J. of Korean Oil Chemists’ Soc., 1
Vol. 24, No. 1. March, 2007. 31~46

. O
&
o2
k>
o
o
e
o,
i
i)
=2
¥
ot
|
Lo
=T
c
i
r2
F
fr
2
lo
2
oo

FEARYAF LT
(200613 129 69 A4 5 2007 34 290 A=)

o

Application of Modified Polyesters Containing Phosphorus/Chlorine
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Abstract : This study was focused on the maximization of flame-retardancy of polyesters
by a synergism of simultaneously introduced chlorine and phosphorus into polymer chains of
modified polyesters. To prepare modified polyesters, reaction intermediates, TD-adduct
(prepared from trimethylolpropane/2,4-dichlorobenzoic acid (2,4-DCBA)) and TMBO (prepared
from tetramethylene bis(orthophosphate)), ~were prepared first, then condensation
polymerization of the prepared intermediates, adipic acid, and 14-butanediol were carried out.
In the condensation polymerization, the content of phosphorus was fixed to be 2%, and the
content of 2,4-DCBA that provides chlorine component was varied to be 10, 20, and 30wt%,
and we designated the prepared modified polyesters containing chlorine and phosphorus as
ABTT-10C, -20C, -30C. Two-component PU flame-retardant coatings (ABTTC,
ABTTC-10C, ABTTC-20C, ABTTC-30C) were prepared by the curing of synthesized
ABTTs with a curing agent of allophanate/trimer at room temperature. To examine the film
properties of the prepared PU flame-retardant coatings, film specimens were prepared with
the prepared coatings. The film properties of ABTTC, ABTTC-10C and ABTTC-20C, which
contain 0, 10 and 20wt% 24-DCBA, respectively, were proved to be good, whereas the film
properties of ABTTC-30C, which contains 30wt 24-DCBA, was proved to be a little bit
poor. Two kinds of flame retardancy tests, 45Meckel burner method and LOI method were
performed. With the 45Meckel burner method, three flame-Tetardant coatings except ABTTC
showed less than 3.4cm of char length, and showed less than 2 seconds of afterflaming and
afterglow. From this result, the prepared flame-retardant coatings were proved to have the
1st grade flame retardancy. With the LOI method, the LOI values of the coatings containing
more than 10wt% 2,4-DCBA were higher than 30%, which means that the coatings possess
good flame retardancy. From these results, it was found that synergistic effect in flame
retardancy was taken place by the introduced phosphorus and chlorine.

Keywords : PU flame-retardant coatings, phosphorus, chlorine, modified polyesters.

'z AH{e-mail : hongsu@mju.ackr)

431_



N
an
ofy
ofh
ofolr
2
of
o
=
e
r2
oX.
rigt
oot
r_eg
A
Z
o

4
Y,
ofx

N

H 7V AEE vu e
S EEPU) Aldd, ol PUA
318 TR ZA PU Z=¥o] W
o §3lx, 1&9 YrlRA, o
WekEAd S AYa glen, gLo
AzA|ZRo] il 7FARA| 7o)
T A%E vFo Eu, PU £58%
% AdEg7t g7 wZol 1]

PU BAEgY FHIdTE 2484 &
39 £& Bo] g3t 3t oy F
7o =87t v PU =59 njust

2] &% ol hAjollo] Bt A
3‘} OJ WAL Z 2 rﬂ/\%zg}oiz,q
ToltH2] 2484 £9&73
Y EnA ZeleAs Egdagzed £
ok olET},  olhAlollo] EAE  toluene
diisocyanate (TDD), diphenylmethane
-4 4’ -diisocyanate (MDI), isophorone
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2.1. Al ¢

WA ~H2 g4 SHA2A adipic
acid (AA) [Tokyo Kasei Kogyortle ol E o
2 AEAT T 120CoA 2417 AxAHAA
[15], 1,4~butanediol (1,4-BD) [Sigma Chemical

A2 NaSO4E  "€5383 bp 107~108T
/AmmHg & Z70 A 23S T35,
trimethylolpropane (TMP) [Tokyo Kasei

