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Abstract : In order to investigate the effect of the composition of weather—resistant coatings on physical
properties, three different weather—resistant coatings were prepared by varying the ratio of a mill—base
silicone/acrylic resin and let~down silicone/acrylic resin in weight ratios of 2:8, 3:7, and 4 : 6. The
physical properties and weather—resistance of the prepared coatings were tested. It was found that the
thermal stability, salt spray exposure, and weather —resistance were improved with increasing the amount
of silicone. The optimum mixing ratio of mill—base silicone/acrylic resin to the let—down silicone/acrylic
resin was 2 : 8. The coating containing silicone component of 30 wt% was found to be suitable as high

weather—resistant coatings.
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Table 1. Polymerization Conditions and Physical Properties for Silicone/Acrylic Resins
Materials (g) L(C) Color Viscosity Si content (%) Conversion
Resins BA! MMA’ BMA® MPTS? Calc by (G.H) (Stokes) Calc by (%)
g(mol) g (mol) g (mol) g (mol) "~ DSC o " AA
SA-4000 12.1(0.09) 69.4(0.69) 98.5(0.69) - 40 39 1 12.0 - - 90.1
KMB-40 11.5(0.09) 65.9(0.66) 93.6(0.66) 9.0(0.04) 40 38 1 16.4 0.52 0.50 89.6
KLD-41 10.7(0.09) 61.0(0.61) 86.5(0.61) 21.9(0.09) 40 37 1 6.1 1.25 1.24 89.8
KLD-42 8.2(0.07) 51.3(0.52) 72.9(0.52) 47.6(0.19) 40 32 1~2 4.5 272 2.69 89.2
KLD-43 7.2(0.06) 41.1(0.41) 58.4(0.41) 73.3(0.30) 40 38 1~2 2.4 420 4.18 87.7

“BA : n—Butyl acrylate. M Methyl methacrylate. SBMA : n—Butyl methacrylate. NPTS : 3—Methacryloxypropyltrimethoxysilane,

pyltrimethoxysilane ©EAo] 28t 4 AFTFHA] HelE/ola
AEAE PSR, A EAHE-(mill-base) 7 4 E-(let—
down) Az|E/e1TdFAE 77t Felsle] ANES 4t &
529 AzE AT 4L AEF/oladeR e FHlE
£ 3 TR WiFEle] HATgE A2 T, 7 ST JUF
3 NEE g Ao 290 TEF ] H4% 20 ot Ad
F e 29 3 T82A A4S FAF b gl

B Aoai= ArolM? Ay APES sko g s ok
Eakga) 348 AEF/eladaex| e FEnlES vl e &
,EF8S 2:8 3:7,4:69 3278 Bdssln
ZuRg AR $ 4y, uhE 2 Ui 58 SsISaL
o|lE A2 BAL vl AEFCEN T T8 AFA Y F
A WgeE AEskaal sl
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A2t R s g5 Qg Rt e (KMB—40) 3 848 (KLD
=)o) AejFZ/otadsA] 458 TE AREIITH(Table 1), #A
g DuPontAte] TiOs R—706), UVESFAHE Ciba—GeigyAt
9] benzotriazole =4 (Tinuvin—384), UV A= Ciba—
GeigyAHe] HALS(Tinuvin—292) % 3-E71#Alk= Dow Chemi~
cal k9] silicone glycol 323 (Dow Corning—11) & z¥z+ A}
$39k

WEA =20| HIZE HroM'? @43 KMB-40% KLDF2]
A T/ota ] Azo] B3t iE 2, 82d 9 4%
S-S Table 1o] UYeh)Qtl HEeold KMB—40S ZAJo] sz
Ao, KLDF+ 4H8l& 482 3—methacryloxypropyl
trimethoxysilane (MPTS) ¢] €] 10, 20, 30 wt%=Z TE=+E
A E7E AMsIgier 89 B3-S KLD—41, KLD-42, KLD—
4307 Zkz; AsIgith E3 SA—-40008 MPTS AlRo| A3 &
FER ok FAEgolqdTh

Table 20 WATES WYFY T8 Az g 24E9 =
Aulg-g Z42 el ks BAate) 48 deE/olads
2] wjEhS ZEm)E 28, 3:7, 4 : 62 AEHE Qesisict
EoA ulE] 2 : 891 A9 KK—1028, KK—2028, KK—3028
2, 3:79 7% KK—-1037, KK-2037, KK—3037%, 4 : 6]
7% KK—1046, KK—2046, KK—-3046¢] W3S Ztzt A3l
21, 1000, 2000, 3000 ©)2) wxk= MPTSS] &) 10, 20,

Table 2. Preparation of White Enamels for Architectural Coatings

Type Materials Weight (wt%)

