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ABSTRACT : Benzoic acid polyester/lactone polyol were synthesized by polycaprolactone 0201
as diol, trimethylolpropane as triol, adipic acid as dibasic acid, and benzoic acid as monobasic
acid. Polyisocyanate prepolymer Desmodur N-100 of HDI-biuret type was used in this study.
Two-component polyurethane coatings were prepared by blending benzoic acid polyester/
polycaprolactone, polyisocyanate, wetting/dispersing agent, white pigment, and flowing agent.
Various properties were examined on the film coated with the prepared polyurethane. They
showed excellent physical properties such as abrasion resistance, accelerated weathering
resistance, and yellowness index. They also showed good physical properties such as flexibili-
ty, impact resistance, 60° specular gloss, cross hatch adhesion, hydrocarbon resistance, and
lightness index difference. Hardness of coating showed a little poor character. The introduc-
tion of polycaprolactone 0201 as diol in the polyurethane coatings improved the hydrocarbon
resistance, impact resistance, and flexibility of coatings. According to the drying and curing
behavior with the contents of benzoic acid, they seem to have reasonable coating properties
such as drying time of 2 to 4 hours and pot-life time of 20 to 37 hours.
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Figure 1. FT-IR spectra of (a) LMP-1, (b) BT-6, and
(c) BLMP-10C.
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Figure 2. '"H NMR spectra of (a) LMP-1, (b) BT-6,
and (c¢) BLMP-10C.
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Figure 3. GPC chromatograms of (a) LMP-1, (b)
BLMP-10C, and (c) BLMP-30C.
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Table 1. Reaction Conditions and Yields for BZA/TMP Intermediates

materials

reactions

products BZA° TMP? cat.c toluene temp. time \?aclfe deh(}ggmn y(:l)d
g (mol) g (mol) g g () (hrs) '
BT-1 153.7(1.26) 170.1(1.26) - 12 160-200 9 6.8 19.0 . 85
BT-2 153.7(1.26) 170.1(1.26) - 12 160-210 11 6.3 20.1 , 87
BT-3 153.7(1.26) 170:1(1.26) SnCl, 0.5 12 160-210 10 6.0 19.6 ¢ 87
BT-4 153.7(1.26) 170.1(1.26) PTS 0.5 12 160-200 9 5.7 199 88
BT-5 153.7(1.26) 170.1(1.26) H;PO, 0.5 12 160-200 8 51 20.7 89
BT-6 153.7(1.26) 170.1(1.26) H,;PO,05 12 160-200 9 4.6 215 91
BT-7 153.7(1.26) 170.1(1.26) H3;PO,05 12 160-210 11 46 21.5 91
% BZA : Benzoic acid. ® TMP : Trimethylolpropane. € PTS: - Toluene sulfonic acid.
CH, CH,
éli, COOH (IZH,
||OCII,A(::‘CH,OII + @ HOCH,—(I:—CH;OH
esterification
CH,0H T (IIHz
CH,
(TMP) (BZA)
(BT-6)
(in CH,
(_|‘ll, éll,
2HOCH, - C- CH,011 + 3HOOC(CH,),COO0H + H~R'~0~R-~0~-R ~H + HOCH,—(ll-—CHzOH
CH,OH éll,
o
(TMP) (AA) {PCL) |
C=0
Q
(BT-6)

———s HO~{=TMP— AA - PCL - AA-BT-6~ AA - TMP-};-OH + 6nH,0

R : ——CO(CH)s Iy
Scheme 2. Syntheses of BT-6 and BLMP.
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ppmol] CH;-C =9} R-OHo|| 7]11d 44 &4
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B3&}le} Table 29 EAISIR T, Scheme 20} BLMP
o] Fz22 A5 4d9 vgas Yehidd.
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Table 2914 wg-&Ee] B4 F9] LMP-1 §4
& mo} e ARAE ol A oH
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< 27 10, 20, 30 wt% 3 ZAolt}. Table 2014
BLMP-10A, -10B, -10C, -10D= w274 & uke
2z} A7 E3AZE g9 Zoly, W, g
s Y $Eg9 A#x|Z Ho} BLMP-10C7} &
3 dhgzAde Uit BLMP-20Cs}
BLMP-30Cx= A9 Z& ZAHAE Yehfo] BLMP-
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Table 2. Synthetic Conditions for BLMP-10, BLMP-20, and BLMP-30

