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Z=E: dAZ methyl methacrylate, n—butyl acrylate, 2—hydroxyethyl acrylate®} 254 4} 9 7}
U= 3 A A = B4 T acetoacetoxyethyl methacrylate (AAEM) & WA 49353
Aol 1FE 80% 2] ofAHG A (HSA-98—20, HSA—98—-0, HSA—-98+20) & 43Itk AAEM Ad#o] 3t
F¥ olmadFA Y AT 1420~5760 cps, FHA A 2080~2300 g/mol, THEAME 2.07~2.19 W
A8 88~93%°1%tt T 80%%) okABTA 9} o] Alo|o|E ASAE A2elA ASAA slol&T=
S5 (HSA-98-20C, HSA-98-0C, HSA-98+200) & Alxsta EoA[EE A&t 245 B4 AldS F
3t Ayl Az slol&e= 8o AAEM 8] A% mutEAo] ujw A g AAEM =913 vjn}
2% g gAdo] SREe RN AsAt g Rl A8l 7leAl Hdrk =3 Hed Sl o3 =ut
9] AztAF ol HSA-984+20C > HSA-98—0C > HSA—-98—-20C2] =4 = 73lr} W] JaPe oz M,
g o] 2% ko] Sl utet A3lEErt weblS & ¢ Uit

Abstract : Copolymers (HSA—-98—20, HSA—98—0, HSA—98 +20) which are acrylic resin containing 80%
solid content were synthesized by the reaction of monomers, including methyl methacrylate, n—butyl
acrylate, and 2—hydroxyethyl acrylate with a functional monomer, acetoacetoxyethyl methacrylate
(AAEM), which may give improvements in cross—linking density and physical properties of films.
The physical properties of prepared acrylic resins, containing AAEM, are as follows : viscosities, 1420
~5760 cps ; number average molecular weight, 2080~2300 g/mol; polydispersity index, 2.07~2.19 ;
and conversions, 88 ~93%. In the next step, high—solid coatings (HSA—98—-20C, HSA—-98—-0C, HSA—
98+20C) were prepared by the curing reaction between acrylic resins containing 80% solid content
and isocyanate at room temperature. Various properties were examined on the film coated with the
prepared high—solid coatings. The introduction of AAEM to the coatings enhanced the abrasion
resistance and solvent resistance, which indicated the possible use of high—solid coatings for top—
coating materials of automobile. Since the curing by viscoelastic measurement occurred in sequence of
HSA-98+20C > HSA—98—-0C > HSA—-98—-20C, it was concluded that the curing rates became faster
with incresing 7g values.

Keywords : acetoacetoxy group, acrylic resin, allophanate—trimer, high—solid coatings.
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okZ o}3d WA E 2—hydroxyethyl acrylate (Aldrich
Chemical*l, 2—HEA), n—butyl acrylate (Sigma ChemicalA},
BA), methyl methacrylate (Aldrich ChemicalA}, MMA) ace—
toacetoxyethyl methacrylate (EastmanAl, AAEM) 2 acrylic
acid (Tokyo Kasei KogyoAl, Aa) 2] 15 Al2kS )2 AR89tk

WAIA = a,a —azobisisobutyronitrile (Junsei ChemicalA},
AIBN), di—tert—butyl peroxide (Akzo Nobel ChemicalA},
DTBP), t—amylperoxy—2—ethyl hexanoate (Seki Atochem
AL, APEH), /—butylperoxy benzoate (Akzo Nobel Chemical
Ak, TBPB) 9] 15419k = E5FAAIES ARSIl 7187
+ methyl—n—amylketone (Tokyo Kasei KogyoAl, MAK),
Aol EA= 2—mercaptoethanol (Yakuri Pure ChemicalAl,
2-MCE) 9] 15+oF2 Itz A3kt

2528 FsAlE o] Alofdlo] EAIR] Desmodur VPLS—
2102 [LeverkusenX}, allophanate/trimer &3], 1185 3l
100%, NCOEH 20.0%, 4 %(23 €) 300 mPa - S, VPLS]
5 ARgarlar, g Aol HAkA A Byk—320 (Byk—
Chemierp), UVerdA| 24 Tinuvin—327 (Ciba—GeigyAD, UV
A ZA Tinuvin—292 (Ciba—GeigyAD, 2EAZA Byk—
065 Byk—ChemieAh, #4124 CAB—551-0.01 (Eastman
KodakAh) 2 wre-=RA 24 di—n—butyl tindilaurate (3=-gAk
4, DBTDL) & 212} AHg-3aivh.

