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ABSTRACT: Alkyd/polycaprolactone modified polyester (THAS) was synthesized by intro-
ducing 3,5,5-trimethylhexanoic acid and polycaprolactone chosen as the component of alkyd
and polycaprolactone polyol into modified polyester. Two-component polyurethane coatings
were prepared by blending polyisocyanate, pigment, wetting/dispersing agent, and flowing
agent into the synthesized THAS. The film was coated with the prepared coatings, and vari-
ous properties were examined. They showed good physical properties such as pot-life, flexibil-
ity, impact resistance, cross hatch adhesion, fineness of grind, rust resistance, abrasion
resistance, yellowness index, and lightness index difference. Drying time was a little de-
creased, and the rest of properties were comparable to existing coatings.

Keywords. two-component, polyurethane coatings, alkyd/polycaprolactone modified polyester.
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Table 1. Test Methods and Conditions of Physical
Properties

types of tests
viscosity (KU)

instrument and spec
Krebs-Stormer viscometer
Pacific Scientific Co., serial 80328
Precisions gauge & tool co.

fineness of grind

drying time Set-to-touch and dry-hard method
pot-life Krebs-Stormer viscometer
hardness Pencil and sward method
flexibility KS M 5000-3331

impact resistance JIS K 5400

60° specular gloss KS M 5000-3312

cross hatch adhesion KS D 3516

abrasion resistance  FS 141-6152

accelerated weathe-  Xenon weather-ometer

ring resistance Atras electric device co., ci 65A
yellowness index Spectro color meter, KS M 5000-3221
Data color ind. co., ACS-5

Spectro color meter, KS M 5000-3031
Data color ind. co., ACS-5

Spectro color meter, KS A 0063

Data color ind. co., ACS-5

lightness index
difference
color difference
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Scheme 1. Synthesis of THAP-adduct.
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Table 2614 THAP-adduct-1,-2,-3& FZxj 3}
oA, THAP-adduct-4= SnCl, Zwl&, THAP-
adduct-5= HeERAdeEA Z0&, THAP-
adduct-6& HiPO, Zul& AMg3ld vlgA1zl A
dl, FEoAloEs &ujARE-AlHT A7yl 3 Eeolx|
A sk, AHS-Zol M E HPO, Fo)& AMR-¥
THAP-adduct-6¢] A7} Awzzdez o} 713
F5 ¥ Aoz Yepith

Table 2. Reaction Conditions for the Preparation of THA/PCP Intermediates

materials reactions . . .
products THA®  PCP’ Cat? toluene temp.  time °cid dehydration yields
gmo)  glmo) g g (O (g VA @D (%)

THAP-adduct-1 110.2(0.70) 209.3(0.70) - 12 140~200 8 6.8 11.8 79
THAP-adduct-2 110.2(0.70) 209.3(0.70) - 12 140~210 9 6.5 11.6 82
THAP-adduct-3 110.2(0.70) 209.3(0.70) - 12 140~220 10 6.4 12.0 82
THAP-adduct-4 110.2(0.70) 209.3(0.70) SnCl, 0.6 12 140~200 8 6.0 12.2
THAP-adduct-5 110.2(0.70) 209.3(0.70) PTS 0.6 12 140~200 8 38 12.2 88
THAP-adduct-6 110.2(0.70) 209.3(0.70) H3;PO, 0.6 12 140~200 8 2.3 124
THAP-adduct-7 110.2(0.70) 209.3(0.70) H,PO, 0.6 12 140~210 9 22 12.4 87
THAP-adduct-8 110.2(0.70) 209.3(0.70) H3;PO, 0.6 12 140~220 10 2.2 12.4 82

4 3.3,5-Trimethylhexanoic acid. ® Polycaprolactone 0301. ¢ para-Toluene sulfonic acid.
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TAE - NEE - VEE - $FE - UES

(a)

Transsittance (%}

1 A .

4000 3000 2000 1000
Wavenusber (cm~l)

Figure 1. FT-IR spectra of (a) THAP-adduct-6 and
(b) THAS-10B.

Fig. 1(a)= THAP-adduct-6¢] FT-IR 2#E
deldl, 1740 cm™d] C=07]9] AFAF"® F59
1160 cm™9] C-0-7]¢] A%AFE F42 2y
718 g3

Fig. 2(a)x THAP-adduct-6¢] 'H-NMR 2%
E <], & 0.9ppm (triplet, 3H, CH,-C=), § 1.3
ppm (singlet, 2H, -CH,-C=), & 1.7 ppm (doublet,
2H, =C-CH,-C=), ¢ 2.3 ppm (singlet, 2H, =C-
CH,-CO0-), & 3.7 ppm (doublet, 3H, =C-CH,-0-),
8 4.0 ppm (doublet, 2H, =C-CH,-0OCO-) 2 ¢
4.2 ppm (singlet, 2H, R-OH)d| 4 ¥F9z §
© 2 THAP-adduct-62] 7x7} &1=g)c}

e A224 ¢l THAP-adduct-6 A&}
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A &3 ot THAS $4de] Awzxd& Table 3
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g% =3, THAS-10, -20, -30& THA<¢] %
& 747} 10, 20, 30 wt% # % 3ojct. Table 394
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9} AIZHE dElile 9o ZaRldg A, g §
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Figure 2. 'H-NMR spectra of (a) THAP-adduct-6
and (b) THAS-10B.
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Fig. 1(b):= THAS-10B¢} FT-IR A€|EQld],
1740 cm™o] C=07]¢] AXAF® F49} 1170 cm’!
d C-0-719) A&%AF® F571 vehd d2H27)
g #Qsigd. 3 THAS-30Be] FT-IR 2¥E
Hx 4L 9oy THAS-10Bet A9 24 4
el B a8 H e Ao

