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ABSTRACT

Two-component polyurethane flame retardant coatings were prepared by blending
phosphate-containing modified polyesters(PMPEs) and TDI-adduct. PMPEs
synthesized by polycondensation of dimethyl phenylphosphonate, a flame retardant
component, with 1,4-butanediol, adipic acid, and trimethylolpropane. The content of
dimethyl phenylphosphonate was varied 10, 15, and 20wt% for the reaction. Various

were

physical properties of these new flame retardant coatings were comparable to non-flame
retardant coatings. Coatings with 20wt% dimethyl phenylphosphonate did not burn during

the vertical burning test.
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2.1. Al <
Dimethyl phenylphosphonate(DMP)= Tokyo
Kaseirl, o ZAHAA)T 1.4-F€0)&(BD)2 Sigma

ChemicalAH4], EvEdgZ=23(TMP)2 Junsei

B LS e

ChemicalAte] 19419+ 2zt adiz AREEldd)
o]iAloldle| Ex Bayer Leverkusentl?] Des-
modur L-75(L-75) (TDI-adduct, Z¥E ¥k
75%, NCO ¥ 13.0%. H=(20T) 2000500

cps), #% - B4MAlE Byk-Mallinckrodt® Byk
P-104S, Z&%7/W3Al+ Dow Chemicalrte] Dow

Corning-11, WAIQke ¥+ Britisch Titan Product
ALl TiO: HAEES 42t A8t}

2.2. WMEe|olAElE2 By

HA Ze]ol~EH| ZEMPES] $4-2 Table 19] MPE
FAzAcE Flged, avkEEE 250rpm, 2% &
70CAM A27taE R, FUEEE 30ml/
ming FAERT. 10C/hre] £58 $23lo o=
H23) 3=, 140TAA g7 AlztEe] 190T
7R g7t AP g 220TAA 3417 vH
& A&A7 F kS FAANZon ke TEHLS
ez g5gd Adsld ARk s A
28 10u%Y I o5 FHAA uEEAE
g8 AAF e 40C, 2mmHg 3lellA A=
o ggdel HzEY dd] OHEH EFd2H 2
BD/AA/TMPS]  ZFelol2H 2 ZejZeo{(MPE)E
Adqdt.

2.3. olttd wiMEa|oAE2 By

DMP % 10wt% BAES2H =29 FA
£ 99 Table 19 PMPE-10 &322 391,
71t §d9¥S MPE @/dudsl 2A sich %
SANES 10MZe] SR w2dsii AH
AlA wukgEEE AAT ot MPE #g4zlzd
o} g z3oR sjo] vl HEEHE A4
o] DMP &3 10wt%?] A Eejo e Z2 &
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w3 DMP 15wt% e 20wt%<] HA E)ol 26
29l §Ae& Al Table 19 PMPE-15%
PMPE-20 ZHdoz 33, ol9e 2E 4w

Y AA73E& PMPE-10 ZA$9t 24 3l
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Table 1. Polymerization Conditions for Modified Polyester and Phosphate-Containing Modified

Polyesters
Materials Reactions
Products | gpvg | AA™g | TMPYg | DMPYg Toluene Temp | Time | Acid | Dehydration| Yield
(mol) | {(mol) (mol) (mol) g (C) (hrs) | value (mL) (%)
87.1 241.8 130.7
PE — ~
M 0.97) | (1.68) | (0.97) 16 140~220] 16 2.7 59.0 90
87.1 | 208.5 | 130.0 | 40.0 '
PE-10 16 ~ .
PM 0.97 | (1.43) | (0.96) | (0.22) 150~200) 14 | 4.6 | 648 83
86.4 191.8 129.7 60.0
PMPE-15| ( 96) | (1.31) | (0.96) | (0.32) | 16 |1507200| 15 | 49| 671 80
86.2 | 175.2 | 129.3 | 80.0 i
5-20 16 150~20 16 .
PMPE-20 (0 96| (1.20) | (0.96) | (0.43) 50~200 53] 103 &
BD : 1,4~Butanediol. “AA : Adipic acid.

TMP : Trimethylolpropane.

2.4, 717124 % SHAET £H

[R 3% v= Bio-RadAte] FT-IR(Digilab
FTS-408)24, NMR £#E¥ML vl5 Varian
(Unity Plus 300%) 'H-NMRE2AM, ¥A% 9 BX
FA4L vl WatersAtel GPC(R-410%)& A1&3
3, EF dEMUY TGAE uE Du PontAlA
(951 Thermogravimetric analyzer)& &8l
Np 7] F3tllA st 24 =s KS M 5000-
21219 §HdAe] M= AEWH F, Gardner tube
el whabr] 23t

2.5. iz ge| M=

ZoloaHE FAEd2 golA F43 PMPE
110gell FEolElo|E, o"olAHC|E, dzé&
HolMEHo|E 3 EFRAE Z4Z 40¢¥ 78t 3
MAZ F, walolg 9l TiO, 88g, F# -« A4
Byk P-104S 0.3g 2 Z=HFAA Dow
Corning-11 0.4g< T8l wig3sted ZA31
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?DMP : Dimethyl phenylphosphonate.

o PMPE-10/L-75, PMPE-15/L-75, PMPE-
20/L-7522 Az 242A Esde Iz
8E PLFRC-10, PLFRC-15, PLFRC-202&
74z} el e, MPE/L-75% %3& MLFRCZ
et

