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Abstract

. Pyrophosphoric lactone modified polyester(PATT) that contains two phosphorous

functional groups in one unit base resin structure was synthesized to prepare a non-toxic reactive flame
retardant coatings. Then the PATT was cured at room temperature with isocyanate, Desmodur IL, to
get a two-component polyurethane flame retardant coatings(PIPUC). Comparing the physical properties
of the films of PIPUC with the film of non-flame retardant coatings, there was no degradation observed
in physical properties by the introduction of a flame-retarding component into the resin. We found that
the char lengths measured ty 45°Meckel burner method were 3.1~4.4cm and LOI values recorded 27~
30%. These results indicate that the coatings prepared in this study is good flame retardant one. The
surface structure of coatings investigated with SEM does not show any defects and phase separation.

Keywords :

1.ME

T Hug Alhel FYst EAE FAH vy
A dge v 7T S wol7] Y8 %3
WA= IFFEHIL 1o, olof Futste A
A 2 oH e MEEA T3k FAHAMH 2 Ea
28 Fo| AlgFFo] FE3a Yt o3 A3t
oA dxt At A Mg tidz 9 o
43, Al 3 %laﬂtv 3 3hA) At
of ol2717k4] Eg A Hdje FEo|L T
Ao &AE JEH oA IH 2 o] &

R
Holl e WAEY dastel B3t 27t ¢
23 glen, &3 MRz E ddEgY
FEA dirpre H%E %‘%ﬂ X %% 18%8@:1
d2AS L B B
= A HE vlEse AAA ﬂii
ol Ak

£ o

non-toxicity, reactive type, polyurethane coatings, flame retardancy.

7 ZOINE ER¥ckE 2289 ®
A vl ZHAeIE o) A wase o
YdHo|3, H2 YHER T =

tod 74 H3wrt & 248
© w29 Wiz % o) o Aot sl 3

ok
o
-1> m

Eﬂ—rih— ‘illi}. ?l?’ﬂ %@EE{OH 43 A3 EA
Nippon KokanAF'+ PVC, #2}9] 2@ ammonium
polyphosphate 58 Z¥ =3} éiﬂ"‘]"\i‘"ﬂ A
JE slgoen, Weldst McSwigan®o Q14ke] Hg}
NEg FAF} Bdssty dAEsE A2y



2 A%5 HEE WES

o T3 Az 57 A2 N2E e 9 g%
299 e dAERE Axs nddxEgee
TEEA HuAES B3E v vk AF7kA @
H2 ER <A YHAxFE ved g7} o}
d gheBdsy g8 Fo o) AREOEN &
SEHe Fol 93 AR #A, maEA ] A
& 9 A]7bo] AHgel whE A B By
(blooming) 8% 59 ¥28-& 23 U’

gt B dpee FEAH oA wey o
AEEE ARY BHOZ £ 7 FAEQ BAF3
o] PR £o 2719 7 E =3 HEEX AT
g FE HAZed2HEE AZo] FA3T, o

SAlold|o]EQl Desmodur I3} 27 3HAAH 24
BA Zoye dHEEEE Axd g, ¥ UE
Aaddy 24 58 5o vgd
IAPL ety y =urETe A
) 2ot

BEm LA

FA12FS, polycaprolactone 0201[PCP : MW 530,
OH No, 212, HA%=(55C) 65 cP, Union Carbide
Cole& &F AAEFS 7z} AT B3 o)A
Aoty o] E+ Desmodur IL[IL toluene
diisocyanate( TDI) -isocyanurate®, T8 & 51%, NCO
sheF 80%, 3841, Bayer LeverkusenAl], wiAietg
£ TiO:(DuPontAl), UV FF A= Tinuvin-
384(benzotriazole

54, Chba-Geigy Co), UV ¢t A+= Tinuvin-
292(HALS, Ciba-Geigy Co.), 884+ Byk-
320(Byk-Chemie GmbH Co) ¥ Z2¢/3FAE
Dow Corning-11(silicone glycol copolymer, Dow
Chemical Co)& 2zt AME-3IAC™, di-n-butyl-
tindilaurate(DBTDL : Wako Pure Chemical Co.) 15
Alebe A3Eul 2 A8

2.2, L2921 2E HYEL|WAH2 &4
TMBO 4 © TMBO 72} 48 Tabke 1
o] TMBO A zAoZ sged, 1Le 47 Zg~

