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Abstract : Acrylic resins (HSCs :

EA/EMA/2-HEMA/CLA) which contain 80% solid

content were synthesized by the copolymerization of monomers (ethyl acrylate, ethyl
methacrylate, 2-hydroxyethy! methacrylate) and functional monomer (caprolactone acrylate
: CLA) which improves the crosslinking density and physical properties of films. The
physical properties of the prepared acrylic resins (HSCs) containing CLA, are as follows :
viscosity 144072630 cps ; M, 159071660 ; and conversions, 817869, respectively. From the
correlation of T, values, viscosities, and M, of the HSCs, it was found thst viscosity and

M, increased with Ty value.

Keywords : high-solid coatings, 80% solid contents, caprolactone group, acrylic resins.
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2.1. Mg}

olaY4 e FYUEU YHAMZA  ethyl
acrylate (EA)[Aldrich ChemicalA}9} ethyl
methacrylate (EMA)[Tokyo Kasei KogyoAH]
2 2-hydroxyethyl methacrylate (2-HEMA)

MR

[Tokyo Kasei KogyorHE Algstgod,
acetoacetoxyethyl methacrylate (AAEM)
[Aldrich  ChemicalAl]&= NaNO; NaHSO;,

NaOH ZtZtel 5% 893 S£HF2 A4 F
MgSOs2 AZAA FHEAAE AASN AL
8ttt Caprolactone acrylate (CLA)[Union
CarbiderH = 18 A%S 5% NaOH #8943
ZFHFTE AHT T CaCLyE AZXAA AL
o, acrylic acid (Aa){Sigma ChemicalAH=
AEFFHE0C, 3mmHg) 3le Aoz AH4-3)

At

NAIA 2 tert-amylperoxy-2-ethyl hexanoate
(APEH)[Seki AtochemicalAH <+ a,a
'—azobisisobutyronitrile (AIBN) [Junsei
Chemical*H] 2#3  benzoyl  peroxide

(BPO)Catayama ChemicalA}] 2 di-tert-butyl
peroxide (DTBP) [Akzo Nobel ChemicalA}l]e]
19 EE 53A¢E AHgstdnt. fr7180=
methyl-n- amylketone (MAK) [Tokyo Kasei
Kogyortl, <A#o]¥Al2  2-mercaptoethanol
(2-MCE) [Yakuri Pure ChemicalAl] 15 AJ¢F
< IWE AR

2.2. 11 18 E Poly(EA/EMA/2-HEMA)
3USEEHC EHAM

24, dFEZ7], 744 a9 A3z
W71E FEg 1IL8%9 47 St WA
fr71 &9l MAK 70g€ 713t %8 140C
2 52271 & dFA < EA 164.4g (1.64mol),
EMA 1522g (1.34mol), 2-HEMA 834g
(0.64mol)zt A olFAA 2-MCE 12g& o]v|
TIAA w2 A7 HExe {Fr]&vied MAK
30g# 7RA]AQ) APEH 20g¢ 4& %9 7+
Ztol el u] % Z(metering pump)E A}&3}
o 140CE 2EF FX31HA 5A12 5 AA
3 Halatdot. HA] atEEE 250rpmo 2
stu, Astedm T Y = oA 1A%
¢ SAAANHY. ol wkgEd W3 Hmo

=]

NPEL 2AHY T v s FH 3G} vuke
4L AAANTNZ] 3 =2eEits FF
AAAA AAS 40T, 4mmHg?‘5}°ﬂ/\1 48X 7+
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80%2 3¥FTFA < 0}3%1‘1](}{5—8200)%
A9t HAalel eul24 HSE high-solid, 82
80%, 2 2& Ty 20CE Zrzt EA)8t4ch
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2.3. 1 T8E Poly(EA/EMA/2-HEMA/Aa)
4UTEEH | By

2245 & NPFA A MAK T0gs 7He
¥ EA 1765g (L77mol), EMA 100.1g
(0.88mol), 2-HEMA 83.4g (0.64mol), Aa 40.0g
(056mol)# 2-MCE 12g& o7 E3AAFLS
A3t M9 {7847 MAK 30g3 7HAA
APEH 20gg 2243 %2 wgxzies F7}
Hhg AZon, o]F Wz FAAYE 2
A sk 28R 809 44T FHAYL ot2d
42 (HSAa-820008 2+

2.4. 1 1L Poly(EA/EMA/2-HEMA/CLA)
4USEEA Q| &N

CLA #5354 9242 =943 4%+ MAK
70g& 7Het th& EA 1175g (1.18mol), EMA
159.1g (1.40mol), 2-HEMA 83.4g (0.64moD),
CLA 40g (0.12moh)™ 2-MCE 12g& o|v} &3
AAH EL dn wzeo f{r1Euid MAK 30g
3 MAAIQ] APEH 20g8 2233 & Whgx
Aoz Byuke Agon olF utgxzw
A 4t 2 R 80%9) 49TFFAL of=2
52 (HSC-8210)8 deH, =A4FE F €
A7 10 CLA o] 10wt% U& FEAIT A
olc}.

