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ABSTRACT  Pyrophosphoric lactone modified polyester (PATT) containing two phosphorous functional groups
in one unit structure was synthesized to prepare a norttoxic reactive flameretardant coatings. Then the PATT
was cured at room temperature with isocyanate, toluene diisocyanate-isocyanurate, to get atwo-component
polyurethane flame-retardant coatings (PIPUC). Comparing physical properties of the films of PIPUC with
those of film of non-flame-retardant coatings, there was no deterioration observed in physical properties by the
introduction of a flameretarding component into the resin. We found that the char lengths measured by 45°
Meckel burner method were 3.1 4.4 cm and LOI values recorded 27 30%. These results indicate that the
coating prepared in this study is a good flame-retardant. The surface structure of coatings investigated with
SEM does not show any defects and phase separation.

Keywords non-toxicity, reactive type, polyurethane coatings, flame retardancy.
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toluene dii socyanateisocyanurate 2

, . Adipic acid (AA Sigma Chemical Co.), trimethyl-
olpropane (TMP Junsei Chemica Co.), pyrophosphoric acid
(PYPA  Aldrich Chemica Co.) 14-butanediol (BD, Tokyo
, Kassi Kogyo Co) 1 , polycaprolactone 0201
. [PCP MW 530, OH No. 212, (55 ) 65 cP, Union
Okano > PVC, Carbride Co] .
ammonium polyphosphate Desmodur IL [IL toluene diisocy anate
, Wal  McSwigan ° (TDI)-isocyanurate 51%, NCO 8.0%,
. , Bayer Leverkusen ], TiO, (DuPont Co.),
! uv Tinuvin-384 (benzotriazole , Ciba-Gedigy
Co), UV Tinuvin292 (HALS, Ciba-Geigy Co.),
Byk-320 (Byk-Chemie GmbH Co.)
Dow Corning-11 (silicone glycol copolymer,
Dow Chemicd Co.) , di-n-butyltindilau-
, rate (DBTDL Wako Pure Chemica Co.) 1
(Hoamirg) B
(PATT)
Tetramethylene Bis(orthophosphate) [TMBO]
2 TMBO Table 1 TMBO
(PATT) , . 1L 4 PYPA (281

Table 1. Formulas of the Reactants and Physical Properties of TMBO and PATTs

maerias reactions . .
products PYPA'*  BD PCFf AN TMP  TMBO tol(tgme temp. time dm(}/nc]irl-a)u o y(l%d
) @ @ ) () () () (h) :
TMBO 5000 1264 - i i i : 65 2 ;’%\1 5
PATT-10A i i 1407 1272 1434 281 6 140 20 10 39.1 i
PATT-10B i i 1407 1272 1434 281 6 140 200 7 36.8 )
PATT-10C i i 1407 1272 1434 281 6 140 20 8 290 8
PATT-10D i i 1407 1272 1434 281 6 140 20 9 38.9 87
PATT-20A i i 1420 972 147 562 16 140 20 10 39.7 i
PATT-20B i i 1420 972 147 562 6 140 10 7 370 8
PATT-20C : : 1420 972 M7 562 16 140 200 7 39.8 %
PATT-20D i . 1420 972 147 562 6 140 20 9 40,0 %
PATT-30A i i 1432 671 1460 843 6 140 20 10 405 ;
PATT-30B i i 1432 671 1460 843 6 140 190 6 372 &
PATT-30C i i 1432 671 1460 843 16 140 200 7 404 %
PATT-30D i i 1432 671 1460 843 16 140 200 8 405 8

aPYPA : Pyrophosphoric acid. "BD : 1,4-Butanediol. PCP : Polycaprolactone 0201. “AA : Adipic acid. TMP : Trimethylolpropane. TMBO :
Tetramethylene bis(orthophosphate). °PPA : Phosphoric acid.
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moal) 36 60 0 BD (1.40
mol) , 65 2

7
40 , 5 mmHg
TMBO .
PYPA PATT PYPA
PATT Table 1 PATT-10C
) 250 rpm, 70 N2
, 30 mL/min

10 wt%

, 150

200 1

, PYPA
PATT (PATT-10C)
PYPA 20 wt% 30 wt% PATT
Table 1 PATT-20C  PATT-30C ,
PATT-10C
PATT

10 wi%

PYPA 20 wt%
(PATT-20C, PATT-30C)