2. A8 Ao PYPA(28lmd)E& #H3 F BCHE 0CT7HA
907+ BD(140mo) & AA8] A3sletdaA gEEAIZ]
2.1, Al o, 65°ColA 2417 W &8-S SAAA gFFe <
Adipic acid(AA Sigma Chemical Co.), AbE {3 W8S AT PHAHES ©
trimethylolpropane(TMP : Junsei Chemical Co.), %9 ogoH =2 HAAAA HFAE 73] WE3lo
pyrophosphoric acid(PYPA : Aldrich Chemical Co.) c}ao] QAHS A A3 F 40°C, SmmHg shollA 7t
2 14-butanediol(BD : Tokyo Kasei Kogyo Co)< 1 Azx3te] gzAel Edg HzxaAAe F7HA
Table 1. Molar Ratios of the Reactants and Physical Properties of TMBO and PATTs
Materials Toluene Reactions Dehyd- Yield
Products  PYPA* BD° PCP* AA® TMP* TMBO' @ Temp  Time ration %)
(@) ®) ) (@) @) (g) (1) (h) (mL)
Phosphoric
TMBO 500.0 1264 - - - - 65 2 acid 52
273.1
PATT-10A 5000 126.4 140.7 127.2 1434 281 16 140~220 10 39.1 -
-10B 5000 126.4 140.7 127.2 143.4 28.1 16 140200 7 36.8 82
-10C 5000 126.4 1407 1272 1434 28.1 16 140~210 8 39.0 88
-10D 5000 126.4 140.7 127.2 1434 28.1 16 140~210 9 389 87
PATT-20A 5000 126.4 1420 97.2 144.7 56.2 16 140~ 220 10 39.7 -
-20B  500.0 126.4 1420 97.2 1447 56.2 16 140~190 7 370 83
-20C 3000 126.4 142.0 97.2 1447 56.2 16 140~200 7 39.8 0
-20D  500.0 1264 1420 97.2 1447 56.2 16 140~210 9 400 90
PATT-30A 5000 126.4 1432 67.1 146.0 84.3 16 140~210 10 405 -
-30B  500.0 126.4 1432 67.1 146.0 84.3 16 140~190 6 372 82
-30C 5000 126.4 1432 67.1 146.0 84.3 16 140~ 200 7 40.4 90
-30D 5000 126.4 1432 67.1 146.0 84.3 16 140~200 8 405 83

*PYPA : Pyrophosphoric acid, *BD : 1,4 -Butanediol, ‘PCP : Polycaprolactone 0201, °AA : Adipic acid, *TMP : Trimethylolpropane,

fTMBO : Tetramethylene bis(orthophosphate).
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Table 2. Tes: Methods and Conditions of Physical Properties

Tests

Instrument and spec

Viscosity(KU)

Krebs-Stormer viscometer
Pacific Scientific Co., serial 80328
KS M 5000-2122

Contrast ratio

KS M 5000-3111

Fineness of grnind

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

Drying time Dry-through method

) KS M 5000-2521

Pot-life Krebs-Stormer viscometer
JIS K 5400(4.9)

Hardness Yasuda Seiki Seisakusho, serial 4664
JIS K 5400(84.1)

Impact resistance

DuPont impact tester, type 552
Ureshima Seisakusho
JIS K 5400(8.3.2)

W60° Specular gloss Glossmeter
Pacific Scientific Co., Glossgard I
KS M 5000-3312

Cross-hatch adhesion Cross—cut test
ISO 2409

Abrasion resistance

Abrasion tester
Toyo Seiki Seisakusho, Taber
FS 141C-6192.1

Yellowness index difference

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

Color difference

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

Azbgo] MBeA ool W37 o o F
B3R FxE 5 At

PYPAS] gtafdstel] me HE HAdE o 2H)
25 A7) Sleted =1A FHAQ TMBOE @
3kt Scheme 12 TMBOQ| 4724 <ld],
TMBOE olr] 4&zl £&%o 7] g&of 7]7184
el og 22 &l Aok ¥el 233

TMBOS| 340 A|hE o] Fo| HE& Usith

3H PYPAS 3 10, 20, 0wtk W& H=F
ol ZE WA Eo|AHEE PATT-10C, PATT-
20C 2 PATT-30CZ F&35t9on, F7H49l
TMBO ¥ mi:w S Table 18] ZAu|o] oz}
zvz} elgte] A3 sk ch

