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£ Aol 355579 ol WAl n-butyl acrylate (BA), methyl methacrylate (MMA), n-butyl methacrylate (BMA)2}
39 oWl S &3t 25 F 2 dimethylaminoethyl methacrylate (DMAEMA) 2} diethylaminoethyl methacrylate
(DEAEMA)E o]g3te] gft]zdgdol gste] 33 ofql & olaH5AE Fsle] o8 M= T5E /st
ARSI, ek JitEl T2 5 AH3IA17]7] Y% AR of|EA7]E EEE y-glycidoxypropyl trimethoxysilane
(GPTMS) ©]u} y-glycidoxypropyl triethoxysilane (GPTES)S AFE-3IQITE A9 35 oS &3t ol XS 71
How wAEg S A & AR AsAA 212t el tiste] £438 S4sta Esiglvh. 11 Ao, 2
Tol A St 35 ol $hy ol T ERA] =R AR oA A dA tekst AAljellA B 9551l ‘4"5]'/\/\#
o, U sk 55t AR YElsith

Abstract — Acrylic resins containing tertiary amine were synthesized by a radical polymerization of monomers includ-
ing n-butyl acrylate (BA), methyl methacrylate (MMA), n-butyl methacrylate (BMA) and dimethylaminoethyl methac-
rylate (DMAEMA), and diethylaminoethyl methacrylate (DEAEMA) containing tertiary amine. Synthesized acrylic
resins were applied to develope coatings of acrylic resins containing tertiary amine. And y-glycidoxypropy! trimethox-
ysilane (GPTMS) or y-glycidoxypropyl triethoxysilane (GPTES) was used as hardener. Developed coatings were white
colored ones to use titanium dioxide and were hardened with hardener for measuring their physical properties. Mea-
sured physical properties were basic properties, adhesivity and weatherability. As a result, developed acrylic resins coat-
ings containing tertiary amine showed excellent adhesivity on various substrates and also showed the same result on
weatherability on dry weather condition.

Key words: Acrylic resins containing tertiary amine, Radical polymerization, Adhesivity, Weatherability
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Kim5[4,5]1 2tZte] o} ™ @A n-butyl acrylate, methyl
methacrylate, n-butyl methacrylate 2 3-methacryloxy-propyltrime-
thoxysilane2 ©]-&-8t 2 571743+ He|Z/otadsAE &
a7 Q1 kg3 HA 20 Ak FAE Aol tisto]
7171845 Este] xRl
of 27 k] Bl S A to]
TE3F Kanegafuchir 6] A 2] Wl & it o} 2.3 kA o}
Teaate] ok Falloll Aules A4 ESlehs W ow A
oA HTA] RRl 57174318 AelIAE 19880l A 3kslel
© 1, Rao?} Babu[7]:= bromomethacrylate?} vinyltriacetoxysilane=
o] gste] FTHAE st AEA ) #E IS Bas
31, Witucki[8]3= cold-blend "H O = AFA 7} o} TS o'
AN A AeFerad o dds Alzxste] dEleg 10%8 = ¥
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S, A A=A G 35 obul ok o) A2ALRA oA

A& 7 3A1Q1 y-glycidoxypropyl trimethoxysilane (GPTMS) U y-
glycidoxypropyl triethoxysilane (GPTES)= X B3}t HEZ o2
NFAI LT A3 35 obnl 9y oA ERE Alxstalat
Shoh, B3k Al Ege] iste] A, A, A E 2 WS

oo 598k, ZHztel thefo] azkstaal g 11].