Mill=base mill-base silicone/acrylic resin  14.4 21.6 28.8
TiO, 240 240 240
let—down silicone/acrylic resin = 57.6 504 43.2

flowing agent 0.1 0.1 0.1

Let—down UV absorber 02 02 02
UV stabilizer 0.1 01 0.1

xylene 3.6 3.6 3.6

Mill-base/Let—down 2/8  3/7 4/6

30 wt%E JehiE 7ol

3HH AelE/elaEerA T8 FA= Table 298] 2/ WIEZE 3
e, hEEARS KMB-403 B2 TiOE Egsto]
paint shakerollA WHAElE 6083 EAMA AL 1 & g
AHE paste’d] AztEel AL ATtz AA KLD,
22712419 Dow Corning—11, UVESFAIQ! Tinuvin—384, UV
gAlel Tinuvin—2928 Y1 paint shaker® 20%7¢ HAA|
A U3 285 AZEc

TEE EX ol AFgr 2M g P2 KS M 5000-2113¢]
A AAERe T2Y FHR D EFUE T AW wt
AR AR 1 g& 1052 T 7z 3417 A4S
of ZEhsb} Q1S wizkx] FAAE-S FHS]) AT T A|29
L Ak dEEEAe dE Shimadzuil TGA—-50H
£ A3l 37] Fol Sk

BMNE. 74 EANEE 9% e BoR YTt
(KS D 3512), 48(KS D 3516), +8=KS M 5000—-1121)
9 dFu)g@(KS D 6701) & ALk

E4AEe dolx I EE Krebs—Stormer viscometer
(Pacific ScientificAl, Serial No. 80328%)-8 AH&3lod KS M
5000—-21229) =829 FE(consistency) A8 W, )& KS
M 5000—-2131¢] T8 H|FAE ¥, ds=e d3= 597]
(Braive InstrumentsAl, 20208)& AMg-3tol KS M 5000
21419 =8 AF=AE WY ARATRE AEAZ(set—to—
touch), ¥8HAZ(dry—hard) B A3 Z(dry—through) 2] Al
ZFHE ARESt] KS M 5000-25129) £8 ARAZAE W,
AEE dFAE AJ¥7](Yasuda Seiki Seisakusho, Serial No.
4664) 5 ARSI JIS K—5400(8.4.1) 8] Q8A4TAIE W, &
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ZA)L FYth(Mandrel :  Pacific ScientificAl, Conical®) &
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v gzt e [SO 24099 £8 AAEAY v, JrtrAde
abrasion tester (Toyo Seiki Seisakusho, Taber3) & AR&-3}0
FS 141C-6192.12] =8 UnfEAgAd W, 2582 KS M
5000-31119 =8 29& 9 2HAE W, SES
spectro color meter (Nippon Denshoku KogyoAl, SZ—z80
A E ARSIl KS M 5000-31119] £8 45°, 0° BhkAlS
Alg Wl At Zhzh HAserh B R TEEAE
(ASTM B-117) 3} A% P AJAIE (KS M 5000-2031) & 1§
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UEd AR U3 A8 F $9F2 AP KS M 5000—3241
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KS M 5000-32319] 8 &3uU$4d AEPHOE A st
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2, A 9 WeA)eaks g7 24
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Figure 1. TGA thermograms of silicone/acrylic resins. B—
1028 : KMB—40/KLD-41=2/8, B—2028 : KMB—40/KLD~-
42=2/8, B-3028 : KMB—40/KLD—-43=2/8.
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Figure 2. TGA thermograms of silicone/acrylic resins. B—

1037 : KMB—40/KLD—41=3/7, B—2037 : KMB—40/KLD~-
42=3/7, B—3037 : KMB—40/KLD—-43=23/7.
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Figure 3. TGA thermograms of silicone/acrylic resins. B—
1046 : KMB—-40/KLD—41=4/6, B—2046 : KMB—40/KLD—42
=4/6, B—3046 : KMB—-40/KLD—-43=4/6.
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Table 3. Film Properties of Silicone/Acrylic Resin Coatings
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2t 747 g eleh. Rusting®] &= 11EAE W] 0.01%
olale Zo) WAlElE A% 1008 sl EHe) 100% 5] vt
A3 A& 022, blistering?] FTi= AR 278 494
2 F= A3 Table 49 W3Pd=HIE 100, 200, 300, 400
NzH) B2 &3l A=, M2 2 Fol= giglont
MPTS9] ofo] Hobds dg-itFo] #Ast apyt 5 T4
v TS vERIgic