Table 1944 PATT-10% & PATT-10AE &
ol A A Ut dojy REEE FAIAPL,
PATT-10B= Ui AH2ygo 3 F5go] yol
Bhgz o] FAZEH o, PATT-10CY 2%
TEEH 5P QoA wdnst nEY
P2 MAto] Ax o g ZAMo 2 F

w2 e

0
I

AHO) 7— P —~ 0 —p —(OH), + HO(CH,),0H ————

(PYPA) (BD)

o o
(HO) — lpl — 0—(CH,),— O —u ——(OH), + 2H,PO, |
(TMBO)
Scheme 1. Synthesis of TMBO.
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2HOOC —CH; 3;- COOH + 3HOCH,—C — CH,0H
(AA) CH,0H

(TMP)
o 0
| Il

(HOy~P — O -—CH3;—0— P—OH), + HO—R—0—R—O0O— R —OH
(TMBO) (PCP)

——~ AA— TMP I TMP
. TMBO + 6nH,0

PCP l TMP — AA—
(PATT)

—fecH,— coz}m—/2

Scheme 2. Synthesis of PATT.

og2XM o RE A o FFuZe] v dgr st RS HA loug ojZlo] & wkgAY
3 A8ggg PATT-10CE 715522 A3

£ Yeflo] FREESAl dF Eo¥R 2Hgsly
PATT-20% oA PATT-2€Av Asrt dojut FAREE F7H7 oz iU
Wheo A3 EH I, PATT-200BE F58&°]
ol AAA e PATT-20DE PATT-10DE] 7 3.2, BHENE
S9} e Mol W3lE Uso], AF FE& Fig. 1° Hzo FE HAZIAHEZ &9
N%ol AxcFgrl-g = PATT-20CE 7|FEHEE A PYPA &F A &8 & 8% *0159} ] AAE
Aaldch £3F PATT-30F1* PATT-30A« 4 Yeld d?lcﬂ PAT-19] SAZA T} 1330 stoke

37t doiut w2 FASL, sHRd T BT
o] 7}& & o]Fo]A PATT-0CE PATT-30&<] Table 3. FT-IR and 'H-NMR Chemical Shifts of

NEEAg NAsEct PATT-10C
PATTS| 94 7S & Scheme 2 ehAE s (1 e
dl. Scheme 201A18} 7+o] 43%A ool o eml | WMIz CDCk 810 ppm)
. - N 140 ¢ () 09 (CHy-C)
TMBOE F4og 7imirgo] Aygges F2% 1 Co 14 CCHA0)
T AA T 1070 OH of pri-eicohol 15 (C-CH~C)
Table 3] PATT-10C8] FT-R3% 'H-NMR 4] | FATTIC 280 G0 o
AAE AP, Scheme 29 AnkA m A7} 1020 - P-O Claliphatic) 40 (C CH. 0CO )
& Ao PATT-10CS F:&#<lo] 73ttt 1240 P=0
& PATT-30Ce ZAS$E &FHE 3ot
PATT-10Ce]| 339} Aej 747 L?EM BELEE Table 4. GPC Data for PAT-1 and PATTs
A2t
Jerehich 3 Products M, Ma M: MM,
Tabe 4] EA#3 PAT-13 PATTE9 GPC ! .
ZRAHE veplen), PYPAS) @] 7kte | TI X0 wb om0 e
2 EAEgte) AAS Usith o3t 4L 1 PATT-10C 3000 14700 48500 490
o] FzT &) 47he] B TEA7IZ 7F TMBO PATT-30C 3200 21700 125000 678
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A

UehgE Aol EJH ojct, & AFeA s %‘
ﬂ PATT 0] 4 ﬁl-ato] %7}

} ozl Ao g Hof £F A|xX

shaf 747t 7beA Hof, geoz &)

ol&dlE RE & B328A nF 8% 7]

—o— PYPA

Viscosity (stoke X 10°%)

0 10 20 30

Acid content (wt%)

Fig. 1. Effect of acid content on viscosity in modified
polyester.

Table 5. Comparison of Physical Properties of

R C R

A st

33 &5 24 Hluw

HAxEgol BAEA AAE Table 59 HA 314
t} Table 5914 L& 67~72 KU(60~80 KU
F)EA T2 AUYEE B9 A3 eHEe &
F gako] 319%< HE& sy —‘H—dﬂ [R220%
on, AZlEe TEA 53 FE ANk AxA
b BE7F 1A o (4AZE oW FB)ZM A
9 44 =890 AFHAL, TS T~11
AIZHAAIZE o] Y432 A fEsh ANE HoF
Noew, Are tdA FEA Jehdt B} 12
A Yehd A 3249 FHARNT A ol
He Ao g2 AzE e, PYPA A dheko] Z713
of wal PATTY HAT7t F43] Ao zZH
A5 =% Azt FATY FEHARG U
AT E revereBolA BT} directBoNA FA U
Ehtod, 60° B s A2 S5, =3 HE

