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Qe B AFE AR 70%< sol&Els otmad 42 (BMHA)E §Asld, 84X =8
Q slol&ele otz /EelojaAoholE =8 (BNHS)d F&sln 19 THEAS AHE A
d 1 997} 9ith. BMHAE: A22 3o d3kH2=A] acetoacetoxyethyl methacrylate
(AAEM)E X938l o7l n-butyl acrylate, methyl methacrylate @ 2-hydroxyethyl
acrylateg 49335 HAMA 24k BMHA 849 oM T, 3ol &35, AAEMe] go] &

58 47 2 AEE JeINUL, T, g 243le] OH gk ¥zl we Agge & Ajol7}
%’iﬁi‘:}- BMHASg} ZzjoliAopdlo| EE LA A sloj&e|= BNHS =8 A Z3A =)
A =g E8EAe FAPAY ARE Lolry] st =HEY AEE ¥ A3, BNHSU
AAEM 5] A%F9 =954 HRA YA AAEM =43 Wetzdat &Ad¢] gdde=
A s A=) E82AM9 471548 ¥oFdn

ABSTRACT: New high solid acrylic resins (BMHA) containing 70% of solids content have
been synthesized. The environmental friendly high solid coatings (BNHS) were prepared by
using these acrylic resins and polyisocyanates. The BMHA was obtained by introducing a
new functional group, acetoacetoxyethyl methacrylate (AAEM), in the copolymerization of #-
butyl acrylate, methyl methacrylate, and 2-hydroxyethyl acrylate. Lowering 7', and increasing
the AAEM amount in the BMHA resulted in a high value of conversion. There was no difference
in conversion with the variations of OH values. In the next step, high solid BNHS coatings were
prepared by the curing reaction between BMHA and polyisocyanate at room temperature. The
properties of these coatings were evaluated especially for the application of automotive top-coat-
ing materials. The introduction of AAEM in the BNHS enhanced the abrasion resistance and sol-
vent resistance of the coatings, which indicated the possible use of BNHS coatings for top-coating
materials of automobile.

Keywords: high solids, acrylic/ polyisocyanate coatings, top-coating.
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Scheme 1. Synthesis of A-1.
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Table 1. Polymerization Conditions and Physical Properties for Acrylic Resin

monomer solvent initiator C. transfer reaction OH T conver-

exp. no. BA* MMA® 2-HEA® AA? AAEM® MAK' DTAP® 2-MCE* temp. DT(AT) al (°Cg) sion
® ® @ ©® @ @® @® @@ @© @6 "% @
A-1  1725(153) 169.3(1.69) 78.2(0.64) - - 180 21 12.6 140 51) %0 0 84
A-2 1725(1.35) 160.9(1.61) 78.2(0.67) 8.4(0.12) - 180 21 12.6 140 5(1) N 0 8
BMHA-1 201.8(1.58) 98.0(0.98) 78.27(0.67) - 42(0.20) 180 21 126 140 5(1) 90 -20 90
BMHA-2 168.9(1.32) 131.0(1.31) 78.2(0.67) - 42(0.20) 180 21 126 140 5(1) 90 -10 90
BMHA-3 138.4(1.08) 161.4(1.61) 78.2(0.67) - 42(0.20) 180 21 126 140 5(1) 90 0 88
BMHA-4 110.1(0.86) 189.7(1.90) 78.2(0.67) - 42(020) 180 21 12.6 140 5(1) % 10 86
BMHA-5 837(0.65) 216.1(2.16) 78.2(0.67) - 42(0.20) 180 21 12.6 140 5(1) 90 20 87
BMHA-6 59.1(0.46) 240.7(2.41) 78.2(0.67) - 42(0.20) 180 21 12.6 140 5(1) 90 30 81
BMHA-7 155.1(1.21) 170.8(1.71) 52.1(0.45) - 42(020) 180 21 126 140 5(1) 60 0 87
BMHA-8 121.8(0.95) 152.0(1.52) 104.2(0.90) - 42(0.20) 180 21 126 140 5(1) 120 0 88
BMHA-9 121.1(0.95) 162.8(1.63) 52.1(0.45) - 84(0.39) 180 21 126 140 5(1) 60 0 87
BMHA-10 87.1(0.68) 154.8(1.55) 52.1(0.45) - 126(059) 180 21 126 140 5(1) 60 0 89
4BA:n-butyl acrylate, bMMA:methyl methacrylate, °2-HEA : 2-Hydroxyethyl acrylate, dAA:acrylic acid ¢ AAEM:

acetoacetoxyethyl methacrylate,  MAK : methyl-n-amylketone, ¢ DTAP : di-tert-amyl peroxide, * 2-MCE : 2-mercaptoethanol, ' DT