Kogyort]& of#lE3} ooz gojozg =
Axata[15] 47 AEEET daAdEe
2,4-dichlorobenzoic acid (2,4-DCBA) [Aldrich
ChemicalAH$}  pyrophosphoric  acid = (PYPA)
[Aldrich ChemicalAl 1gA12FS & Ap&3}
AT

AEAE  oliAoldle]E9  allophanate-
trimer (APT) [LeverkusenA}, Desmodur VP
1.S2102, 288 3 100%, NCO &2 20.0%,
AA5E23C)  300mPas], =MeEE  TiO,
[British  Titan  ProductA}], UV —E——’F A=
Tinuvin-384  [Ciba-GeigyA}], UVSHA ﬂ
Tinuvin-292 [Ciba-GeigyAH, g
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Byk-320 [Byk-ChemieAt], 4234+ Byk-065
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2.2. PYPA/1,4-BD ¥5A| £8129| &M
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2.4. 2,4-DCBA &2k m= BMES|0AE
29| gy
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2 g e ofdet Ak 8% 1L A
1] 47 Egadd] 74 12g, BFARA
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T3 24-DCBA g3Fe] e HAZT 20

d

2 FAAY wEE ug wrgzaalg e of
#e} gol A&stH.  24-DCBA 10wt% 3t
et Mg Eed gz wSE wgEe AA
107.6g (0.74mol), 14-BD 134.3g (1.49mol),

TMBO 445g (0.17mol) ¥ TD-adduct 529¢g
(0.17mol)&, 24-DCBA 20wt% 3 HAZ
e~ 29 wFgHFS AA 80.3g (0.55mol),
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 TMBO S2H4 W9 & 33& UV &
0]-43 phosphomolybdate'd[17]1.2
19t TMBO 7+ ¢F 25 H3H e
Kiedahl flaske]l ¥ 1 @AF 10 mLo] &7/
00 mLE A¥ H 0% A= 7193 &3
T wgstn gk AL Ag 500
HaZ@taad] &715 SHFE2 Fa4A
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2.6. 7I718Y

Ao F3EA2 "3 Bio-RadAle] FT-IR
(Digilab FTS-40%)& AM&ste 343 A58
THF 12wt%E 8 413Fe] NaCl discell $FAl
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A acetone D6% A}8-3+¢] Varian (Unity Plus
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permeation chromatography (R-4103)& AR&
o] 243 Aa ANEFEE 1.0% A5 4
10mg, ZHL Shodex KF-80M, KF-801,
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Al 2% (mL)
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UVEFASl Tinuvin-384 1.0g, UVerAAS)
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EAANY dEs A4k Krebs-
Stormer viscometer (Pacific ScientificAl, serial
803283)=2 A, 60° AEFHYE AL KS M
5000-33129) =89 60°PARFHE AFHOE
A, 94874 EE Pencil hardness tester (Yasuda
Seiki Seisakusho, serial 4664%)24, &2
ABL FARKS D 3516).2 A3} =R
o] A&E APHoEM A7 FARAY FF
e KS M 5000-33319) ©59 =34 Ad
Hol wat, WAL JIS K 54009 =59
AZE A@ago] ABY, HAEAITL
azgonA, AT SHE el WA
AN 2e wHoE stol AR At
140 KU =&3ba Agrt ¢49 Aoz 3
sy =3 FAUWFAHL Sunshine
weather-Ometer (SWO, Atlas Electric Devices
Ab, G 65A)2A SAsEEH UFd M-S
2713, 15041243, 30041252 Fiste] A4
A=

z3e

=
2 A b ofi o

2.9. TR HAHHAIH

2.9.1. 45° Meckel burner'

dada A8 45° Meckel burmnerd2 JIS
Z-215000 At =Asd=d19], 3% &
AAZ] 3 FeNg dFgFAL i FH 2
=