& BE7b $8A 742 vebhth JelzAgde
BEog 3t E o4 Bake, Male 43
FAE 77 BoAFAY 2HF A § /5 i
=7b Aty AL olAAjolu|o]EQl Desmodur IL
3 AFAol e Aoz HAgxedH, oE
Desmodur ILo] 218X g3lule} 7o) wpgkE 3

Flame Retardant Polyurethane Coatings

Tests PIPUC-1
Viscosity(KU) 77
Contrast ratio 974
Fineness of grind 7
Drying time(min) 180
Pot-life(h) 29
Pencil hardness(7days) 2H
Impact resistance(500g)

Direct(50cm) 5

Reverse(50cm) 5
60" Specular gloss 88
Cross-hatch adhesion(%) 100
Abrasion resistance 0.28

(mg loss./200 cycles)
Yellowness index difference(d N) 06
Color difference( 8 L) 1.7

PIPUC-10C PIPUC-20C PIPUC-30C
72 69 67
RB6 986 89
7 7 7
61 55 50
11 9 7
H F HB

4 3
5 3 2
89 91 92
100 100 100
0.30 0.35 0.37
06 0.5 04
11 08 08
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TEE

Abe] A SHA
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el 1z o)3tz Jelhd dd 179 sig=o] o2
d A 33 JddgdS YehUt YU E o)
ElE9} Eejo2HE eﬂﬂ]r:‘mm_f;«; 427} o}
A8 AEY o} A B3 HEE HYo M
A A S 2S4S oAk
LOIgol 93 v ZAZANE Fig 20 FA
e, PYPA 3% S7tol el ddasrt 532
Ho] PYPA 30wt%Al= LOI 30%E JERC
dukz oz upddy %al-?—eﬂ%ﬂl«l LOI 3tel
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Table 6. Flame Retardancy of Acrylic Fabrics Treated with Synthesized

Flame Retardant Coatings

. 45" Meckel burner method
Exo. No Concentration
P (wt%) Char length Afterflaming®  Aferglow”
(cm) (sec) (sec)
Untreated - BEL* - -
10 187 24.0 1.0
PIPUC 20 44 0 0
30 39 0 0

*Burning time of sampie 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 1min from the end time of heating.

‘Burned entire length.

Table 7. Flame Retardancy of Nylon Taffeta Treated with Synthesized

Flame Retardant Coatings

. 45" Meckel burner method

Exp. No Concentration

xp- (Wt%) Char length Afterflaming® Aferglow®
(cm) (sec) (sec)

B-1* - 8.7 0 0
B-2° - BEL - -
10 4.0 0 0
PIPUC 20 34 0 0
30 32 0 0

*Original fiber not reated with flame retardant coating and resin.

°Fiber treated with resin only,
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Table 8. Flame Retardancy of Polyester Taffeta Treated with
Synthesized Flame Retardant Coatings

“ . 45° Meckel bumer method

Exp. N Concentration

*p. 1O (Wt%) Char length Afterflaming® Aferglow®
{cm) (sec) (sec)

B-1* - 76 2 0
B-2° - BEL - -
10 37 0 0
PIPUC 20 34 0 0
30 31 0 0

‘Onginal fiber rot treated with flame retardant coating and resin.

Fiber treated vith resin only.

3.5. 89| 2E2{X|
Fig 3& SEMo| 2|8 2424 Za¢der v
89 HurEE Jepd AQd, PIPUC-1L 7}t
EARY FHE PIPUC3CE 2L 84 %
51—3— Ztzb B &) £ 34 FHe AxA
rr}a Apol2 A, A ZAZbo] W& PIPUC-30C
Z B o] Hslslo] ol#F FHst AR
H**El‘iit% HAF < H-FRANAM e
g A9stie WA F3E Y E Hepd
-ute] Aoy ARl "ol A7IA %
ARk

rlr

r\l

74

-

» nlm }-J

to @ N LN

o
A~
¢ %

N

W
W
NN
DARAN

A\

LOV (%)

7
o

15

10

NN\

RN

10 15 2 25

PYPA content (wt%)

o

Fig. 2. Relationship between LO: and pyrophosphoric
acld contentsof modified polyester in the two—
component polyurethane flame retardant

coatings.

tad

Fig. 3. Scanning electron micrographs of the surface
structure of two-component polyurethane
flame retardant coatings ; (a) PIPUC-1 and (b)
PIPUC-30C [Criginal magnifications]x1000.

4. 48

AAY Z¢Ye YAEHE Y EFog
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