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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 trimmethylolpropane, 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 ncn—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 (LOI) 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.

Keywords : trichloro lactone modified polyester, isocyanate, polyurethane coatings, flame retardancy.
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Al of EfMEE&EZg(TMP : Aldrich Chemical
AP, 1,4—%1]& (BD : Hayashi Pure Chemical’h),
EE52FHZAHTBA © Tokyo Kasei Kogyorh
9l o} LAHAA : Sigma ChemicalAh) 2 15 A2k
F7kE2erE 0201 [PCP : MW 530, OH No. 212,
A= (55 C) 65¢P, Union Cal”bide/\]']g E5AA
FE 47 U AREEIGITE KESE o] AAjollo| E
+ Desmodur ILIL : toluene diisocyanate(TDI) —
2YE 51%, NCOEH 8.0%, 3
A, Bayer LeverkusenAl, #2QtE+E TiO,(DuPont
AP, F&EAHE Byk—-320(Byk—Chemie GmbH
A, EZ$702A+= Dow Corning—11
glycol copolymer, Dow Chemical’h, UVEFAE
Tinuvin—384 (benzotriazole #F%#), Ciba—Geigy
AD 9 UV @4 AE Tinuvin—292(HALS : Ciba—
Geigy D& 47} AM43t5.29, di—n—butyltindilau—
rate(DBTDL : Wako Pure Chemical*b) 18 Al2F&
B3Eu 2 AFgEith

EZ|Z2E 2E B E2(oAHZ &Y.

TBA/TMP SZHd : TBASH TMPel 2% F1HA|<
&L Table 19 TT— adduct #4%
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Table 1. Reaction Conditions and Physical Properties of TT-adduct and TAPTs

materials reactions dehyd-
products TBA* TMP* AA¢ PCPY TT-adduct® toluene temp. time ration  yield
® ©® © @ ® ® © o Mm@
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 58 374 78
TAPT-10B - 132.7 156.1 173.7 75.9 20 130~200 10 44 37.8 86
TAPT-10C - 132.7 156.1 173.7 75.9 20 130~210 11 4.3 37.9 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 33.4 86
TAPT-20C - 106.4 136.0 139.3 151.9 20 130~200 12 37 33.2 35
TAPT-30A - 80.1 1158 104.8 227.8 20 130~200 13 5.2 26.0 80
TAPT-30B 80.1 1158 1048 227.8 20 130~200 14 46 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.

AA F Az}
TBA/ TMP %7} neohexanediol trichlorobenzoate
(TT-adduct) & Itk

TBA &2kl M2 EC|S2Z 2= HYEI|oAH|
2 :TBA &% 10 wt% EHERE SE W ET
o AE)29 AL Table 19 TAPT-10B9 #o]
3t 7]el ¥kEEA 52 TT-adduct &A1
59% WHeR a5tk AN ESE OdF FF
F9} o"oe 2o AHAA vSEAS AASA
A on, S B HzAte] TBA &%
10 wt%9l ESE22 HE s/dEgdiH= =g
Zg|u(TAPT-10B) S ¥gith

=3 TBA 20 wt% % 30 wt%?) &E HAZg
2H 2] Table 1¢ TAPT-20B%
TAPT-30BY =zioz alx, ojdde] & ¥4
ubd gl AA7EL TAPT-10B A$9 ZA 3k
TBA 20 wt%} 30 wt%Ql ETCZ2R ZE HAE
o AH 2 FalZ&n (TAPT-20B, TAPT-30B)

DEEERES I ES RN

&5 =]
g2 A

M 5000—21219) FHaAA] FA4

T A#EYY, & Gardner tubeqoll't Wby Z4zt &

A3kt
2 M R #3842 95 Bio—-Radrte] FT-IR

(FTS-40%) A, NMR %842 §uiZA CDCly/

202

TMSE ARg3led VarianAH(Unity—300%) '"H-NMR
spectrometer 2 27} B4}, Al 9 $x%F £
¥ ML u]Z WatersAte] GPC(R-4108)E AME
3d, TGAE DuPontAH951 Thermogravimetric
analyzer) 2] SR¥AWE AHEdte] A 71FaelA
Zstdey. w3 Azg Axzote BHTRE o
= PhilipsAl XL—30 FAPARARZA(SEM) 2.2 #
ZAalded, EH2 dE Eiko Engineering Ilon
Coater (Eiko IB—3%)& ARMEs] oS 43 %
=435t oH, FAAIZRE 8022 sth

