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Abstract : In order to obtain the maximum flame retardancy as well as the minimum
deterioration of physical properties of PU flame-retardant coatings, chlorine and
phosphorus functional groups were introduced into the pre-polymer of modified polyesters.
In the first step, the tetramethylene bis(orthophosphate) (TBOP) and nechexanediol
dichloroacetate (DCA-adduct) intermediates were synthesized. In the second step,
l,4-butanediol and adipic acid monomers were polymerized with the two kinds of
intermediates to obtain copolymers. The modified polyesters containing chlorine and
phosphorus (ATBA-10C, -20C, and -30C) were synthesized by adjusting that the content
of phosphorus compound was fixed as 2wt% and the contents of chlorine compound
(dichloroacetic acid) were varied as 10, 20, and 30wt%. Average molecular weight and
polydispersity index of the preparation of ATBAs were decreased with increasing DCA
content because of the increase in hydroxyl group that retards reaction.

Keywords : flame retardancy, coatings, phosphorus, chlorine, modified polyester.
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21. % 5

HodFoAe dAddE F dh BRLoEZE
dichloroacetic acid (DCA)[Sigma Chemical
ColS, 9 AE¥o=2E pyrophos-phoric acid
(PYPA){Aldrich Chemical Co.J9] 1§A1¢%& 2+
Zr adz AgEdd. darge gadsEA
]l MAEd 2~ FA48 DR adipic acid
(AA)Tokyo Kasei Kogyo Cole oHESR
AAARE F[17] 120CoANA 2A2F AFRAA,
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Chemical Cole olMED oz £4%
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(1,4-BD)[Junsei Chemical Co.]& Na2804= &
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2.5. 21 JA &7 HAME2AEY Eté!

ola} A & tﬂ}\-]SEE]o“/\Ei‘,] Ao 3
AR AAsAh WA daA dAH4EQ TBA
10wt% &5 @*313101]“51—4 WeE 24
& 47 EZerad B2 16g, GHAZA
DCA-adduct 87.5g (0.36mol), TBOP 59.3g
(0.24mol), 1,4-BD 165.1g (1.83mol), AA 139.4g
(0.95mol)& 715t31 25 & SHt) o8 ghgx
g 2447 #e o ® sgEsd, AE 15
0ColA 287 WEES 547 3 AN}
#4383 F7tE e FAE B FHwsg FA
A # k.

S TBA 20wt% &#3 WA Zg o A8

#4e EFA 16g, DCA-adduct 175.0g
(0.71mol), TBOP 59.3g (0.24mol), 14-BD
108.1g (1.20mol), AA 989g (0.68mol)2. &,

TBA 30wt% ##3 W& 2y 242

5ol 16g, DCA-adduct 2625g (1.07mol),
TBOP  59.3g (0.24mol), 14-BD  5l.1g
(0.57mol), AA 584g (0.40mol)E Zzt HPAE
o, 2713 g o] kg zz w2443 A

stom, HE WExAS TBA 20wt%A 14
5Tl 283, TBA 30wt%AlE= 143CoNA 2
2 A4 WEES SA4A7 g8 FEue s

FA3H4 o,
B ol5o] HAEH B
4o TTBAAS $d% 2oz

ste]
R 2l poly(DCA-adduct/ TBOP/
1,4-BD/AA) 9 ZZE (ATBA-10C,

ATBA-20C, ATBA-30C0)& it}
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HAQ1 TBOP Solle 1709 2940
2702l 91 717F o gli=d, o5 9o Ao
UV 23357AE o8¢ phosphomolybdate
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2.7. 717184

A9 BPHEAL Bio-Rad Co.gl FT- IR
(Digilab FTS-40%, USA)E A183l49, AR E
tetrahydrofuran (THF)o 12wt% 2 3|43}
NaCl discel @Al =¥3 o8 AFAZE7]NA
087 AxAY F B

