J. of Korean Oil Chemists’ Soc.,
Vol. 24, No. 3. September, 2007. 253~263

o

! 2

I EE R EERERER I N R

SUFH B

M

RS G S

WA st g sohet oot et
(2007 3é 109 A4 20073 8¢ 204 e

Weatherability Comparison with Changing Mixing Ratios of
Mill-Base and Let-Down Silicone/Acrylic Resins
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Abstract : Three different weather-resistant coatings were fabricated with the
various weight ratios of a mill-base silicone/acrylic resin to let-down silicone /acrylic resin at
2:8, 377, and 4:6 respectively. The prepared coatings were tested to investigate the effect of
composition of weather-resistant coatings on the physical properties. The thermal stability,
salt spray exposure, and weather-resistance were improved with the increased silicone
content. It was concluded that the optimum retio of mill-base silicone/acrylic resin to
let-down silicone/acrylic resin would be 2:8 and the coating with 30 wt% of silicone content
would have high weather-resistance.
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AP F/otadez &g Jdd #d d3R
A], Rao$} Babull4]+¥ vinyl-triacetoxysilane®
bromo methacrylate &E@Ae A2 2 94
Aol  ddty g dEE ’3}951—9“’3,
DuPontAH15]ol M & 3| =EA17] §Hf of2E
A9} FZA7] G AEBAY 2HoE o] F 01
A alFEd ZEE MEded 7173880
obd 24 EAY Uk wEH epygdel #
HAch =8 Az g(16]L 3F/HY ofmE o
24 ¢} 3-methacryloxypropyltrimethoxysilane
o 23 49 FEFFAC Ay E/lAEFAE
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2.1. 4 &
AB[16]04 FAEH UFREAFE(KMB-30)34
M -(KLDR)9 Hy&/oladsxg augz
AFE3FAtHTable 1), 92<tg = DuPontA}

29 EA s Dow ChemicalAF
silicone glycol F%5 A (Dow Corning-11),
UVESAE Ciba-GeigyA} benzotriazole #%
A (Tinuvin-384), UVe¢tA A= Ciba-GeigyAt
HALS (Tinuvin-292)& Ztz} A}&39ich

TiO:(R-706),

2.2. xS =39 M=
AuoA A4 KMB-307 KL
Z/otag gl Azel #g WEE -4 x4 ¥
BAUES Y¥3dle Table 1ol EAIEHATH
HolH KMB-30& 1712 u3H%ou, KLD
Fe Ags AdEQA  3-methacryloxypropyl-

trimetoxysilane(MPTS) 33 10, 20, 30wt%=

79 e

& gt gk Aage auFAY ERe TRste =59 WAE KLD-31, KLD-32,
8 B4 (mill-base)#  3]4 &-(let-down) ] KLD-332.2 7}z Astgr}
Table 1. Polymerization Conditions and Physical Properties for Silicone/Acrylic Resins
exp. _ ma;erials _ ; Tg(C) viscosity Si content(%) non— conver=
no. BA MMA' BMA MPTS cale by (stoke) cale by volatile  sion
g(mot) g(mol) g(mol) g(mol) DSC AA (%) (%)
KMB-30 47.5(0.37) 121.7(1.22)  172.8(1.22)  18.000.07) 30 33 10.9 052  0.50 40.4 88.8
KLD-31 44.000.34) 112.5(1.13)  159.8(1.13)  43.7(0.18) 30 29 5.9 1.25 1.23 49.3 89.0
KLD-32 36.8(0.29) 04.200.94) 133.8(0.04)  05.2(0.38) 30 26 4.2 272 2.71 49.4 88.8
KLD-33 29.7(0.23) 75.9(0.76) 107.8(0.76)  146.6(0.59) 30 31 2.3 4.20 4.16 49.2 88.4

’BA : n-Butyl acrylate.

*MMA : Methyl methacrylate.

‘BMA : n-Butyl methacrylate.