ofad AZ WdNE £AE WA AFH
9] =7l ABTTC-10C, -20C, -30CE &vid
&) giAA 244 20wt%d F&HE 7
5o Hygdozr gl FAEAREE A#HE
olzd AE{100%, TLFE(F)Y Ne 2/36o%
AA]E &3lo] 1 dip, 1 nip padding3ts wet
pick-up[2018 80% 2 ©EAdh ol AHIYARE
£ 100CeoA 587 AAAAM EHSHEL Al
22 Ag3tarh
VAdE Ao JdartEe FAs UdE H
H[ESUdB(F)9 T0D/24Flel A de
, Rolo)l x4y HgzrAL 49 ofmd A
LA 9k A 3ol wet pick-upel 60%7F HE
stgoen AizAn ofmd HAEA #2
2 3k
AAHE HE FArtTE HUT EY
2 g9 A & (F)9 TeD/24F]H A
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Ud g AEAY 53 2002 59

H

P e 2

of| 28
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to 32 2 & fo
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H29 PU ddxgds] #H8 5

292. A2A5Y

AR 4(limiting oxygen index : LOD %ol
& a4 Hrks ISO 45899 Al @21
wel AP Ed, $HE F ok Aid A
&9 EFIt2E dASA fAFR FHALE
NAMRNA A7) 65x145x3 mm)S FF3te] 9
29 AIAA Bo] BEY 7t A HAF
2 FiE Wgor dE SUGAANEZI(F)Y
A4 A™A7|(ON-18)E AH&8te AFsHA

£ H

3. da o 3

3.1. TMBO ¥ TD-adduct9l &4 &ol

2 a1y F8 AHEQ A7 dx T ¥
JZg o 2H 29 ABTT #Ad oA 2FF
o] Z7AE AgPEd, 2 F A FHA
= PYPA/14-BD &4EA SHEQY TMBO®} 1
T 371 E TMP/24-DCBA o Z=H Z3E<1
TD-adduct©] v}

TMBOS 42 Brack[221%F Seo[23]°] 23]
9] AzHhgol ojul deF e E E=ElA
= 19 FAEAAE AT ey TMBO
o 9 = 24 Ay Feld & Hag A
slo]7] W&o 1 g& A3t TMBO% 2

>

o] dg =2AHLe UV BEFFEAE ol &
phosphomolybdate[43]e1  2JA st A A8

g, 2Agko] 243%=% VER} o237k 24.8%
of Ao 2P %& BAFLEN TMBOZY
ol A Fele] Mg

33 TD-adduct 2l A2 TMPS
24-DCBAE o 2H 238 sl dEd, g%
2 348g(0] 8 F5# 3H6g), F5E IBE
bt

Table 1¢] TD-adduct®] FT-IR%} 'H-NMR
2"9EY BAAWNE FAZEH, €3 %
B719 #2554 3 97 vjod Z e
TD-adduct®] FZ#<Qle] 7bastdth Wik 23
Ho] TD-adduct®] 4t7}e} 94 %F FA#HS
FAHEY, AE 482 (5ol %3)E e
i, g ke A&F 9 Ak e A7t 0.08%
Mz eht # QA8 gier], TMPS
24-DCBAY] o823 whg 72 FFde
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3.2. Poly(AA/1,4-BD/TMBO/TMP)9]
&AM ol

2 A3 AHoRA
tg T4 wAZed2H2 poly(AA/14
-BD/TMBO/TMP) 2, ABTT9 #4& Table
29] gxDow ANk B BH
AdE 5] HH
2 65 B OHZ 2154& §A5tHA 79
3 FAe o FHES diYstd ArEsd g4l

Fig. 1o ABTTS 7249 dukag,
Table 1¢] ABTTS FT-IR% 'H- NMR 23
g d3E Zrz JeEdEdE, 24 9a2E5Y
Fig. 19 §AF=47 Q dxlgozn Fhadol
A2 o]FJH LS BUdYct Table 39
ABTTY HoEA e AAdEsd, Ex#

o
off
rd

LG ik e

A7|8 Bol ARAFe] LZer FHYS
doti AR Fe 3142 YEh) 2Ag B
ZR49 Fol vud F3es BAFATh

3.3. Poly(AA/1,4-BD/TMBO/TD-adduct)
9| gty =ol
A da FF WAZYd 22 poly
(AA/14-BD/TMBO/TD-adduct)®] 4L <
$HE IwtBE TN 24-DCBAS] ek
& 10, 20, 30wt%®E HIAA FPsAEd,

l

3240 H s 2 AR A5l WLgES
y"‘l—g 1:21‘:}
TEA Y B A7 EAGES )

Wwol Table 20 @8t 4 Awrag
Fig. 2o} YeEtlel #oA 24-DCBA 10, 20,
30wt% g3 WAL ABTT-10, -20, -30L.8
At