Y3713y RgRHe EEsdeA
CDCI3/TMSE  AH839  Varian  Co.9

1H-NMR (Unity Plus 300&) spectrometer®
ki e =3
Bxg 9 Exia 2y 248 Waters Co.9
GPC (R-410%, USA)E 283l 24841
A2 BEE 10%, A8 %S 10mg, TH2
Shodex KF-80M, KF-801, KF-801 37/4& 94
a3l Abg3tgew, 25ColA  &v] THF
01lmL/min®] £x2 339 ch
492 Shimazu Co.9] TGA-50HE A&
o] $&45E 10C/mng 27022 ¥7] 3

A20)F ZAA 44 24sa
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Aofle|E 2 FAIFH O gler ol F EuZ
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24 FAHAMNELS ATBAFAH, o582 §AY
ol 2FFo] F70A wEAE AMEA "ok o]
= 2x9] Z7H4E PYPA/14-BDY ¢4 &
FE<9 TBOP2+ DCA/TMP2 o ~E&EQ
DCA-adducte] ot

TBOP2] #Al& Zech®} Ford[22] 2 Seol23]
of oa) 29 FE& BA So] &y, £
AR e ojol BEF FREIAIL AU
a8y TBOP49 9 e dolie A2 H
9] WA e FaAbge]r] wiEel, <}
gage UV EFFEAE ol£3 phospho-
molybdate W[20]12.2 ZEASHUY. &4 A
o] &37ke] 248%21d wkalel ZAgho] 244% %
LERL} 2709 ftEo] A dAFE AFE H

BEh LR

JdozH TBOPES 9l AZFE A% + U
omn o] FoZRE 1/l FRUH ol 20
9 ¢l 717t EAF = FAHAT

3.1. DCA-adduct! & &0l

DCA/TMP %zZkA|Ql DCA-adductd] 4L
Eg&e TMPS 944 JddaAAES DCAE
o ~E 3t st} AQEH|, S5FLE 202g(0]1E
g2 2950)08 &2 93%2 Z+z yehy
T Z o]FojH L Esdvh. DCA-adduct
o] §FAgdure4S Fig. 19 FT-IR% 1H-NMR
29EY AFRE Fig. 2~39 47 A5G

CH,0H CH,0H
CH{CH, - E “CH,OH + CI-CH-COOH fs—'%:%g;"—k CH,CH, c - CH,0H
CH,OH a <":H2
(TMP) (DCA) 0
c=0
a-c
&
(DCA-adduct )

Fig. 1. Structure of DCA-adduct.

Fig. 29 FT-IR 2~#"E#A 3390cm-19l
OH7) &, 1290cm-19F 1060cm-19 #Al1a &
Lo N&EAE FF7t 4 e =N
717} EAFE G, 1750cm-191 C=0 A%
AEon g 7E EAFHUSH, 820cm-1
of C-Clo] Al&xE =7t depgozA
DCA-adduct Wol| 94717 =4 =AU SS <4sk
=3

-
—
=S

Transmittance (%)
&
we,

Wavenumber (cm')

Fig. 2. FT-IR spectrum of DCA-adduct.

Fig. 39 1H-NMR =#HE#o|A 809ppm
(3H, CH3-C)oll 4] o€ ~7]19] 54, 81.4ppm (2H,
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C-CH2-C)ollAM W=7 F=, 81.5ppm (1H,
C-CH-)YA  CH719} 3=, 826ppm (1H,
R-OH)lA  OH7}®} =3, 83.7ppm (4H,
C-CH2-0-)ollA HWe&7le sz ¢ 84.49%pm
(2H, C-CH2-0CO-)9| A o2Eo 7|dd vd
AN A B3 502 DCA- adduct® +
Z<glo] 73ttt

