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Synthesis of Benzoic Acid Modified Polyester Containing Phosphorus
and Their Application to PU Flame-Retardant Coatings
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Abstract @ Reaction intermediates PCP/BZA  (PBI) and  tetramethylene
bis(orthophosphate)(TBOP) were synthesized from polycaprolactone (PCP) and benzoic acid
(BZA) and from pyrophosphoric acid and 1,4-butanediol, respectively. Benzoic acid modified
polyesters containing phosphorus (APTB-5, ~10, -15) were synthesized by polycondensation
of the prepared PBI (containing 5, 10, 15wt% of benzoic acid), TBOP, adipic acid, and
1,4-butanediol. Network structured PU flame-retardant coatings (APHD) were prepared by
curing the synthesized benzoic acid modified polyesters containing phosphorus (APTB-5,
-10, -15) with hexamethylene diisocyanate (HDI)-timer. From the TGA analysis of
APTBs, it was found that the afterglow decreased with the amount of BZA content at the
high temperatures. With the introduction of BZA, the film viscosity and film hardness of
APHD decreased. With the introduction of caprolactone group, the flexibility, impact
resistance, accelerated weathering resistance of APTBs increased. Flame retardancy of the
coatings was tested. In a vertical burning method, APHD shows 2107313 seconds, which
indicates that the coatings are good flame-retardant coatings. Moreover, the amount of
afterglow and flame retardancy of the coatings are decreased with increasing BZA content.

Keywords : polycaprolactone, benzoic acid, HDI-trimer, modified polyester, phosphorus,
flame retardancy.
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LeverkusenAHDesmodur N-3600, ¥ & 33
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2.5. Poly (AA/PBI/TBOP/BD)2| &4

el FH{ wWlzA WA ZedaHEY A4S
BZA #%L 5 10, 15wt%s W3} A7 o2
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15wt FHE wsEe A FhEAE
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Table 1. Synthesis Conditions for the Polymerization APTBs

Materials Reactions Dehyd- Vield
Products AA®  PCP® PBF TBOP® BD° Toluene Temp  Time ration %)
(g) (g) (g) (g) (g) (2) () (hr) (mL)
APTB 1220 84 — 519 1327 14 100~170 8 436 %0
APTB -5 119.3 — 67.3 519 1558 14 100~170 9 435 88
APTB -10 81.1 — 1347 519 1173 14 100~170 10 34.0 85
APTB -15 42.8 — 2020 519 78.7 14 100~170 10 249 33

“AA : Adipic acid, "PCP : Polycaprolactone 0301, “PBI : PCP/BZA intermediate,

“TBOP :Tetramethylene bis(orthophosphate), “BD :

1,4-Butanediol.
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Table 2. Test Method and Instrument for Physical Properties

Physical property

Instrument

Test method

Viscosity (KU)

Krebs-Stormer viscometer
Pacific Scientific Co., serial 80328

KS M 5000-2122

60° Specular gloss Glossmeter

Pacific Scientific Co., Glossgard I

KS M 5000-3312

Hardness

Pencil hardness tester
Yasuda Seiki Seisakusho, serial 4664

Cross-hatch adhesion Cross—-cut test

KS D 3516

Flexibility Mandrel

Pacific Scientific Co., Conical

KS M 5000-3331

Impact resistance

DuPont Impact Tester
Ureshima Seisakusho Ltd., type 552

JIS K 5400

Pot-life

Krebs-Stormer viscometer -

Drying time

Dry-hard method

KS M 5000-2512

Accelerate weathering
resistance

Sunshine weather-Ometer
Atlas Electric Devices Co., Ci 64A

KS M 5000-3231
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Easiil(fs-

OH + (HO),—R, —(OH), + 3HO —(CHyp)s—

(TBOP) (BD)

6nH,0

Scheme 1. Reaction for synthesis of APTB.

0—R,—OH

HO—R;—O—R—0O—R,—OH + Hooc——@ o~ HO~R—O—R—0-R,—

(PCP) (BZA)

1
Ry C—(CHp)s—

m/3

O_R[—OH

0O
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Scheme 2. Reaction for synthesis of PBI.

