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ABSTRACT : Acrylic resins (ethyl methacrylate-2-hydroxypropyl methacrylate-n-butyl acrylate-acrylic
acid : EHBCs) containing 80% of solid were synthesized. Then, high-solid coatings (ethyl methacrylate-2-
hydroxypropyl methacrylate-n-butyl acrylate-acrylic acid/hexamethylene diisocyanate-biuret : EHBCNs)
were prepared by curing of the acrylic resin with curing agent hexamethylene diisocyanate-biuret at room
temperature. The cure time of prepared coatings EHBCN-4 (EHBC-4 : T,=0 C) and EHBCN-7 (EHBC-
7 1 T,=30 TC), measured by rigid-body pendulum method, was recorded 6.2 hours and 4.5 hours,
respectively. Dynamic viscoelastic experiment revealed the glass transition temperature of EHBCN-4 and
EHBCN-7 to be 14 T and 39 T, respectively. It was found that the adhesion and flexural properties
among various properties of coatings were enhanced by the incorporation of caprolactone acrylate

monomer into the acrylic resins.

Keywords : hexamethylene diisocyanate-biuret, acrylic resins, high-solid coatings.
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Table 1. Reaction Conditions and Physical Properties for Acrylic Resin

monomer solvent  initiator  chain transfer reaction
products  EMA“ 2-HPMA” BA° AA? CA° MAK'  DTAP¢ 2-MCE" temp.  time T,  conversion
@ @ @ © @ @ @ @ ) (tn (T %
EHB-1 1272 924 1804 - - 100 20 12 150 5 0 91
EHBA-2 79.2 924 1884 40.0 - 100 20 12 150 5 0 96
EHBC-1 5.7 924 2619 - 40.0 100 20 12 150 5 -30 81
EHBC-2 46.2 924 214 - 40.0 100 20 12 150 5 -20 84
EHBC-3 83.5 924 1841 - 40.0 100 20 12 150 5 -10 89
EHBC-4 118.1 924 1495 - 40.0 100 20 12 150 5 0 92
EHBC-5 150.2 924 1174 - 40.0 100 20 12 150 5 10 91
EHBC-6 180.2 924 874 - 40.0 100 20 12 150 5 20 93
EHBC-7 208.2 924 59.4 - 40.0 100 20 12 150 5 30 94
EHBC-8 109.0 924 1186 - 80.0 100 20 12 150 5 0 84
EHBC-9 99.9 92.4 87.7 - 1200 100 20 12 150 5 79

‘EMA : ethyl methacrylate, P2.HPMA : 2-hydroxypropyl methacrylate, “BA : n-butyl acrylate, “AA : acrylic acid, “CA : caprolactone acrylate,
/MAK : methyl-n-amylketone, *DTAP : di-fer-amyl peroxide, "2-MCE : 2-mercaptoethanol.

27 9 AL A 2 o R st 13
80%2] e Hela Y o|E2-3|=F 2R g welad
o] E-xErkiyg °Pi‘“é-€ﬂ |E-olz At FF3A oF
AR (EHBA-2)E 93

e welaLo|E-2- 6] EAZ2g we=zdd o]
- 2R olado|E-JlZ 2 gE oL |0|E
A9 FA. 3= Table 19 EHBC4%} A8}
3, YA wkg-x2 AR P Sk i
°% dlo] PR 80%3] NE Hlela LYo E2-3| =%
23 wEgadye|E-r2iy ojg g e|E LT
= olz"o|E FFdAQl ok=2E 4] (EHBC4)
J éﬁ}‘%}

y W TIEREE ol dYo|E 3 W3l u}
= ﬁﬁf 80%¢<] d&e] ol=24=2] (EHBC-1¢l14] EHBC-
97}A)E Table 12] ¥igtz71 0% st 7+7} A stglct

717184, 23dE 2 A= 4. R 4842 v+
Bio-RodA}] FT-IR (Digilab FTS-403)2 4, NMR £%4-&
A8 w2k VarianA}F (Gemini 2003, 200 MH,)2] 'H-NMR
2 BAGIE EARF W EARF XA VS Waters
2] GPC (R-4108)Z A S35}

IR KS M 5000 21139] Z7Aof gho] At
25 C g2z ARE 3027 414171 3 A2 Tokyo
KeikiAHe] 3] 4% =7 (BL?‘*)J— A S48k

