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ABSTRACT : Weather—resistant coatings were prepared by mixing a synthesized mill—base
and let—down silicone/acrylic resin in weight ratios of 4 : 6, 3 : 7, and 2 : 8. The weatherability
of the prepared coatings was tested. The thermal stability, general physical properties, and
weatherability of the films of the coatings were improved with silicone content. Among the
three mixing ratios mentioned, the ratio of 2 : 8 was the most suitable for the preparation of
weather—resistant coatings. The coatings containing 30 wt% of silicone proved to be a high
weather—resistant coating.

Keywords : weather-resistant coatings, silicone/acrylic resin, weatherability, mixing ratio.
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(R=706), F&dMNZA=
5534 (Dow Corning—11), UVEFAE
Ciba—GeigyA} benzotriazole +%A (Tinuvin—384),
UVeHdAl= Ciba—GeigyAl HALS (Tinuvin—292)
£ 27 ARgERsih

=2 4 82 Ty
walelg = DuPontAl TiOs
Dow Chemical*} silicone

glycol

LHEAM Z29| M=, ARA A3 KMB—203
KLD#2] Ag|&/otadFA AxAe F3xd, @
ZA 24dn] U EAGES d¥ste] Table 1o %

Alataleh. EollA] ks iARE?l KMB-402 15HE
agAF o, 4891 KLDF= Ae& dwl 3—
methacryloxypropyltrimethoxysilane (MPTS) 3$F&F
10, 20, 30 wt% =z T-E3te] A= A7 =52 |

A& KLD-21, KLD-22, KLD-23°%2 7}7+ A3}

O
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Atk WA $5F 20 FXE olAFAY T, 20 T
S LERA Aol

3 Table 20| A@&/oladFx] T8 A%

ks FAY=Y, 7 AZFRS Avnd o
=3 2k WA AR KMB-203 #Aetggl
Ti0,E &3}+3}o] paint shakerolA WHA |2 60%
A P b~ A= i OJE—EM}% paste’d?] A3t=
of 34§ AgZ/otadsAl KLD, f5d/M%A
@l Dow Corning—11, UVE<sAel Tinuvin—384,

UV ¢FgA|Ql Tinuvin—292E Y1l paint shaker®

Table 1. Polymerization Conditions and Physical Properties for Silicone/Acrylic Resins

Exp materials 7,(C) viscosity Si content (%) conversion
No ' BA® MMA? BMA’ MPTS’ Calc by (Stoke)  Calc by (%)
) g (mol) g (mol) g (mol) g (mol) " DSC T AA
KMB-20 73.8(0.58) 110.8(1.11) 157.4(1.11) 18.0(0.07) 20 18 10.5 0.52 0.1 89.0
KLD-21 68.3(0.53) 102.5(1.03) 145.5(1.02) 43.7(0.18) 20 17 5.8 1.25 1.23 88.5
KLD-22 57.1(0.45) 85.8(0.86) 121.9(0.86) 95.2(0.38) 20 12 4.0 272  2.70 89.1
KLD-23 46.0(0.36) 69.2(0.69) 98.2(0.69) 146.6(0.59) 20 11 2.0 4.20  4.18 88.0

3BA : n—Butyl acrylate. "MMA : Methyl methacrylate. ®BMA : n—Butyl methacrylate. “MPTS : 3—Methacryloxypropyl—

trmethoxysilane.
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Table 2. Preparation of White Enamel for Architec-
tural Coatings

types materials weight (wt%)
. . 0 - 144 216 288
mill-base mil—base silicone/acrylic resin TiO, 900 240 24.0
let—down silicone/acrylic resin 57.6 504 432
flowing agent 01 01 0.1
let—down UV absorber 02 02 02
UV stabilizer 01 01 01
xylene 3.6 36 36
mill-base/let—down 2/8 3T 4/6