MPTS : 3-Methacryloxypropyltrimethoxysilane.
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£33 Table 2] WATzd WIEA 7 A
ZA 9 H7rEd 2ANES A7 FZAESAE
o, taRAey Mg AgI/tadsA 4
Hl3iH) & 2§ 2:8, 37, 464 3FFE AH
ok EolA wigH] 2:8¢1 -9 KK-1028,
KK-2028, KK-3028%, 3:7¢1 7% KK-1037,
KK-2037, KK-3037%, 4169 7% KK-1046,
KK-2046, KK-30469] B 3& 7Zt7} Astdon,
1000, 2000, 3000 @919 A= MPTS ¥F
10, 20, 30wt%E el Zolth

2.3. 9= 24 % IR &H

Az BAe B ShimadzuAb TGA-50H
Z Abgste] F7)1FelA H4signt. 1 EES
KS M 5000-2113¢9) 59| g = E3u
Boghek Agubye] wet FAFA AR 1ge
105£2°C ¢} ghz7|o] 34 WA ste] %
Wt glewzbA FWARE S8 A

2.4. E8ME

b BAANES $F = eRzigkd
73 (KS D 3512), A% (KS D 3516), #d
# (KS M 5000-112D) 2 ¢Frls#d (KS D
6701)& AstAck. WEY =89 24
& oM AFG =AHG ARS-3te] Table
39] BA7|E) 3ol Atk

2.5. EHAIE

WEgA e ol SYF2AEE KS M
5000-3241¢) A @WHeow Ry, EIUWFA
Alge& QUV accelerated weathering tester

(QUV : Q-Panelrhel Al@uys AH&sto
KS M 5000-32319] &8 ZU3EA Ad9y
o Aglaked 500, 1000, 2000, 3000, 4000] 7+
o H2 JFHREg FHnx, 44a 9 B
A5 Grstgc

3. dzt ¥ nF

3.1. =M =29 djsgxH

A E/obadez] R85 FAAE g
Table 29] Ao zA Stg¥iHg KMB-303%
waelg 9l TiO:E &&sle] Paint shakerol A
AHAHE 608 2AAZ e duEAt
& pastedd] <13h2o] 848 £ KLD, &
2970 A (flowing agent)?! Dow-Coring-11,
UVEFAL Tinuin-384. Uverg Al
Tinuvin-292% %1 Paint shakerZ 2087 &
AAA WFEAY Z5E AT

3.2. Mz|2/0oi3g#Xe TGAM 2ofst 9
ME

olad wE A ZgAe R Add #
g AFoA, Paulll7}S ojEolaY#olES}
dveladdgelEe FFFAAM olEela
dolEY E%E F71g] ubegl TGA) <%
ZAFANURA 7 Assln dEHXET =obd
< 93 a, Finzell18l& W34 FRAEY
WOM (sunshine weather-Ometer)(4300417H <]
ZZAAES 23 AFgrE FAHSH =, 4
B2e TR e I=EFA L®5AN F
g7k 27t 54%0l eyt AdeEg 30% WA

Table 2. Preparation of White Enamel for Architectural Coatings

types materials weight (wt%)
mill-base mill-base silicone/acrylic resin 14.4 21.6 28.8
TiOy(rutile) 24.0 24.0 24.0
let-down silicone/acrylic resin 57.6 50.4 43.2
flowing agent 0.1 0.1 0.1
let~down | uv absorber 0.2 0.2 0.2
uv stabilizer 0.1 0.1 0.1
xylene 3.6 3.6 3.6
mill-base/let~down 2/8 3/7 4/6
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types of tests

instrument and spec

viscosity (KU)

Krebs-Stormer viscometer
Pacific Scientific Co., serial 80328
KS M 5000-2122

specific gravity

KS M 5000-2131

fineness of grind

Braive instruments Co., type 2020
KS M 5000-2141

drying time

Set- to-touch, Dry-hard, Dry-througu method
KS M 5000-2512

hardness

Yasuda Seiki Seisakusho, serial 4664
JIS K 5400 (8.4.1)

flexibility

Mandrel : Pacific Scientific Co., Conical
KS M 5000-3331

impact resistance

DuPont impact tester type 552
Ureshima Seisakusho
JIS K 5400 (8.3.2)

