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2 o IFY AE/NE T3k olaBeA] TRE AZY BXog, WA ojaULAE U
A m-butyl methacrylate, methyl methacrylate, n-butyl acrylate ¥ 3-methacryloxypropyl-
trimethoxysilane (MPTS) & AHg-3t o] &€& 713 HAA AU o1ad 3PN T,8
20 c2 ZASAAN MPTS #3810, 20, 30 wt% 2 WA3iAA 459}, olads] A
A dEl@ 4w MPTS o] Bold+E A Erl Asleigdon, 120 e 93 gy e &
AEA). B8 G oladeAE AYtad BUSse] ERE AR ¥ TUEAYL ¥
A, o2 71 PREd fiEle $d HAPE AT ek BASE A2 FA4 vehgo.
3G AEL &oE244, WOM 2 QUVE 3372 sigietl, 2% 2% 432 o} MPTS
Bk 30 wt% Q oladsx] TEE TUEAY E890) Ak

ABSTRACT: Silyl group-containing acrylic resins were synthesized to prepare weather
resistant coatings. Acrylic copolymer was synthesized by the addition copolymerization of #-
butyl methacrylate, methyl methacrylate, n-butyl acrylate and 3-methacryloxypropyl
trimethoxysilane (MPTS). Acrylic copolymer were synthesized such that their T,'s were
adjusted to 20 'C and their MPTS contents were varied to 10, 20 and 30 wt%. As the content
of MPTS increased, viscosity of coatings increased and thermal stability at the high tempera-
ture was improved. Coatings was prepared by blending the synthesized resins with a white
pigment. The adhesion performance of coatings was superior with various substrates and their
other properties were on the whole suitable. Weatherability was tested by outdoor exposure
test, WOM test and QUV test. It was proved that resin with 30 wt% MPTS was suitable as
the binder for weather resistant coatings.

Keywords. weather resistant coatings, acrylic resin, weatherability.
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trimethoxysilane & ®3l1 o]&& Uiz Z=FA|A
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Al ¢f, olmd ek 2A -butyl methacryl-
ate (BuMA, Hayashi Pure ChemicalA}), methyl
methacrylate (MeMA, Aldrich ChemicalA}), #-
butyl acrylate (BuA, Tokyo Kasei KogyoAl), Bt
24 AaE gl = 3-methacryloxypropyltrime-
thoxysilane (MPTS, Sigma ChemicalA}), 7] AJA]
£ 2,2 -azobisisobutyronitrile (AIBN,  Aldrich
ChemicalA}), dibenzoyl peroxide (BPO, Aldrich
ChemicalA}), di-tert-butyl peroxide (DTBP,
Wako Pure ChemicalAl) ¥ $8& 44+ methyl-
trimethoxysilane (MTS, Sigma ChemicalA})#}
trimethyl orthoformate (TMO, Junsei ChemicalA})
o] 18419 244 2z Ae-3nt. B4
Tinuvin-292 (Ciba-GeigyAt, HALS), UVEFA &=
Tinuvin-384 (Ciba-GeigyA}l, benzotriazole %=
), #AAdEE TiO, (DuPontAb), #5NA4l<
Dow Corning-11 (Dow CorningAl, silicone glycol
copolymer) ¥ Z3&ulE di-n-butyltindilaurate
[DBTDL $424(F)]1E 44 AMg-sidth
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o] 47 Eglaze]| 3AA 140 g3 EFA 1208
7}gt & N, 7|73} Table 12 MBSA-201 33
o] 24& FHa o7ld /AAAL AIBN 2.52 g%
FEFFAJ MTS 5.4 g8 4T o] EHLY
€ 82 ColA 12087 FU3H H3A 7|3 5 2%
oM 12087 A998 3t} o2 AIBN 0.36¢
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Table 1. Polymerization Conditions and Physical Properties for Silyl Group-Containing Acrylic Resins

materials initiators T(c) . | Si content .
exp. 10, viscosity (%) conversion
BuMA® MMA® BuA® MPTSY AIBN® BPO/ DTBP# ) by (stoke) 1 by (%)
g (mol) glmol) g{(mol) g (mol) g g g cac DSC @l AA
MBSA-201 157.4(1.11) 110.8(1.11) 73.8(0.58) 18.0(0.07) 36 - - 20 18 107 052 051 90
MBSA-202 157.4(1.11) 110.8(1.11) 73.8(0.58) 18.0(0.07) - 36 - 20 18 55 052 050 82
MBSA-203 157.4(1.11) 110.8(1.11) 73.8(0.58) 18.0(0.07) - - 36 20 19 78 052 050 86
LDSA-204 1455(1.02) 102.5(1.03) 68.3(0.53) 43.7(0.18) 36 - - 20 17 6.0 125 123 87
LDSA-205 121.9(0.86) 85.8(0.86) 57.1(0.45) 95.2(0.38) 36 - - 20 15 43 272 269 89
LDSA-206 98.2(0.69) 69.2(0.69) 46.0(0.36) 146.6 (0.59) 36 - - 20 14 2.8 420 416 88