FA e MEuE FHE 4:6, 3:7
3FTHE ANk Eollx] miEE 4:6
1046, KK—2046, KK—3046° &, 3:7¢1 74
1037, KK—2037, KK—3037%, 2 : 8% 73% KK-
1028, KK—2028, KK-3028¢] H3& z+7 H3skd
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371X Sk
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A7 (KS D 3512), 4% (KS D 3516), A&t
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E Al A == Krebs—Stormer vis—
cometer (Pacific ScientificAl, Serial No. 80328%)

= AREsle]l KS M 5000—-21229] = T% (con—
sistency) A8 WH, 5> KS M 5000—213191 =
B HleA1E B, Astes A3ks 57%7] Braive In—
strumentsA}t, 2020%) & ARE3F] KS M 5000—2141
o] Eg AsheAldd W, AXARRE AKX (set—
to—touch), 113AZ (dry—hard) % A3AZ (dry—
through) ¢ 3F/FE AFE3lel KS M 5000—-25129]
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T8 AXAAE 3, AT JdZ9AE A187] (Ya—
suda Seiki SeisakushoA}, Serial No. 4664) & A&
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o] FS 141C—-6192.19 =5 YuvlEAdAd Wy, &
H&2 KS M 5000-31119] &8 24§ % 2498
A8 W, FAPIARE-2 Spectro Color Meter (Nip—
pon Denshoku Kogyo Al SZ—-380%) & AHg-3}]
KS M 5000-31112] =& 45°, 0° EMHIAMEAY
WRle] gAste] 747 Stk B A E
ZA1E (ASTM B-117) 3% AZFEAAA (KS M
5000-2031) &= Wyttt

H=E A" WISAHAYE 5 S952AP2 KS M
5000—32419] Al@UH o R s, FXUFAIAA
< QUV accelerated weathering tester (QUV : Q—
Panelrb) o] AlgWH & A3l KS M 5000—3231
9] E8 FAYSE Aoz Aeste] 500, 1000,
2000, 3000, 4000413 ) B2 Fe R G, FHLEA},

Wt 0 WEAFAE Foh LA

-

Zu 5 oA

Alz|Z/otT X9 HotHY. olmd 2 A2
GA) 9] AHAF] B3 AToA, Cascaval 5 W
Jotads#e] 200~600 T WLlelA 2] TGA #4
= Foto] v dF% :lvlj?_e +AEka 130~
370 CollA dif-w9 dis] AdEo] dojde #
Astgieh Finzel>? WFA 2148990 WOM (sun—
shine weather—Ometer) (4300A17b) 8] FRAIHS
A, AeEEs HERet
W7 =R EnelAN FRAATF 54% oot A

g&& 30% WA A/t adsA B85 20.3%

e ARULE

617



2 YehdS B

Figure 1~3< KMB-203} KLD# 24&7He 3
o] ZHH|PH|Z 4:6, 3:7, 2: 8% dlo] TGAS
A, 7, 20 T FYst 7oA A&
MPTSEI aﬂakbﬂﬁ],oﬂ LL}E Na:v_/o]_qal/\z]
17r S Bk Aotk Figure 1~304 4
300 CE 7]% o7 xﬁth Lq] Ng]_,_/o}leq
FA e HH%LH] 4:6 799 B-1046, B—2046, B—
30469 dA4% Eko] 87.4, 88.2, 89.1% %, wj&n]
3:7 7%l B-1037, B-2037, B—30379] 3-f
o] 87.0, 89.5, 90.8%%, HlgH] 2 :8 A9 B-
1028, B—2028, B—30289] zH#o] 88.8, 90.0,
91.6%= Zt7F JEf, wigm] 2:8>3:57>4:6>
9] o7 JAE GA Aol A vERTH

2oy

o {0 ox e O
rfo 1 Mroox
Aty

5 1o

—— B-1046
100 B-2046

~ ——— B-3046

90

851

Residual weight (%)

80

75

0 1(;0 2[;0 3270 4(‘]0 5270 600
Temperature(C)

Figure 1. TGA thermograms of silicone/acrylic resin.

