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Qo B dFE= nYE 70%Q slolzE olmd 3 (BMHA)E #43d, 8433 ==
Ql slojgale o}z Y/ Eelo|AAloho]lE & (BNHS)A Hgslm 19 =54 E AHE A
od 2 9ej7} gidh. BMHAE A2 3o 93kl 2A acetoacetoxyethyl methacrylate
(AAEM)S %933 o7ld] n-butyl acrylate, methyl methacrylate ¥ 2-hydroxyethyl
acrylate® 4932 8AA ¢k BMHA @44 oA T, gol ¥&55, AAEMO gl &
42 47 & A8 YT, T, 3 24ste) OH g ¥isld g AgLe & Aol7t
gloic). BMHASH Zgjojajohilo|EE A7 3A)A sle|gzl= BNHS =8& Azstad =
23 A54 £ AP R E Lolrr] sl =HEA AlYE 3 ZFz, BNHSUd
AAEM £¢ A% THEA v @A NN AAEM EQjFo] Wule gz HgAde] Fdgez
A Qs AL ER2A 9 LTS RAFUT

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 n-
butyl acrylate, methyl methacrylate, and 2-hydroxyethyl acrylate. Lowering T, 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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Al ek & dvd AR FozA otz 3%
o] FH8 dEls acrylic acid (AA)[Junsei
Chemical A} ], methyl methacrylate (MMA)
[Sigma ChemicalA}], n-butyl acrylate (BA)[Al-
drich ChemicalAl], 2-hydroxyethyl acrylate (2-
HEA)[Tokyo Kasei KogyoA}] ¥ acetoacetoxy-
ethyl methacrylate (AAEM){EastmanA}] 5&§<]
1349k 22t 2oz AMgekgch ANAE Junse
ChemicalAle] q,a -azobisisobutyronitrile (AIBN)
7} Akzo Nobel ChemicalA}e} t-butylperoxy benzo-
ate (TBPB), di-tert-amyl peroxide (DTAP), di-
tert-butyl peroxide (DTBP)2] 1gA|¢F = &4
BAEE 44 AEIAY. AdelgAe 2-
mercaptoethanol (2-MCE)[ Yakuri Pure Chemi-
calAl], $7]4€vi= methyl-n-amylketone (MAK)
[Tokyo Kasei KogyoAl]e] 18A|Fe AMe3ic).
3= Zelo)arolflo]EQl Desmodur N-3390
(N-3390)[ hexamethylene diisocyanate (HDI)&,
Bayer LeverkusenAl, NCO #tgk 19.4%]e A}14-3}
3L, Aol B4A 24 Byk-320 [Byk-Chemie
AH], UV ¥4 24 Tinuvin 384 [Ciba-GeigyA}],
UV F4A 24 Tinuvin 292[Ciba-GeigyA}l], A%
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1Le] 47 &gjx3d #7149l MAK 110g2
AA Y1 258 140 CE &9 F dsH< BA
172.5 g (1.35 mol), MMA 169.3 g (1.69 mol), 2-
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0.5g, CAB-551-0.01 3.0g, DBTDL 15g %
MAK 1.0g& @dsA wigtsled zAsigct. =&
Eejol2AlololE 7 38-Ne Desmodur N-3390
34.7 g€ HAEA ¥ a2 AP

Bl ol RO AEE Yo ZAH o}
¥ 49 153g7 Eelojaroho|E Hsg
o 347 g& &3l WEUEE, BMHA/N-3390
22 Az% sloldd= =8 E BNHSE wulsiy
2,  A-1/N-33903 A-2/N-33909] 7ASd=
ANHS-13} ANHS-2=2 z}z} 93)9ic).

slojERle T2 BMAIH.