Poly(MMA/BA/2-HEA)2| &M. 71A12] wrt7], e7477], &
SA, Ay @ i) Fae Faks 85 1 LY 47 22
23] 7718 MAK 49 g& 93 258 140 CE 523t

AF/O)1A M0 E B85 AZSIGITE AlxE EE5EA oy 7} T GEAl MMA, BA, 2-HEA 2 Ao EA4¢l 2-MCEZ
Table 1. Polymerization Conditions and Physical Properties for Acrylic Resins
.. Chain .
Monomer Solvent  Initiator Reaction .
Products ‘ transfer _ OH  7; Conversion
MMA? BA? 2-HEAS A2 AAEM®  MAK'  APEHF  2-MCE"  Temp. DT(AT)' value (T) (%)
(© (@ (@ (@ (@ (@ (@ (@ (0) (hr)
HS-98-0 112.9(1.13) 115.0(0.90) 52.1(0.45) - - 70 14 8.4 140 5 9 O 80
HSAa-98-0 107.3(1.07) 115.0(0.90) 52.1(0.45) 5.6(0.08) - 70 14 8.4 140 5(1) 9 0 85
HSA-98-20 65.4(0.65) 134.5(1.05) 52.1(0.45) - 28(0.13) 70 14 8.4 140 5(1) 90 -20 92
HSA-98-10 87.3(0.22) 112.6(0.88) 52.1(0.45) - 28(0.13) 70 14 8.4 140 5(1) 90 -10 91
HSA-98-0 107.6(1.08) 92.3(0.72) 52.1(0.45) - 28(0.13) 70 14 8.4 140 5(1) 90 O 89
HSA-98+10 1265(1.27) 73.4(0.57) 52.1(0.45) - 28(0.13) 70 14 8.4 140 51) 90 10 89
HSA-98+20 144.1(1.44) 55.9(0.45) 52.1(0.45) - 28(0.13) 70 14 8.4 140 51) 90 20 88
HSA-68-0 113.8(1.14) 103.4(0.81) 34.7(0.30) - 28(0.13) 70 14 8.4 140 5 60 O 87
HSA-128-0 101.4(1.02) 81.2(0.64) 69.4(0.60) - 28(0.13) 70 14 8.4 140 5(1) 120 0 89
HSAm-98-0 108.5(1.68) 80.7(0.63) 34.7(0.30) - 56(0.27) 70 14 8.4 140 5(1) 60 O 88
HSAn-98-0 103.2(1.03) 58.0(0.46) 34.7(0.30) - 84(0.39) 70 14 8.4 140 5(1) 60 0 87

MMA : Methyl methacrylate. *BA : n—Butyl acrylate.

®2—HEA : 2—Hydroxyethyl acrylate. ‘Aa : Acrylic acid, “AAEM : Acetoacet—

oxyethyl methacrylate, MAK : Methyl——Amylketone. APEH : tert—Amylperoxy —2—Ethyl hexanoate. "2—MCE : 2—Mercaptoethanol.

DT(AT) : Dropping time (aging time).
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Table 1(HS—-98-0) 3} & x41S

g%} 7MAIA APEH 14 go] &3tol 7}z 2]

istaltic pump) & AFg-38lo] 140 Tl 5A17F Asfalaict st
& o] WS E 250 rpmeE kgl Al a2 T E &

EolA 6027 UES SA7 v AAE 9 13E S
akal F7kE R W FAIAIE

AREL] A= HA FEEFES A7) T w2 uaA)
I Fiel A7 FAAA AAlEsleH 50 €, 8 mmHg st
/\1 71—01—74 ]_o% qu o/xu Euioﬂ)\]—o xﬂx%)dt/l J—lzsﬂl-‘;_ 80%?1
olA84A] &, poly MMA/BA/2—HEA) (HS-98-0)2 43l
t}. olwl HS—98-02] HAF HSE 3lol&
OH value 90 #=, 82 1¥E 80%=E, 02 7, % 0 CE 42
EAg o)t}