2.4 H

=

2-1. A2

2 ATollA] 35 oIS S-S ol T E A E sl Slete] ARS-
ol 9 WA= n-butyl acrylate (BA), n-butyl methacrylate (BMA),
methyl methacrylate (MMA), dimethylaminoethyl methacrylate
(DMAEMA), diethylaminoethyl methacrylate (DEAEMA)=A] Tokyo
Kasei Kogyo2] 15 A|¢Fo] 9] ™, &4-1j:= xylene, n-butanol & 4]
Aldrich ChemicalAF2e] 154 9FS AFE-3}S 31, WHS- 7] A A= 2,2-
azobisisobutyronitrile (AIBN)Z4] Wako Pure ChemicalA}2] 153A]
OFS AREBIGITE

HA, A E 39 ol o} T HFAE VRO R Bl EEE Alx
317] 918ke] MAIGkE 24 Dupont* 2] TiO, (R-706)5 AH&-EF 1L,
QF= ol 4 QHE §I38h 5824l (wetting and dispersing agent,
WDA)E BYKAFS] BYK-163S AH8-8F91 11, 4 A (defoamer) 2
BYK-0287} BYK-021% AF8-61%1.0.0, UV-E5<=4] (ultraviolet light
absorber, UVA):= Ciba-GeigyAl2] Tinuvin-328 (benzotriazole -
EAE ARESIATE. S 35 oblS S ol E A E A 8st
TH2E A3pA1717] $13 A 8HA| == Aldrich ChemicalA k] oA 22
A4 ¢] y-glycidoxypropyl trimethoxysilane (GPTMS)¥} y-glycidoxypropyl
triethoxysilane (GPTES)= A Bislo] AME5I3iT)

cCa=E

2-2. 35 0121 &R olF2eXIel &Y

37 ol i ol 2 H = A Al ol 2™ WA n-butyl
acrylate (BA), n-butyl methacrylate (BMA), methyl methacrylate (MMA)
ol 353 Pl $h3-3h o} 7% TEEA) dimethylaminoethyl methacrylate
(DMAEMA) %} diethylaminoethyl methacrylate (DEAEMA)E =
dato] FstlEnt, ok g} 39 ol $ ol T
A 2] gk ulE-2 72} 90/10, 8020(w/iw) 2 W BFA F AL, o} - 421 2]
fre] 7o) & (T )& Hattorig[12] Bx= Shig[13]9] 4+ 7} ko]
30 °CE g A1Z e},

3 ofuls Rk ol mEAE FAdsk] e F 0] AR &
Al A Egg-olo] F=R]dA =AM, 1,000 mLe) 47 ZE}~0
27l n-butanol 90 g, THFA] 5! BA 45.97 g, BMA 32.37 g, MMA
11.66 g, DMAEMA 10.0 g, "--2-7) A1 ] AIBN 4 g& F9]&to] %
AgE o] o] Folol ol HASIGITE.

A @Al 35 oFS S-Sl ol AR E sk WAl A,
1,000 mLe] ¥-&-7]f| €] xylene/n-butanol 90.0g/90.0 g& 313+
N, 7129 945 EE 30 mUminZ F-A181AL, TRESE 250 pm S
= wykehax] gl AA3] 7Hdsleh w8719 £5EF 90 °C
FAA REE WA 7| EER o] Tl FH] S thgA|
FENE 1.7 ml/min FE2 4AZE 59 FL3H A 8l8laL, 34]

-85 Al ZTE o] Al REEIIAIAIQL AIBN 1g&
xylenedll €341 FU 2T oA 208 EF LA Asksta, 3

=
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Table 1. Polymerization conditions and physical properties for synthesized acrylic resins

Monomer(g) Solvent (g) Initiator (g) Rection Condition L. Molecular . . .

Products R g em A xylene/ Temperat Times (,T g Viscosity Weight Dispersity Conzemon
BMA “MMA ‘BA DMAEMA *DEAEMA v o 0 "AIBN ooy i (O P (Mn, gimoley MVMM (%)
“AR-DM-01 4597 3237 11.66 10 - 90/90 5 90 10 30 14,500 14,000 2.0 54.8
PAR-DE-01 4597 3237 11.66 - 10 90/90 5 90 10 30 14,500 14,300 2.1 55.2
“AR-DM-02 4141 29.16 943 20 - 90/90 5 90 10 30 15,100 14,900 2.0 54.6
PAR-DE-02 4141 29.16 9.43 - 20 90/90 5 90 10 30 16,100 15,500 2.0 54.9

4AR-DM : Acrylic resin containing dimethylaminoethyl methacrylate (DMAEMA)

PAR-DE : Acrylic resin containing diethylaminoethyl methacrylate (DEAEMA)

