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Preparation and Characterization of PU Flame-Retardant Coatings Using
Modified Polyester Containing Phosphorus/Chlorine and HDI-Trimer

Song-Hyoung Kim ° Seck-Young Hong ° Gyu-Yeol Yoo ° Sung-Hwan Ahn
Hyun-Sik Hahm - Hong-Soo Park '

Department of Chemical Engineering, Myongii University, Yongin 449-728, Korea
(Received Moy 2, 2006 ; Accepted Nov. 15, 2006)

Abstract : The PU flame-retardant coatings (TTBAH, ATBAH-10C, -20C, and -30C)
were prepared using the synthesized ATBAs and HDI-trimer as curing agent at room
temperature. The physical properties of PU flame-retardant coatings with chlorine and
phosphorus were inferior to those with phosphorus only and the properties were gelting
worse with increasing chlorine content. Flame retardancy was tested with three methods.
With the vertical method, complete combustion time of ATBAHs were 2597347 seconds,
which means that the prepared coatings are good flame-retardant. With the 45° Meckel
burner method, char lengths of the three prepared coatings were less than 2.9 cm, which
indicates that the prepared coatings are first grade. With the lmiting oxygen index (LOD
method, the LOI values of the three prepared coatings were in the range of 30735%, which
proves good flame retardancy of the prepared coatings. from the result of flame retardancy
tests of the specimens that contain the same amounts of flame retarding compounds. it was
found that the coatings containing both phosphorus and chiorine show higher flame
retardancy than the coatings containing only phosphorus. This indicates that there exists,
some synergy effect between coexisting phosphorus and chlorine.

Keywords © modified polyester, phosphorus/chlorine, HDI-trimer.
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vddst AEe F£XE An[glld A4
o3 d4 TH HAZYNEFA, 24 EA

JAEg 9 dAFA & 73 A =
hexamethylene diisocyanate-trimer
(HDI-trimer){Leverkusen  Co.,  Desmodur

N-3600, 2388 T 100%, NCO 33 23.0%,
AE(23C) oF 1200mPa - s], BAg=EE TiO,
[British Titan Product Co., R-708], BAMA&=
BYK-320 [BYK-Chemie CoJ, Tg#|=
BYK-341[BYK-Chemie Co.J, UVeAAl=
Tinuvin-5050 [Ciba-Geigy Col, As&AAl=
dibutyl tindilaurate [$9439(F)] € L2EAE
BYK-065 [BYK-Chemie Col2 &7 AM23I4
=3

2.2. HAERe XM=

2 APoMY FAEgE FA FsA9
2ARAR ojFA e, FAe UREATA
(Part A)3} A FHPart B)oE AR,
AsAle A3FF (Part O) 22 F4HET

Part A A=A Wdds E9d2H 100g
o  AXEA BYK-065 06g, A
BYK-320 36g, WActg<el TiO: 835g ethyl
acetate 28.0g, cellosolve acetate 280g2.E,
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Part BE UVSAAZA Tinuvin-5050 1.5g,
TgA9l BYK-341 1.2¢ ethyl cellosolve 25.3g
Aatz A Q) dibutyl tindilaurate 1.0go® ZF
zy wigE e =3 Part C= HDI-trimer$)
Desmodur  N-3600  99.3gel F71-&mel
cellosolve acetate 16.0g 2 Ad# 160go =
TAAEUT H 2484 ddERY Azxs
oA g FATAHN &= &9 2727
7 AaA FAHd &t £9 131.3gL = olF

o] Hed, PUYdxRse =32 FTAg
TTBA/HDI-trimer ¥+ TTBAHEZE, Y94
ol DCA ¥ 10, 20, 30wtx T
ATBA-10C/HDI-trimer, ATBA-20C/HDI-
trimer, ATBA-30C/HDI- trimerdd 7A-$E

ATBAH-10C, ATBAH-20C, ATBAH-30C2=
BAE At

d qe o
A KS M 5000-11129) =2A8-& FA4%

FartA)e Rk
A5 drista fdiy die 2ES
A Fe FHFR2AHALE AHE e €F

ol 289} HDI-Trimerd] 93 PU dddxge Az

S

LETE N

o7 AxXIn A Aoz o EEE
derwr EA7E 0.076mm7t U % Doctor

pungai |

Film Applicator 0.15mm (0.006 inch)& A}4-3}

o T¥F 5 AUEFE 5044%, =X 23:17C 9
F2agAA 747 ARANFA LT, =FA A
=3 A& Ao R 2R
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=X

i

= 3 2 £34d (ASTM D 1433), 45
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(limiting oxygen index : LOIH)Q 38H A
HE A= gt
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gt Ao AL thE WE
inch Zo|8 zdste A HAAHY 3
of 1027 diaAzl &
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Table 1. Test Method and Instrument for Physical Properties