4 BuMA: #-Butyl methacrylate. ® MMA: Methyl methacrylate. © BuA: #n-Butyl acrylate. ¢ MPTS: 3-Methacryloxypropyltrimethoxysilane.
¢ AIBN: 2,2'- Azobisisobutyronitrile. / BPO: Dibenzoyl peroxide. 2 DTBP: di-fert-butyl peroxide.
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TR FY 5 Hzoate] FFHA (LDSA-
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3 287 FA A& de) MBSA-201 359} 2
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24 CDClL& AH-3l 1= VarianAl (Unity-300
%) 'H-NMR spectrometer 2 ztz} 2Aslgc), &
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Table 2. Preparation of White Enamel for Archi-
tectural Coatings

Table 3. Test Methods and Conditions of Physical
Properties

types materials weight (wt%) types of tests instrument and spec.
miil-base silyl group-contain- 28.8 Krebs-Stormer viscometer
mill-base ing acrylic resin viscosity (KU) Pacific Scientific Co., serial 80328
TiO;, (rutile) 240 KS M 5000-2122
let-down silyl group-contain- 432 specific gravity KS M 5000-2131
ing acrylic resin . . Braive Instruments Co., type 2020
etdoury (€Velling agent 0.1 finenessof grind  y'< \ 5000-2141
UV absorber 0.2 set-to-touch, dry-hard, dry-through
UV stabilizer 01 drying time method
xylene 3.6 KS M 5000-2512
mill-base/let-down 4/6 hardness Yasuda Seiki Seisakusho, serial 4664
JIS K 5400(8.4.1)
o2 FAL 200x150X5 mme Go], EE§ o4 flexibility mandre]: Pacific Scientific Co., Conical
o)%% (KS D 6701) 7€ 100x70x0.5 mms] KS M 5000-3331
_ B ; Dupont impact tester type 552
A7|12 R3] 24zt AldE A impact resistance  Ureshima Seisakusho
LEMAY. WFAAIR 2ol SefEzAge JIS K 5400 (8.3.2)
KS M 5000-32419] A|guye s slgdm, &2 glossmeter

FAAN8e  Sunshine weather-Ometer (WOM:
Atlas Electric DevicesAl, Ci1 656A3 )¢} QUV ac-
celerated weathering tester (QUV: @Q-PanelA},
UV B-313 lamp)9] 27} A1@¥EE& AMg-sid
KS M 5000-3231¢] =8 2|54 Agigoes
500, 1000, 2000, 3000, 4000 A7t} ¥g FdHE
#, FEezt, A4 g HeAeRE grisia

#xp 5l OH

AEAA & AelE/ola8srA =RE 47] 918 A
Y7] 3 ola¥HA A slelMe) T8 Fox2
o8 o8 o]Egto 2 20 TR AT L, TEHEA
o] #3& w37] 95 MMA<} BuMA¢9| BH| &
1:12 3o’ o] m A @714 dad= MPTS
o] A& aa] qBo ARSA Rk E
& Ag)E JEel MPTS %e A4 FA44 ngE
Z9] ¥3o] 10, 20, 30 wt% 7} HEE )

g/l 8 AL 713880
Ztzte] gt A, @71 2 s cdHo M ¢
"ot gEA o]& WRF] 93l FEFFAE A
g3 0} sl=dl, AEFe FEFFTO 5% MTS
o} Fr1Fe] #EFEFo 48 TMOE S3918
1:12 FHsld $2& 44 g3t
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60° specular gloss  Pacific Scientific Co., Glossgard I
KS M 5000-3312

cross hatch adhesion ISO 2409
abrasion tester

abrasion resistance  Tokyo Seiki Seisakusho, Taber

FS 141C-6192.1

KS M 5000-3111

ASTM B-117

KS M 5000-2031

contrast ratio
salt exposure test
storage stability

SIEEME MBI &#] olZETX|2| Al
AREAE AE7] 3 olzdFAY GP7RAE
Scheme 19|, A4t 2713 =38 Table 1] 2tz
EAEI¥tl. Table 1914 MBSA-201, -202, -203
2 A FHe €l wE ZAueld, AAA
BPO¢} DTBPE Z& A3 MBSA-202¢}
MBSA-2032 d8&, d4= 2 4% 37 5
n) o] HA 9h3-Zd ndgo g T 2L
HAZAY vhgxzigle] WU ol 357
XA F AIBNo| 713 Age AAALE gte
¥, MBSA-201-& QIR EAME AY7] &5 olads
2 @9 JEH ez HEHA