26 4 A

ABAZ 28 B AlEE A% AlHE 3F
FE Az3lET. WA H(KS D 3512)&
AFBAlE KS M 5000-111191 =8 A13d4 g
of AMzhie] wal, FHR(KS D 3516) A&
Ale KS M 5000-11129] =8 Alg4 FA% A
Aol wEhd, = fHE AHEAE FES
200mm X 150mmX5mmz R0 =¥ Az
HhH & okel Myl YierdZbsel 2Ax 24
stc). ‘
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e usRAxYo RN, RN 2He o
o] Az FHAIe Fe o 3o Hxsl Hu
29 140 KUl 288 787} dolyd Ao
BN AEEF L Sward AEHLEAN, 60
* AW E £3Le KS M 5000- 33129 =8
9] 60" AEFUT AP RN, FAHE AHE
FHHB(KS D 3516) 2.2 AFElo TRl HAH
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2.7. N AIY

48 ¢ 4 FHdE89 PLFRCY ddAe
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Table 1°] EA|stct.

Table 2& PMPE-102] FT-IR% 'H-NMR 2
HEHIY, tAZ Scheme 19 F&2z I
Agead o PRI} sigdgct E¢ PMPE-20
9] 2¥EYT: 3L 3Hov PMPE-108 #z9)
Aol U veht 932 A4 At

Table 32 MPES PMPE®S M#Ex37
A% 2X=E Uepd ZQld, QA ol
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3.2. PMPES| DMP 2ol e SHET wHat
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CH, o
l 1]

2HO(CH,),0H + 3HOOC(CH,);COOH + 2HOCH, — C — CH,OH + CH,0 — P— OCH;
! |

(BD) (AA)

CH,OH

(TMP) (DMP)

— —{-' BD ~AA—TMP - DMP - TMP ~ AA ~BD ++ 2nCH ;0H + 4nH,0

(PMPE)
Scheme 1. Synthesis of PMPE
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Table 2. FT-IR and 'H-NMR Chemical Shifts of PMPE-10

, 'H-NMR
Product FT-IR(NaCl, D
roduc (NaCl. cm (200MHz, CDCls. & in ppm)

1740 : C=0 0.9(CH;—C)
1180 : C—0O-— 1.4(—CHz-C)
3450 : OH 1.7(C—~CHz—C)
1060 : OH of pri-alcohol

PMPE-10 and ~O—PO—0- of 3.6(C—CHp—0-)

phosphate
2960 : CHa(stretching vib.)

1460 : CHa(bending vib.)
1610 : C=C of Ar

4.1(C—CHz—-0CO-)
7.5(~CH=CH~ of Ar)

Table 3. GPC Data for MPE, PMPE-10, and PMPE-20

Type ‘Mn ‘Mw ‘Mz "Mw/ Mn
MPE 7410 36600 149500 4.94
PMPE-10 4220 17900 69100 4.24
PMPE-20 2680 5100 11200 1.90

Viscosity (stoke)

1
15 20

1
] 10
DMP content (wt%)

Fig. 1
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3.4. 89 B4 Hs|

4t 3y WA Ee]dAH 2 PMPES ol4
Alolo|EQl [~75E EH¥=3ld ERE AXs)
o =rx2lg Fo| DMP el we =9 4
W52 Table 49 EAISE T}

Table 494 ¥A=E<Q PLFRCHS HdA®
29 MLFRCY BAS vz HEZ ZAx Zxet
Weltegde N2 8lsshA veldn, Ak, A2
Zh A" 2%y, e 9 dxAeR @
e 933 YAERZo] FUisHE AL BRI
o, JRAAE 607 AUFEE g ik AdtE

E LRI

oy diAz T8 BAHIE 715U EREH
Gz Woldch 9o ARNE mol ool Wi
4, Weed 2 gy ol 949 Zedw
=89 FHol e ¢ & sien, 53 2
Table 4. Physical Properties of Two-

Component Polyurethane Flame
Retardant Coatings

Sample names

Types PLFRC- PLFRC- PLFRC
of tests MLFR - -

FRC 10 15 20
Viscosity

81 75 63 8
(KU) °
Drying time

4 2
(hrs) ! !
Pot-life (hrs) 8 6 5 4
Hardness

47 5b b3 49
(7 days)
60" Specular 96 93 93 90
gloss
Crosshatch
adhesion (%) 65 62 60
Abrasion
resistance
(mg 2.07 2.1 2.00 2.27
loss/100
cycles)
Accelerated
weathering
resistance 90 92 92 91
(% gloss
retention)
Yellowness

0.07 0. 0.03 0.014
index (4N) 078 055 8
Lightness
Index 201 184 096 059
difference
(4L)

w43 710l ket DERAEH AAAIZ] BokA
£, ol £8 AZAC 9 HYB] A Fd=
N A%S AR 2=zl
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Table 5. Flame Retardancy Test of the Synthesized Coatings

Sample

Testing methods

MLFRC (sec) PLFRC-10 (sec) PLFRC-15 (sec) PLFRC-20 (sec)
Vertical test 101" 185 296 SE™
Horizontal test 183 SE SE SE

¥ The average value obtained from the result of five independent test.

b SE : |t denotes self-extinguishing property.
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