Fig. 2(b)E& THAS-10B¢] 'H-NMR 2A#EQ
d, 6 0.9 ppmel] CH4-C=, §1.3 ppmd] -CH,-C=,
4 1.6 ppmd] =C-CH,-C=, § 2.3 ppme} =C-CH,
-CO-, 8 3.6 ppmd] =C-CH,-O- 2 ¢ 4.1 ppm9l|
=C-CH,-0CO- #4& ¥F4+3=7} veh} THAS-
10B9] 7z #ele] 7158t % THAS-30Be)
'H-NMR A¥|E¥ 37} THAS-10Be] 339} A
o] Y Yehd masNg A

Fig. 3& B-4, THAS-10B, THAS-30B2] GPC
z7 A7, B-4= M, 3490, M, 16000, M,

Polymer(Korea) Vol 22, No. 5, September 1998



P =/FYzegE/Eeld 2HE F2&9 2HYE M 24 A AR 28 A B4 B8 A7

Table 3. Condensed Polymerization Conditions and Physical Properties of B-4, THAS-10, THAS-20, and

THAS-30

materials reactions . . R
products AA® BD? PCP° THAP-adduct-6° THA’ toluene temp.  time aa‘i‘d deh(ydf;m“ ’;f;ld
® @ @ (®) ® @ (0 (g Ve (m )
B-4 975 408 1358 - - 10 123~190 8 25 23.0 91
THAS-10A 785 389 85.1 69.6 - 10 133~200 10 5.1 20.6 86
THAS-10B 785 389 851 69.6 - 10 133~200 12 38 22.0 90
THAS-10C 785 389 851 69.6 - 10 133~210 13 37 22.0 90
THAS-10D 785 389 851 69.6 - 10 140~220 14 - 22.0 -
THAS-20A 596 37.1 345 139.2 - 10  130~200 10 43 19.7 87
THAS-20B 596 37.1 345 139.2 - 10 130~200 12 34 19.8 88
THAS-20C 596 37.1 345 139.2 - 10 130~200 14 34 19.8 89
THAS-20D 596 371 345 139.2 - 10 130~215 15 - 19.8 -
THAS-30A 390 356 1186 - 75.0 10 140~200 9 96 17.3 79
THAS-30B 390 356 1186 - 75.0 10 140~200 12 46 18.1 85
THAS-30C 390 356 1186 - 75.0 10 140~210 13 44 18.2 83
THAS-30D 39.0 356 1186 - 75.0 10 140~220 14 44 18.3 81

4 Adipic acid. ? 1,4-Butanediol. € Polycaprolactone 0301. ¢ THA/PCP intermediate. ¢ 3,5,5- Trimethylhexanoic acid.

0—R’ —0CO-R”
{a) B-4

|
HO(CH,) , OH+HOOC(CH,) COOH+HO-R’ —0—R—0—R’ —OH
(BD) (AA) (THAP-adduct)
(\)—R’ ~0OH
+HO-R' —0—-R-0-R’ —-OH
(PCP)

——~HO{ BD—AA—THAP—adduct—AA——PCP} OH+4nH,0

(THAS) "

1
R": —(CHp) ™
CH CH

3 3
| |
R": —CH,—CH—CHZ—CI—CH,
CH,
Scheme 2. Synthesis of THAS.

47700, tHEAx gk 4582, THAS-10B: M,
1960, M, 4070, M, 7280, t}¥alx 3t 2.08%,
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Felgl 224 A5E 19983 99

(b) THAS-10B
{c) THAS-30B

Concentration value

Retention time (min)

Figure 3. Molecular weight distribution curve for (a)
B-4, (b) THAS-10B, and (c) THAS-30B.
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Figure 4. Relationship between viscosity and THA
contents of alkyd/polycaprolactone modified polyester.
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Fig. 5= THAP-adduct-6, B-4, THAS-10B ¥
THAS-30B¢] TGA 414, THAP-adduct-62
205~485 C, B-4= 285~485 C, THAS-10B&
240~485 ‘C, THAS-30BE 215~485 C9 €&4
Sl Z2 19419 FBRLE JepIAT 971
B-4, THAS-10B, THAS-30B % THAP-adduct-6

762
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Figure 5. TGA thermograms of (a) B-4, (b) THAS-
10B, (c) THAS-30B, and (d) THAP-adduct-6.
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Figure 6. Relationship between viscosity and pot-life
of polyurethane coatings.
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Table 4. Physical Properties of Two-Component
Polyurethane Coatings

name of samples PU-4 THAPUTHAPU THAPU
types of tests -10B  -20B -30B
fineness of grind 7t 8" 8t gt
drying S. T. T(min) 25 26 29 29
time D. H(hrs) 4 4 6 6
pot-life(hrs) 14 2 24 26
hardness Pencil(7days) | H 2H H H
Sward(7days) | 42 47 44 40
flexibility(1/8") good good good good
impact |direct good good good  good
resistance
(1000g/ |reverse good good good good
50cm)
60  specular gloss 98 97 9% 93

cross hatch adhesion(%) 100 100 100 100
abrasion resistance
(mg loss/100 cycle) 38 26 28 22

accelerated weathering
resistance 52 55 55 52
(%gross retension)
yellowness index(4 N) 0.048 0031 0074 0.065
lightness index

difference(d L) 0.61 0.76 1.70 0.67
color difference(4 E) 2.21 1.97 4.29 3.66
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