I 1PE =89 AR 3 1HE =855 FAL) A3}
AE E3ete, 29 24EAR Az FA19 dEe
2E oollA AT FHE 80%< ol E ] 125 goll
BYK-320 0.7 g, Tinuvin-328 0.7 g, Tinuvin-292 0.4 g, BYK-
065 0.5 g 9 =2 EEE olAE|0|E 179 g& FL3H|

o

3

@

Lm 32 off lm

mim b >,
. _&L M
m

01

1

Z2|H, A28¢ #|3Z, 20044

Hglsle] 2AIEI). AAIE AR to] iAol
o|E- Rl G393l Desmodur N-100 36.8 g= 3]43}#] ¢
I ARg-3)SlTh

g v 1R 8= 5_11] gk A &8 1452 g7}
733HA &8 368 g=
10002 Ax3 =2° WAL EHBCN
3, EHB-1/N-100Z} EHBA-2/N-1002] 7%= EHBN-I1
7} EHBAN-2E A3}4it}.

Ay SA7)e o A A, AeAY et
A EA7)|E 42 A & DAY RPT-30008-3 AHE-3}4]
25 CTE #wAI3HA AsF7] (N deiiEu=
S48kt =3k 1 v ¥E A3tz nte) 1,5 543
23} hot plates 0~200 C7FA] 10 C/minl =2 7}<4

st A Ao wE d5edE )= SASCh

Euo] BAE. A EE Al Wkt (KS
D 3512), 4% (KS D 3516) 2 &Fu|E3 (KS D 6701)2]

3TFE ARESISIT) oloA xut EAARS sl &

AEHe] 42 o 2l A=+ Krebs-Stormer &
Z A (Pacific ScientificA} serial 80328%)Z2A], Ax A7+
< KS M 5000-2512°] 7] w2}, 7R A e 574
Ao} e o R Ax: dIZAE AY7] (Yasuda
Seiki Seisakusho, Serial No. 46643)24], 60° 738 =
+ Glossmeter (Pacific ScientificA}, Glossgard 11%)=4], Y|
=242 DuPont impact A|¥”7] (Ureshima Seisakusho,
55282 A, Z=FS Erichsen A| & 7| (Tokyo SeikiAhZA],
FZAL KS M 5000-333191] A3}, Z2FAIQl
QUV A& QUV FAIUEA A187] (Q-PanelrhEA 7+
7zt A48kl

stol&EE =g W3 275



276 Youetal.

3.2 U EE

9 wetaH|o|E-2-3|=FX|==2F HetaHdo]
E-L220E olayye|lE FFIAL] A . 2
HE 80%3] o2 WelZ Y o|E2S|=FA =2 e}
o) E- LE%%‘—%_‘ ol e|o|E 353 = EHB-1
o ukeE B4 1,5 0 C, OH 3 59001] Bl
o2 3haksle] dglow wkgEe] 3 7,

o] Akl 23| A AT

Scheme 1°1] EHB-12] ¥WH&-21S- Table 19| EHB-19] &
2713 EA4%E= 44 AR Table 19 Hh5-
WS 5, RESAIZE W AWAA] oF 55 A A
2 ARI AR Haol® ol s/debalA o

£ AlxAe] HAx7E 2d=E A8
able 29l EHB-12] FT-IR¥} 'H-NMR )
b e, 9132 127 Scheme 12]

x5S 2okt} Table 39 EHB-19] GPC
shgledl, Ak o s AFAREF Fe B3
Ao

| £70 Ueht o] A olfo] 22

< Gupta

k

fri rlo ofx
=)

Sl

[} 1.4‘]

L oogh A PN ot
Hmmd

N

N O,

N
pﬁ
> o
& e

m& N
o, 1‘)4 1m
d

=y
o

lO _mll
o ME
_|>i
I ot et J

o <

—~

3L

|

3 M >
d
l
f

]
pA

(EMA) (2-HPMA) (BA)

R2 R3
— —-a - b L c
(EHB-1)
R, :—CHs
Ry : -C,H;
R3 : -CH,- CHOH-CH;,
Ry : _C4H9

Scheme 1. Synthesis of EHB-1.