205g(ol 23k 212g) oI, A7k
5ol3t ¥F)E VERY uhrgo] Uvke] e
5‘31*:?% akskel, Table 3o} PBI®] FT-IR%H
'H-NMR 2¥E#e] uasse vebded,
Scheme 29} PBI 7% 3 Table 3¢ ¥ a5&
iz B 247 dAz 3 dAHE AgsE B
JozM PBIY Fx& #U8 + AAdTh

[e]

3.3. Poly(AA/PBI/TBOP/BD)2| &M &0l
2 OARA R HAAEYAAHEQ
poly(AA/PBI/TBOP/BD)2] A&  wlzAR
BZAS HEE 5 10, 15wt%E WA A 23
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e
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i
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I I
R, ¢ — P—-0—(CH,),—0—P—
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Scheme 3. Reaction for synthesis of APTB-5.
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Table 3. FT-IR and 'H-NMR Chemical Shifts of APTB, PBI, and APTB-5

Products FT-IR (NaCl, cm™") 'H-NMR (300MHz, acetone D6, § in ppm)
780 1 -(CH24-0O- 0.9 (R-OH)
1010 : P-O-C 1.4 (CHx-C)
1170 : C-O- 1.6 (C-CH3-C)

APTB 1240 : P=0O 24 (C-CH»-CO-)
1460 : -CHy- 3.6 (C-CH;-0OCO-~) and (C-CHz-OPO-)
1740 : C=0 4.1 (C-CH2-0-)
2950 : CHs
710 : C-H band (Ar) 1.0 (R-OH)
720 : C-H band (Ar) 1.6 (C-CH;-C)

PRI 1170 : C-0O- 2.3 (C-CH2-CO-)

1590 : C=C (Ar) 36 (C-CHz-0CO-)
1730 : C=0 4.2 (C-CHz~0O-)
3450 : free OH 76~81 (-CH=CH= of Ar)
720 : C-H band (Ar) 1.0 (R-OH)
1020 : P-O-C 1.6 (C-CH;-C)
1180 : C-O- 2.3 (C-CH»-CO-)

APTB-5 1270 : P=0 3.6 (C-CH,-0OCO-) and (C-CH»-OPO-)
1460 : -CH,- 42 (C-CHy-0-)
1730 : C=0 76~8.1 (-CH=CH- of Ar)
2950 @ CH3

Table 4. GPC Data for APTBs

Products M, M., M, M./Mn
APTB 1700 7430 10600 4.37
APTB-5 1620 4620 9050 2.85
APTB-10 1280 2400 3790 1.88
APTB-15 990 1540 2830 1.56
Fig. 12 2 &f Wz wigdZejo2g 2 71 k9 Hh% % OH7|7} @olA&dl, OH7I7t
BZA #% Wigle] w2 PR #AE FESE 97E R89 wgAo] Aidue
el 791, APTBE 306 stoke$ldl b ol &[ 7]4 dx o] Ax ukgd Az FF
APTB-5, -10, -15% BZAS &% F7te wat &5/ =g/ 8= dF=7 AdE At
BEHAEE A AstEe] BZA 15wt%olA FZ5o] Mtk watd BZA =Yl wak HAH
i 66 stokeZ 1 FR|7F stobH Tt olE BZA HAEE HoFozy, HZ #4318y =g
o] S7HEFE Hiwvj& o 0H719} COOH  %3t= 2dE I Z7F 589 dolgd= v
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Fig. 1. Relationship between viscosity and

BZA contents of phosphorus-
containing  benzoic acid modified
polyester.
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Table 5. Pyhsical Properties of Two-Component PU Flame-Retardant Coatings

Physical property ATHD-1% APHD-2° APHD-5° APHD-10" | APHD-15°
Viscosity (KU) 72 69 68 64 62
60° Specular gloss 88 90 85 79 78
Pencil hardness H F HB 2B 3B
Cross-hatch adhesion (%6) 100/100 100/100 100/100 100/100 100/100
Flexibility (1/8 inch) poor good good good good
Impact resistance
(300cm/500g)  direct good good good good good

reverse poor good good good good

Pot-life (hr) 48< 48< 48< 48< 48<
Drying time (hr) 8 7 8 9 11
Accelerated weathering
resistance, SWO (240hr)

gloss retention (%) 38.6 40.5 374 30.8 278

color difference (4E) 4.19 2.04 2.37 3.38 2.86

yellowness index (4N) 2.33 1.75 2.06 2.87 2.97
lightness index ~ ~ B B _
difference (AL) 1.87 1.77 1.98 2.17 2.74

*ATHD-1 : ATTB/HDI-trimer, "APHD-2 : APTB/HDI-trimer, ‘APHD-5 : APTB-5/HDI-trimer,
YAPHD-10 : APTB-10/HDI-trimer, “APHD-15 : APTB-15/HDI-trimer
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Table 6. Flame Retardancy Tests of Prepared PU Coatings

Testing APHD-2° APHD-5" APHD-10° APHD-15°

methods (sec) (sec) (sec)
Vertical 313° 256 210
Horizontal SE! SE 308

*APHD-2 : APTB/HDI-trimer
PAPHD-5 : APTB-5/HDI-trimer
*APHD-10 : APTB-10/HDI-trimer
dAPHD-15 : APTB-15/HDI-trimer

“The average value obtained from result of five independent tests

SE : self-extinguishing property.
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