Physical property

Instrument

Test method

Viscosity (KU)

Krebs-Stormer viscometer
Pacific Scientific Co., serial 30326

K5 M 5000-2122

G e A
60° Specular gloss lossmeter

Pacific Scientific Co., Glossgard U

KS M 5000-3312

Hardness

Pencil hardness tester
Yasuda Seiki Seisakusho, serial 4664

Cross-hatch adhesion Cross—cut test

KS M 5981

[andre]
Flexibility Mandrel

Pacific Scientific Co., Conical

KS M 5000-3331

Impact resistance

DuPont impact tester
Ureshima Seisakusho Ltd., type 552

JIs K 5400

Pot-life Krebs-Stormer viscometer —
Drying time Dry-hard method KS M 5000-2512
Ac«;e].erated weathering QUYV accelerated weathering tester KS M 5000-3231
resistance Q-Panel Co.
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Table 2. Polycondensation Conditions and Yields for TTBA and ATBAs
. Reaction
Meterials condition Dehydra- ..
Products \ b .. o .4 DCA- o . tion  Leld
TMP* TBOP® 14-BDF AA .. o Toluene Temp Time (%)
adduct , . (mL)
(g) (g) {g) {g) @) (g) () (o)

TTIBA 103.8 593 1183 1799 — 16 1007150 5.2 60.9 90
ATBA-10A — 59.3 1651 1394 875 16 1007160 6.1 51.0 —
ATBA-10B — 59.3 1651 1334 875 16 1007145 45 494 84
ATBA-10C — 59.3 1651 1394 875 16 1007150 5.0 50.8 33
ATBA-10D — 59.3 1651 1394 875 16 1007150 55 51.0 88
ATBA-20A — 59.3 108.1 98.9 175.0 16 1007150 5.2 407 —
ATBA-20B - 59.3 108.1 98.9 175.0 16 1007140 4.0 385 83
ATBA-20C — 59.3 1081 989 1750 16 1007145 4.1 40.8 86
ATBA-20D — 59.3 1081 989 170 16 1007145 43 40.9 85
ATBA-30A — 59.3 51.1 58.4 2625 16 1007150 5.0 30.6 —
ATBA-30B — 59.3 51.1 584 2625 16 1007135 35 30.2 81
ATBA-30C — 59.3 51.1 584 2625 16 1007143 4.0 30.8 83
ATBA-30D — 59.3 51.1 b8.4 2625 16 1007143 4.2 31.0 83
“TMP : Trimethylolpropane, "TBOP : Tetramethylene bis(orthophosphate), ‘1,4-BD : 1,4-Butanediol,
YAA : Adipic acid, “DCA-adduct : Trimethylolpronane/Dichloroacetic acid intermediate.
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A7l dadzuel ATBAH-10C, ATBAH- A A EFTE BRAFJ. =F &
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=3 ol AFRE ¥IAN AF FHY =L
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(B4 T0KU : Krebs-Stormer Unit)i ¢ & HE BHE HAFIoH, H4 dRo] Bepd
= 948 Uk APHe EUngon, du  £2 =uBy gEd 09 Budde dod
aEe BaAdE A2 WY AR An,
£ 74 Ak AgHE AT deiun.
60° ZAHEBFHATZ(00)A UF)E= Gi Tl 3.3. Hol=29 HelM
Fold & 1 gho] Asteo] HA EHSAE PUA ddEss 232 A48 &4 &
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Table 3. Physical Properties of Two-Component PU Flame-Retardant Coatings

Physical property TTBAH' | ATBAH-10C" | ATBAH-20C° | ATBAH-30C?
Viscosity (KU) 74 67 64 63
60° Specular gloss 39.4 38.6 31.8 57.9
Pencil hardness HB HB HB HB
Cross-hatch adhesion (%) 100 100 100 100
Flexibility (1/8 inch) good good good good
Iinpact resistance
(50em/500g) direct good good good good
reverse good good good good
Pot-life (hr) 10 i3 i8 18
Drying time (hr) 20 22 24 24

Accelerated weathering
resistance, QUV (500hr)

gloss retention (%) 715 60.9 49.8 41.2
60° specular gloss 65.8 61.0 55.3 52.1
color difference (4E) 0.67 1.02 1.03 2.22
yellowness index (4N) +0.25 -0.45 -0.59 -1.76
lightness index

difference (4L) -0.23 +0.55 +0.67 -1.17

“TTBAH : TTBA/HDI-trimer, "ATBAH-10C : ATBA~10C/HDI-trimer,
‘ATBAH-20C : ATBA-20C/HDI-trimer, “ATBAH-30C : ATBA-30C/HDI-trimer.
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Table 4. Flame Retardancy Tests of Prepared PU Coatings