AEEE AR Zte] AL 3FF] FEBE A}
S3tch FGABT (KS D 3512)& AL & o
+ KS M 5000-11119] Ajgud 44 (x5 AL
Ao A AT, FHB(KS D
3516) & A& W= KS M 5000-11129} £8 4]

e FAY ZAYYY weld, =8 Y3uEne

Polymer(Korea) Vol 24, No. 4, July 2000



ol&e= olad/FejolaAoMolE TR Mz =% 54

AME dol= KS D 6701-50059] 77l 3o}
22 Mg skt

zofo| BMAY Y. Ax Z3&  Krebs-
Stormer viscometer (Pacific ScientificA}l, serial
80328%) 24, AZA &4 H3AzxY (Dry-
through method) . 241, 77 23L& ¢ AR
A 22 o 3o HEsl Haugkel 140
KUe} =23H 787t dold Ree BAHsY
el 232 Erichsen tester (Tokyo SeikiA}l) 2,
Woley 33 AEE Yigkagde s A zsiy
Federal Test Method Standard 141C-6192.19]
Zof| g¥30] Abrasion tester (Toyo Seiki Seisaku-
sho, taber¥ ) 2 2z} 23 3Yc}. £ LA|viRA A]
e NCCA (National Coil Coaters Association)
T2 9% MEK rub Algubgoz gz, U
4 N¥e AV z[SFAS4Ee(F) HD-0103 ]9
Al 350 ‘F/hre] 2702 239,

a9 o3

Al 9f dWtAQl =9 e 40-50% <Au] ¥iat
o $Fd¢¥ £8Q soldd= 8 1FE]
60% ol¥ TEE Wt Y THE 60%Y
dol&= TREE vl B2 A7t AYEHA |,
& AN e 2BE FFo] 70%Q dojd=E &
BE Azl ATEREE FUG.

EF AE2oA AFE ule} o] ol 8
F AT 71 M350t 18 Aol ola¥A sjoldy
= =894, o] AF E89 FAHE o}m3Y Fx
$dodls BE T, &= OH gt 2% ©g 3~47)
o 2FA7L AMSE, FRPEe gAZgoz o
Foldoh & A7 N AREL AAA ] FF9}
Feo e EAF AT, ddolsAY 9% ¢ ¢
ZA 240 O YAE ¥s 5o 4 duaPge
AAEY 2o v Yo

Poly(BA-MMA-2-HEA)2| tAd2lol. 82 Haacke
5 ~€l9, methoxy methacrylate, ethoxy
methacrylate®] 39EZZ A E st AR

B AZAA olmgA =8E A=sYT. Poly-

(BA-MMA-2-HEA) 39333, & A-19 g4
< fo FeWE e v1xE s PP, veE

#&2fo] A24A A4z 20008 7€

CH,
aCH,=(I,‘H + bCHFé + cCH,=,CH “addition polymerzation.
¢=0 c=0 =0
0 (o]
&‘4"{9 (I:H 3 (é Ha),
]
OH
(BA) (MMA) (2HEA) ¢
Pl
CHy~CH CHZ-? CHy~CH
¢=o0 ?=o ¢=0
2 ? 7
C.H, CH (CH),
a b ou

(a1
Scheme 1. Synthesis of A-1.

o] B4E T,8 0°C, OH & 909 2Fo] oo g
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Scheme 19] A-19] x4, Table 19 A-19}
Tl wE vezAn dojn BNFEL A4 ¥
A3 Y. Figure 1(a)d] A-1¢] FT-IR A¥9EY
2% Yehisd, 3520cme] OH A&AE,
1070 cm'o] A1F ¢339 AZAE, 1740 cm™!
d dxfe C=0 AN23%, 1240cm™'9}
1170cm™e]  olzddelEe] C-0- N&AE,
2960 cm™e] CH; A1&7% ¢ 1460 cm™o)] -CH,-
HZAFe] 24zt YeldE v Fo] Scheme 19 24
ol Atz YA Lk}, Figure 2(a)= A-1
9] 'H-NMR 2¥EJ<Id), § 0.9 ppma) CH,-C,
0 1.3ppme| C-CH,-C, & 1.5ppmo] C-H, & 2.1
% 24ppme] CH-CO-, & 3.6ppme] CH,;-O-,
8 3.8 2 4.1 ppmol C-CH,-0-9] =7} 22 U
U A-19] RzEQl0] 745319t} Figure 34] A-1
9] GPC =& Jehi=d, M, 2700, M, 5180,
M, 9430 2 dEAE 1.9224 vzd T} @
2 FE RAFIY UBEAT gtoznol Balg B
¥ FEE L 5 YU