Poly(MMA/BA/2-HEA/Aa)2| &Fd. Poly (MMA/BA/2—HEA)
AT e AR 9 wkg st MAK 49 g& WA vEg7]l
Y1 MMA, BA, 2-HEA, Aa ¥ 2-MCE% Table 1(HSAa—
98-0) 7 22 S AT F ols EFH A9t MAK 21 g7}
APEH 14 g¢] &3 BE 7Istal 718} whg- =23 AA1ad-e-
poly MMA/BA/2—HEA) §4d3} 22 2702 FA3I8ith

Poly MMA/BA/2—HEA) 3747} YAl sto] Ax4 A
AdEe] 18 FE 80%<%1 otAE A &, poly MMA/BA/2—
HEA/Aa) (HSAa—98—-0)& Atk 0171*1 Aat olFEAE 9
v|ahk= Aol

Poly(MMA/BA/2-HEA/AAEM)2| 3+, Poly (MMA/BA/2—HEA)
A3 28 z738le] MAK 49 g wWkS7]e] Wi MMA, BA,
2—HEA, AAEM, 2—MCEZ Table 1 (HSA-98-0) 3} & *
Ado] E5tol A9} MAK 21 g3} APEH 14 g9 &3 BZ 7}8f

71eb BE wbeE=T GATE poly MMA/BA/2—HEA)

ol X e} FU3HA Bto] A AFAES] 1R 0% ok
A4A] F, poly MMA/BA/2—HEA/AAEM) (HSA-98-0)= <
gtk o)u) HSA %35 5 A= AAEM @RS Uehd Zlojt),

7|1718M. IR #3224 1= Bio—RadAFe] FTIR (Digilab
FTS—-40%) &, NMR 342 SHl2A] ofHE D6E A3t
o] w]=* VarianAH(Unit Plus 3003, 300MHz) ¢] 'H-NMRZ,
Bxper 9 Bxpek BxS2Ae uls WatersAte] GPC(R—-410
) S Algste] BAEI= 25 ColA &gl THFS 45
1.0 mL/min%] ZA° =2 3}3ith
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25 3083 FAA7 F AE Tokyo Keikirle] 3284 (BL
&)= AFE31] spindle #39, 60 rpme] FA0E =431t
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dynamic spectometer (Physica UDS 2008, %<3 Z3DIN
25 mm Cup¥ TEZ 180/UDS®] W3] AR €] 717]& AHE-ato]
shear rateZ 0.01~1290 sec '¢] 2702 25 CollX 50%
ol =419}

slol&zIE =29 MZ. ol a8 stel&E E5E v
PRl ASA YL FLAIAA Az TRz
kel g FE 80%11 ok EFA (HSA-98-0) 125.0
gol] Byk—320 1.5 g, Tinuvin—327 1.5 g, Tinuvin—292 1.0
g, Byk—065 0.5 g, CAB—551-0.01 3.0 g, DBTDL 1.5 g ¥
butyl acetate 37.4 g& T3 Higste] ZASITh o)A
offlo]E Zslg-He VPLS 114.2 g& 3|A38HA] &l TJul=
Abg-steie

Sfoldels wRe] AE gJelH EAIR okBA S 1714
g3} ol aohilo] = ABHE) 114.2 g& AT A%k,
HSA-98—0/VPLSZ A|Zst slo]&8E E55 HSA-98-0C
2, HS-98-0/VPLS%} HSAa—98—0/VPLS? A8 T8
& HS-98-0C ¥ HSAa—-98-0C® Z7t WHsisict ol
HSA-98-02] o%% = slolEYE E5E, HSAa—98-0
o) Aats olaRALE olulais Aol