[os ! L

d(ppm)
Fig. 3. IH-NMR spectrum of DCA-adduct.
T3 9ol 234 DCA-adduct®] 94 &
@s AAEAded, ol&g 31.19%, ZAHH®
3112% 2 YERY 2 o]l Ao dA e 4t
oul, A7be 49524 A7 5olske] Wele] &
Fo2M DCA-adduct®] #A4o] xFA 213

vArsd A9 94 TH WdIedaEe 4 2 4E 5

IRTE & & A

3.2. Poly (TMP/TBOP/1,4-BD/AA)9]
B Fol
2984 F £EE F9 TAEE o HE
& FH3 HAZEFNAEQ poly(TMP/TBOP/
1,4-BD/AA) &, TTBAc°|t}l. TTBAY ¥4}
24 ZPESAZs Table 19, 29 A
gH&-218 Fig. 49 AlA)8kg o).

4]
I
HO~ R~ OH + (HO)—P~0~Ry~ O—P—(OH), + 3HO—R,—CH + 3HOOC— Ry~ COOH
a™p (TBOP) (14BD) “ay
AA=14BD——14BD-AA
T TBOP
H0) m—J—l,‘a-BD‘AA-M
(TTBA}
lczf‘k
R ~CH ah~
CHOH
R~ (@Qhy~

Fig. 4. Structure of TTBA.

Table 1. Polycondensation Conditions and Yields for TTBA and ATBAs

Meterials Reaction condition  Dehydr Yield

Products TMP* TBOP® 14-BD° AA®  DCA-adduct®  Toluene Temp Time ation gy
() (g (g) (g) (g) (g) (C) (hr) (mL)

TTBA 1038 593 1183 1799 16 100~150 52 609 90
ATBA-10A — 59.3 165.1 139.4 875 16 100~160 6.1 510  —
ATBA-10B — 593 1651 1394 875 16 100~145 45 494 84
ATBA-10C — 59.3 1651 1394 875 16 100~150 50 508 88
ATBA-10D — 59.3 1651 1394 875 16 100~150 55 510 88
ATBA-20A — 59.3 108.1 989 175.0 16 100~150 5.2 407 -
ATBA-20B — 59.3 108.1 %9 1750 16 100~140 40 385 83
ATBA-20C - 59.3 108.1 989 175.0 16 100~145 4.1 408 86
ATBA-20D — 59.3 108.1 8.9 175.0 16 100~145 43 409 8
ATBA-30A — 59.3 51.1 584 2625 16 100~150 5.0 306 —
ATBA-30B - 59.3 51.1 58.4 2625 16 100~135 35 302 81
ATBA-30C — 59.3 511 58.4 2625 16 100~143 4.0 308 83
ATBA-30D — 59.3 51.1 58.4 2625 16 100~143 42 310 83

alTMP : Trimethylolpropane, bTBOP : Tetramethylene bis(orthophosphate),

cl,4-BD : 1,4-Butanediol,

dAA : Adipic acid,

eDCA-adduct : Trimethvlolpropane/Dichloroacetic acid intermediate.
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Fig. 5. FT-IR spectrum of TTBA.

d(ppm)
Fig. 6. IH-NMR spectrum of TTBA.

Table 391 TTBAS HEAZFH AR

S AA @Y, 228 272 Hol TTBAY
HEEFE ngol 2Mw dd) Hxd ZaE
] FelEM 2 o Hol BuE Ao 2
olggo] glort mue] i FolxAw= AF
B Aow oAaEoen, tiAtE e 23
g2 ekt BExg B £ oyolvh A

FEUS Lok

do

§

&)

FEAE M S e

Table 2. FT-IR Spectra and 1H-NMR Chemical
Shifts of TTBA and ATBA-10C

FT-IR 'H-NMR (300MHz,

Products i .