2.5. 717184

FT-IR #3848 v]Z Bio-Rad*t] FT-IR
(Digilab FTS-403)24, NMR ®#EH & =
o] Brukerrte] 'H-NMR (Avance -600ME)Z A,
GPC BAe ul= WatersAte] GPC (Waters
24143) & AHg8te 744 SA AT

26. I8R U A= 5

LPE(KS M 5000-2113) ZAHL ofZEFA]
A& 1gg A $IA27IE 105:2T A
3AZE FAAZ F g Ze A Wsist
#e et

AZF
az4

ANEFTH

NETH

x 100

solads E84 FZ2SEY) of 80% PR oA FE 3

3. dat A 1@

3.1. I I8E Poly(EA/EMA/2-HEMA)
3ATEEA|Q B4 &0l
FA & Poly(EA/EMA/2-HEMA)9] 34L&
HdolHo|E, m2uRdoladHolE & o}
AP o8 A4S & Wan# LU0} o
adA FETA FAHEE AR st9 ol F
o HEd, WgEe &3 T,@2 Fox &
Gupta®] AAFA[11)e] 7128 AE3HATH
Poly(EA/EMA/2-HEMA) %, HS-82009 &
HFzAL Fig. 1 o, & HS-82009 uwhg=
A, Ao gF 2 13E 58 4o
Table 1] ztz} Uehligich. Table 1914 F3§
Hrgo] 2wl AME AAGFA uAHAIN RS
B A" g Kwon[12]2] obzid/S-dlofAl
R 70%2 stol&ds =g AHEAY vhg
B4 zdo] ol dedA v wiEdl, ¥ 43
ME 29 HHxAE avE HEAT
Table 201 HS-8200°) FT-IR%} 'H-NMR 2
AeP S FAPEY, & FF9250] Fig. 19
FzAY Az dX"de %S HYowA
e Fzle] Fhsstanh
Table 3] HS-82009] HoE#xa thit
T e JedEd, Az 3= 2 &
HoFm ThEAE ghoz Hol A

=
PEFHC F48 ¢+ A

S

N

Re R
aH,C=CH + bHC=CH + CH,C=GH —

§=0 ¢=0 ¢=0

Q 0 Q

R1 R| RS

(EA) (EMA) (2-HEMA)
Fu‘?- az
H,C~CH H,C-CH H,C~CH

¢=0 ¢=0 ¢=0

Q@ @ Q

R a A b R c

(HS—-8200)

Ry :— C,Hs

R, CH,4

Rg— C,H,OH

Fig. 1. Reaction scheme for synthesis of

HS-8200.
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Table 1. Synthetic Conditions for the Polymerization of Acrylic Resins
i Chain
Monomer(g) SOIme Imtla)tor transfer( Reaction
g g g T, Conversion
Products . o
EA Aa CLA MAK APEH  2-MCE
A ) 1)
HS-g00 1644 1522 &4 - - 100 200 12 40 51 W 86
HSAa-8200 1765 1001 &4 400 - 100 200 12 40 5(1) 0
HSC-8010 2118 648 &4 - 400 100 200 12 40 5 0 8l
HSC-8110 1630 1136 &4 - 400 100 200 12 40 51 10 4
HSC-g10 1175 1591 84 - 400 100 200 12 M0 51 W ]
HSC-g10 B0 016 84 - 400 100 200 12 40 5D 3 86
HSC-8410 362 2414 &84 - 400 100 200 12 40 501 4 86

3.2. I DHE Poly(EA/EMA/2-HEMA/Aa)
4ASEEA| Q| B Fol

49FFFAYA  Poly(EA/EMA/2-HEMA/Aa)
%, HSAa-82002 %ol FA e 393534
of FF2EAASG Aa HES %Y AoRA,
Aa FZEUW -COOH #£7]7F ol xAlehylolE
oo ZAsubgA] YRR AEuR L=z
o] R} =B Ao nAE JFL <ol
A8 FAAE Aojrch

R, R
aHC=CH + DHCCH + GHCCH + HOLH —>
c=0 c=0 c=0 COOH
@ ? %
R, R Ry
(EA) (EMA) (2-HEMA) (Aa)
i Ry
H,C-CH H,C-CH H,C-CH H,C-CH
i
o=0 C|>=O ¢=0 COOH
0 0 0 d
Hv a R\ b R3 ¢
(HSAa—-8200)
R, 1= CH,
Ryi— CH,
Ry i— CyH,OH
Fig. 2. Reaction scheme for synthesis of
HSAa-8200.