SRIEZ ZEZ AL AL &
T2 3002 3} 6, 12, 16, 24702 FF E2AFIHA A7
ol W2 FawEgt shAeal, Adal 2 WExea g 47t
=438l%th Table 50 ¥igh)o] wlg 4zte] PES EAYE
b, $9Z2 AT w2 FEREgrd MPTSS g

¢

2 oA Z2AY zt

=1 O =

Name of sample

Mill-base/Let—down = 2/8

Mill-base/Let—down=3/7 Mill—base/Let—down = 4/6

Type of test

KK-1028 KK-2028 KK-3028 KK-1037 KK-2037 KK—3037 KK-1046 KK-2046 KK—-3046

Viscosity (KU) 70 65 62 80 76 73 97 90 34
Fineness of grind 6 6 6 7t 7" 7" 7* 8 8
Contrast ratio 0.944 0.935 0.949 0.934 0.950 0.948 0.951 0.944 0.941
Pencil hardness (7day) H F HB 2H H F~H 2H 2H H
60° Specular gloss 84.3 82.9 81.6 87.1 374 87.4 85.5 82.0 34.7
set—to—touch 3 2 3 3 4 3 3 4 4
Drying time (min) dry—hard 55 35 54 45 45 40 43 52 57
dry—througth 66 43 70 54 58 50 61 68 69
Storage stability (60 C X 10 days) good good good good good good good good good
Abrasion resistance (mg loss/1000 cycle) 0.85 1.05 1.60 0.70 0.74 0.96 0.63 0.68 0.69
Flexibility (1/8") good good good good good good good good good
Heat resistance gloss retention (%) 93 97 98 93 94 95 90 91 92
(150 TX1hr) color difference(4E) 0.61 0.34 0.64 0.61 0.34 0.44 0.45 0.50 0.42
direct 30 cm good good good good good good good good good
Impact resistance 50 cm good good good good good good good good good
(500 g/30, 50 cm) verse 30 cm poor poor poor fair poor poor good good good
50 cm poor poor poor poor poor poor poor good good
steel plate 94 100 100 100 100 100 100 100 100
tin plate a5 95 97 100 100 100 100 100 100
Cross—hatch alumium a1 93 94 100 100 100 100 100 100
adhesion (%) PET 100 100 100 100 100 100 100 100 100
brass 93 94 96 100 100 100 100 100 100
tile 94 95 100 100 100 100 100 100 100
Table 4. Results of Salt Exposure Test
Test Scribed areas Unscribed areas
Time (hr) rusting blistering rusting blistering
Sample 100 200 300 400 100 200 300 400 100 200 300 400 100 200 300 400
Mill~base/ KK-1028 10 10 9M 8MD 10 10  9F° 9D". 10 10 10 10 10 10 10 10
Let—down=2/8 KK-2028 10 10 10 9F 10 10 9F 9MD* 10 10 10 10 10 10 10 10
KK-3028 10 10 10 9F 10 10 9F oM 10 10 10 10 10 10 10 10
Mill—base/ KK-1037 10 10 9D 8MD 10 10 9M 9F 10 10 10 10 10 10 10 10
Let—down=3/7 KK-2037 10 10 9M 8F 10 10 9D 8M 10 10 10 10 10 10 10 10
KK-3037 10 10 10 8F 10 10 9F 9MD 10 10 10 10 10 10 10 10
Mill—base/ KK-1046 10 10 8F 8MD 10 10 M 8D 10 10 10 10 10 10 10 10
Let—down=4/6 KK-2046 10 10 9F 8F 10 10 9MD 8M 10 10 10 10 10 10 10 10
KK-3046 10 10 9F 9F 10 10 9F 9F 10 10 10 10 10 10 10 10

“F : Few. °M : Medium. “MD : Middle dense. “D : Dense.
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Table 5. Physical Properties of Qutdoor Exposure Time of Silicone/Acrylic Resin Coatings

Mill~-base/Let—down=2/8

Mill-base/Let~down=3/7

Mill-base/Let—down=4/6

Type of test

KK-1028 KK-2028 KK-3028 KK-1037 KK-2037 KK-3037

KK-1046 KK-2046 KK-3046

Gloss retention (%)