Testing TTBAH? ATBAH-10C | ATBAH-20C° | ATBAH-30C!
methods (sec) (sec) (sec) (sec)
Vertical 213° 259 316 347
Horizontal 303 SE' SE SE

*TTBAH : TTBA/HDI-trimer

"ATBAH-10C : ATBA-10C/HDI-trimer

‘ATBAH-20C | ATBA-20C/HDI-trimer

ATBAH-30C : ATBA-30C/HDI-trimer

“The average value obtained from the result of five independent tests
ISE : self-extinguishing property.

Table 5. Flame Retardancy of Acrylic Fabrics Treated with Synthesized Flame-Retardant

Coatings
‘ 45° Meckel burner method
Concentration X T
Products (Wt%) Char length Afterflaming® Afterglow
(cm) {sec) (sec)
Untreated 0 BELS 0 0
TTBAH 20 56 3.0 2.0
ATBAH-10C 20 3.1 O 0
ATBAH-20C 20 2.4 0 D
ATBAH-30C 20 2.2 O 0
ABTTC-20C" 20 2.7 0 0

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

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

‘Burned entire length.

YABTTC-20C : PU flame-retardant coatings using 2,4-dichlorobenzoic acid modified polyester
containing phosphorus and allophanate-trimer.
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Table 6. Flame Retardancy of Polyester Taffeta Treated with Synthesized Flame-Retardant

Coatings
. 45° Meckel burner method

Concentration - a3

Products (Wt%) Char Length Afterflaming Afterglow
{cm) (sec) (sec)

B-5° 78 2 0
B-6 BEL 0 0
TTBAH 20 b1 1 0
ATBAH-10C 20 2.9 0 0
ATBAH-20C 20 2.3 0 0
ATBAH-30C 20 2.0 0 0
ABTTC-20C 20 2.6 0 0

“Original fiber not treated with flame-retardant coating and textile finishing resin.

“Biber treated with textile finishing resin only.

Table 7. Flame Retardancy of Nylon Taffeta Treated with Synthesized Flame-Retardant

Coatings
. 45° Meckel burner method
Concentration :
Products (wto) Char length Afterflaming Afterglow
(cm) (sec) (sec)
B-7* 29 0 0
B-8 BEL 0 0
TTBAH 20 5.7 0 0
ATBAH-10C 20 3.0 0 0
ATBAH-20C 20 26 0 0
ATBAH-30C 20 24 0 0
ABTTC-20C 20 2.9 0 0

*Original fiber not treated with flame-retardant coating and textile finishing resin.

PFiber treated with textile finishing resin.

Aol 50cmols}, &E 2 A 1.0% ¢)shel &)
gk £33 EoaE e L2
gz FAFAs ofzd AEY w7
o u£d A% BdozN dAgHI} 7
gol 4FHAUT

g dlm Algst Kim[26lel &A%
ABTTC-20CY A%+ 359 gAAEAM &
gzol7} 26~29cmE YER} FAAE S 24
Ha B Agdxe]l ATBAH-20C (sHaldo]

o4

23~26cm)Ertt HAFEHIt Thh AEES &
o 99s. & daA dddELEA
dichlorobenzoic acid® ¥+ ABTTC-20CE.
t} dichloroacetic acid® /3 ATBAH-20C
Zo] Aol o £ Yuised. oHE
HAe ANE g2 AFEY ddde]l wEk
% gz 3gE £ By o giside o§
2713 2 A AoRAM oFA ddAdd
2ol7} ArlE A2 AR At =
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A Y7t iAol &2 "Hox]y] oo gEg halide$} oxvhalide= hydrogen halide (HX)X
Aog2, A PAstE WAFFA= xS 17 Sk ol Aol Eedw vl 5ol
9] F% &I (mesomeric effect) A FHo A F7] o] AidYe BFEEZE AlZho] Zo]
W A ES ] HEL AoE AT A 1 weE VA A b ads B

3
Fig. 12 LOIH 93 Y48 E @4 sl olo) whel dAE AAA| 7T Ugo] &
o], A8 DCA g 3l AE A U281
wol LOIZ S =¥ EAM vehd Aol EL] A&/ EFA¢ PU HdE8Y vd Ay
Xk 7ol DCAY ol 0~30wt /E 7t ARHRE dotry] sty =gAH S A ey
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