Itz Zo| M WA Ze|daH24R] 42 o
oA @A4ls TAPT 110 goll oledd2&8 Heoli
Ho|E, ddolAHolE & EF<E A2t 60 g4 7}
slod FH3] 32421 %, TiO, 89 g, Byk—320 3.0 g,
Dow Corning—11 1.0 g, Tinuvin—384 1.0 g,
Tinuvin—292 0.5 g @ DBTDL 0.5 g& FU3H
Edl=3sle] AT o] hAloo)|E AEHEHL
Desmodur 1L 220 g& @522 53tk

3HH 24 RA ZEede dd=gY Az Yol
A ZAD MAZYNAHEFR] £ 445 g o] &
Aohdlo]E Astgel 220 g ALAIAA AUE
¥l TAPT-10 B/IL, TAPT-20 B/IL, TAPT-30 B/IL
2 Azxd 24%A 9w dIESE TIPU-10B,
TIPU-20B, TIPU-30B&, 3 Al 2E W
AZ Y22 (AA/TMP/PCP T2 Z2|W=APT~1)
ol APT-1/ILE AIPU-12 Z+zte] H3S Asigich
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=8 SHAE. ER9 24534 AU 33FY AW WALLAF LODY (IR Suga A8
AAe WAL, ol e FACR TaABE (), ON-1818" Adsel HPskch w450

Alzbstodch, WA THEKS D 3512) & AREA]of Meckel burnerd (JIS Z-2150)2.25" Ja4e
£ KS M 5000-11119] ##&el w2}, FA|EKS D FHsigled], 4% AZe g drky ¥z

3516)& AREAlelE KS M 5000-11122] 30 & o vk AgEE AAg ol3d AE(100%,
Az, EF FHFE AHEAE KS M 5000- sl el () 9] Ne 2/360.% A&, UdE ggH
11219 749 474 g3gled, =2 FAE 0.076 [(FJd&(F) 9 70D/24F] 9 ZoAHZ iy
mm7} FE& doctor film applicator& ARE3te] = B (Y AE(F) Y 75D/24F1& AFEstEar, wet
B3h9ict. pick—up'* ol=¥ AE 80%, YUE HulE g &
E4ANELE Table 20 EAIG 2o wio] s} ZAAHZ e 60%7F HES sgioy, Zhzt
A o A8z 100 CollA 583k 2 3ksict
LI £ 3379 247124 dAERY ¢l
A oRE Adstiith dade FAIE(ASTM D o ¥ oE
568~77)3} +HAIE (ASTM D 635-88) ¢l A3}
Gou] s 71y A-(ASTM D 286377, AR AlA E2I2=E == HdEeloaH2e] gysel &
Agedel FAYP HE WNZYdAHE
APT-1(Table 1) g4 AaAHE0] ARAANY o]

Table 2. Test Methods and Conditions of Physical

Properties
tests instrument and specification . 7?122:20'1  ooc ron EHZ?:ZOH
viscasity (KU) Krebs—Stormer viscometer ) L o (-H:0) o

Pacific Scientific Co., serial 80328 (|) i

KS M 5000-2122 (TMP) (TBA) .
contrast ratio KS M 5000-3111 R,
fineness of grind Braive Instruments Co., type 2020 ¢l (TT-Adduct)

KS M 5000-2141 R : cl
drying time Dry—through method >>:

KS M 5000~2512 “
pot~life Krebs—Stormer viscometer Scheme 1. Synthesis of TT~adduct.

JISK 5400 (4.9)
hardness Yasuda Seiki Seisakusho, serial 4664 Table 3. FT-IR and 'H-NMR Chemical Shifts of TT-
, , TISK 5400 (4.1 adduct and TAPT-10B
impact resistance DuPont Impact tester, type 552

Ureshima Seisakusho FT-IR "H~NMR

JIS K 5400 (8.3.2) PrOCIS (NGl em™) (300 Mz, CDCL, 6in ppm)
60° Specular gloss Glossmeter 1740: C=0 0.9 (CH;-C)

Pacific Scientific Co., Glossgard I 3430 : OH 1.5 (C-CH,-C)

KS M 50003312 TT—adduct 1060 : OH of 1°=alcohol 3.6 (C-CH,-0-)
cross—hatch adhesion ~ Cross—cut test 2970 : CH;, 4.4 (C-CH,-0C0-)