Figure 1(a)9} Table 4¢] MBSA-201¢] FT-IR
H =9} 93 #4842 Jeldeol, §3) 845 cm™
9] Si-0-CH; &3 %9 &4 &7t vetdezs
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Scheme 1. Synthesis of MBSA-201.
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Figure 1. FT-IR spectra of (a) MBSA-201 and (b)
LDSA-206.

MBSA-2012] Fz#<lo] 7153t}

Figure 2(a)¢} Table 4¢] MBSA-201¢] 'H-
NMR =ze} oz H4e& Jepded, §3) 8 36
ppmol A CH,y-0-9} Si-O-CH;o] ¥4x &53=
7} Uyeh} LDSA-2069] 27} 815t}

Table 59] MBSA-2019) GPC ZHZA7E EA|
e, 4933 PHEL 2gE By B
Fxre Zo| vny FA v FrEge €2
4 AYEAE ¢ 5 Asith

3MEB AR B8R ol3gex|el EMEel. 54
& A "7] @ olm¥sA|, & LDSARFY #4ol
RAAM ] whezAT BAFES YB3l Table 1
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Table 4. FT-IR and 'H-NMR Chemical Shifts of
MBSA-201 and LDSA-206

1
products FT-R(KBr cm™) o }énl\éfamppm)
2950 - CH, 10 (CH;-C)
1460 : CH, 1.4 (C-CH,-C)
MBSA-2011740:C=0  16(C-H)
150:C-0-  24(C-CH-CO-)

845: Si-0-CH, 2.7 (CH-CO-)
36 (CHy-O- and Si-0-CHj)

I70:C=0 ) o (cHy0)
1160 C-0- 1.4{C-CH,-C)
LDSA-206 820:Si-O-CH; . g
e 2.3(C-CH,-CO-)
1090 : Si-0-
2660 + CH 2.7(CH-CO-)
: CH, .
1470 : CH, 3.6 (CH;-0O- and Si-O-CHj)

Table 5. Molecular Weight Distribution Data for
MBSA-201 and LDSA-206 Determined by GPC

type M, M, M, MM,
MBSA-201 35100 65000 99500 185
LDSA-206 13700 38600 80400 2382

d BA3%ct Table 1418} zto] LDSARS A
F&e Ao vl oy, HAEE MPTS ol
F7HEE A AEEHAY. ol valdid g
ggol St sl MPTSe HAeg ¢l
Bto] o]2i gt HAdo] AT FEE oA}

Figure 1(b)$} Table 49 LDSA-2062] FT-IR
vzt 93 #f4E 42 Jepled, diA 2 Figure
(a)e] ==} w3t ZFge Jehdor}, MPTS
FHekd] W& LDSA-206%¢] 820 cm™el| Si-O-CH,
A&EANEHR 1090 cm™le] Si-0 AN&EA% #z371 A
A& & & Aok

Figure 2(b)¢} Table 4¢] LDSA-2062] 'H-
NMR fzst ¥3 4S8 JYepded, §3) 636
ppmdlA CHz-0-%} Si-O-CH;ol 4=t vz
7} VEebt LDSA-2069] 271 A=A

Table 59 LDSA-206¢] GPC 23238 ¥4
e, MPTS #efo] WeldE Faias ghol
FaEe A%E e

FX9| X ME. HF T olmYUFA ] QE
3 Az WHAM Paule! 2otz olE}
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Figure 2. 'H-NMR spectra of (a) MBSA-201 and (b)
LDSA-206.