60° specular gloss

Glossmeter
Pacific Scientific Co., Glossgard ]
KS M 5000-3312

cross-hatch adhesion

ISO 2409

abrasion resistance

Abrasion tester
Toyo Seiki Seisakusho, Taber
FS 141C-6192.1

contrast ratio

KS M 5000-3111

salt exposure test

ASTM B-117

storage stability

KS M 5000-2031

o

AgZoladsr Ea2E 203%2 eSS
I N A=

Fig. 1~3& KMB-30% KLDH 24¥we
st =8 wjgn| s 26, 37, 4622 I+
TGAE 243 AW, Tg 30Ty Fd& =
AojA AgZ AR MPTSS Fauistel uf
2 Agg/otadyR e FAGSESE vug A
olth. IYPoA e o] wlFH| 2:8>3:77>4:6¢]
SR DM dtAAe]l F& o Y
Bty AEFA gl 289 AR
B-3028>B-2028>B-1028%, 3:7¢1 A% B-3037
>B-2037>B-10372, 469 4% B-3046>
B-2046>B-10469) M & 1204 dEAZR
7} ZolAE AL YERAY. o] Table 1
oA g} o] MPTSS &#ZF7tet vl&Ee] 12
oMo detgAol $ydittE o] & YA
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Fig. 1. TGA thermograms of silicone/acrylic
resins.
B-1028 : KMB-30/KLD-31=2/8
B-2028 : KMB-30/KLD-32=2/8
B-3028 : KMB-30/KL.D-33=2/8
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Fig. 2. TGA thermograms of silicone/acrylic
resins.
B-1037 : KMB-30/KLD-31=3/7
B-2037 : KMB-30/KLD-32=3/7
B-3037 : KMB-30/KLD~-33=3/7

Residual weight (%)

@
3 .
0 W O W 40 O 6D
Terrperahre (C)
Fig. 3. TGA thermograms of silicone/acrylic
resins,

B-1046 : KMB-30/KLD-31=4/6
B-2046 : KMB-30/KLD-32-4/6
B-3046 : KMB-30/KLD~33=4/6

3.3. Wiy =89 =o=y
Table 4l dej/etad A =irel =9

GEEA 2 Mg A /et YFA ] Wi ol e e g4 5

4e mAEgY BA F HTE uigd] 46
14 Aol @obA ohh vmA Jepta, &
dme Wy 377 46X Fx o
el 28 BEstA JEldth ol#d @
A& vl 289 A AsEAE FA9 F
ol fEel How ARHUL &
Walotg o] ghapol] AA HA¢Hed g5 FF
40wt%ol A 0921 ~09509 453 =23S&
Bt =9 ZAxys HB~2HZ #EE&
Tgd HEg F28 nged, MPTSY &3
o] F/MEFE HAmit dh FoAe BFE
el Y, #dEne 7EXEG 29 vdE
= Aol :, ARALE FIEuE AL
FASAE BFsn AsA st 708 o
A4 E5<le] ddWHdoy, WnlEgd-e
FHA7 035~223mge® MPTS el
2 94gs JeElA gttt E34e 2RUL
AFEA, WEAHS MPTS o] B&4=
A vegen, WEAZEE directdolM e =
W 2 E7l SFEg oy reversedol e i
E#@atA vehgc, " 671A 9] e
HEE2g ez Agded, MPTS %o
2o gyl 289 @AM 1 F=H7 2F A
e 7l gou 900149 7|EAUY B2
Al dog g A AL 4 s ¥
getEt. wetA mErEA Algd 93 HdE
Z/era" A 9 e vl o M E
4:6>37>2:8U 0] WA

2

2o

olfy

3.4. g42F

FEF AEL " AIEE ASTM D
1654-22] ¥4 (scraping)ol Wt XAFR scribed
area® W5 o9, rusting2 ASTM D 6102
2, blistering= ASTM D 714¢] 7|Fo| we}
#4594tk Rusting® 788 11942 F
o] 0.01% oJ3t2 Zo] HA}AL BE 102
2 3l: EWe 100% Zo] wAd AL 0F,
blistering®] T2 LAFHY FAA S 4T9AR
Lol @A 3kt Table 591 HIAEHE 100,
200, 300, 400A12twf W2 ZAste] HASGE
o, A2 7t & Aol YA MPTSS %
o] YolAFE FFEF #F aHUt 2F

Fdee ZEe Jehidlth
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Table 4. Film Properties of Silicone/Acrylic Resin Coatings

mill-base/let-down=2/8 | mill-base/let—-down=3/7 |mill-base/let-down=4/6
name of sample

type of test KK kk KK KK KK KK KK KK KK
-1028  -2028 -3028 |[-1037 -2037 -3037 |-1046 -2046 -3046
viscosity (KU) 83 76 66 105 90 70 111 108 106
fineness of grind 6 6 5+ 7+ 7+ 7+ 8 3 8
contrast ratio 0.944 0.946 0938 0.950 0945 0921 0.931 0.950 0.943
pencil hardness (7day) H F~H HB H H F 2H H F~H
60° specular gloss 37.0 87.4 37.2 85.6 83.7 84.2 31.0 82.1 80.7
set-to-touch 3 4 3 3 2 3 3 1 4
?r;yl:;g time dry-hard 47 53 45 57 34 55 10 45 45
dry-through 54 60 50 69 43 50 65 63 70