Zao| HsiAS é’é A A&DAF ZHAIRIAHRigid—Body
Pendulum) 3 H&Md 5471 (RPT-30008) 24 =5 =Hke] 7
AFE SIS APe WA AxE B8 AlRE 25920
X40%x2 mm)°ll 7 75 pm% F® 3} hot plateol] 17g AI71
T g2ollA] oF 307 WA vy, AARIARS] knife—edges
FRoT YRtk 1 F 25 CTE AN 25F71(D 2 U5
A& W& S0t ok Axe] Aehwnt 7, ghs dopr
213}e] hot plateZ 0~200 C7F4] 10 C/min®. 2 7}<dsphd
A Aglere] e A4S SHsIIch

ol0|&2|E =22 SMAIY. X %" & AlAA )= 3F

FU

N

=53 AAE ARSIt Wik AZ#(KS D 3512) & /\}%
g o= KS M 5000-11119] &8 *1 A& o] A el wh
g}, FAT(KS D 3516)& A&k LLH— KS M 5000-11122]
S8 AL FA% A el &FEae AREAlClE

KS D 6701-19919] 770l g0 Xﬂﬂ’o‘}"i‘:}

hA, AR EERo 2 EASAAY] 2AES GotRd vk
¥} A} & AAE 792 Krebs—Stormer viscometer (Pacific
ScientificAl, serial 803283) 224, 60° FAwFg = KS
M 5000—-33129] =52] 60° AP E A|FHOZA], A
7d &+ pencil hardness tester (Yasuda Seiki Seisakusho,
serial 46648) 24, A& AJHE FATOZ A|Z5l] =
T29] Mz A&l Erichsen tester (Tokyo SeikirAp ZA], =
=442 KS M 5000—-33312] =859 ==/ Algdubie] o Ask
of, WA JIS K 54009] =82] SA74% AIFHHI (6, B, 3B)
o webA AZAIZRE A3k 2 (dry—through method) 224,
THRIAIZRE A= #Haghsl 140 KUel| =dsid syt o
ot Zow AATh FXYWSFAL sunshine weather—
ometer (SWO, Atlas Electric DevicesAl, Cr 65A) 24 57
SRRl 2713k 500417 2 1000417 ZARES] A0 = -
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ato] AAlskelth UinkeAde WxekId st Al ® Federal
Test Method Standard 141C—6192.12] &) 25=0] abra—
sion tester (Toyo Seiki Seisakusho, taber®) =, fAn}5Ed
A]31& NCCA (National Coil Coaters Association) 120l <
3t MEK rub testerZA4 Fassion, yadAd A8 @7z
[15AIZ548 (55 HD-0108]el4 350 /hro] Ao =4
skl

E B89 I 60% oldld],
B ATeME 1R g 29l slolEEE TRl AFRE
TEEZ Gtk Tt slelEYE Eu F A 7P At
=2 oladA E82 BARQ ol ZUAE T, #¥ OHzk 273
of wje} BE 3~4719] SFAF AR, 2 gAFgtow 3
‘= o)zl
Poly(MMA/BA/2-HEA)Q| &M &0l 3 Wan3} Lu="" vd
oFAHIOIE, BA 2 Aacll 23t i 3ATSTAS A5t
20 Wk, FEERl 9 odMe] EAES Al An =
58 Ass AHes skl 2 A€ poly (MMA/
BA/2—-HEA) 393F3A, &, HS-98-09] 4= 9o 34
O1FES AR o] FslGi, vkeES] 244 7, W OH #
= TAR S ARl At 19 B ks Teila, vt
S8 &3 7, 3 Fox?] AXHel'® giglale] A9ict. Figure
19 HS—-98-09] - 1x2]2, Table 1o HS—-98-09] &
REgof whE WHS-Eo] A%k W VIEre] BARES 47 veR)
=), WS HESAIES 140 ColA 6AIZEC. 2 1783
AL B A9} §ARE Kime] olmg/AemA) slolss =
T AFA] W] HA S 289k wlitoltk Table 20 HS—

Table 2. FTIR Spectra and '"H-NMR Chemical Shifts of HS-
98-0, HSAa-98-0, and HSA-98-0