1 0

5

MMA2te] ZZgANA dEolade c|Ee] En]&
7R wEt Bl R 7t sl dREE
w7t woldg urgrh Finzel&'? WOM (43004
71 FANEE B ARRLE TGAR FAsY
=, dEdg THHA g2 =X ZEAA
AT 54% Fot HEES 30% ¥ A
g/oladsA] TRE 203%F JeEpYTh =3
WOM (40004171 &AM HollA Hel&o] v 28
H Eed2"asa] 25 $ALAT) 387% 40
U AeEe 30%9 50% HAS daE/Edda
H24A S8y 21.4%9) 15.8% 9 E3ALE 2
7} Jehfio] dejE %ol BETE F¥7Ea 3
ol Mg Husigrh

Figure 3& MBSA-2013 LDSA#E F3d|&
4:602 Es MPTS sy wg TGAS
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Figure 3. TGA thermograms of silyl group-contain-
ing acrylic resins. ML.-2030 : MBSA-201/LDSA-206=
4/6, ML-2020: MBSA-201/1.DSA-205=4/6, ML-
2010: MBSA-201/L.DSA-204=4/6.

4% ZAl, MPTS o] F71g+E, & ML-
2030>ML-2020>ML-20102] A2 1949
E3 dAMde] Fobd, 9 Finzel 0|23 & dx|
He Age Jdehlsioh

Tgo gelEY. AxE NS ZF ol=zdFA
=59 =uEAE Table 69 BA&Ig). BA =
<o)L BAtRe] g AA A9HEd s
33 40 wt% A4 0.950~0.960¢] Y5 H = gt
£ Yehlisla, 93EE paint shakerz 60871e)

& A BN ALNE B3t AN E87) 45
¢ @g 2oy, F4de Foxdd 8 T.4te
2 233 BARE A= 33 5 w0
T AxE A& =84 AW} £E BIE
o, d2l& JED MPTS9 ko] Z7184E AE
7t gA FolAle AE¢E JeEpid. FYs e jE
ARG 257 vHAL, ARAZE AHEuS A}
|3 @B BRI 44170 ollle] 3 A
g 2o &34 =8 dEHAeH, WEA%Y

= Zoho] M o] 97 oA sld HY 2%
Hojg= directH oAM= Tuk RE7) okF sy
o wuke] AR ¢& Fio] Y2 oA o 3t
FHoz E5g Bol=gl: reversefiol s i B
gapA vebdh WvleAde Far) 0.65~0.74

o |1
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Table 6. Film Properties of Silyl Group-Contain-
ing Acrylic Resin Coatings

{ests sample names
SWC-210 SWC-220 SWC-230
contrast ratio 0960 0851 0950
fineness of grind al 7" 7t
viscosity (KU) 80 91 94
pencil hardness (7 days) H F~H F
60° specular gloss 85 83 81
drying time: set-to-touch (hr) 3 4 4
impact resistance  direct good good good
(500 g/50 cm) reverse poor poar pocr
abrasion resistance
(mg loss/1000 cycles) 065 074 070
flexibility (1/8") good good good
steel plate 100 100 100
tin plate 100 100 100
cross hatch aluminum 100 100 100
adhesion {%) brass 100 100 100
tile 100 100 100
PET 100 100 100
heat resistance gloss retention (%) 90 93 )
(150 Cx1hr) color difference (4E) 0.22 0.45 0.48
storage stability (60 C x 10 days) good good good

mge2 MPTS sl d%¢& 71XA 9¥itx,
FIPL Tyl 22 =Y {fA4E ¥o3ke
BuAe] &% HFE Q3td %t F4 Jekte
o, AFYE 63570 I A=ES ez A
=, lzdge S49 98 FAH g R
F2 Qe RE Ao ed HAY g Ko
2H geg U Add FRo] sge 958
F AT WEde HYE S/y B WEY B
#2 s MPTS @%¢] B2+% Fat F3HA
oo, AAMAA L BE a7l A veksrh

Table 7. Results of Salt Exposure Test’

YTER. AFET ABE Y AEE ASTM

D 1654-22] ¥ (scraping)d] w&} XAF2 scribed
areas& TFEQ oW, rusting&!? ASTM D 6102
2, blistering2'® ASTM D 7149] 7] A3}
o 247} #AsHA Tk Rusting?] =& 11942 ¢
o] 0.01% o3tz ol WS H9F 1002
& EH] =o] 100% BHT AL 0F=, blister-
ingd] A= TAFYY AR E 442 FF B
Ao

Table 79 @aldei& 100, 200, 300, 4004 Zkeh
42 £33 BAYEY, dFEFER A7) &
# AHESE, £ MPTS @] BoldE 3]
2 dsl= glsiey dAZ R gl #&
E4& Jepich

BRAEZ, LEF= 6, 12, 16, 24749 F =
BAIFY AR | FeRED, FUEA,
AgA L HBeApag 2t F3% Aol

Figure 4= S9%2 A7 g FnEg
€ FHE 2AE ERE AAH, MPTSe] #egol
F7Vg) wel FepEgie] destgen, MPTS ¢
2 30 wt% ¢l SWC-2302 24719 ZgFdx 3
BHEgko] 86% 2 vlu3 ¢33 AHAE HAAF).