6 92 95 98 90 93 96 89 92 95
onth 12 87 88 93 85 90 92 83 90 91
18 80 84 90 79 85 90 77 85 89
24 75 80 89 71 76 87 68 72 83
Yellowness index difference (§NV)
6 0.01 0.10 0.01 0.01 0.12 0.02 0.03 0.14 0.02
ot 12 0.15 0.11 0.03 0.12 0.10 0.03 0.18 0.15 0.03
18 0.30 0.15 0.03 0.25 0.17 0.04 0.30 0.22 0.07
24 0.41 0.25 0.04 0.46 0.29 0.07 0.50 0.33 0.09
Color difference (6€)
6 03 0.4 0.4 0.3 0.4 03 0.4 05 06
month 12 1.3 1.4 0.4 1.2 1.6 0.5 1.3 1.7 0.7
18 2.0 2.1 0.7 2.3 2.1 0.9 2.8 2.4 1.2
24 2.7 2.7 1.3 3.0 2.5 15 3.5 3.0 1.9
Lightness index difference (8L)
6 0.38 0.26 0.07 0.40 0.26 0.09 0.43 0.31 0.09
onth 12 0.64 0.33 0.19 0.55 0.35 0.17 0.55 0.48 0.12
18 1.01 0.67 0.30 1.03 0.69 0.32 1.09 0.72 0.36
24 1.95 0.99 0.56 1.27 0.96 0.60 1.33 1.08 0.65
Z7lol| wlg} Ayl oz FauEgio) Asgon, win) 2: 8> 100
3:7>4:69 o7 FHgEgo] A PSS & F UH & ~
GE2 ARl BE FPATANE 24708 B2 F 257} 050] S
32 A Uebdet 53] MPTS @3l met 7 ghefl 2 2ol g
Uehiol MPTSE 30 wi% 2 KK-30289 %3¢ 2474€ g
Z2 F 0042 et @Yol AY WX F2S BolF 2 ol
o, FHFY 12718 EE o|FHE FF3] E-S dols) &)
O KK-3037
St Q=R AIZlell i A= AA TEAA 2470E gol L e ] . .
0 1000 2000 3000 4000 5000

Z2% 35052 vERET, MPTS estel] w17 ve-g
otk & MPTS o] 10 wt% KK—1028, KK—1037, KK—
1046 24718 225 7ol 2R 2 H59) 2.7~3.5 W] 4}
£ B33, MPTS &) 30 wt%Q KK—3028, KK—-3037,
KK-30462 24708 Z23 Foz MPxo)5 “7]x] Esh=
1.3~1.99] W2 vehfo] 45st B8 Wit 29 A
2ol wE PRl E A E5olM 24709 F2F 1.339]
319l Ml o2 AFeAE AT VRIS MPTS &3 30
wt%Q KK—3028, KK—3037, KK—3046& HEX|527} 0.56
~0.652A] ozt o}FHA = B el ol Wotdk(chalk)
Fgo)'® 7o) ] RS oJulsh= Aotk

STNEY. FAUZTY AP QUV A-7IE AREsR] 1000,
2000, 3000 ¥ 4000217+t) B2 £x18k3ich Figure 45 %31
AlEel| 3 Azh) ¥ FeEEZS wwet AAd, MPTS &%
S7lol wet FarEglo] FA veltz, daEA U 34g A
2 Z/ota AR wi@n|7} 2:8>3 1 7>4 169 07 FERE
aro] It ol d v s =8 249 F MPTS §,
A E Jro Bx AL wet Aolrt e AeE S Eich
F2U1%49 A8 F WOM AlgRTHH AA3 Al £3h= QUV
Al3elA) KK—3028, KK—3037, KK—30462 4000417+ Z&

=2, A30A8 A4%, 2006

Exposure time (hr)

Figure 4. Effects of exposure time on the gloss retention of
silicone/acrylic resin coatings in the accelerated weatherability
test.

Foo FHREZIO] 87, 85, 81%F Ztz} el o] 3ERe
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2% A £87} 0.40)5}2 Table 59 £9Z=2 A drc}t &
A vERt o, MPTS &) 2 #1131 Fo] KK—3028, KK~
3037, KK—3046 400021z Z2% 3Tt 0.1 etz |
Bt 2RI do] 7o) Wx] obsS B3tth ESH hAERE 2000
AF o] SRE] 3] FUIEE AES oItk Figure 62 &
ZAEe wpE A7 E GRS vl mE Z0d)], ARk dAT
FollA 4000412 Z2F 4.0 ol3t2 UERt £2Z2 A1§ wE}
ZF e 2312 Yehiigic) 400041 £2 & MPTSE 10 wt%
3k KK—1028, KK—1037, KK—10462 St 2% o=
7 Aol 30 ok AxlE Ry ov), MPTSE 10 9 20 wt%
{5t ERolE 7 907 tha FBlo] KK-3046 Bk KK—
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Figure 5. Effects of exposure time on the yellowness index
difference of silicone/acrylic resin coatings in the accelerated
weatherability test.
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Figure 6. Effects of exposure time on the color difference of
silicone/acrylic resin coatings in the accelerated weatherability
test.
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Figure 7. Effects of exposure time on the lightness index
difference of silicone/acrylic resin coatings in the accelerated
weatherability test.
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