30 wt%

. TMBO
uv phosphomolybdate
KS M 5000-2121
,Gadner-tube  ¥° .
. IR Bio-Rad FT-IR (FTS
CDCl; /ITMS
(Unity-300 ) *H-NMR spectrometer

40 ), NMR
Vaian

Waters GPC (R-410 ) ,
1.0% 10mg Shodex KF802, KF-803,
KF-804, KF-805 4 .
Philips TGA-
50H

PATT 110 g , ,
60 g
, TiO, 89 g, Byk-320 3.0 g, Dow Corning-11 1.0 g,
Tinuvin-384 1.0 g, Tinuvin292 05 g DBTDL 05¢g

Desmodur IL 220 g
2
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45 g
220 g
10C/IL, PATT-20C/IL, PATT-30C/IL 2
PIPUC-10C, PIPUC-20C, PIPUC-
(PCPIAA/TMP
PIPUC-1

PATT-

30C

PAT-1) PAT-VIL

. (KS D 3512) KSM
5000-1112 ,
KS M 5000-1121
0.076 mm

Doctor film applicator
Table 2

2 . 45° Mecke bur-
ner B Js27-2150

Table 2. Test Methods and Conditions of Physical
Properties

tests ingrument and spec

viscosity (KU) Krebs-Stormer viscometer
Pacific Scientific Co., serid 80328
KSM 5000-2122

contragt ratio KSM 5000-3111

fineness of grind Braive Ingruments Co., type 2020
KSM 5000-2141

drying time Dry-through method
KSM 5000-2512

pot-life Krehs-Stormer viscometer
JSK 5400 (4.9

hardness Yasuda Seiki Seisakusho, serid 4664
JSK 5400 (84.1)

impact resgtance DuPont Impect tester, type 552
Ureshima Seisskusho
JSK 5400 (8.3.2)

60° specular gloss Glossmeter
Pecific Scientific Co., Glossgard
KS M 5000-3312

oross-hetch adhesion Cross-cut test
1S0 2409

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

yellowness index difference Spectro color meter
Data Color Ind. Co.,, ACS5

color difference Spectro color meter

Data Color Ind. Co., ACS5

171



172 chungetal.

() Ne 2/36

[100%,
1. [ () 700/24F]
[ () 75D/24F]
wet pick-up 80%,
60% ,

100 5 limiting oxy gen
index(LOl) 12 [ Suga ()
ON ] LOI
3.

PATT . PATT ,
PAT-1
13
PYPA
TMBO
Scheme 1 TMBO , TMBO
14
TMBO
24.1% ,
24.8%
TMBO
PYPA 10, 20, 30 wt% PATT
PATT-10C, PATT-20C  PATT-30C ,
TMBO Table 1
. Table 1 PATT-10
PATT-10A 1516
, PATT-10B
, PATT-10D
o0
2HO), —P—0O—P—(OH); + HO(CH),OH ———>
(PYPA) (BD)

o}
|

I
(HO)2—P—0— (CHp)a—O— ||>— (OH)2 + 2HsPO, §
(TMBO)

Scheme 1. Synthesis of TMBO.
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PATT-10C

. PATT-20 PATT-20A
, PATT-20B
, PATT-20D PATT-10D
90% PATT-20C
PATT-30 PATT-30A
PATT-30C  PATT-30
PATT Scheme 2 ,
Scheme 2 4 TMBO
Table 3 PATT-10 C  FT-IR  H-NMR
, Scheme 2
PATT-10 C PATT-30
C PATT-10 C
Table 4 PAT-1 PATT GPC
, PYPA
. 1
4 TMBO
17
18
CH3

|
CH2

2HOOC —€CHy)7 COOH + 3HOCHz —C —CH,OH
CH.OH

(AA) (TMP)

o (0]

+ (HO)2—p—0—(CH3)4—0O— p— (OH)2 + HO— R—0—R—0O— R—OH

(TMBO) (PCP)