B—1046 : KMB—20/KLD—-21=4/6, B—2046 : KMB—

20/KLD—22=4/6, B—3046 : KMB—20/KLD—23=4/6.
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Figure 2. TGA thermograms of silicone/acrylic resin.
B—1037 : KMB—-20/KLD—-21 = 3/7, B—2037 : KMB—
20/KLD—-22 = 3/7, B—3037:KMB—20/KLD—-23=3/7.
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Figure 3. TGA thermograms of silicone/acrylic resin.
B—-1028 : KMB—20/KLD—21=2/8, B—2028 : KMB—
20/KLD-22=2/8, B—3028 : KMB—20/KLD—-23=2/8.
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Table 3. Film Properties of Silicone/Acrylic Resin Coatings

uj gl of) e

wuhEy

name of sample mill-base/let—down = 4/6 mill-base/let—down = 3/7 mill-base/let—down = 2/8
type of test KK-1046 |KK-2046 [KK-3046 |KK-1037|KK-2037 |KK-3037 |[KK—1028 | KK-2028 | KK-3028
viscosity (KU) 98 95 90 92 90 85 83 78 71
fineness of grind 7 7 8 7 7 7 6 6 6
contrast ratio 0.944 0.953 0.942 0.950 0.944 0.946 0.936 0.951 0.947
pencil hardness (7day) 3H 2H 2H 2H H F~H H F HB
60° specular gloss 85.7 82.9 85.2 84.0 82.2 81.9 87.4 87.5 87.0
drying time set—to—touch 3 4 3 4 4 3 4 _4
(min) dry—hard 54 48 40 45 49 54 43 50 53
dry—througth 70 61 53 65 67 71 63 68 70
storage stability (60 Cx10days) good good good good good good good good good
abrasion resistance (mg loss/1000cycle) 0.54 0.62 0.70 0.62 0.66 0.87 0.85 1.10 1.72
flexibility (1/8") good good good good good good good good good
heat resistance gloss retention (%) 90 91 92 91 93 95 94 97 99
(150°CX1hr) color difference(4£)| 0.26 0.50 0.60 0.22 0.45 0.49 0.60 0.60 0.44
direct 30cm | good good good good good good good good good
impact resistance 50cm | good good good good good good good good good
(500g/30, 50cm) reverse 30cm | good good good poor poor poor poor poor poor
50 cm poor good good poor poor poor poor poor poor
steel plate 100 100 100 100 100 100 93 100 100
tin plate 100 100 100 100 100 100 94 95 95
cross hatch alumium 100 100 100 100 100 100 90 92 93
adhesion (%) PET 100 100 100 100 100 100 100 100 100
brass 100 100 100 100 100 100 95 95 97
tile 100 100 100 100 100 100 91 93 100
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Table 4. Results of Salt Exposure Test

test scribed areas unscribed areas

rusting blistering rusting blistering

100 200 300 400 100 200 300 400|100 200 300 400 100 200 300 400
KK-1046 10 10 8F® 8¢ 10 10 8 8|10 10 10 10 10 10 10 10
KK-2046 10 10 9p 8MD® 10 10 8F 8MD| 10 10 10 10 10 10 10 10
KK-3046 10 10 9 8M 10 10 90 8 |10 10 10 10 10 10 10 10
KK-1037 100 10 9 &M 10 10 8M 8M| 10 10 10 10 10 10 10 10
KK-2037 10 10 9MD 8MD 10 10 9F 8F | 10 10 10 10 10 10 10 10
KK-3037 0 10 10 9% 10 10 9F 9F | 10 10 10 10 10 10 10 10
KK-1028 10 10 9 8M 10 10 9D 8MD| 10 10 10 10 10 10 10 10
KK-2028 10 10 10 9% 10 10 9 9F | 10 10 10 10 10 10 10 10
KK-3028 100 10 10 9% 10 10 9F 9F |10 10 10 10 10 10 10 10
3F : few. °M : medium. °MD : medium dense. °D : dense.