materials

reactions

‘ id d i i
products  AA  PCL TMP BT-6 touene temp  time ' eh(’;‘if)tm“ ’;‘;‘)d
(g) (g) (g) (g) (g) (T) (hrs) )
BLMP-10A 1248 1346 989 784 16 150-185 14 59 355 83
BLMP-10B 1248 1346 989 784 16 150-190 14 5.0 360" 86
BLMP-10C 1248 1346 989 784 16 150-200 15 48 364 89
BLMP-10D 1248 1346 989 784 16 150-210 16 48 35.7 89
BLMP-20A 920 1300 558 1367 16 150-180 12 5.6 322 82
BLMP-20B 920 1300 558 1567 16 150-190 13 5.0 329 85
BLMP-20C 920 1300 558 1567 16 150-200 14 45 332 88
BLMP-20D 920 1300 558 1567 16 150-210 15 45 333 87
BLMP-30A 591 1254 127 2351 16 150-175 12 56 30.7 80
BLMP-30B 591 1254 127 2351 16 150-180 12 47 314 85
BLMP-30C 591 1254 127 2331 16 150-190 13 43 316 86
BLMP-30D 591 1254 127 2351 16 150-200 14 43 316 87
2 AA : Adipic acid. ® PCL : Polycaprolactone 0201. < TMP : Trimethylolpropane. ¢ BT-6: BZA/TMP intermediate.
Figure 1(c)& BLMP-10C¢] FT-IR 2slEg9l 1000
g, 3520 cm™'o] OH7|9] AZEA%E, 1270 cm™'9} O LMP-1
1070 cm™o] A1F 22ge] AEWE, 1740cm’ 800 o BLMP
d C=0 A%7%F, 1180 cm™ o] C-0- AZWF F m
XX -
o2 =A% d2H2rls E4E SAaH s o0 .
F3 1600 cm™ % 710 cm™'ol| WHF FAo|F A Z w0
= i
ol C=C A%A%3 C-H W=7} Figure 49 BT- 8
6uri: WA ZAEEd, ot f7] BUsYE > ol \
Q) BT-6elM o] ulmd & gelndel ¢
BLMP-10C7} o 24 utarEy] Bzjet vl go] 4 0 . .
° o] 10 20 30

oz Yolxjy] f& Aoz sjAgd. ¥H
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NMR A#E&lH],'® § 7.3~8.0 ppmollA] HAzza
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#A, § 3.6 ppmolx] C-CH,-O- 5=, § 2.3 ppmdl
A C-CH,-CO- 5=, & 1.5 ppmold C-CH,-C )
a2 2 §09ppmdlA R-OHY 4 F+dzazt v
el BLMP-10Ce] 7% #lo] 7h5sd, T
BLMP-30Ce] 'H NMR A#HlEYE &AL slgo
v} dAM ez BLMP-10Ce mlze} Aol #Alg
ZA7E vehlo] 73 AL Ayt

ko] Figure 3¢ BLMP-10C2} BLMP-30C<]
GPC &3 ZA=E Jepdsd, BLMP-10CE M,
5530, M, 31700, M, 139700, c}&At% g 5732
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Figure 4. Effect of BZA content on the viscosity of
the benzoic acid lactone modified polyester.
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Figure 5. TGA thermograms of (a) LMP-1, (b)
BLMP-10C, (¢) BLMP-30C, and (d) BT-6 with
heating of 25C/min in N, gas.
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Table 3. Physical Properties of BNPU Coatings

tests B-5* LNPU-1 BNPU-10C BNPU-20C BNPU-30C
hardness (7 days) 33 35 33 32 30
flexibility (1/8”) poor good good good good
impact resistance (1000 g/50 cm) rgg:fste ;‘)’;’c‘i gﬁ gﬁ Eg ?23
60° specular gloss 96 94 93 94 96
cross hatch adhesion (%) 30 99 100 100 100
abrasion resistance (mg loss/100 cycles) 2.75 2.39 2.30 227 2.05
hydrocarbon resistance (20 days) poor good good good good
accelerated weathering resistance (% gloss retension) 85 93 96 93 80
yellowness index (4 N) 0.084 0.004 0.004 0.002 0.002
lightness index difference (4 L) 2.01 2.44 2.18 403 414
drying time (hr) 2 2 2 3 4
pot-life (hr) 9 20 25 30 37

*B-5: Two-component polyurethane coating prepared by the curing reaction of HDI-biuret with the modified polyester polyol com-
posed of 241.8 g (1.66 mol) of adipic acid, 130.7 g (0.97 mol) of trimethylolpropane, and 87.1 g (0.97 mol) of 1,4-butanediol at room tem-
perature.
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