(AT) : dropping time (aging time).
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Figure 1. FT-IR spectra of (a) A-1, (b) A-2, and (c)

BMHA-3.
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Figure 2. 'H-NMR spectra of (a) A-1, (b} A-2, and
(c) BMHA-3.
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Figure 3. GPC chromatograms of (a) A-1, (b) A-2,
(c) BMHA-3, and (d) BMHA-5.
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Scheme 2. Synthesis of A-2.
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Scheme 3. Synthesis of BMHA.
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Figure 4. The effect of concentration of various initi-
ators on the viscosity of BMHA-3.
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Figure 5. DSC thermograms of (a) A-1, (b) A-2, (c)
BMHA-3, and (d) BMHA-5 (3 C/min, N,).

6000 50
5000
?
g 4000 H40 o
z 2
g 000 =
Q o
2 2000{ 130 =
1000 z
0! / Z 2 4 | 20
40 -30 -20 <10 0 10 20 30 40

Figure 6. Viscosity and number average molecular
weight (M,) as a function of 7', of BMHAs.

9} Ztz} wkgsle] M= NHCOO9] ¢3¢t Ajle,
F2h= NCC (Aa-sta-ga) AFE A2 A
ojt}. o]g7 3o dojA =ute Qe Ego] 1)
3, WY, A7154 59 Bl =T 1=
o} Wetr A3 FEL S 2A FE RAoint.

slol&2ls 2o Mol Azd soliIcs
Ere =HEAS AP Y39 4F B4AE
A3E Table 29 Jeh#Ac}. Table 22] ANHS-1
3 -2 FAge] E8olm, BNHSEE= BMHAZ
o AAEMo| #fd =50t}

BN % A= (70-80 KU %3 )= ANHS-13} -2
7} 9%= AEE 7oy, BNHS-3& 23 =&
=&, BNHS-5& vl $ %& A& 72 Yehhdd
oh olel¥ WA U9 Figure 694 HiE ol
o] Ty & 5 w& BMHA 489 AN4E =
7ot #do] e Aoz WE:, 22 BMHA

FHelo A24d A4E 20003 7€

R.—~OH + O0=C=N—-R=N=C=0 + Ok -8

[} o]
1

it
C—CH —C—0—R.-

R —0—C—CH —C—CH. +O=C=N—R —N==C=0 +CH Vll
1]

(=}

o)

1l i
R ~0—C—NH—R —NH—C—O—R

[o] ] o
Il Il ] it
R—O0—C~CH—C—NH™R “NH—C—CH—C—O—R
(|J=O (13=O
éH CH

R —g-—o-(-cH r
R —(CH)—

s~~~ acrylic resin

Scheme 4. Hexamethylenediisocyanate for crosslink-
ing a hydroxy and acetoacetoxy -containing acrylic
resins.

Table 2. Physical Properties of High Solids
Acrylic/polyisocyanate

types of tests ANHS-1¢ ANHS-2® BNHS-3° BNHS-5¢

viscosity(KU) 72 78 92 116
drying time(D.T./min} 480 450 425 300
pot-life(min) 150 155 85 65
adhesion(Erichsen test, %) 36 82 54 76
abrasion resistance

(mg loss/100 cycles) 0.061 0.041 0.020 0.023
solvent resistance

(MEK rubs/cycles) 8 12 13

- heat resistance

(60° gloss retention, %) 98.5 97.2 99.4 9.7

@ ANHS-1: A-1/N-3390. ® ANHS-2: A-2/N-3390. ¢ BNHS-3:
BMHA-3/N-3390. ¢ BNHS-5 : BMHA-5/N-3390.
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