"H-NMR (300MIHz,

Products FTIR(NaCl, cm™) acetone D6 5 in ppm)
1072 : OH (pri—alcohol) 0.9(CH;—C)
1168 : C-0— 1.3(=CHz=C)
1239 : C-0—- 1.6(C-CH,—0)
1387 : C—CHj 2.2(CH-CO-)
H5-98-0 1454 : —CHy— 2.7(C-CH,—-C0O-)
1734 : C=0 3.6(C-CH,-0-)
2958 : CHs 4.1(C-CH,-0C0-)
3526 : OH(free)
1071 : OH (pri—alcohol) 0.9(CH;—C)
1169 : C-0- 1.4(=CH,=C)
1239 : C-0- 1.6(C-CH,—0)
1387 : C—CHjz 2.2(CH-CO-)
HSAa-98-0 1453 : —=CH,— 2.7(C-CH,—-CO-)
1735 : C=0(ester and 3.6(C-CH,-0-)

carboxylic acid)
2959 @ CHj
3530 : OH(free and carboxylic acid)

4.1(C-CH,-0C0O-)

1075 : OH(pri—alcohol) 0.9(CH;—-C)

1169 : C-0- 1.3(=CH,=C)

1237 : C-0- 1.6(C-CH,—0C)

1387 : C—CHj 2.1(CH-CO-)
HSA-98-0 1453 : —CHy— 2.7(C-CH,—-CO-)

1734 : C=0(ester and 3.7(C-CH,-0-)

—CO-CH;~0CO—band)
2958 : CHj
3522 : OH(free)

4.1(C-CH;—0C0O-)

Table 3. GPC Data for Synthesized Copolymers

Type M, M M, My /M,

HS-98-0 1710 4130 7560 2.41
HSAa—-98-0 2050 4290 7640 2.10
HSA—-98-20 2110 4600 8750 2.19
HSA-98-0 2080 4380 8050 2.10
HSA-98+20 2300 4750 8040 2.07

|CH3 addition polym.
a CHy= ?H +b CH2=CI + ¢ CH= ICH E——
(|3=O IC=O (|3= (¢}
i i i
C4Hy CHz (?Hz)z
OH
(BA) (MMA) (2-HEA)
— lCH3 — - ~
CHz—ClH CH,— IC CH2—|CH—
?=O IC=O (|3=O
7 7 i
C4Hy |a CH3 . (|CH2)2
— — L OH _|
(HS-98-0)

Figure 1. Synthetic scheme of HS—98—-0.

98-09] FTIRZ} 'H-NMR A~ EZ ZA7E gA|g=d), )
% Figure 19 #5471 AR 9 4255 250 AHoE
A FxERlo] 7Fsekgith Table 3¢ HS—98—09] At-i-Ala
I} THEATE 2HS YeRdEd], 1 AR Bof Hlwd e 3
TS mojFEQlon, BARF BEaAe] FA vepdS Fels)
At

Poly(MMA/BA/2-HEA/Aa)2| &+ &Rl 49 %A1 poly
(MMA/BA/2—HEA/Aa) Z, HSAa—98—-09] &AL 1 7-%%
o Aacll o3t FHEAES =IO ZA o] 2877} FH 2 o]
oflo]Egte] AHSMEGA] AF Ful|ZA ] AFol g dohs HA
o7 FAFoR AL Folr},

Table 19 HSAa—98-02] 3k} E/9FES, Table 29
FTIR#Z} 'H-NMR ~A9E9 A2 7tz Jd ], HSA-
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98—-02] 7459k & Apolrlo] glojA] T4 B
t}. Table 3¢ HSAa—98—-09] HifitAlga} thiits ke %
Alg=t], HS—98-08} vlasto] 7R5ARE 78] Eg] o= BAbeF
ol 25 S7HEE FAE BTk

Poly(MMA/BA/2-HEA/AAEM)Q| &t 01 oFo] ZA|HS 7]
Z2 810 AT ARelA] ou] AFst nie} o] AEak
£ solEgs ERo Wl YntA S S5 AR s
3 GEAIRD AAEMS =97 ¥Qlth AAEM @eAl= 19934
Eastman ChemicalAlollx] @73Hd olmd4Ag02 A5 7t
ot 7], SN ES] As), =2 A, A Ty k) Ay
thoFst RESARE Fot tws) 7 W F3
go|E stEs Fshe 59 st BAS 2t Qe Zle®
A Qo'

