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Synthesis of Modified Silane Acrylic Resins and Their Physical
Properties as Weather—Resistant Coatings
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ABSTRACT : To prepare weather-resistant silicone/acrylic resin coatings for an
architectural purpose, tetrapolymers were synthesized by a radical polymerization.
3-Methacryloxypropyltrimethoxysilane (MPTS) as a silicone monomer and n-butyl acrylate,
methyl methacrylate, and n-butyl methacrylate as acrylic monomers were used. The
compositions of monomers were adjusted to fix the glass transition temperature of acrylic
polymer for 20C. The composition of MPTS in the synthesized polymer were varied from 10
wt% to 30 wt?%. On the basis of synthesized resin amber paints were prepared and their
physical properties and effects for weatherability were examined. The presence of MPTS in
silicone/acrylic resins generally resulted in low molecular weight and broad molecular weight
distribution, and also lowered the viscosity of the copolymers. The coated films prepared
from these resins showed good and balanced properties in general. Adhesion to the substrate
was outstanding in particular. Weatherability tests were carried out in three different types
such as outdoor exposure, QUV, and SWO. The test results showed that the silicone/acrylic
resins containing 30 wt% of MPTS had weather-resistant properties.

Keywords | weather-resistant, silicone/acrylic resin, coatings.
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o}3d ExvZA p-butyl acrylate (BA),
methyl  methacrylate  (MMA), n-butyl
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Table 2. Preparation of White Enamel for Architectural Coatings

Materials Weight (wt%)
<Mill-base>
mill-base silicone/acrylic resin (50%) 21.6
titanium dioxide (rutile) 24.0
<Let-down>
let-down silicone/acrylic resin (50%) 50.4
leveling agent 0.1
UV absorber 0.2
UV stabilizer 0.1
xylene 3.6
Total 100.0
solids (wt%) 60
pigment content (wt%) 40
resin content (wt%) 36
mill-base/let-down 3/7
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4T 249NES AY =9 Adew Yy
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g3 (KS M 5000-1121) 2 ¢4FuFH (KS D
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AE A&#7] (Yasuda Seiki SeisakushoAl,
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W WEAZEE DuPont Impact Tester
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accelerated weathering tester(QUV : Q-Panel etg RALgE A E/olagsx, & KMB-20
Ahel 27kA MRS ARESt KS M o 4o did F2AE Scheme 19, Mg 2
5000-32319] Z=RE-ESXUFA Aoz A b8 2AS Table 19 Zzh EA8Hgt)
23ke] 500, 1000, 2000, 3000, 4000417t H= Table 19 A& vkeZFAL HE 71L& HAR[18]
AR &g, S3Wnal, A 2 HExesat o] AREY =FdA A Wez2AE ojn A
& Yhstelch As) g Eolet
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l | l |
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H CHs CHs CHs
| l | |
> CH: - C CH;, — C CH: — C CH, — C —
| | l |
C=0 cC=0 CcC=0 CcC=0
| | | |
0] O 0] O
| | | ]
CqHy CHs CiHo (CHz)s
|
Si(OCHs)s
(KMB-20)

Scheme 1. Synthesis of KMB-20.
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o} Si~OCHs9] 444 F+9art 4z yehy
KMB-209] F&7F <3k Fig. 39
KMB-209] GPC &Ad| o3 £&348 Ye
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A2 1859 #He doemEx BEAHEILO
*o] vy F55 ¢ F stk

& i W
|
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4000 2000 2000 1000
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Fig. 1. FT-IR spectra of (a) KMB-20 and (b)
KLD-23.
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of SlojAel WMgzAN EHFUES dEdY
Table 1 o FA8¥Y. Table 10149k 7Eo]
KLDF9 #ggoes & o7t gllorn), dA
T MPTS @3o] /12845 43 A=A
t}, olE wagide] g g 53t
42 MPTSY EAlo =z <lgte] ol8s &4t
o] ARG FEH R

Fig. 1(b)s KLD-23¢] FT-IR 2=E=d<ld),
WA= Fig. (a9 39} b3 HE g
Woil MPTS @] me  KLD-23%9
820cm™'o] Si-O-CH; AZ&2%# 1090cm ™ ¢

Yo DWFA AE/clagsA wael =gy 7

Si-0 4&AF Hart AZE 4 & Udid
Fig. 2(b)& KLD-23¢ 'H-NMR ~#E Y],
81.0ppmol A CHs-C, 61.3ppme}A C-CHqe-C,
62.3ppmell A C-CH2-CO-, 62.7ppmel 4]
CH-CO-, 636ppmolA CHs-0-9 Si-O-CHs
o 44 F+93ar7 42 Yelg KLD-239
TZ27F FAH AU

@

5 4 3 2 i 0
5 (ppm)
Fig. 2. '"H-NMR spectra of (a) KMB-20 and
(b) KLD-23.