Poly(BA-MMA-2-HEA-AA) 9] BiM2tol, Poly-
(BA-MMA-2-HEA-AA) 49338, & A-2:=
FTEZ Ft2EAde] EQldo 2N o] Agy)s} B
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Table 1. Polymerization Conditions and Physical Properties for Acrylic Resin

solvent initiator C. transfer

monomer reaction OH T conver-

exp.no. BA® MMA®  2-HEA° AAY AAEM* MAK' DTAP* 2-MCE* temp. DT(ATY value (,C') sion
(®) ® @ (®) () @ @ @ () () (%)

A-1  1725(153) 169.3(169) 782(064) - - 180 21 126 140 51 9% 0 8
A2 1725(1.35) 160.9(161) 782(067) 84(012) - 180 21 126 140 51 9% 0 8
BMHA-1 201.8(158) 98.0(0.98) 7827(067) -  42(020) 180 21 126 140 51 90 -2 ®
BMHA-2 168%(1.32) 13L.0(L31) 782(067) -  42(020) 180 21 126 140 51 9 -10 %
BMHA-3 1384(1.08) 161.4(161) 782(067) -  42(020) 180 21 126 140 51 9 0 8
BMHA-4 110.1(0.86) 189.7(1.90) 782(067) - 420200 180 21 126 140 5(1) 9 10 8
BMHA-5 837(0.65) 216.1(2.16) 782(067) -  42(020) 180 21 126 140 5(1) 9 20 &
BMHA-6 59.1(0.46) 240.7(241) 782(067) -  42(020) 180 21 126 140 51 9 30 8l
BMHA-7 155.1(1.21) 1708(1.71) 52.1(045) -  42(020) 180 21 126 140 51 60 0 87
BMHA-8 121.8(0.95) 1520(1.52) 1042(090) -  42(020) 180 21 126 140 51 120 0 8
BMHA-Q 121.1(095) 1628(163) 52.1(045) -  84(039) 180  2i 126 140 51 60 0 8
BMHA-10 87.1(0.68) 1548(155) 521(045) - 126(059) 180 21 126 140 51 60 0 89

“BA:n-butyl acaylate, ®MMA :methyl methacrylate,

€ 2-HEA : 2-Hydroxyethyl

acrylate, 9 AA:acrylic acid © AAEM:

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

(AT) : dropping time {aging time).

= (b)
3
s
HIRAVA
< ©)
= \f
!
' |
| ‘\
4000 3000 2000 1000

Wavenumber (cm™ ')

Figure 1. FT-IR spectra of (a) A-1, (b) A-2, and (¢)
BMHA-3.

glo|iropdlolEgte] AButgA] AZujzm z}ga}
o Zzuhge] AR FojsiA € Aoz Algho
Bl AolMe T, gtoll ©e wrgBo 24 gt
< ¢Hn 2 oz s AMSYY. =3
Scheme 2] A-29] 7242, Table 19] A-29]
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Figure 2. "H-NMR spectra of (a) A-1, (b} A-2, and

{c) BMHA-3.

RS B BES dZeld A=Y, A-2
o Aggo] A-1HTH ot 288 ¢ 5 YUY
Figure 1(b)= A-29] FT-IR xslezoaly),
Figure 1(a)?] A-1 3]z} v]@m3le] 1740 cm™o]
AzE 2] C-09 stz ¥A4ke] C=0 AT,
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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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.cu:=<fn + bCH,=(‘3 + cCH:-’-ﬁ + 4CH=CH Ty —————
g_—o =0 =0 COOH
]
tn &, (¥,
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=0 | Loon
CH.):
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|C .
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(o]

En, &y, ¢

a
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(A

Scheme 2. Synthesis of A-2.
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728 A9 COO- S4FFU7E M2o) vepd A
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3| 7l28A4te] -COOH 337} Al2o] Yehgd
224 A-29 FZ7} 8954t} Figure 3¢ A-2
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M e AES] 8718 71 AAEM o554 9
AE Mol =UsH MEA WA uislzro] AHE
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218 Fojgels R @A WuleAg L FR4A)7)
1z sttt AAEM d3al= Eastman Chemical
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T 2 257 44 e Leole e ¥4
3he 59 48 248 Ad Ao goA Yo.?