ABTT-10%¢ #A4elA ABTT-10AE 17
0Te ne7id Weews ¢d Add Asp)
wAE g a1 ABTT-10BE  160Cel A A7HS

Table 1. FT-IR and '"H-NMR Chemical Shifts of TD-adduct, ABTT and ABTT-10C

Products FT-IR (NaCl, cm™) 'H-NMR (300MHz, acetone D6, § in ppm)

682  C-C1 0.9 (CHs-C)

1050 @ OH(pri-alcohol) 1.4 (C-CH2-C)

1288 : OH(pri-alcohol) 3.7 (C-CH-.-0)
IDradduct 4507 ¢ c=C (Ar) 44 (C-CHz-0CO-)

1731 : C=0 4.1 (C-CH=CH-of Ar)

3398 : OH(free)

787 ¢ —~(CH2)4-0O- 0.9 (CHs3-C)

1006 : P-0O-C 1.6 (C-CHz-C)

1050 : P=0O 2.4 (C-CH»-CO-)

1178 : C-0- 3.6 (C-CHz-0-)
ABTT 1463 : ~CHa- 4.1 (C-CH;-0CO-)

1735 : C=0

2957 : CHj

3445 : OH(free)

650 : C-Cl 0.9 (CHs-C)

771 @ -(CH2)4-0O- 1.7 (C-CH3-C)

1013 : P-O-C- 2.3 (C-CH;-CO~)

1048 : P=0 3.6 (C-CH2-0~)
ABTT-10C 1179 : C-0- 4.1 (C-CH-0CO~-)

1465 : -CHa~ 73~78(-CH=CH-of Ar)

1734 : C=0

2960 : CH3

3450 : OH(free)

_.36_~
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ool 44

Ra
|

3HOOC(CH4COOH + 4HO(CHp4OH + (HO);—R;—(OH); + HOCH;—(I:—CH-,;OH

CH,OH
(AA) (14-BD}) (TMBO) (TMP)
= AA—1,4BD 1,4-BD — AA
TMBO + 8nH,0
1,4BD 1,4-BD — AA—— TMP
(ABTT)
o 0
I
Ryt —P-0-(CH)-0-P-
Ra: —CH, — CHsz

Fig. 1. Synthesis of ABTT.

Table 2. Polycondensation Conditions and Yields for ABTT and ABTTs

Materials Reactions

Dehyd- .
Products AA® 1.4-BD" TMBO® TMP! TD-adduct® Toluene Temp  Time  ration Y(t;l)d
(2) (&) (g) (g) (g) (2) (T (hr) (mL)
ABTT 135.0 114.8 44.5 51.7 - 12 1007 165 6 74.8 38
ABTT-10A 107.6 134.3 44.5 - 52.9 12 1007170 7 65.1 -
ABTT-10B 107.6 134.3 44.5 - 52.9 12 1007 160 4 57.7 79
ABTT-10C 107.6 134.3 44.5 - 52.9 12 1007160 5 64.0 36
ABTT-10D 107.6 134.3 44.5 - 52.9 12 1007 160 6 64.2 36
ABTT-20A 30.3 101.9 44.5 - 105.9 12 1007170 7 54.1 -
ABTT-20B 80.3 101.9 44.5 - 105.9 12 1007 160 4 50.5 75
ABTT-20C 30.3 101.9 44.5 - 105.9 12 1007 160 5 53.6 86
ABTT-20D 30.3 101.9 44.5 - 105.9 12 1007 160 6 53.5 37
ABTT-30A 52.9 69.6 44.5 - 153.8 12 1007170 6 42.6 -
ABTT-30B 52.9 69.6 44.5 - 153.8 12 1007 160 3 40.2 72
ABTT-30C 52.9 69.6 44.5 - 153.8 12 1007160 4 42.3 86
ABTT-30D 52.9 69.6 44.5 - 158.3 12 1007160 5 42.3 35