(NaCl, cm ) CDCl;, 6 in ppm)

1005 : P-O-C 0.9 (CH3-C)

1179 : C-0O 1.7 (C-CH:-C)
TTBA 1463 : -CH3;- 2.3 (C-CH,-CO-)

1734 : C=0 3.7 (C-CH2z-0-)

2959 : CHgs 4.1 (C-CH»-0CO-)

815 : C-Cl 0.9 (CH3-C)

1007 : P-O-C 1.7 (C-CH2-C)
ATBA- 1176 : C-O- 2.3 (C-CH3-CO-)
10 1463 : -CHz- 2.9 (=CH-CD

1733 : C=0 3.7 (C-CH2-0-)

2959 : CH3 41 (C-CH»-0CO-)

Table 3. GPC Data for Synthesized Modified

Polyesters
Products My, Mw M, Ms/Mn MS/M,
TTBA 820 1930 3330 235 4.06
ATBA-10C 750 1640 2760 2.19 3.68
ATBA-20C 610 1260 2220 207 3.64
ATBA-30C 550 980 1640 1.78 2.98

3.3. Poly(DCA-adduct/TBOP/1,4-BD/
AA)S| B &0l
3.24¢ TTBA &4 9
2 AFdAMeg Fg8  §4<Ud  poly(DCA-
adduct/TBOP/1,4-BD/AA) 2. ATBA®2 3
qe Q e o2wtnE AN gL AR
¢l DCAS #2210, 20, 30wt% s WA 7|H
AN ZPZEE ¥4 Holth
wEEy) 4F ] E3E o] 2 49T ALY
ATBAR 9 FA+Z224E Fig. 79 e
%3 Table 191 ATBA® ¢ W59 =%+
F3o el EARES dAFA=H, EAAA
DCA 10, 20, 30wt% g3 53-8 ATBA-10,
ATBA-20, ATBA-302% Astgdch EoA
ATBA-10AYE 259 Agoz 2oy
AL, ATBA-1BE L5 3=z
gagtn 5§ wolyon, ATBA-10D=
ATBA-10C¢}t ®l33ted 150l A A1zHe 30%
7H v QA7 AW, AnHoR 8% F
dE FEE BYoEHN HAY HEEES
ATBA-10CYS oot £33 ATBA-207 %

FANYe SAR T,
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ATBA-30%9 9% ATBA-108% H| =%
708 FEHdA wEzAE Yo} B3O,
Table 1414 ¢ 7ol ATBA-105¢9 A4 H
3 gAS Jehdogs  ATBA-20CS
ATBA-30CE A& wrezroz AAs

o
il 1l
2HO —R,~OH + (HOy—P—0—R;—0 —P—(OH) - 3HO —R,—OH » IHOOC —R;—COOH

(DCA-adducy) (TBOP) €1.4-BD) (AA)

AA—1.4.BD _'_‘—“l.‘-BD—

— TBOP
(-70H,0) DCA‘ldducl—LLl-BD—AA—DCA—ldducl

{ATBA-10)

R, CHy- €C—CHy—

Cl1- CH
Ry —(CHpe

Fig. 7. Structure of ATBA-10.

Fig. 8% Table 201 ATBA-10C9] FT-IR =
HEY JAE A e, J29 +4 A
Fig. 79 #4749 2871 A4As & dA
HE 4tk tge] FAEQ TTBAS FT-IR
2H e &= fle 93 &, 815em-19] C-Cl9]
AFAF a7t JRo] depgoza F2F9
FaA dI4E8<e DCA-adduct’7t =45 A
< FsAoh

W T ST ’
\ // § /“ i ‘Air\\’;
I TN
g o PR T e
P 4 A
g ‘1' ‘f "" “ | I
a § inoets
- ! oo !
E » “ L i A I
g i 3\-2. |
S = i A ‘
= : ! |
| § H
i :
" |

|
18

P ) ) ) e o0 =

‘Wavenumber (cm)

Fig. 8 FT-IR spectrum of ATBA-10C

Fig. 99} Table 20 ATBA-10C®] 1H-NMR
~ded a8 dded, Fig 69 TTBA
e e 3 %, 529ppmel DCA A #o]

Haxgs A% 94

WS 2T Fg R 42 7

g =CH-Cl 337t Azo] #HPL2H
DCA7Z} Eig ] DCA-adduct  ©=A)71
ATBA-10C $#A & =UHASE &Aurh