180 2409 1470 . -CH,~ 7.4 (~CH=CH of Ar)
abrasion resistance Abrasion tester 1580 : C=C of Ar

Tokyo Seiki Seisakusho, Taber 1740:C=0 0.9 (CH;-C)

FS 141C-6192.1 1170: C~0- 1.5 (C-CH,-C)
yellowness index Spectro color meter TAPT-10B 2940 : CH, 2.3 (C-CH,-CO-)
difference Data Color Ind. Co., ACS-5 1460 : —=CH,~ 3.6 (C-CH,-0-)
color difference Spectro color meter 1590 : C=C of Ar 4.1 (C-CH,~0C0~)

Data Color Ind. Co., ACS—5 7.4 (-=CH=CH of Ar)

EZH Al26¥W A2Z 20023 3Y 203
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CH,OH C|H2
o
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Scheme 2. Synthesis of TAPT.

EfgZzz IE HAZAHZ2Y Fa% v
= TBA/TMP #7tAl &, TT—adducte] &4Je
Qg WA dAsYE o Zrh TT-adductd T
Z2% Scheme 19, Table 39| 29 FT-IR%}
'H-NMR #423s5 7tz A8, dAlz
Table 3¢ TT—adduct &4Z3}7} Scheme 19 T
ZAs & AP IZHN I FEEYC] ekt
Table 19 TT—adduct 244 TBA : TMPS] %t
SEuE L1E FH& BRI, 39 25l
26.6 mL(¢]2% 27.0 mL)E et TBA/TMP
gHAo] 11 adduct® olES #QUsch L3 kel
A A8 28 490 o2 TT-adducte
Axst ZA4Z, o|Eglo]l 31.19°11 FA4o
31.112 Jeh} TT-adduct®) o] & o] Fo R
019\}:

jo] Eal 22 FE dAZeYdAHE 5 TAPTY
24 TBA % 10, 20, 30 wt%ol uidtdd
TAPT-10B, TAPT-20B, TAPT-30BE Az &
o, §4g9 ukeFA-E Y&t Table 1], F45
= FAHUNAS Scheme 2| ztZ EAEIch
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Table 4. GPC Data for APT-1 and TAPTs

products My M, M, MM,
APT-1 3100 15600 45700 5.03
TAPT-10B 2600 7500 20700 2.88
TAPT-30B 1900 4600 11800 2.42
1400
1200
»
2 1000
[o]
@ 800
2
= 500
[e]
8 400
p=
200
0 ,
0 10 20 30

Acid content (wt%)

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

Algel APT-13 TAPTH9 GPC
ANRed, TBAS o] F71ErFH
OHZ17} A% WolA,'"* FF¥
FAE RoF
S5 .=./<‘>E Figure 1 EZE22 #E HAYED

Al2Ej22] TBA A | wg %7@}46“:3]'«]
A EFS ZQd, APT-12 1290 stoke$lH
Hhato] TAPT @4gao] Foistel v 227474
221 A deld TBA 30 wt%eld= 200 stokeZE
vebdigitt. olglet A% TBA &, 1974k &
ol F7teol Wt A FAEY F27T AY
A8 Fhsdo] WolA, A= BI|A
2 AT} A4S Ae=w

ZE 2] 945
FEE

TAPTE| €& ME Zeo2e22 dRs W
FHFel B3 = EAAME] L7 WA 4
g dots A ZEoAEE AREo] B9
2R E3 Wgo] dojdthz o]8o)'® glom,
dEaMel st Ft2EA eyt Foksickn %_LE%
A gleht

Figure 2= 7} A/3E2] TGA 3448, APT-1

el
&+
o

39

H o Hr ol

]O::.'é.

2 300~490 €, TAPT-10Bx 270~475 T,
TAPT-30Bx 255~460 T % TT-adduct:
EziH A267 A23 2002¢ 3¢

3 ZE U Y=g Alx U dAdEA
100
@
R 80 ®
=
% 60- ©
2
5 (@
T 404
el
@
[
o 204
0
100 200 300 400 500

Temperature (C)

Figure 2. TGA thermograms of (a) APT-1, (b)
TAPT-10B, (¢) TAPT-30B, and (d) TT—adduct
with the heating of 10 C/min in N, gas.