“AA © Adipic acid, "1,4-BD
‘TMP : Trimethylolpropane

: 1,4-Butanediol, “TMBO : Tetramethylene bis (orthophosphate),
, “TD-adduct : TMP/2,4-DCBA intermediate.
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Table 3. GPC Data for Synthesized Modified Polyesters

Type Ma Mw M, Mw/Mn
ABTT 1330 4180 10110 3.14
ABTT-10C 1040 2720 5880 2.61
ABTT-20C 760 1730 3010 2.28
ABTT-30C 740 1540 2960 2.08
wheA TMBO, TD-adduct, ABTT, Ton

ABTT-10C, ABTT-20C, ABTT-30C¢ TGA
44 Fig. 3~89 247 YeEhdiich 2ol A
Ay g% garges 92w 4%
TD-adduct?] 300ColA 483%, <1 7 ¥#H
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Fig. 3. TGA thermogram of TMBO.
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Table 4. Physical Properties of Two-Component PU Flame-Retardant Coatings

Physical property ABTTC®| ABTTC-10C" | ABTTC-20C° | ABTTC-30C"
Viscosity (KU) 72 69 65 61
60° Specular gloss 85 82 79 77
Pencil hardness 3B 4B 4B 5B
Cross-hatch adhesion (%) 100/100 100/100 100/100 100/100
Flexibility (1/8 inch) good good good good
Impact resistance
(30cm/500g) direct good good good good
reverse good good good poor
Pot-life (hr) 4 7 1 17
Drying time (hr) 15 2.0 35 45
Accelerated weathering
resistance, SWO (300hr)
gloss retention (%) 35.8 32.1 29.9 28.6
color difference (4E) 2.48 2.57 2.96 3.02
vellowness index (4N) 2.07 253 2.45 2.88
lightness index
difference (A1) -1.87 -1.97 -2.07 -2.25

*ABTTC : ABTT/APT, "ABTTC-10C : ABTT-10C/APT, “ABTTC-20C : ABTT-20C/APT,
JABTTC-30C : ABTT-30C/APT.
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Table 5. Flame Retardancy of Acrylic Fabrics Treated with Synthesized Flame-Retardant

Coatings
. 45° Meckel burner method
Concentration — -
Products (Wt%) Char length Afterflaming Afterglow
(cm) (sec) (sec)
Untreated 0 BEL® 0 0
ABTTC-10C 20 34 2.0 1.0
ABTTC-20C 20 2.7 0 0
ABTTC-30C 20 25 0 0
APHD-20C* 20 6.2 30 2.0

*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
it was determined by observation, 1 min after from the end of heating.

“Burned entire length.

dAPHD-20C : PU flame-retardant coatings using benzoic acid modified polyester
containing phosphorus and HDI-trimer.

Table 6. Flame Retardancy of Polyester Taffeta Treated with Synthesized Flame-Retardant

Coatings
. 45° Meckel burner method
Concentration -
Products (Wt%) Char Length Afterflaming® Afterglow®
(cm) (sec) (sec)
B-1° 0 7.7 2 0
B-2 0 BEL 0 0
ABTTC-10C 20 3.0 0 0
ABTTC-20C 20 2.6 0 0
ABTTC-30C 20 2.4 0 0
APHD-20C 20 5.3 1 0

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

_42_.
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Table 7. Flame Retardancy of Nylon Taffeta Treated with Synthesized Flame-Retardant

Coatings
Concentration 45° Meckel burner method
Products o Char length Afterflaming Afterglow
(wt9%)
(cm) (sec) (sec)

B-3* 8.9 0 0

B-4" BEL 0 0

ABTTC-10C 20 3.3 0 0

ABTTC-20C 20 29 0 0

ABTTC-30C 20 2.6 0 0

APHD-20C 20 59 0 0

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

"Fiber treated with textile finishing resin.
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