AAEM E8Jel 213t g% 80% 9] dlol&e|= ud ofTd
G221 poly MMA/BA/2—HEA/AAEM) &, HSA—-98-02] 3t
AT-22E Figure 290, S8 AN vE-2249 S3ES
J&ato] Table 19 ZH7F EAISFSITE 3] HSA—-98—20°4]
HSA-98+207F% OH valueZ 9002 1AA7|I T 3k
W3IA7] Al FAIEQ] HS—98-0, HSAa—98—09} H]wa}
o A =& AFES WP om, HSA-98F M= T, 3t
o] B&E 2 AES YehQlth HSA-68-02F HSA—
128—0% 7; 35 002 1A3A7]3 OH valueE W3HA1Z A
Qldl OH value 90w Rt} o] oM AshdS Lt
Table 14 HSAm—98-02 HSAn—98-0% AAEM %4&
Wol Ft A0t AAEM <Fe] #J o= lste] Hghgo] & o

¢

CHs CH,
| | addition polym.
aCH2=?H + bCH2=? + CCH= (I?H + dCHfIC B ————
g=o =0 =0 €0
¢ R SR
C4Hy CH; ((I;H2)2 (ICHz)z
OH v
(BA) MMA) 2-HEA F:O
( ) (2-HEA) |CH2
F:O
CH,
(AAEM)
e CH,
| | |
CHZ_CIH 'CHZ_IC_ CHZ_ICH CH2=?
(Ij=0 (Ij=0 (I;=o IC=O
P P P P
C4Ho |a CH; (GH (CHa)
- b OH _|¢ v
F:O
i
IC:O
CH;
L _d
(HSA-98-0)

Figure 2. Synthetic scheme of HSA—98-0.
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|
= FAIPE=, Figure 29 $497-3249 W43 s 2 o
okl Table 39 HSA—9879) BaEAls)} thiale

e, TAFWRYE 22 to] 254 T FAE
UERASITE o= AAEM9] &2 REg 0% Qo] thE akat
A WrY FEE7 S AoE FAE T

JHAIHIS] sEHslof w2 MME g3 datd oz o dsgt
ol A AAA S =58 A ABAE] 714, R AT
9 A7k & GEES 7] wie] FjAA] Ao w3 Exe) o
T} k] A8 Fofl ekl wak AN FRe ulet sfo)
£ 58 ol adTA| e AT Wol Wsk| wiel /XA F
F AR AT 52 SolEE|E BE okl Fa3t )
Q1 Ao},

Figure 32 715 7AIA19] s=Wslel e dAE a3E o
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Table 4. Physical Properties of High-Solid Acrylic/Isocyanate Coatings

Physical property HS—-98-0C* HSAa—-98-0C’* HSA—98—20C° HSA-98-0CY HSA-98+20C*
Viscosity (KU) 120 124 111 123 129
60° Specular gloss 113 112 110 119 130
Pencil hardness HB B 3B HB H
Cross—hatch adhesion (%) 100/100 100/100 100/100 100/100 100/100
Flexibility (1/8 inch) good good good good good
Impact resistance

(30 cm/500g) direct good good good good good
reverse good good good good good
Drying time (hr) 2 3 4 3 1
Pot—life (hr) 6 6 7 5 4
Accelerated weathering resistance,

SWO (500 hr)

gloss retention (%) 92.7 93.2 92.9 91.8 90.9
SWO (1000hr) gloss retention (%) 90.3 91.2 90.4 89.7 88.3
Abrasion resistance (mg loss/100 cycle) 0.057 0.043 0.019 0.021 0.025
Solvent resistance (MEK rubs/cycle) 7 7 13 14 15
Heat resistance (%) 98.6 98.0 99.2 98.8 98.5

HS-98-0C : HS—98-0/VPLS. "HSAa—98—-0C : HSAa—98—-0C/VPLS. HSA—-98-20C : HSA-98—20/VPLS. HSA-98—-0C : HSA—98~—

0/ VPLS. ‘(HSA-98+20 : HSA—-98+20/VPLS.
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