‘BMA : n-butyl methacrylate

4MMA : methyl methacrylate

“BA : n-butyl methacrylate

'DMAEMA : dimethylaminoethyl methacrylate
(DEAEMA : diethylaminoethyl methacrylate
"AIBN : 2,2-azobisisobutyronitrile

A7t <t TA] S90S AlF T

HRS-o] Uy o B 19 g AF 3l 150 °C, 30% F9
AZ2AZ 3, FAE S7st0] E3dio] o249 98%01 3 o
WSS 585 0, W55 Alof] 712 xylene, n-butanol=
F3] FU3t] THE 50%2] WA ES ALt o] 9 o]
TSt o 7 248 7 IeElshs 47149 37 oful ¥k o}
AYUFAE A3 & 212 AR-DM-01, AR-DM-02, AR-DE-01,
AR-DE-02% ™3}o] Table 101 YFERAQIT].

2-3. 35 012l &7 OI3ERXIQ| 7|7[2A

L ATelA A 35 ofdl FH ok Aol tiste] 7))
o] o]Fo) K =1k, A 933 A (Fourier Transform Infrared
Spectroscopy, FT-IRYT2A] 2} 12715 13341 7] (Nuclear Magnetic
Resonance, NMR)°l| &J&}o] -89S 6191, ARy a 2nlE 7
2|3 (Gel Permeation Chromatography, GPC)ell £] o] S-<}egka)
A= RS 24519 1, 3]1738 3 A (Rotational Viscometer,
Brookfield Viscometer)oll &J3le] A =5 F745F o, Zh7+e]
7171340l digh #AZ2Ae v At

TEIAS T 3 ol ol -] AR oblEC] 10 wi%®
3]43}] KBr discoll $FAl =38 TR R 7dz27] oA 308 54t
AZAZ 2 9] 73 A (FTS-40, Bio-Rad, USA)el 238}
o]0 11, NMR #34#4& G 24 CDCL/TMSE A1-§-51
N7 FH R4 7] (INM-AL400, JEOL)el| &Jsle] o] Foixit}.

FA N FAE EEEA S AR A2 e E 7 3)(R-410,
Waters, USA)E AHE-3to] AR5 3272 8] 1Ax2A1Z]
e, AR F 5 1.0%, A1577] 10 mgl = 10 Shodex KF-802,
KF-803, KF-804, KF-8052] 47} A ¥ A7 3sto] A& o,
25°CoIA Gl 24 THES AHE-819] 1.0 mimin®] $55 481
AE3} g 2rbe 7239 (R-410, Waters, USA)E AME-310 o] o) AT},

A EE AEE 25°C F27300A] 303 B HAA1Z 5 3
48 A % Al(Brookfield Viscometer LVF, USA)°] spindle No.4E

572 KSM 1S0 32519] =5, v A] B =5 8} vl A|
B FYZPN ek P AR AR 1
Fe71%7]9 3AZE BRI Bl FAME} G2 WA

SR F05] DA F AR $AZ SAaj] ol ol

[ed

2-4. 35 0121 &R OIFZK| E2°| M=

A 35 ofel S ol FAE o] 8% TR BS54
shal 1#ak) flete] s Alxeih EEAxol AREE A
-2 A EAHEMill-base)oll = T ot F x|, Malolg
FALA] BYK-163, ¥ A1k R-706, &1l xylene ©] Q1 1, 34 &
(Let-down)oll A= §Hd ¥l o} - 4%, A A BYK-0213} BYK-
028, UVE<rA| Tinuvin-328, &7 Butanol 50]{th.