storage stability (60T x10days) good good  good good good good good good good

abrasion resistance

(mg loss/1000cycle) 0.95 1.05 2.23 0.32 0.96 0.60 0.35 0.47 0.68

flexibility (1/8") good good  good good good good good good  good
. gloss retention | o 97 98 92 o4 96 88 91 93
heat resistance  [(%)
% - -
(150T1hr) “E’g’g)d‘“ereme 063 034 045 |039 025 067 |020 040 0.39
30cm | good good good good good good good good good
direct
. . 50cm | good good good good good good good good good
impact resistance
5
(500/30,50cm) 30cm | poor poor poor good poor poor good good good
reverse
50cm | poor poor poor poor poor poor good good good
steel plate 92 96 100 100 100 100 100 100 100
tin plate 93 94 94 100 100 100 100 100 100
aluminum 90 91 95 100 100 100 100 100 100
cross—hatch
adhesion(%)
PET 100 100 100 100 100 100 100 100 100
brass 95 96 100 100 100 100 100 100 100
tile 90 90 93 100 100 100 100 100 100
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Table 5. Results of Salt Exposure Test

A48 dela/olagsael Wl me

scribed areas unscribed areas
test
rusting blistering rusting blistering
time(h)
) 100 200 300 400 (100 200 300 400 {100 200 300 400 {100 200 300 400

sample

KK-1028| 10 10 9F* 8F |10 10 9F 9M"| 10 10 10 10|10 10 10 10
mill-base/
let down |KK-2028| 10 10 10 9M | 10 10 9F 9MD°| 10 10 10 10|10 10 10 10
=2/8

KK-3028{ 10 10 10 10 {10 10 9D‘9MD {10 10 10 10]10 10 10 10

KK-1037| 10 10 9F 8F | 10 10 8F 9D 10 10 10 10|10 10 10 10
mill-base/
let down [KK-2037| 10 10 9F 9F |10 10 9F 9D 10 10 10 10|10 10 10 10
=3/7

KK-3037| 10 10 10 9F |10 10 9F SMD |10 10 10 10{10 10 10 10

KK-1046f 10 10 9D 8F | 10 10 8F 8MD |10 10 10 10|10 10 10 10
mill-base/
let down |KK-2046| 10 10 9M 8M |10 10 8F 8D 10 10 10 10|10 10 10 10
=4/6

KK-3046| 10 10 9F 8MD{ 10 10 9F 8M |10 10 10 10|10 10 10 10

F : few, "M : medium, ‘MD : medium dense, D : dense.

3.5. SYF=E

£%2 ANPEL e M F2AE
458 30°2 39 6, 12, 16, 24704 B¢ F
RBAEA A ZFE ] mE FER g 3
A, AR R WEAeAE 4z 549
°lth. Table 6 wjgu]ofl wpe zbzhe] X
g e, SY9E2 ARAT) BE B
BEZAA MPTSS 5 F7tel wep dwtz

¢

o o

o2  FEHBEg Aeddoen, gy
28>37>4:69 £M2 FHuwEgte] gsEA

HebdE Ukt S9EE Az oE 3
ol e 2470 £33 RE7 05082 £
A el &3 MPTS g3 & W3 g
Ho MPTS 30wt% &3 KK-3028¢] 4%
2470g 50 2235 gwnart 0062 el
Fuiddol Ay A ¢ 73 AYE
HAFEon, FHHFL 1271y oFd w4
3 g 4 4 AT RAF=E A7
mE AR A A RBelA 24708 2
S 340182 vER I, MPTS ##xlolol &
da2 73°. & MPTS $hEo] 10wt%2)

KK-1028, KK-1037 % KK-10462 2474€ %
25wl okt @ HE<Ql 27~34 W9 4
g HAa, MPTS &%l 30wi%d
KK-3028, KK-3037 3! KK-30462 24749 %
2F wor ARl =74 RdE 13~
1.89) AA4zE vehfol ¥5d #HPS @k
o}.