&3# Table 391 ATBAF S EA#w thEAt
T #S Jelded, 89 Zo] TTBA<KATBA
-10C<ATBA-20C<ATBA-30CS] &£Al2 Ea
ZF3 dRas ghe] AFHATE ol dAA R
¢l DCA-adduct 49 DCA9 3% =712 o
A3t MAEYAN2H FEU #5472 OH$}
COOH H|o| A wtg-Ad& F3A17]|E OHYI7F &
A FUiEo], o]2 Q& EAFo] HA Ha
He oz AM=EACH24]. =3 Table 49
SHRTEANF S 15 o HIEFYE
#e =8 A} ATBA-10CE  n=14,
ATBA-20CE n=1.0, TABA-30C¥ n=08 =T
2 ztzh bt 99 TTBAY = @& &
A 21 e #BAR QS =g mute AFA
o mute] FojAE %S YEE Aoz By
A ol EHEAY FE 2 Ak Fox
O4 48 vja Aoz A5

e

8(ppm)
Fig. 9. 1H-NMR spectrum of ATBA-10C.

3.4. ATBARY gi&s M3

gzAA ] G4 £ HE §§ wHAYZe
2dH2e d&3 JA26]F < g AHE
Aze2e] A& AFA[27]9] B oln
e AbEE AR G4 A F3REL F
TG 429 F AFE G AU EAR 93
& A disiMe deA Aol A gl
c},
2 AgdME d44 g5 I #
3E<Q DCA-adduct, ¢! €% &#3 =
ol TTBA, 949 & 357% ZaZgry
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ATBA-10C, ATBA-20C, ATBA-30C¢] TGA
}AE Fig. 10~1401 77 AN sg e, o5
AREE YL Yolurl st 47}e|
F#XES dd Zo} Table 40] EASH T}
Table 4914 AEH AL dojR Az o
F3 ZEAg0] 300~400C WA A =
ZHER =, 94 95 @73 DCA-adducts
Lol dHAHAe] BFFFPL 9 BE
T#3§ TTBAE DCA-adduct®2th LA g
dHtgo] £& Roz Ut Eo di
EE Q9% F5F A9 929 AL FH S
@ melZeivlel WMAZed2EZe AHUA | Temperature(Q) -
Aol R e o= - = .
T;; . ]; gj §}j g%jiﬂj i’ X} i}?;g _;gdug 2 Fig. 12. TGA thermogram of ATBA-10C.
Z3 v ejo)7] wiEou}
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Table 4. TGA Data for Synthesized Modified
Polyesters and Intermediate

Combustion weight (%)

Products 200 300 400 500 600 700
() _(C) _(ty () (ty ()

DCA-adduct 80 793 108

TTBA 52 226 516 17 85 88

ATBA-10C 68 431 326 21 96 48

ATBA-20C 84 380 338 18 84 59

ATBA-30C 66 328 427 21 67 67

4.4 8

AR EHRE F
A Egle] Zel -
EHPU) Y=g s ded d7EHS £
Z tetramethylene bis(orthophosphate) &7}
(TBOP)2} neohexanedio] dichloroacetate %7}
A(DCA-adduc)E WA A F, o8 T
HNEHN F T/ dFA2A 49F5HAA ¢
A9 < FF WHAdZ~H (ATBA-10C,
-20C, -30CYE z7t #Adskdt g4 " ATBA
FEAM T, EAFH 2 dEd Hd 58

248 43 thge 4L AUk

L dasg Q) &f HAdEYILE] ATBAR®
of FEEUL 100~150Tol A 4~5A17F, F
&2 83~-88%clen, HAEAZFS Mn
550~750, Mw 980~1640, thi#Ait= 1.78~
2.19°] 1},

2.300~400C  deelHel  QEA  Axn
TTBA>ATBAR >DCA-adduct®] #42 4
HaAAdol A et

N

H
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