Zzke] /3R] g st wighal gl olate] A A7 AlxE A,
A2AIRN A SHA|= oA g A1 9] y-glycidoxypropy! trimethoxysinae
(GPTMS) 4} y-glycidoxypropyl triethoxysilane (GPTES)©] A5
glow, 7tz T g A 1,000 g 7152 & slo] Mill-base=
S-Q18}FAL paint shakerol| Al 1413 A7) U5, Let-downs &3¢
3}0] paint shaker® T}A] 204 33t A E3t6te] 85-+2] W)
A =29l C-DM-01, C-DM-02, C-DE-01, C-DE-02, C-DM-03, C-
DM-04, C-DE-03, C-DE-042- #| 2331t}

HH, =850 BEAS S45] S8t AeAl= ol %A
g3to] opnl 7} of| F Al o] PR E 1112 Sfo] WA Tuks A

ek,

>

A
3

By

2-5. AH HMIZ

371004 38k 35 ol 3t o}l E SRR =R EAS
3l7] 98to] &Fu]EF (aluminum plate), =29 Z(tin plate), 2]
FH(glass plate), |2 78 HZ(enameled iron plate) 5 45 F2
Al AAFeFd L, ZHre] Aol 218 SHEATE 76 um7t H =
Bird film applicator (0.003 inch)& ©]-§-3Fo] TS s E
50£4%, 1= 2341 °CO| F2FFAolr 74 S AxAA HF

ARSI

€

o _ll)ll

2-6. 32 Of2l &7 O|F:SA| =20 2 YUY

= el $HIE 35 ol 9 ol - AE ol RS
Axsto] 24-& S8kt 2452 FH, A5, AR
ZPRAIRE WA, AHHY, AR, A
W2 oo} 2.

60° A E = 578 KS M IS0 2813 W] ol upz} o] 7
kvl ER ] 20°, 609 85° AHFE N SN F
Felow FE o] YAHE 60°, 37} 60°= to] AldE S5k

Solga, 274
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WS AEskelar, Alge U] SHA5E vpte] s
1B SEake® Fsinh
7% 572 KS M IS0 151842] i ef] whz} o] o gl=nk
Al@71e ost AEAE S el whet ] vel] AlEE Al

Al ks FREIe] 19 o4 T3] AT Fof A2
¥ (B, HB, F, H, 2H, 3H)E 45°Z} 5 & 3fo] Z10] &3¢
k.
ZAIRE- KS M 5000-2511 RIS Z=5.9] AZAIRE AT HH
of whe} A2 Tuk F717F 0.05 mm7} E =5 Doctor film applicator
(0.004 inch)Z =H5E5 fre|d] 8-S 3 o F=H o7 =1 A}
AAZE A7 &, 313 2 (dry-hard method)= AHE-8F] 743
AIREE S8k W 0% o] Fol Tt

7HIAIZEE KS M ISO 9514 11 o] whe} 49} skl & =3

sto] st dofubr] Al A7) 8] ARE- 7Fs g AR S7d31sdT
W44 ASTM D 47522] MEK double rubs A] & W of] w2}
oA ES PZol T3] B9 the, Bl 58 A2
Frof| mheh =uto] WiAR = 21s o]k & whEkato] UlgAld o

S33i9int.

Hn=
=

o ofN o i
Ju

o2

S

N

4

A

= 53

wolols 272 Aol uhet okl 7t 13§l
YHA ] Sk JRste] 717} o] Fo At
KS M ISO 11507 ®* ] 'EA 2k uvel g4
4 = A8 o Wl QUV accelerated weathering tester®l] <]
o] o] Fo)i=n}, A42) 4l 33352 UV-B313 lamp (280~315 nm)7}
ARG QAL WA S ARE-8E] 1,000 hrs, 2,000 hrs, 3,000
hrs 7 $-9] FeiREg 9 AYALE Frkekeivh YRS
8 Al (glossmeter, Glossgard 11, Pacific Scientific Co., UK)E A}
g3to] ol 2] Aol gate] AakE ATt

3o

Al

7] 60° ZgHGE

Z7] 60° Fagei s ¥100

BAREG(%) =

A2 (color difference)i= +-3H] A Al (spectro color meter, SZ-
¥80, Nippon Denshoku Kogyo Co., Japan)5 A5l 57313t}

aj

3. 24t ¥ nE

£ ATl E 35 ofgl & ol md R E5E sl $lsted]
methacrylate @& 241 BMA, MMA, BAS BMA<MMA<BA
TA 2 23S AP FYslY, 39 ofvlE s AR
/] DMAEMA %= DEAEMA ©& A& Z}7} ol th3ke] 10 wit%
HE 20 wi%E T, T 30 °CE BH0] 39 oful 3k
OFAHFAZA 4572 MEL ot FBTAE P53 eH, ol &
H8to] 21219 ofmd 4] Aol FUH 2 Aol digt F9i=)
Z}2ye] g Azl tist E4&

