11 29 37 45
215 490 1
TBA
20
. (TIPU )
(AIPU-1) Table
5 . Table 5
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TIPU ,

AIPU-1
21
122 155 (4 ) )
19 26 “ )
AIPU-1
22
23
24
Table 6 AlIPU-1
TIPU ,
AIPU-1 102
TIPU-15B 216 , TIPU—
20B
AIPU-1 185
Figure 3 LOI ,
TBA
TBA 30 wt% LOI 27% .
LOI 17%
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Table 6. Flame Retardancy Test of the Synthesized
Coatings

testing sanples

methods AIPU-1 TIPU-5B“ TIPU-10B TIPU-15B" TIPU-20B TIPU-30B
©® (O] ©® (O] (O] ©®

vertical 102 129 157 216 SE¢ SE

horizontal 185 240 SE SE SE SE

“The blends of TAPT-5B/IL and TAPT-15B/IL were
named TIPU-5B and TIPU—-15B, respectively.

*The average value obtained from the result of five
independent tests.

‘SE : It denotes self—extinguishing property.

35

301

25+

201

LOI (%)

15

10

10 15 20 25 30
TBA content (wt%)

Figure 3. Relationship between LOI and trichloro—
benzoic acid content of lactone modified polyester
in the two—component polyurethane flame—retardant
coatings.

Table 7 9 45° Meckel burner

TIPU-20B —-30B

5.2 cm , (afterflaming)
(afterglow) 1 1
Table 6 9 Figure 3 TBA
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Table 7. Flame Retardancy of Acrylic Fabrics
Treated with Synthesized Flame-Retardant Coatings

45°  Meckel burner method

exp. no. char length  afterflaming®  afterglow’
(cm) (sec) (sec)
Untreated BEL* - -
TIPU-10B 20.9 27.1 20
TIPU-20B 5.2 0 0
TIPU-30B 4.7 0 0

“Burning time of sample with spark was measured from
end time of heating flame.

‘Indicates combusting state without spark from end time
of heating ; it was determined by observation after 1 min
from the end time of heating.

‘Burned entire length.

Table 8. Flame Retardancy of Nylon Taffeta
Treated with Synthesized Flame-Retardant Coatings

45°  Meckel burner method

exp. no. char length  afterflaming®  afterglow”
(cm) (sec) (sec)
B-1¢ 8.8 0 0
B-2 BEL - -
TIPU-10B 57 2 0
TIPU-20B 4.8 1 0
TIPU-30B 4.3 0 0

“Original fiber not treated with flame—retardant coating
and resin.
*Fiber treated with resin only.

Table 9. Flame Retardancy of Polyester Taffeta
Treated with Synthesized Flame-Retardant Coatings

45°  Meckel burner method

exp. no. char length  afterflaming®  afterglow’
(cm) (sec) (sec)
B-1 7.9 2 0
B-2 BEL - -
TIPU-10B 53 0 0
TIPU-20B 45 0 0
TIPU-30B 3.6 0 0

“Original fiber not treated with flame—retardant coating
and resin.
*Fiber treated with resin only.

. Figure 4 SEM 2

26 2 2002 3

0N A

Figure 4. Scanning electron micrographs of the
surface structure of two—component polyurethane
flame—retardant coatings. (a) AIPU-1 and (b)
TIPU-30B [original magnifications]x1000.

AIPU-1 , TIPU-30B
, TIPU-30B
, Des—
modur 1L
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7500

20 wt%
25 27%

130 200 10 14
86 87%, M, 1900 2600, M, 4600
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19 26
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3.6 52 cm 1
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