— AA — TMP | T™P

TMBO + 6nH,O

PCP TMP— AA —

(PATT)
R -|§(:»—|2)5—003—ml2
Scheme 2. Synthesisof PATT.
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. Figure 1 PATT PYPA
1350 Stoke

wit% 160 Stoke

100%
600 Stoke

TMBO
PYPA BD , PYPA
20

Table 3. FT-IR and

, PAT-1

100

19 BD

'H-NMR Chemical Shifts of

PATT-10C
FT-R "HNMR
products (NaC, am') (300 MHz, CDCls, din ppm)
1740 C O 09(CH3 Q)
1170 C-O- 1.4 (CH,-C)
1070 OH of pri-alcohol 16 (C-CH,C)
PATT-10C 2940 CH, 23 (CCHCO)
1460 -CH,- 35 (C-CH-0)
1020 P-O-C(diphatic) 40 (C-CH-0C0)
1240 P O
Table 4. GPC Data for PAT-1 and PATTs
products M, M, M, M./M,
PAT-1 2500 11300 35400 452
PATT-10C 3000 14700 48600 490
PATT-30C 3200 21700 125000 6.78

14

.
N
T

10

Viscosity (Stokex 107?)

0 10 20
PY PA content (wt%)

30

Figure 1. Effect of acid content on viscosty in modified poly-

ester.
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Tae 5

67 72KU (60 8OKU

) .
31.9%
7
1 4 )
) 7 11
)
PATT

reverse direct

60° ,

toluene diisocyanate-isocyanurate
toluene dii socyanate-isocyanu-

rate

, PYPA

Table 5. Physical Properties of Flame-Retardant

Polyurethane Coatings

sample names
tests PPUC- PPUC- PIPUC- PIPUC-
1 10C 20C 30C

viscosity (KU) 77 72 69 67
contragt ratio 974 98.6 98.6 98.9
fineness of grind 7 7 7 7
drying time (min) 180 61 55 50
pot-life () 29 1 9 7
pencil hardness (7 days) 2H H F HB
impact resstance (500 g)

direct (50 cm) 5 5 4 3

reverse (50 cm) 5 5 3 2
60° specular gloss 3 89 91 2
aross-hatch achesion (%) 100 100 100 100
drasion resgance

(mg loss/200 oydes) 0.28 0.30 0.35 0.37
yellowness index difference (8N) 0.6 0.6 0.5 0.4
color difference (dL) 17 11 0.8 0.8
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PIPUC-1
21
.22
(afterflaming) (efterglow)
45° Meckel burner Table
6 8
20 wt% 30 wt%
44 cm 1
1
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LOI Figure 2
, PYPA PYPA
30 wt% LOI 30% .
LOl 17%
. Figure 3 SEM 2
, PIPUC-
1 , PIPUC-30C
, PIPUC-30C

23

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

45° Meckel burner method

concentration

Table 6. Flame Retardancy of Acrylic Fabrics Treated Exp. No (wid%) cha length  efeflaming’  afterglow’
with Synthesized Flame-Retardant Coatings B (312 (s;c) (sgc)
. 15° Meckd burmer method B2 : BEL - :
concentration -
BN A))' tharlengh_ dfteflaming_ afterglow’ 10 37 0 0
(cm) () () PIPUC 20 34 0 0
Untregted - BEL® - 30 31 0 0
10 18.7 240 10 #0riginal fiber not treated with flame-retardant coating and resin.
PIPUC 20 44 0 0 PFiber treated with resin only.
30 39 0 0

4Burning 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 7. Flame Retardancy of Nylon Taffeta Treated
with Synthesized Flame-Retardant Coatings

45° Meckel burner method

Bp.No g dalegh  dalanng dagow
(cm) (s0) (se0)
B : 8.7 0 0
B2 - BEL : :
10 40 0 0
AIPUC 2 34 0 0
0 32 0 0

2Original fiber not treated with flame-retardant coating and resin.
PFiber treated with resin only.
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35

20 7 %
%

154

LOI (%)

104

5 f f T T T T f

-5 0 5 10 15 20 25 30 35
PY PA content (wt%o)

Figure 2. Redationship between LOI and pyrophosphoric acid
contents of modified polyester in the two-component polyure-
thane flame-retardant coatings.
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(b)

Figure 3. Scanning electron micrographs of the surface struc:
ture of two-component polyurethane flame-retardant coatings;
(@ PIPUC-1 and (b) PIPUC-30C [Original magnifications]
x 1000.

(PATT)
, PATT Des-
modur IL
(PATT/IL PIPUC) . PIPUC
PATT 140 210 7 8
82 9%, M, 3000 3200
490 6.78 . PIPUC
PIPUC
40° Meckel burner 31 44om
, LOI LOI 27 30%
, SEM
2002
(10006812) ,
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