=

574310 Table 191 &7 LFERISICE
3-1. 32 021 &} O|72XIQ| &HMERI

Table 1] YERH vfel 7ho] A8 4552] 353 oFal $hy of=L
ae‘}l\‘x]gl :[L}_ i—}"ﬂ% FT-IR [14’15] 1;_1 lH_NMR [16,17]3] %ﬁg
2 o]0l HOom, thEA 0% Table 19] §4% AR-DM-019] T3t
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Fig. 1. FT-IR spectra of synthesized AR-DM-01.
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Fig. 2. 'H-NMR spectrum of synthesized AR-DM-01.

FAA3E Fig. 1, 20 EASFITH

Fig. 101/ B m}e} o] FRIR 2~Z E & oA 3448 cm™'o]] O-H,
1731 em'ol] C=0 AZZ%, 1160 cm'ol] C-0 A& %] E<=tj7}
UER} -3 of] of| s 2 A %to] EAghS A9kar[18], 1610 emell
C=C9] A%2%, 701 ecm!ell C=C2] #¥ 2%, 1236 cm™'oll C-N
9] A&EFFo] YePEF O R 35 ol $Hy ol T EFA 7t AL 3HA
P S & AUSTh

T3 'H-NMR 2 E&| A, 0.9 ppmollA] CH;-C, 1.1 ppmollA]
CH,-OH, 1.3 ppm®lA] -CH,-, 1.6 ppm®l 4] C-H, 2.1 ppm®l* CH-
CO-, 2.6 ppm®IA] C-N-(CH;),- & 7.0 ppmel|A] C=C2] =} &
FIA[19)7}F 242 Ve 3 ofql 3 ok - A7} 7R = &
£718] 72 RIS & 57 AsTh

34 0 & AR-DM-01= FTIR ¥ 'H-NMR2] 4] © 27 35
obql 3 oA - S B1E = U313, YA AR-DE-01,
AR-DM-02, AR-DE-02¢] thallA i T st ] o = A3k A3}
U AT At

3-2. 33 o2l &7 O|aEK|| SMuis]

S E 71242 39 oful Sk oA ROl st FAE, F
T A, SRR L, 8 58 575 Table 19 242-2] 3t
A zA3 3 e it Table 104 B upg} 7o) 35 obwl
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Table 2. Optimal formula of acrylic resin coatings containing tertiary amine
Acrylic resins coatings °C-DM-01 °C-DM-02 C-DE-01 'C-DE-02 °C-DM-03 °C-DM-04 IC-DE-03 IC-DE-04
. . AR-DM-01 AR-DM-02 AR-DE-01 AR-DE-02 AR-DM-01 AR-DM-02 AR-DE-01 AR-DE-02
Acrylic resin (g)
453.2 389.3 464.4 407.0 440.6 369.9 4532 389.3
Mill-base *WDA (BYK-163) (g) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
TiO, (R-706) (g) 150.0 150.0 150.0 150.0 150.0 150.0 150.0 150.0
Xylene (g) 139.1 167.8 134.0 159.9 144.7 176.5 139.1 167.8
Acrylic resin (g) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
PUVA (Tinuvin-328) (g) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Let-down Defoamer (BYK-021) (g) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Defoamer (BYK-028) (g) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Buthanol (g) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
. ‘GPTMS (g) 45.7 80.9 39.6 71.1 - - - -
Curing agent
GPTES (g) - - - - 52.7 91.6 45.7 80.9
Total (g) 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0
#*WDA : wetting and dispersion agent
YUVA : ultraviolet light absorber
‘GPTMS : y-glycidoxypropyl trimethoxysilane
dGPTES : y-glycidoxypropyl triethoxysilane
¢C-DM : Acrylic resin coating containing dimethylaminoethyl methacrylate (DMAEMA)
fC-DE : Acrylic resin coating containing diethylaminoethyl methacrylate (DEAEMA)
T DA FY WS THD FA) BH B JFS AZBAL AeA ABA LB )B4 o) g Az
v A= R o2 VEbsbEnE, 35 obwl i oka A WAL [22 2315 Wb wiitell 5717F SAleHA] e ZxdellM = )
DMAEMA U DEAEMAZS] §tefo] Z7be ol whet 4] o =3¢ sk e & ATk
01 29H Zrkele Ao el y, BAle R s zbd_, Table 22] viEZA0l wpe} A23k Z4zke] T 5o thdt &
siglo] A8 YElskor, dekgels JES nAA] o2 Ao AL 1) Yote] mueto 7 A|%3 TR o) tate] 7| 2EA,
= Ve, REAY, SANTA 02 BRste] Zzle] tfste] Al BYS 57
3lo] Table 391 YFERASITE. Table 3014 Rt vl 2ol 71284
33, 32 0jTl &2 o|FUAK| E=2o| =4 Gmog=gele AL YA, dry-hard, pot-life”} =4 H ]
37 oFS FRF olAAFAF o 3ol 8B LRAAZ I WA FHOTE ol FAR, e, b =A%
9913, Zhzte) mRel thate] ofe] /] Mg F AL Slol ArE AFERE mEslel 437w 29Ew, S
Z78 Table 20| VFERASITE. Table 29] wigiz2ol w2l Az 3 2 FEOZ = 1,000 hr, 2,000 hr, 3,000 hr 7FH 02 FelnEs

