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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 (24-DCBA)) and TMBO
(prepared from tetramethlene bis(orthophosphate)), were prepared first, then condensation
polymerization of the prepared intermediates, adipic acid, and 1,4-butanediol were carried out.
In the condensation polymerization, the content of phosphorus was fixed to be 2wt%, and
the content of 24-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 ABTTs. The prepared intermediates and modified polyesters were
characterized with FT-IR, NMR, GPC, and TGA analysis. Average molecular weight and
polydipersity index of the preparation of ABTTs were decreased with increasing 2,4-DCBA
content because of the incease in hydroxyl group that retards reaction. We found that the
thermal stability of the prepared ABTTs increased with chlorine content at high
temperatures.
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Table 1. FT-IR and 'H-NMR Chemical Shifts of TMBO, TD-addcut, ABTT and ABTT-10C

Products FT-IR (NaCl, cm™) "H-NMR (300MHz, acetone D6, Sin ppm)
2966 : P-OH 1.2 {(C-CHz-C)
1029 : P-O-C 1.8 (-CHz-0-P=0)
TMBO
1475 @ -CHz- 3.6 (O=P-OH)
40 (C-CH2-0)
1731 : C=0 0.9 (CH;-C)
1587 : C=C(Ar) 1.4 (C-CH2-C)
TD-adduct 1288 : OH(pri-alcohol) 3.7 (C-CH2-0O-)
1050 : OH(pri-alcohol) 4.4 (C-CH,-0-CO-)
3398 : OH(free) 7.3~78 (-CH=CH- of Ar)
682 : C-Cl
787 : -(CHg)y-O- 0.9 (CH;-C)
1006 : P-O-C 1.6 (C-CHz-C)
1050 : P=0 2.4 (C-CH>-CO-)
1178 + C-0O- 36 (C-CHx-0O-)
ABTT
1463 : -CHz- 4.1 (C-CHz-0CO-)
1735 : C=0
2957 : CHs
3445 : OH(free)
650 : C-Cl 0.9 (CH3~-C)
771 : -(CH2)s-O- 1.7 (C-CHz-C)
1013 : P-O-C- 2.3 (C-CHo-CO-)
1048 : P=0 3.6 (C-CH2-0-)
ABTT-10C 1179 : C-O- 4.1 (C-CH2-0CO-)
1465 : -CH;- 7.3~78 (-CH=CH= of Ar)
1734 : C=0
2960 : CHs
3450 : OH(free)
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P & 5 ANk
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By 2ol
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'H-NMR 2#E#el 33 34L& Table 19]
Yetlled, J3es vlu B4 2 4y
Fig. 19 3A4+=47 dA=z & dxFozsy
FAgol AR o]FHES 4 4 Uk
Table 3] ABTTS Hyr&EAx & AA#H
v, &2 2712 Bol MEAH ZglEy
o FegS Iy, vhEAs e 3142 g
U B2 BEAMe) Zo] viud IS K
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3.3. Poly(AA/1,4-BD/TMBO/TD~adduct)
o & ol

R,

3HOOC(CH,)sCOOH + 4HO(CH,),OH + (HO),—R,—(OH), + HOCH, —C — CH,0H

CH,0H
(AA) (1,4-BD) (TMBO) (TMP)
——» AA— 1,4-BD 1,4—BD — AA
TMBO + 8nH,0
1,4~BD 1,4—BD —— AA—TMP
(ABTT)
O O
I I
R] _P_O_(CH2)4_ O—P—
R2 CHQ_' CH3
Fig. 1. Synthesis of ABTT.
Table 3. GPC Data for Synthesized Modified Polyesters
Type M, M., M, Mw/l\/ln
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
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Table 191 ABTT-10C¢] FT-IR J32& 94
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C-Cl9) 2<% Fa7t ABTT-10C £ ¢
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EUHARE  #edsdu. £33 Table 19
ABTT-10C®] 'H-NMR ¥ 34 ABTTAME
gl= I3 = 67.3~7.8ppmel M 24-DCBA 4
Ho| o3 wWakE zzle ~-CH=CH- S+33
7b Aol BrAEo2A 24-DCBAZF 24U
& 4ot

38 ABTT-10C, -20C, -30Ce) 3¢ %2}k
& Table 3o AAFEd ABTT <ABTT
-10C<ABTT-20C<ABTT-30C9 &A=z Ex2}
g ohEAME gro] AstEAL ol F A4
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#541719 OHS COOH vjo| A wrgA8 oF3)
Al71E OH7I17} B F7hste] Exbeka ohiat
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3.4. ABTTRCO| dX4dH

i EE BE TR d2A3 myEl
2820 3494242513 Q1 Fw WAAEd
el 2o IHAAR6] #aAM e oln LA
uh oot @4 Q AFgES ¥ BT &

R>

2JHOOC(CH,),COOH + 4HO(CH,),0H + (HO);—R,—(OH), + HOCHZ‘—(IS—CHZOH

R3
(AA) (1,4-BD) (TMBO) (TD-adduct)
AA 1,4—BD 1,4—BD — AA
TMBO + 7nH,0
1,4—BD 1,4—BD —— AA ——TD—adduct
(ABTT-10C)

I
R] _P_O“(CH2)4_O_’P_

R2 Z_CH2_CH3

cl
R; :—cm—oco—@—a

Fig. 2. Synthesis of ABTT-10C.
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9o Qast ole) AuA Zrho] 2@ AHA A
WA A2 2 Fol Ack,

whe} A TMBO, TD-adduct, ABTT,
ABTT-10C, ABTT-20C, ABTT-30C2] TGA
249 Fig. 3-89 27t erdach 1gelA

dAdsgg A3 g4 R w4

Zeld ez 3 9

pri]

A dF:F  FhEE  davw el
TD-adductr] 300CelAl 48.3%, A&7 i
® ABTTE 300TCelA 47.8%, @49 98 F
Z31 9E ABTT-10C, -20C, -30CE 400TC

o A 36.4%, 49.0%, 70.7%2 Z+z} JElRTH 9

>~rf
ueuo

SR=)
o

TGA
mg . [
—1.162%
0.00r o -70.458%
- i’lGJSS’s
;-'9.673%
-10.00-
~24.958%
—20.0Q 1 N L ( : :
0.00 200.00 400.00 600.00
TemplC]
Temperature (T)
Fig. 3. TGA thermogram of TMBO.
TGA
mQ _ i
0.00r -88.418%
-1.00)
L20.158%
~D.128% —0.009%
400.00C 500.00C
-2.00¢_, \ N ; L . 1
0.00 200.00 400.00 600.00
TemplC]
Temperature (C)

Fig. 4. TGA thermegram of TD-adduct.
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TR LS

Sz R /YA g - AR FHE
TGA
mg. .. S
1.434%
0.00r 5008 T -84.893%
Far.798%
-1.00
;—15.592*
-8 591%
s s . s . . i L s
0.00 200.00 400.00 600.00
TemplC]
Temperature (T)
Fig. 5. TGA thermogram of ABTT.
TGA
mg .

0.00 “Lae. apan

-10.00-

“5 57 HK
_20‘00 i. 1 i i i. 'y 'y g 1.
0.00 200.00 400.00 600.00
Temp(C]
Temperature (C)

Fig. 6. TGA thermogram of ABTT-10C.
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Fig. 8. TGA thermogram of ABTT-30C.
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