Poly(BA-MMA-2-HEA-AAEM), Z BMHAZ<]
Yvhe-F 242 Scheme 39|, Ay vrezAd o
B4 BES U8l o] Table 1o 22t BAE}
Aot #e] BMHA-19]A -6& OH gt& 1347
I Ty &g ¥siAZ o Aakl), FAEA A-1,
A-29} vzl vlaE 2 AP2L HYX
BMHA FdN& T, gtol ¥2+E & Agge
Yehiglch. BMHA-73} -82 T, @& 12472
OH & B3N A, d27te] Aggd & =
ol geu diAz F& AL HAFYG.
BMHA-9¢} -10& T, @3} OH & zZzt 134
7131 AAEM®] & Bo] 713 A, 22 A
£ Yehid.

Figure 1(c)+= BMHA-3¢] FT-IR 2"yl
dl, 1740cm™e] daH2e C=0 A&AEy
AAEMS®] -CO-CH,-0CO-9] Fui=y) Nz =8
o] B} & #ag o)Fe A oo A-19 7
3%t A9 ®ixdA Jeldoh. Figure 2(c)&
BMHA-3¢] 'H-NMR A E¥ld], & 0.9 ppmol
CH;-C, 8 1.3 ppmol C-CH,-C, & 1.6 ppmol] C-H,
& 2.1 ppme] C-CH,-CO-, & 2.4 ppme] CH-CO-,
& 3.6 ppmo] CH;-O-, & 3.8 ppmo] C-CH,-0-¢]
T4 F4937t 22 Yehd BMHA-39] F28<)
o] 7V5&d ). Figure 3¢ BMHA-33} -59] GPC
Z347E Jehed, BMHA-3& M, 3140, M,
8380, M, 21100, c}Als: 2678, BMHA-5= M,
2980, M, 7650, M, 20900, TheAlL 2578 ziz}
Jehiio. gty AAEME =93t BMHA &7}
FTAEY A-1, A-280 HFEAo] ARy, o)
© AAEM9] & @gdoz sl e zAsle
oe 28 A Ho FREV) 48 Rog &
g

Z4E AN S0l e HNE §7). £549)
olZE 7] YA L F= By g o guF
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. o
aCH.=CH + bCH:=? + cCH:=g + dCHF? fPrrompr———
‘C=0 FO =0 ?—-:o
T
CH, ZH, (€H: (CH:
o 9
(BA) (MMA) (2-HEA) ?-:0
é":
{AAEM)
. o
CH.—CH CH—C CHeCH— - CHC——
=0 or—o fo
{
CH, &, H: .
OH

NN RS

(BMHA)

Scheme 3. Synthesis of BMHA.
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ZHUF o9 so|&Tls &8 AXA 2YE P

d v Hu vz YR Fod sjolgEs &
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B4o] A357] o Eo|}.?

Figure 4= 2% 7iAAlel s=diglo] mg H4
= &39E vekd AQY, DTBP>DTAP>TBPB
>AIBNe #AM2 FA=7 ART, AR B
FAE X 2 AxE Jede YU o7y
golET=g =89 ANAZN AFH Re
DTAP %eH, o= DTBP ¢ A=/ g =
oA, =3 TBBP9} AIBNE 9oz HAE/} 23
A3EA7] HEoln, old BF ZTAE YoM AR
W8l ds Aol

DSC ZXofl ot T, gt v|nHE. o}3d I
€& 479 n/3 T, 3 23 UoJA ollA] A
&% Guptas] Ao o Asle o)=Y TR}
E% T, @& vig] A go2M, 289 9
9 FF AR WA AL FE 2 2R3 Y=
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Figure 4. The effect of concentration of various initi-
ators on the viscosity of BMHA-3.
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@ AF7t He T, &2 W87 (Table 1 32)
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ARE golry] &M DSCz T,& 233,