F ol o125 TR Aol ofE F4e) 37 ofriz) 4
S oll A 2leke] o] A717} A WS B 2SI Vel
sk A2 MR 2SR ofaE F29] S| EEA7] W

(gloss retention), 23 2}(color deviation) 5-¢] 7= ST
Table 39| Z47t0] ol e SHAE &by, 7| 2= &
el T A4 Z GPTMSE A8 GPTESE A5}

11 70

Table 3. Physical properties for acrylic resin coatings containing tertiary amine

Acrylic resin coatings C-DM-01 C-DM-02 C-DE-01 C-DE-02 C-DM-03 C-DM-04 C-DE-03 C-DE-04
60° specular gloss 86 85 87 85 86 88 87 89
Pencil hardness H 2H H 2H H 2H H 2H
Basic properties Solvent resistance (MEK rub) 60 80 50 70 50 70 50 70
Dry-hard (hrs) 2.5 2.0 3.0 2.5 3.0 2.5 3.5 3.0
Pot-life (hrs) 9.0 8.0 10.0 9.5 9.5 9 10.5 10.0
Aluminum plate @) © © © © © © ©
Adhesivity (%) Tin plate © @) © © @) © @) ©
Glass plate O © © © © © © ©
Enameled Iron Plate O O @) O O O O O
1.000 hrs Gloss retention (%) 100.8 99.4 99.4 98.8 98.1 97.0 98.3 96.0
’ Color difference (AE) 0.46 0.77 0.81 0.83 0.67 0.84 0.71 0.89
QUV acce}e.rated 2,000 hrs Gloss retention (%) 92.5 80.0 91.2 782 91.0 78.1 90.0 74.6
weatherability ’ Color difference (AE) 0.67 0.88 0.92 1.37 0.71 0.89 0.85 1.02
3.000 hrs Gloss retention (%) 87.6 72.0 88.6 69.0 87.0 714 86.7 68.7
’ Color difference (AE) 0.71 1.03 1.07 1.67 0.83 1.02 1.09 1.67

© Excellent, O: Good
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Fig. 3. Gloss retention of tertiary amine acrylic resin coating using
v-glycidoxypropyl trimethoxysilane (GPTMS).
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Fig. 4. Gloss retention of tertiary amine acrylic resin coating using

v-glycidoxypropyl triethoxysilane (GPTES).
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(1) 35572 oF=1E<=X] n-butyl acrylate (BA), methyl methacrylate
(MMA), n-butyl methacrylate (BMA)2} 35 o}71-S ghf-al= 2%
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