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Correlation Between Long-Term Outdoor Exposure Test and Accelerated

Weathering Test on Top Coatings for Metal Building Materials CM W2 TSR A
(BL UREATR) 286
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Hideki Takao
Matsuda Oshima
Summary

We performed a 108-month outdoor exposure test and two accelerated weathering tests on
several types of top coatings used for metal building materials. In this study, different types
of resins and colors in the coatings were subjected to these tests, whose results were analyzed
for deterioration behavior and correlation between the tests. In this outdoor exposure test, the
weatherability of mat coatings having a micro-wrinkled surface was better than that of PVDF
type resin coatings. It was shown that the Sunshine Accelerated Weathering Test well estimated
the results of the outdoor exposure test on melamine-cross-linked polyester coatings and PVDF
type coatings. In the case of the coatings containing a small amount of TiO, pigment, it was
found that the results of the Dew Cycle accelerated weathering test showed high correlation with
that of the outdoor exposure test.
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Fig.1 Share of roof materials

(survey made by Japan Metal Roof Association)
including clear paint-coated metal sheet roof and
color paint-coated metal sheet roof.
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Fig.2 Cross-sectional constitution of a precoated steel sheet
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Table 1 Top coat types of this study.
NM PE-30 PE-10 SiPE-30 F-30
Main resin Polyester Polyester Polyester Silicone denaturation polyester PVDF
Crosslinked resin Melamine Melamine Melamine Melamine and B-NCO —

Other resin — — — — Acrylic resin

thickness 22 um 20 um 20 um 20 um 22 ym

60°GROSS 5~10 27~33 8~10 27~33 27~33

Design micro-wrinkled surface normal mat normal normal
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Fig.3 Comparison of pigment content of the 25 paints.
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Table 2 Climate data of Tateyama (near the Chikura test site) meteorological observatory.

Precipitation Temperature (C) Relative Humidity (%) Do of
vear (mm) average max. min. average min. Sunshine (h)
2001 1698 158 35.7 -46 75 19 2030.5
2002 2055 16.2 34.6 -36 73 15 20089
2003 2246 158 337 —-44 74 17 1763.2
2004 1863 16.8 36.3 =37 73 17 21718
2005 1457 158 33.0 -35 72 15 1973.3
2006 2197 16.0 33.3 -4.1 76 18 1655.3
2007 1645 164 35.0 =30 75 18 1964.3
2008 1858 16.0 34.6 -45 76 15 1909.3
2009 1873 16.2 324 -35 77 18 1853.6
2010 2080 165 339 =27 77 20 2028.2
2011 1571 16.2 333 -4.0 75 18 2130.7
2012 1854 16.0 336 -54 74 13 2059.1
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Fig.4 Light blue color Specimens of the outdoor exposure test.
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Table 3 Comparison of accelerated test conditions.

SWOM DWOM
Sunshine acc.test. | Dew cycle acc.test.
JIS K 5400 JIS D 0205
light source carbon ark carbon ark
UV cut filter 275 nm —
. . continuation 60min
irradiation
black panel temp. 63 C 63T
humidity 50 % 50 %
shower 18min per 120min —
dark out - 60min
temp. — 50 C
humidity . 8%
radiation intensity 255W/ni 285W/ni
at sample surface (300 — 700nm) (300 — 700nm)
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Fig.5 Result of the outdoor exposure test at Chikura site.
ZFOM%E No.157 Oct. 2015 18



EEBREMAZRORARN I SHBRETER R DB

(NM type Coating)
Melamine resin rich crosslinking layer

(PE-10 type Coating)
(Silica, Resin Particle, etc)

H E
= E N

= O 5

3 o © S
S Primer (5 um) S5 Primer (5 um)
Metal-Substrate Metal-Substrate

SEM

(Initial)

Fig.6 Comparison of mat type coating structures.
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Table 4 Correlative analysis result of every check timing in 4E.
(Chikura outdoor exposure test)

- Outdoor exposure check timing (month)
12 24 36 48 60 72 84 96 108
12 1.00
24 0.50 1.00
36 0.38 0.91 1.00
Check timing 48 0.34 0.81 0.96
con(l?)laolfi};)n of 60 | 037 0.82 0.91 0.94 1.00
Washed part 72 0.22 0.78 0.87 0.90
84 0.23 0.64 0.81 0.87 1.00
96 0.26 0.68 0.81 0.86 0.93 0.91 0.97 1.00
108 0.15 0.45 0.67 0.75 0.71 0.68 091 0.85 1.00
12 1.00
24 0.31 1.00
36 0.22
Check timing 48 0.20
corr(lglzi)rr;;gr)l of 60 s
General part 72 0.18
84 0.19
96 0.20
108 0.15 1.00
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Fig.7 Surface appearance by FE-SEM after the Chikura 108 months outdoor exposure test. (washed part)
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Fig.8 Surface FT-IR analysis after the Chikura 108 months outdoor exposure test.
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Fig.9 Result of sunshine accelerated weathering test.
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Table 5 Correlative analysis result of every check timing in 4E.
(Sunshine accelerated weathering test)

