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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/dispetsing 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.

Keywords: polycaprolactone as diol, HDI-biuret, drying time, pot-life time, curing behavior.
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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 acid dehydration ield
products BZA® TMP? cat.¢ toluene  temp. time value (S;nL) SEn/ )
g (mol) g (mol) g g (c) (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  1537(1.26) 170.1(1.26) SnCl,05 12 160-210 10 6.0 196 87
BT-4 153.7(1.26) 170.1(1.26) PTS05 12 160-200 9 5.7 199 88
BT-5 1537(1.26) 170.1(1.26) H3PO,05 12 160-200 8 5.1 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) H;P0,05 12 160-210 1 46 215 91
4 BZA : Benzoic acid. * TMP: Trimethylolpropane. ¢ PTS : p-Toluene sylfonic acid.
(|:H3 CH,
?12 COOH i,
HOCH,~C—CH,0H + Hocn,—(|:~c1120n
esterification (IZH
CH,0l 0 CHy
CH,
(TMP) (BZA)
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(J:H“ CH,
CH, (g”;
2HOCH,— lC— CH,OH + 3HOOC(CH,),COOH + H—R'~0—R~0~R —H + HOCH,— é— CH,0H
CH,0H énz
- 0
(TMP) (AA) IPCL) 50
(BT-6)
—— HO——TMP- AA—PCL~ AA~BT-6— AA~TMP—3--OH + 6nH,0
R : —E-COCH, s Fmrr
Scheme 2. Syntheses of BT-6 and BLMP.
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Table 2. Synthetic Conditions for BLMP-10, BLMP-20, and BLMP-30

materials reactions acid  dehvdrati ield
products AA PCL TMP BT-6 toluene temp. time value (ymrL) on y(;)
(g) (g) (2 (g) (g) ('C) (hrs)
BLMP-10A 1248 134.6 98.9 784 16 150-185 14 59 35.5 83
BLMP-10B 1248 134.6 98.9 78.4 16 150-190 14 5.0 36.0 86
BLMP-10C  124.8 134.6 989 78.4 16 150-200 15 4.8 36.1 89
BLMP-10D 1248 134.6 989 78.4 16 150-210 16 4.8 35.7 89
BLMP-20A 92.0 130.0 55.8 156.7 16 150-180 12 5.6 32.2 82
BLMP-20B 92.0 130.0 55.8 156.7 16 150-190 13 5.0 329 85
BLMP-20C 92.0 130.0 558  156.7 16 150-200 14 45 332 88
BLMP-20D 92.0 130.0 558 156.7 16 150-210 15 45 333 87
BLMP-30A 59.1 1254 127 2351 16 150-175 12 5.6 30.7 80
BLMP-30B 59.1 1254 127 2351 16 150-180 12 47 314 85
BLMP-30C 50.1 125.4 127 2351 16 150-190 13 43 316 86
BLMP-30D 59.1 1254 127 2351 16 150-200 14 43 31.6 87
¢ AA: Adipic acid. ? PCL: Polycaprolactone 0201, ¢ TMP : Trimethylolpropane. ¢ BT-6: BZA/TMP intermediate.
Figure 1(c)+= BLMP-10C¢] FT-IR A#E#gl 1000
g, 3520 cm™'e] OH~7)9) 21&x%, 1270 cm'9} O LMP-1
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BLMP-30C¢] FT-IR AHERE S4& siglon, Figure 4. Effect of BZA content on the viscosity of
BLMP-10C9} A9l His=3t Zee Ho 93 4& the benzoic acid lactone modified polyester.
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. Figure 5. TGA thermograms of (a) LMP-1, (b)

BLMP-10C, (c) BLMP-30C, and (d) BT-6 with

_ heating of 25C/min in N, gas.
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Scheme 3. Preparation of polyurethane by benzoic
acid lactone modified polyester and polyisocyanate.
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Table 3. Physical Properties of BNPU Coatings
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Figure 6. Relationship between viscosity and pot-life
of two-component polyurethane coatings.
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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) direct poor good good good good

reverse good good good good good
60° specular gloss 96 94 93 94 96
cross hatch adhesion (%) 30 99 100 100 100
abrasion resistance (mg loss/100 cycles) 275 2.39 2.30 2.27 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) 201 2.44 2.18 4.03 414
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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