Fig. 39 KLD®S GPC & o3 BEa%
BIFHNE JehdEd KDL-212 M, 22500,
My 52900, M, 99000, UEAE 2353,
KLD-22% M, 20500, M, 49700, M, 93500, ot
EAT 2428, KLD-232 M, 11900, M,
40500, M, 83600, THEALS 3408 Z+7 A9t
22 Fig. 39 9= KMB-209 A& v ms)
ol MPTS &ao] Z713o) wat Ex3e 4
olxlm  BAFgEzsE  YolAEd, o
MPTS®] ko] molgo] whe} FEA ohi
g FFEAL A wEor AzhEg
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Fig. 3. Molecular weight distribution curves

for KMB-20, KLD-21, KLD-22, and

KLD-23 determined by GPC.
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Liaw$} Shen[19]2 o}=m¥d Ty HulZ4H
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7H 2ANES B3 AFPAS 2Asg=,

o PNy

YA ESH ERo)A
FHgart saelglont AL 30% WA

[e] 5 O =) o)
H2]Z& §heA @

ft

-3

ABZ/oradsA T8y 203% #HAEE L
%39t Fig. 4= KMB-20% KLDHE g
H& 372 EBul=sle] TGAS 248 o=

A, MPTS®] §gusie] whe A7z/oiads
A9 FHgFE wud Aolth Fig. 49045
2ol MPTS ol B24%, 5 ML-2030 >
ML-2020 > ML-20109] A2 FA Aol 4
WA ez Fo}, %A Finzell20je] ¥a el
29 o] FHEFE ANl FRATE
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T HAERN} FL FE oy,
= AT o] o A7 H$H =) 0}41
2 A0wt%ol A 0944709519 A58 =&
et =9 FRE FFHE d%8 E%
o A{T FAE RAeH, MPTSY o
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- 243 BB LREE

Wit B Ee Z|EA R 25 fEgdHe
Aoja, AZAL AFEWE AFREA
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A4 =EYol #¥HNeH, UL F
A7) 0.62~0.87mg_°_§ MPTS ko] 43S
el A gtk 224, dA S MPTS &3
o] #&4E FA JExoed, USAZA=
direct¥olME =2 BRE7F 4FdHony
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Fig. 4 TGA thermograms of silicone/acrylic

resins
ML-2010 : KMB-20/KL.D-21 =
3/7lwt/wtl
ML-2020 : KMB-20/KLD-22 =
3/ 7 wt/wt]
MIL-2030 : KMB-20/KLD~23 =
3/7[wt/wtl.
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1654-22] W (scraping)°] wat XAE scribe
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Table 3. Film Properties of Silicone/Acrylic Resin Coatings

Name of sample
SA-2010 | SA-2020 | SA-2030
Type of test
Viscosity(KU) 80 94 90
Fineness of grind 7" 7" 7"
Contrast ratio 0.951 0.944 0.946
Pencil ‘hardness(7days) H F~H F
60 “Specular gloss 84.0 82.1 81.9
Drying time set-to-touch 3 4 4
(min) dry-hard 43 50 55
dry-througth 65 68 72
Storage stability(60TC x 10days) good good good
Abrasion resistance
(mg loss/1000cycles) 0.62 0.87 0.62
Flexibility(1/8") good good good
Heat gloss retention(%) 91 93 95
resistance
(150°C x 1hr) color difference(4E) 0.21 0.46 0.49
. 30cm good good good
. Direct
Impact resistance 50cm good good good
(500g/30, 50cm) 30cm| good poor poor
Reverse
50cm poor poor poor
Steel plate 100 100 100
Tin plate 100 100 100
Cross—hatch Alumium 100 100 100
adhesion (%) PET 100 100 100
Brass 100 100 100
Tile 100 100 100
blistering®] AEE TARHY A4 44A= gREZ0] 8B%R olF FEIA JER
FE HAASIAY. Table 40 WH3PFElE 100, Fig. 6& S9Z=2 Azt G FHad 54
200, 300, 400 Azth H2 ZHH39 FAPE #g g AJd, INMEAE 244YE F=2
o, A2 7 2 Zole AR MPTS"] ol T R¥7 06032 FA JERT =9
BolA4E AFEF digt adt =5 FY MPTS g&zalelo] & ¥W3ls B9 MPTS

s dEe YEhdith

3.6. SYE=R
SO EE AL 6, 12, 16, 24749 5% =
A171H A /\]{Wé‘ﬂrﬂl WE FERER, s
7o

A, AR 2 REARAE 47 £4

i

o

Fig. 5% S22 A04sd B2 Junz
e e AAE, MPTSS] ko] Z7hgrel
weh BERE ghel 4 91,—5 o, MPTSS]
Fakol 30wt% ] SA-20302 24/ME FolxE #

30wt% A SA-20309) A9 2470¥Y Z=
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Table 4. Results of Salt Exposure Test
Test Scribe area Anscribe area
Time(hrs) Rusting Blistering Rusting Blistering
Name of sample 100 [ 200|300 | 400 | 100|200 300} 400 |100 |200{300{400!100 200 |300{400
SA-2010 101 10|9F |8F 10|10 |8 | 8M {1010 |10]10|10]10] 10| 10
SA-2020 101010 /9M] 10110 |9F |9MD| 10110 |10}10}10] 1010 | 10
SA-2030 10| 10|10 (9M| 10|10 |9F {9MD| 10|10} 10| 101101010110

% F : few, M : medium, MD : middle dense, D
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