Fig. 29 HSAa-82009 F%21&, Table 19
HSAa-8200¢9] F&=73 Ao & 2Ag
£< BAEYT HS-82008 HSAa-8200 274

FAE FAolA HSAa-8200¢] 3o ¥
7 A, ol 4L wrgAdol
f712F Aa AR WEQ Aoz Az

Table 201 HSAa-82009] FT-IR AHEHES
FA P, 349%0cm ™9 3530cm oA 2 OH
o Fh2 B/ A4 OH A&WFol YEy, T
7bA] 2% 1730cm ol A o AE e} Fr2 B A|AL
9] C=0 2I&AGFo] Ztz} FEHo VEgton,
oladyolEY C-O- A1&R%FS 1170cm ™ol
A E3JAE 4 ArE oo dase
HS-82009] IR sae} A FALSA veiygs
d], ol Table 10149} o] Aa ko] €}
G FHTh HA 3 gEe Aoy &
At

Table 201 HSAa-8200¢] 'H-NMR AHEZ
S vEhdEd, HS-82009 #a 9} blmstd 6
0.9ppm¢] CH3;-C¢} 84.0ppme C-H =9 ¢
o) Fo] =F ot Aol Ao)d o)t

Table 3¢ HSAa-82009] GPC 24 47E §
Al@=d HS-8200H ¢} BApgdo] Z7tg S o4
th o] AL wkgAlol £ Aad E¢or Q3
o AEFujzA 2L FgA e BEapZo] &

£ 9
S O

¢z 1o
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Table 2. FT-IR and '"H-NMR Chemical Shifts

of HS-8200, HSAa-8200, and
HSC-8210
'H-NMR
Products FT-IR (KBr, cm™) {600MHz, CDCls,
8 in ppm)
1170 : C-O- 0.9 (CHs-C)
1370 : C-Cll3 1.3 (C-CH:-C)
HS~-8200
1730 : C-Clls 2.1 (CH-CO-)
3540 : free OH 4.1 (C-CIL-0-)
" - -0 09 (CH:-C)
(acrylate)
1730 : C=0O (ester and 1.3 (C-CH:-C)
11SAa-8200 carboxylic acid)
3490 : free OH 2.1 (CH-CO-)
3530 : OH (carboxylic 4.0 (C-CJ.-0O-)
acid)
1170 : C=0O (ester and 0.9 (CHs-C)
lactone)
1770 : lactone, sat. 1.3 (C-CH-C)
3520 : free OH, OH 16 (C-1D
HSC-8210 (lactone)
2.1 (C-CH:-CO-)
2.4 (CH-CO-)
4.0 (C-CHz-0-)
Table 3. GPC Data for Synthesized
Copolymers
Type M, Muw M, Muw/Mq
HS-8200 1680 4090 8270 243

HSAa-8200 1720 4330 9210 2.52

HSC-8010 1590 3980 8640 2.50
HSC-8210 1640 4000 8340 244
HSC-8410 1660 4710 12250 2.84

3.3. 1 T8E Poly(EA/EMA/2-HEMA/CLA)
4ABEEA S EHY ol

B A E slardr|s JEE2ANE
A B#3 CLA @ZFA13]1E =48] M
A AFF AeAE dolsE=s Eae) R
Wrted & AMdstaa stAt Poly(EA/EMA/
2-HEMA/CLA) % HSC-82109 §4+x4$
Fig. 3°l, HSCH9 AwtEd ntgxzxds a9

solgEls Eag TR E7] I 80% LPEQA okaBLA 9 F4 5

e ZHRES Hob Table 1) Z2z $83
At} Table 12} HSC-8010¢4 HSC-84107+4]
= OHZS oz TAHAFIL Tt 0740T
2 WA Fg2AH ANLE 44 U
Ebd A, Tygkel AAFE A8 go| 27
ZHhE 4L Aok

A R,

2 1
aHC=CH + bHC=CH + GHC=CH + dHO=CH ——»
¢=0 G=0 ¢=0 ¢=0
Q@ Q@ @ @
RI R\ Ra RA
(EA) (EMA) (2-HEMA) (cLa)
2 RIZ
H,C-CH H,C-GH H,C-CH H ,C-CH
¢ 1
G=0 G=0 G=0 ¢=0
@ Q Q@ Q
R a R b R, [¢] RA d
(HSC-8210)
Ry 1= CoHs
R,:— CH,
A, :— C,H,OH

R, i— (CH,),- OfCO(CH,);- OH),

Fig. 3. Reaction scheme for synthesis of

HSC-8210.