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

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

tests

viscosity (KU) 76 73 71 69
contrast ratio 971 97.7 95 084
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 88 89 91 93
cross—hatch adhesion (%) 100 100 100 100
abrasion resistance 055 099 036 040

(mg loss/200 cycles)
yellowness index difference (N} 0.4
color difference (§L) 1.1

06 11 1.3
2.9 3.7 45

215~490 T2 2% ¥l A 7ztzt 199
FHLE RAFAE, 99 #@E Hol FANFE
TBA ¥%o] Z7h845 dergadel ik
A A dEH7r 23
gz AstEe AtEA
W A AR o)gu &
29| BMHSlL AXY FAEE(TIPUR & ¥l
UerEE(AIPU Do) a-g4
5 B3It Table 59 Z+E TH
2H&, T 2 HEEe ¢
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SHEd gk Sl
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A,

205



=, dzAzth Fes 9 drkede G 4z

= i
Uehkor], A%, $A%4%E, FUE ¥ ARt o
53] guwe Az

25t Ueith ol% 5
ATPU-12Y} TIPUR o) via vepgted], ole

HA7PPF EYPeEA A
o]?! i oojytr] WEQ Hog FHAH) A
o HER] THEA A FE& dzANE 1
7WAAZEE Q7ske Aol e, Axd 3z
89 AZAZO] 122~1558 (4413
7HAEAZRO] 19 ~26A17H(4AIZE o]
HER 29 £33499] odAA 2R
$HH AIPU-19] BEAL A9 ¥yt t3s 43
T HoJFOoBM, XEoA At EelxHzE F
g&7 Z7tz2RE E&o 24 FEo) vehd
& F Y3k

¥z)oez 7474

ftio

=20 tioizat HE ddN EEE A2
EBE2AM, RatATh Ao f9ds HHE o
ANA Aol2E st FEA: HFE FAA
o2A PaAeE s Aos LuiA g

Wl mge ddgRoRl F2 <l AEE o
el BE, 94 59 T2A f25ol wol A%
Ha QEe” 2 FelME ot ZAgHIA o

w7E 7] wgol Oduloi dojuhe stshike

upeka] A2 :Moﬂxi HE} Asht damgelA
g gyt @4 FotAE Zo

Table 6o BlddAEE AIPU-1% JAEEQ
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oA ATPU-19] & o AVJOI 102%1d] wha}od
TIPU-16BE 21622 7}7+ Yelson, TIPU-
20B ool M= B 23 § F 2] AT =

st AP M= AIPU-19] & dA4r|7ho] 185
22 Jepg o, 7jg gl
A AT g F
7bs 3.

Figure 3< LOIM &%t WdAl S3ZAAA,
TBA #FZ7kel weh ddazst Jdx A=
TBA 30 wt% A= LOI 27%F Jehigich dnky
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Table 6. Flame Retardancy Test of the Synthesized
Coatings

testin samples
methojs AIPU-1 TIPU-5B7 TIPU-10B TIPU-15B" TIPU-20B TIPU-30B
S ) © ) ) ©)

vertical 1022 129 157 216 SE* SE
horizontal 185 240 SE SE SE SE

ol U)o,

dol #g Ut

“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
30+
254
R
o 20
|

R ]
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®ej 2ls} =4
g 9ddAd Agdneld, 29 g3 AE F ol
g 229 Aol HE= TIPU-20BY —30BelA
g&ldol7} 5.2 cm o)dte]x, T4 (afterflaming) ¥
ZA (afterglow)ol 1% ol3t2 yeh} vd 130l
AFEo] ofzd Ao ¢ud FHAFINE HIF
o Y& gge et ZeldAHZ gaydqR ¢
At okad HEY WY A v AEE 4
epdo 2 At dAdanE Fogs & ¢ Uk

olge AEA FAUFO TEFE dayol
P, oldd e g dra Aoy
s o] Gael ¥sL WA Dol Bt 4L

25 AAAA ZfUE £8 AE d4E o
Z okor AEI Fddx: HAAL Aoz H
Table 6~9 % Figure 3olx g} #o 4

;%
ws]
o=
Ay
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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 2.0
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. 1o. char length  afterflaming®  afterglow®
(cm) (sec) (sec)
B-1¢ 3.8 0 0
B-2¢ BEL -
TIPU-10B 5.7 2 0
TIPU-20B 4.8 1 0
TIPU-30B 4.3 0 0

“QOriginal 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 5.3 0 0
TIPU-20B 4.5 0 0
TIPU-30B 3.6 0 0

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

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.
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