Figure 5+ £81Z2 A7l u& FAdY 53
#e v AR, AR Ae 240y 2R »F
0.50]8te] 438 & Jehfich. 53] MPTS &
B 2 WIE Yehlol MPTS 30wt% 8%
SWC-2309] 44 2470€ F2F FHEEAL 0.1 o]
32 el dhdE o] Ao A GRE HAF
Row, vz S48 Hop UYL F2 12719
o|ZHE FAZ FUIEE @it
Figure 62 £9Z2 A7l wE YFxE ¥
A, MAaks AN =80 244049 Z2F 40

=2
w

3l

kil

sample scribed area unscribed area
name rusting (hrs) blistering (hrs) rusting (hrs) blistering (hrs)
100 200 300 400 100 200 300 400 100 200 300 400 100 200 300 400
SWC-210 10 10 9F 8F 10 10 8F 8MD 10 10 10 10 10 10 10 9F
SWC-220 10 10 SF 9D 10 10 9F 9M 10 10 10 10 10 10 10 10
SWC-230 10 10 10 9M 10 10 10 9F 10 10 10 10 10 10 10 10

4F:few, M:medium, MD:middle dense, D:dense, No. 9:0.1~0.4 mm, No. 8:0.5 mm.

#F2/H A)25¥ A3z 2001d 54
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Figure 4. Effects of outdoor exposure time on gloss re-
tention of silyl group-containing acrylic resin coatings.
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Figure 5. Effects of outdoor exposure time on yellow-
ness index difference of silyl group-containing acrylic
resin coatings.
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Figure 6. Effects of outdoor exposure time on color dif-
ference of silyl group-containing acrylic resin coatings.
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Figure 7. Effects of outdoor exposure time on lightness
index difference of silyl group-containing acrylic resin
coatings.
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Figure 8. Effects of exposure time on the gloss reten-
tion of silyl group-containing acrylic resin coatings in
the accelerated weather test.

Figure 82 &3A14e &7 A7) & FHrEZL
& H2§ Aeold], MPTS #8337} we} dixz 3
YHEG] e € & Ul MPTS 8ol
30 wt% 9l SWC-2302 4000717t Z235ox Bejr
FEgto] WOM Al¥dlM 87%, QUV AgdlA 84%
2 4 }ashA Jeldth #3438 2 WOMET
QUV AlgdlA] e R Eghe] A= on, AR
4 el & RS vas & o SWC-2302
IHFY =8 &3] gFEHUT

Figure 9% &A1Y w2 $HE3E vl@ g Hol
g, F¥=ah= 400047 Z2F AA =87 0403}
2 S9EE A CUld)FgRY $A Jelgted,
MPTS #eko) & H3E 3o SWC-230L2 4000417
Z2F Yl of 0L1AEE Jehd EuE gl
A HAx] @& &+ AU EF Fudde
3000417t o) ol F43] F7lEe FAE YeERHAT

Figure 102 ZAAIY] w& Al ¥ Y43&
Yepd Y|, Madxks AA =8dA 4000417 =
2 ¥ 54Z Jeh S9E2 A 419 Eg Y
g AREg BAFth. MPTS g3 o Q4338
Hlwal] & o, SWC-2102 &donx zo|g =72
Azl 3.00)4e MiE BYI, SWC-220& &
k7t H Hxreo] 2.8 Bilo] Mg, SWC-230L Fo
2 Az Hdo] EVed 214 x9 MaE 7tz

#2lo] A253¥ A3% 2001 59

SWC~2 10 {WOM)
© SWC~ 220 {WOM)
SWE-230 (WOM)
SWC-2L0 (QUV)
SWC -~ 226 (QUY)
BWC-230{00V)

90> 8 & »

Yellowness index difference (& N X 10)
n
1

/M “ -, :‘ :'%'
ob . SO— ot
1 A 4 .
0 1 2 3 4 5

Exposure time (hr x 10" %)
Figure 9. Effects of exposure time on the yellowness
index difference of silyl group-containing acrylic resin
coatings in the accelerated weather test.
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Figure 10. Effects of exposure time vun the color differ-
ence of silyl group-containing acrylic resin coatings in
the accelerated weather test.
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Figure 11. Effects of exposure time on the lightness
index difference of silyl group-containing acrylic resin
coatings in the accelerated weather test.
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