SWOM check timing (h)
2
R 250 500 750 1000 1500 2000 2500 3000 3500 4000 4500 5000
250 1.00
500 0.97 1.00
750 0.87 0.90 1.00
1000 0.74 0.72 0.91 1.00
1500 0.61 0.61 0.81 0.93 1.00
SWOM
check 2000 0.41 0.41 0.60 0.70 0.88 1.00
“ﬁ;?g 2500 | 026 026 042 050 071
3000 0.21 0.21 0.35 0.41 0.62
3500 0.16 0.16 0.28 0.34 0.54
4000 0.12 0.12 0.23 0.29 0.47
4500 0.11 0.10 0.20 0.26 0.44
5000 0.08 0.08 0.16 0.21 0.39 1.00
1.0 1.0
——for 36 months (Washed part)
~=—for 36 months (General part)
-0~ for 60 months (Washed part)
08 | for 108 months (General part) 03 |
06 | 06 |
N N
< fa
04 | 04 |
—— for 36 months (Washed part)
02 F 02 - for 36 months (General part)
O~ for 60 months (Washed part)
for 108 months (General part)
O‘O 1 1 1 1 1 0.0 1 1 1 1 1
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
SWOM exposure time (h) SWOM exposure time (h)
Fig.10 Correlative analysis result in 4E Fig.11 Correlative analysis result in 4E (omit the "SiPE-30")

between SWOM and Chikura outdoor exposure test.
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between SWOM and Chikura outdoor exposure test.
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3.2.2 DWOM&EEBHEL ABRDOIG
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RY o AHEHEE WVDWOMIZ700ME [H] ¢ A 2L > AEBE%5
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FABREE I 0h 3 2 AHBI D 22162 R1312 7" § . DWOM
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B4R 7e  F5 > FIEERNR I B 24PHR DU T & 70 % #2512 BRSE
FTHIET, KPEES - RAKRVEEREHITHBI A LA EL
72(R15) o 4FICDWOMRERS00HE M LL_F o> 4xis ¢ 1R
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Z 97, 360 ~ 450 nm P FFHIS DUV 53755 Fk i 1
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Fig.12 Result of dew cycle accelerated weathering test.
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Table 6 Correlative analysis result of every check timing in 4E.
(Dew cycle accelerated weathering test)

R? DWOM check timing (h)
40 80 120 200 300 400 500 700 900 1100 1300 1500
40 1.00
80 0.60 1.00
120 0.49 0.95 1.00
200 0.40 0.86 0.93 1.00
300 0.33 0.75 0.83 0.96 1.00
DWOM
check 400 0.26 0.64 0.73 0.87 0.96 1.00
tilaglg 500 | 0.20 057 0.66 0.79 091 0.97 1.00
700 0.15 0.52 0.58 0.67 0.76 0.81 0.88 1.00
900 0.07 0.37 0.40 0.45 0.51 0.56 0.65 0.90 1.00
1100 0.04 0.31 0.35 0.42 0.50 0.55 0.65 0.86 0.96 1.00
1300 0.02 0.26 0.32 0.41 0.50 0.54 0.64 0.82 0.89 0.95 1.00
1500 0.04 0.32 0.37 0.42 0.45 0.47 0.54 0.80 0.92 0.92 091 1.00
1.0 1.0
——for 36 months (Washed part)
-#-for 36 months(General part)
-0~ for 60 months (Washed part)
08 for 108 months (General part) 08 - ¢ %
0.6 06 |
N N
ez s ——for 36 months (Washed part)
04 04 -#- for 36 months(General part)
’ ’ ~-for 60 months (Washed part)
for 108 months (General part)
02 f 02 b
0.0 1 1 1 1 1 1 0.0 1 1 1 1 1 1
0 250 500 750 1000 1250 1500 0 250 500 750 1000 1250 1500
DWOM exposure time (h) DWOM exposure time (h)
Fig.13 Correlative analysis result in 4E Fig.15 Correlative analysis result in 4E
between DWOM and Chikura outdoor exposure test. between DWOM and Chikura outdoor exposure test.
(a case of TiO2 amount less than 24 PHR)
120 TV ROT 9 T IR R DA R AAULR2=0.75 ~ 0.8
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100 } % 5. 7o — B A7 VAR ER (DWOM) 1F. 200
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» 80 1 T 4 2 #5736 ~ 60 - HIZ B} 2 AEEZR2=09L\ > #EEEC 1
2 60 Y BAMTRECH D o WAL THIMED D, F¥ HEER
S ¢ MEEA2APHRUL T O S ThIUE, Kokl o —iios
Z ol . . 122 RER S R36 ~ 108 7 AT L THR2=085FLED s
2 e HECHAT AT % o
20 "
) ¢ 5. BhUIC
0.0 1 1 1 1 1
0.0 2.0 40 6.0 8.0 10.0 12.0

SWOM 500 hour 4E

Fig.14 Comparison between SWOM and DWOM.
(As for the time of wetness, it is near in 100 h.)
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