SAFR Ao me FEAFAANE A
A SEAAM 2474€ E2F 1.300]5HA AA
Hog offoxe FFE Usd MPTS
dF  30wt%d  KK-3028, KK-3037
KK-30462 BE=A427F 058~06424 ozt
AFAAE FEE B, ol Wolg ¥4
°of Ao @AHX F&E onstE Aot

whaa

3

o

27

*d

ZIWFA AP QUV AF71E AL8std
1000, 2000, 3000, 4000A17beh & A A th
Fig. 4= A g Azt ¥ FeEnE
g wad zAAd, MPTS d3Z7te] w2}
FYREFo] Fods G, daEN g
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Table 6. Physical Properties of Outdoor Exposure Time of Silicone/Acrylic Resin Coatings

mili-base/let down=2/8

mill-base/let down=3/7 | mill-base/let down=4/6

type of test
K-1028 KK-2028 KK-3028

KK-1037 KK-2037 KK-3037 |[KK-1046 KK-2046 KK-3046

gloss retention (%)

6 94 95 99

12 87 90 95
month

18 79 89 93

24 75 80 89

92 94 97 89 91 95
86 91 92 84 90 90
79 86 91 75 83 89
70 77 87 68 73 85

vellowness index
difference (9N)

6 0.01 0.10 0.01 0.01 0.12 0.02 0.02 0.14 0.02

12 0.10 0.09 0.02 0.12 0.09 0.02 0.15 0.11 0.04
month

18 0.22 0.13 0.03 0.24 0.13 0.04 0.27 0.16 0.07

24 0.40 0.29 0.05 0.45 0.31 0.07 0.50 0.33 0.09
color difference (9E)

6 0.2 0.3 0.3 0.3 0.4 0.3 0.4 0.6 0.6

12 1.1 1.5 0.4 1.2 1.6 0.5 1.3 1.6 0.7
month

18 1.9 2.0 0.8 2.0 2.0 0.8 2.2 2.3 0.9

24 2.7 2.6 1.3 2.9 2.7 1.4 3.4 2.9 1.8
lightness index
difference (6L)

6 0.38 0.27 0.07 0.38 0.27 0.08 0.40 0.31 0.09

12 0.50 0.33 0.12 0.52 0.34 0.14 0.55 0.40 0.05
month

18 1.00 0.67 0.29 1.03 0.69 0.32 1.05 0.72 0.36

24 1.25 0.96 0.58 1.27 0.96 0.59 1.30 1.08 0.64

A4 AgI/otadex e wiEn 28>37>4:6
o] wME FHREge] sl 013161-
e WFA =39 24 F MPTS &, 4

2 AR tiod ©WE Yoz s
22954 A3 F WOM Adet o 443
L QUV  AlgolA  KK-3028,
KK-3037, KK-3046< 4000717 E2 Fo|x
spel R Egho] 90, 84, 2% & 74zt YElY o] 3
}_9,] Lﬂﬁ‘}d g 1“?5/\—] tr__‘,:’s_oﬂ _/ﬂ{:%}o]
dZEslct Fig 58 E3AH wE #FHd

g vk 2], RSk 4000070 F2

~

Fahe

% AA 87 040]5E Table 59 £¢Z%=
Ay Boh FA4 JEgen, MPTS e
2 W3lE Fo] KK-3028, KK-3037, KK-3046
S 4000417 E2F FUEAI}E 01 otz U
st gudgo

7i94 BRA FEE F T 3

A3 F7hate -%*1—% EO%T‘RM
¥ AANRE W) wsk A
1), A xhﬂ ‘:ﬁoﬂfﬂ A000AI7F 223
40052 e} KEL AW HT}h oa
Vi AnE BeFQth. MPTS g ups
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Gloss retention (%)
=]

&0 T T T T
0 1000 0 3000 4000 500

Eqoauetime ()

Fig. 4. Effects of exposure time on the gloss
retention of silicone/acrylic  resin
coatings in the accelerated
weatherability test.
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Yellowness index difference (3N)
o

00

00

Baesuetime (h)
Fig. 5. Effects of exposure time on the

yellowness index difference of
silicone/acrylic resin coatings in the
ccelerated weatherability test.

AgAE  wma g, 400000 EE
KK-1028, KK-1037, KK-~1046< S<o=
Aoz =7 FEQ 300149 AHE 83
KK-2028, KK-2037, KK-20462 ol 7t

b1 ol
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1

chERAF B sA g A /obadsA Y wige e |FY EAgHn 9

w

Color difference (SE)
N

0 1000 200 200 40 5000
Bqoaure tire (h)

Fig. 6. Effects of exposure time on the color
difference of silicone/acrylic  resin
coatings in the accelerated
weatherability test.

[~
[

Lightness index difference (3L)

0 1000 2000 am 20 500
Byosuretire (h)

Fig. 7. Effects of exposure time on the

lightness  index  difference  of

silicone/acrylic resin coatings in the
accelerated weatherahility test.

g Az 30039 MAZE, KK-3028
KK-3037, KK-3046% o8 AAatatols 3
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