sample time (hr

ll-base/let—down
= 4/6

ll-base/let—down
=3/7

ll-base/let—down
=2/8

Table 5. Physical Properties of Silicone/Acrylic Resin Coatings after Outdoor Exposure

tvpe of test mill-base/let—down = 4/6 mill-base/let—down = 3/7 mill-base/let—down = 2/8
KK-1046 KK—-2046 KK—-3046 |KK—-1037 KK—2037 KK—-3037|KK—-1028 KK-2028 KK-3028
gloss retention
6 88 91 94 91 92 97 93 96 98
month 12 83 87 91 82 87 93 88 87 94
18 77 85 88 77 84 90 81 83 90
24 69 73 82 68 73 85 76 81 88
yellowness index
difference (6N)
6 0.05 0.18 0.02 0.03 0.02 0.01 0.01 0.10 0.01
month 12 0.20 0.20 0.04 0.08 0.04 0.01 0.03 0.11 0.02
18 0.36 0.26 0.07 0.42 0.10 0.03 0.30 0.17 0.03
24 0.59 0.40 0.10 0.52 0.20 0.08 0.45 0.25 0.04
color difference (5E)
6 0.7 0.5 0.4 0.9 0.7 0.2 0.4 0.4 0.3
month 12 1.2 1.7 0.7 1.6 1.2 0.7 1.3 1.8 0.6
18 2.9 2.4 1.6 2.4 2.2 1.4 2.0 2.3 0.9
24 3.9 3.1 2.0 3.7 3.0 1.8 2.8 2.5 1.4
lightness index
difference (8L)
6 0.39 0.24 0.06 0.26 0.17 0.13 0.37 0.25 0.07
month 12 0.58 0.45 0.32 0.44 0.30 0.25 0.65 0.34 0.22
18 1.08 0.77 0.51 0.89 0.76 0.46 0.99 0.67 0.31
24 1.31 1.19 0.79 1.07 0.98 0.70 1.02 0.80 0.55

wt%<Ql KK—1046, KK-1037, KK—1028 2471¥ zhe| A A ZEolA 247018 FESF 1.310]8F A

Z2F ol ofzk " AEQl 2.8~3.9 W AMAE I AAH SR o FAA= A HERAITE MPTS
B3, MPTS &#o] 30 wt%gl KK—3046, KK— 32k 30 wt%ql KK—3046, KK—3037, KK—3028
3037, KK—3028< 2471€E Z2%F Fo 7 Agx}o] & YEAFAT} 0.55~0.7924 2t oAFIX]= 7
E A Edhe 1.4~2.09 A3ARE el < kS wolEd], o) wWolsl(chalk) @Ao't A9
T3 WS AT SYFE At ©mE PEAF AR FeE on|she Zlolth

620 Polymer (Korea) Vol. 26, No. 5, September 2002



A =88 A /oA e g uhE =uEd

EZUHZY. SXUFA AIFS QUV AIR7IE A
€39 1000, 2000, 3000 % 4000417t Wz =
83t} Figure 4+ XA sk A7k W 3
BREzrs SA3% Zld], MPTS =57l wef
galnEgho]l A Uehdta, dmeA 2 g8 A
g Z/otad4x o] wigu] 2:8>3:7>4:69 &
o7 39 %%M FFE Ak olYe wAE UF
A 89 2AZF MPTS &, AgE AR i
w2 Ao H**El%it} AU AdZE WOM
Al™

1ot o 948 QUVAIEelA KK-3028, KK—
3037, KK=3046-> 4000A17F Z2F % FelnE
#hel 86, 78, 80%= 77t yERY o] 3% U4
‘:Et WHvJ“ TRl &3hs & &4 9llth Figure 5
AAEe e FUEAFRES Y A,

[
R =
%h?i A= 4000413 F25 HA =57 0.40]3H=2
100
90
S
<
IS
K]
IS
3 sof o
o o
ﬁ ———w-——  KK-2046
o] ——v-—-  KK-1028
— " — KK-2037
0F | ——o-—  Kk-2028
— —— —  KK-3046
—O——  KK-3037
a KK-3028
60 ; . . .
0 1000 2000 3000 4000 5000

Exposure time (hr)

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