276 534 5

Polymer (Korea), Vol. 28, No. 3, 2004

g Heta L o|E-2-3|=FA =2 F Hgta Lo
E-x=gid olgde|E-oladit FEIA e A
fz,m AHE 80%%] o welmH o] E2-3 =FA =

lEPEL“ﬂEHOlE rEge O}ELE]E}]OIE—O}EL‘“‘{/&

4 e 3 Zolc o}ﬂ%‘*& *éLa E%‘ﬂ
< of=¥x P AA T S| =FA|7|7} ol H 4A] 9}
BV ]Ohﬂ°1E°ﬂ 25k Z3tAel] dF- AEE= *M &
o 9l =EAd v|x= GF & LolEr] el
EHBA-29] 7242 A3 slig=]o] Aglon,
—2— off QlojAe] EAZE 52 Table 19 A3,
Eo|Ae} o] AAES] A3 o] vlmd =A e
sk Fﬂﬂ A2 w4 o] % 544719 ol 2E
A AES zelEly] wlEel Ao gaﬂ Stk Table 2
o EHBA 29°] FT-IRZ} 'H-NMR Ed B4EYE
FEAINEY dstd #3271 25 %ﬁﬂ”i’ﬁ a
gelo] 7}5-3F4 ). Table 39 EHBA-22] GPC é
£ Yeldl=dl, EHB-19 345 Ed =5 571
HE FAE RT3

e =eladye|E-2-3| =X =2 wEela g o|

E

1Nm&-ﬂ
B

Table 2. FT-IR and 'H-NMR Chemical Shifts of Acrylic
Resins

T
products FT-IR (KBr, cm™) CII;ICI\I?,V[Eir(lZ;);n’l)

2970 : CH, 0 9 (CH;-C)

1460 : -CH,- 3 (C-CHx-C)
EHB-1 3510: OH .6 (C-H)

1730: C=0 .1 (CH-CO)

1170 : C-O- .0 (C-CH,-0-)

2960 : CH;

1450 : -CH,- Eg—gH ) Q)

3440 : free OH and OH 6(C-H) r
EHBA-2  of carboxylic acid 1 (CH-CO)

1730 : C=0 (ester and 4 0 (C-CH,-0-)

carboxylic acid) r

1170 - C-O- 10.1 (COOH)

2960 : CH,

1460 : -CH,- Eg%ﬂz) Q)
EHBC-4 3520 : free OH and OH 6(C-H)

of lactone group

1730: C=0 H(CH-CO)

.1 (C-CH-0-)

1170 : C-O-(ester and actone group)

Table 3. GPC Data for Synthesized Acrylic Resins

type Mn MW MZ MW/MI
EHB-1 2130 3520 4870 1.65
EHBA-2 2690 5110 5910 1.90
EHBC-4 2530 4790 9600 1.89
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Figure 2. Change of the cycle and the logarithmic decrement of
an EHBC-4/Desmodur N-100 mixture during cure at25 C.
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Figure 3. Change of the cycle and the logarithmic decrement of
an EHBC-7/Desmodur N-100 mixture during cure at 25 C.
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Figure 4. Damp and 7, of an EHBC/Desmodur N-100 with
various curing temperature measured by rigid-body pendulum
method (RPT-3000).
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Scheme 3. Preparation of polyurethane by EHBC and hexame-
thylene diisocyanate-buret.
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Table 4. Physical Properties of High-Solid Acrylic/
Isocyanate Coatings

tests EHBN-1° EHBAN-2" EHBCN-4° EHBCN-7
viscosity (KU) 62 70 65 67
pot-life (min) 154 90 151 116
pencil hardness (7 days) 4B H F H
60° specular gloss 110 108 116 117
drying time
(dry-through/min) 400 270 290 220
impact resistance
(1 kg/50 cm)
direct good good good good
reverse good good good good
cross-hatch adhesion (%) 83 90 100 100
flexibility (1/8 inch) poor poor good good
QUYV gloss retention (%)
200 hr 109 115 113 124
500 hr 55 78 79 116
1000 hr 27 33 55 114

“EHBN-1 : EHB-1/Desmodur N-100. "EHBAN-2 : EHBA-2/Desmodur N-
100. “EHBCN-4 : EHBC-4/Desmodur N-100. “EHBCN-7 : EHBC-7/Des-
modur N-100.
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