Figure 5= A-1, A-2 ¥ BMHAR9 25us
d W& T, & £33 ZAYH, DSCe FHoz
Hol diXH o2 Table 12] o]&gtdl H2s= ¢4}
€ BAFAT. o]2R A o T,o o|&3t
o] A3T TAV ALe ¢ F AT

T, wholl et HaTel BXiaknie] . ol=d
FAY HEEE 1YL o] DS BAE
Z3 QlojA dloldels =8 AZd] Qo] E Ha
80l

Figure 62 T, gto] ¥3ld] ©}g, & BMHA &<
olz¥ X9} AAE ¢ BAedne) ARBAE ©
BE2A HAIY Rolth. Figure 69149} o] T, &
ol AYTHE HAEE B F7HE FAE Yo
W, FHEERS ge T, 33 viHaAS Jehy
A RS U F AU

IR HZEAQ Z3ES oFiUE nE. slo)za
= olzd/EelolaAoMo]E T8} oo T &
flol dgelM ZaElo] 448 =uhe BAsE A
& WAool ¥ ola¥ FA 9 Eeo|aroholE
o 4719 o3 Ztadd FAw Roj}.2

Scheme 4= o}z ¥ Fx] 9} Eajo]aA|ohdo]Ed]
% FtadF Wy Ee Jehd Ay, olay 4
A Abgule] 2-HEAC] 9% OH7|$t AAEMo) ¢
3 848l viddr) s} Zelol ool ES] NCO7)
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Figure 5. DSC thermograms of (a) A-1, (b) A-2, (c)
BMHA-3, and (d) BMHA-5 (3 T/min, N,).
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Figure 6. Viscosity and number average molecular
weight (M,) as a function of T; of BMHAs.
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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 8 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 & B
heat resistance
(60° glss retention, %) 985 97.2 99.4 98.7

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

9} N-3390¢] £d=<9l BNHS 89| HF H=d=
e 4¥%E 7RG AA=AG. AN (2408
ol &) FIAIAIZE (2408 o] F3) ZHeA
FE BT FA7F vwA Jeidou AZRAS
BNHS & Zo|, 7IAAZEe do2 ANHSH Zo] ¢
2 A8Ee 4 BAFAdY. F3E (60% 0%
¢E)3 Woprg (0.03 ofst F3)e FAE A B
o AAEMe] @48 BNHS® Zo| ol5 $4 Ul
ok T3 2AEa LS 2244 7S FeAEHE
AEe WA HEg Agdd, HEdde 25
7t st veita, HeAldel 3¢E AAEMS
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=% BNHS# Zo] 458 2HE BAFAUSY. o
2t AAEM =9jo] m& Woted st eAlge] &
e dEoBA, B AT 2719 3o 24HA
otx #es A

34 £

Acetoacetoxyethyl methacrylate (AAEM) 2} 2-
hydroxyethyl acrylates] @] ©qlo =2 2742 &
718 HAE dlojé= ¥ olmd 44
(BMHA) & $4d3ta o47jd] Ee]olarjohilolE 7
SAIE Frisl 23N A dloldgls olad/E
gojaAohdolE =8 (BNHS)E A|=sigr. Az
d BNHS =824 =9A17 & =utEy Age 3
§ A g 2ES A3

1. 3PE 70%9 3dolgel= olma¥ F#xA4d
BMHA-337} -59] o2y HFEAF 2980~
3140, A 257~2.67 2 APS 87~88% 2
P=bel=s 8

2. T,% OH 38 71F22 Flory-FoxAd 2§
WHgES Adog & BMHA 49 oM T, @
o] ¥&+%, AAEM9| %o] BE4E 4t e A
& Jehldy, T, & 133te] OH g wslo
TE FEE 2 ol7} gl

3. BMHA @4/ T, 3ol 5843 A4sE 4

THAR, T, gl RerE AN} AsjEdes 4
& Uehii.

4. AAEM =% A¥9 =92 vluA oA
AAEM =¥ Wel2Ada i &Aldo] Gago s
W AEat g =809 ¢4 7AYo

AR 2: B dFE 199995 Agle] A
A7) A (99-1-M-11-4) 3} ST
o BK2l S4dgomiciz d@dd 979 draA
olo] ZAl=PYt}.
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