Table 201 HSC-82109] FT-IR AHEHSE
EARE, A2 FAF HS-82009 T2
o} Ao ke @A 1170cm oA o 2E 7
ol C=08 #E7|Y C=0 AT FF %
3520cm el A 8 OH® 2E7128 OH A%
5 &F Az 474 S5 ey

w3 Table 201 HSC-82109) 'H-NMR 2%
EYS AAPed, F59aE0l Fg 39 +&
A3 2 dxjgozM HSC-82109 #%7b &
el= Ath

Table 391 HSCH9 GPC 3|22 %E ek
o], Teato]l xotdl whe} Eapako] ofo) H]
#itd Z71EE S LAFA

MNow

¢

3.4. AN sxBiste mE H3x g3

duizog T o TIYRS 40% WA
urale] nHE 60% °14Y EEE stol&Y=
sgda Rad gepy 1¥E FFo] Bobd
o wet =89 A=/ A FUbstA Hed,
olo ek thRo] Vl&HOoE S o Aol
o},

T899 2oy YEole TFAE UolHH, F
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SurEAo] JwAE #HAdo] vz, vtz A
57t UF £29 3lo]&d= E8 ARA 2
g m2siAl "4l gy B2AISR
2 4T do Ax=718 St AAAY
Aol FR3tn, old wE JAAY FH A
Aol =g F23 Aolr},

B A3 A= BPO, AIBN, DTBP, DTAP 4
9 MAAE  AEHded, ola¥sFAY
HSC-82108] AAAl X 2 HE W3 E
Fig. 4°} uYeldch. Fig. 4914 DTBP>
APEH>AIBN>BPO9] +A42 =7 AH:,
AAA Zholl= 1 gkl & AE Yed S &
stk 714 Flol&Y=d g9 AAAZA
g3 RS APEH 4=, ol DTBPY A%
AE7E YR 2olA, wd AIBN#H BPOE Ho
2 AE7F UF vr] g, olof & ZAE
e HEF Wl & Aol

4000
—&— DTBP
3500 -O— APEH
—9— ABN
—0~ BPO
3000
e 2500
)
£ 200
Z
3
2
> 1500
1000
- D\D\D\o\a
]

0 5‘0 ﬂ:.lo 1‘50 200
Concentration ()

Fig. 4. The effect of concentration of various

initiators on viscosity of HSC-8210

measured at 25C.

3.5. 0|38 B=#AQ Tt Hx ¥
EXEne AR

ofadFA 9 Tgzh, Fx: % EAFLS M=
BE7HES #AAE P21 ¢lo] ofmdA 3jo)&g
E x589 8¢ st dutHoR 3o
e =85¢ A AT YAE 2000~4000cps
AE2 48 AvHis)

Fig. 5% Ty@t9] W3] W2 = HSCHY
olad g, ME 4 A JARAE

3 Te&, A= 3R EAFHe

BRI LR

E2ZA EAF Aotk Fig. 5944 HEE
1440~2630cps, THIEAFS  1590~16609]
HAE BAFAL, T F7H = d=s
#4338, EAFE gs dsste FHAE dH

LR AT

0 >
0
= s s S
3 3 3 3
|1 Q ) ]
’; 1723 221 [ [2]
S 2301 = = = =
-y
w
-3
2 20
>
160 /
7
100
0 10 2
1,0

Fig. 5. Viscosity and number average
molecular weight of 80% solid-content
HSCs as a function of calculated by
Fox eq. T,.

4. 8@ =

olag 4 FERY dYFAZAM  ethyl
acrylate, ethyl methacrylate, 2-hydroxyethyl

methacrylate®} #54 YA caprolatone
acrylate (CLA)E =439 n3dE  80%9)
HSC#9 stol&zi=g oladsxes 4%

Az oo A28 dUTh

1. CLA & HSCHY olzd+AE FAdstd
HE 1440~2630cps, M, 1590~1660 ¥ #3
& 81~86%2 Z+zt At

2. 843 JMAIAl 4% & oladeA A A
23t 43 tert—amylperoxy-2-ethyl
hexanoate 7HAIAIZE 7% AEH S FA8Y
o},

AFBANA T,

& Z7lol el s F738), BAse g

a2t Agdte FAE B R
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