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ABSTRACT The exterior of Korean traditional wooden buildings have been painted with Danchung of painting
method using glue and pigments. However because of losing traditional techniques and materials through the period
of colonization and industrialization, many problems are occurring today. Especially after several years from paint-
ing, occurrence of scalings and flakings in painting layer is a serious problem. To improve weathering resistance of
painting layer caused by stress from the difference of swelling and shrinkage between painting layer and wood plate,
was examined by weathering tests. The stress is due to the hydrophilic property of wood, mechanical properties(ten-
sile property and stress relaxation) of painting layer, and priming methods by various binders such as glue, acrylic
emulsion(Primal AC-3444), acrylic resin(Paraloid B-72). Because stress relaxation of acrylic emulsion of which
glass transition temperature is below room temperature(7°C) is high, painting layers with acrylic emulsion generate
no scalings and flakings and are in the most durable state in all weathering tests. Priming method which starts from
low concentration to high concentration, is more effective to improve durability than other priming methods.
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Table 1. Pigments, chemical formula and ratios used in Danchung

Color* Pigment Chemical Formula Ratio (wt%)
Noirok (F5k%) Cyanine Green - 78
Ultramarine Blue 3Naz20 - 3A1203 - 6Si02 - 2Na2S 6.7
Titanium Dioxide TiO2 0.8
Iron Oxide Yellow FeO(OH)xH,0O 11
Chalk** CaCOs3 83.6
Yangchung () Cobalt Blue CoO' n AO 333
Ultramarine Blue 3Naz20 - 3AI03 - 6Si0Oz - 2NazS 66.7
Sukganjoo (RREIE) Iron Oxide Red Fe203 100
Hoboon (&%) Oyster Shell White CaCO3 100
* Colors of noirok, yanchung, sukganjoo and hoboon are green, blue, brown and white.
Table 2. Physical properties of Primal AC-3444 and Paraloid B-72
Primal AC-3444 Paraloid B~72
Manufacturer Nippon Acrylic Chemistry Co. Rohm & Haas
Composition Methylmethacrylate/Ethylacrylate (65/35) Ethylmethacrylate/Methylacrylate (70/30)
Tg() 7 40
Concentration(%) 46 -
pH 9.8 -
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Photo 1. Status of dyed binders penetrated within wooden plate in various concentrations of binders
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Table 3. Specifications of primings by binders

Glue Primal AC-3444

Paraloid B-72

3% four times

10% one time
3%,5%,7%,10% several times
Bansoo*

10% four times
30% one time
20% one time

10%,30%,30% several times
5% four times
5%,10%,20% several times

* Bansoo is a priming method by binder which is mixed alum in glue solution.
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Table 4. Specifications of samples

Color Binder Sample Code  Priming Painting Layer Weathering Test
Outdoor Accelerated
Exposure Weathering
st Layer  2nd Layer 3rd Layer Seoul* Yongin® Weather- Humidity
O-Meter  Cycle
noirok Glue GNP 3% noirok - - 0 0 0 o
GNPH : Hoboon noirok - 0 0 0 0
GNPJ 10% noirok - - X X ¢] ol
GNPJH ‘ Hoboon noirok - X X o 0
GNPM 3,5,7,10% noirok - - o o) o o)
GNPMH ‘ Hoboon noirok - 0 0 0 0
GND Bansoo noirok - - o 0 o] 0
GNDH ‘ Hoboon noirok - 0 0 0 0
Primal AC-3444  ANP 10% noirok - - 0 el 0 0
ANPH ‘ Hoboon noirok - 0 0 o} o
ANPJ 30% noirok - - X X e} o]
ANPJH ‘ Hoboon noirok - X X 0 0
ANPM 10,20,30% nairok. - - o] o) 0 8!
ANPMH ‘ Hoboon noirok - 0 ) o 0
Paraloid B-72  PNP 5% noirok - - ¢ o o 0
PNPH ‘ Hoboon noirok - 0 o} e} o}
PNPJ 20% noirok - - X, X o o
PNPJH * Hoboon noirok - X X 0 0
PNPM 5,10,20% noirok - - [} o o e}
PNPMH ‘ Hoboon noirok - 0 0 o o
Yangehung Glue aYp 3% noirok  Yangchung - o o o o
GYPH ‘ Hoboon noirok Yangchung 0 0 0 0
GYPJ 10% noirok  Yangchung - X X e} o
GYPJH - Hoboon noirok Yangchung X X o 0
GYPM 3,5,7,10% noirok  Yangchung - 0 0 0 0
GYPMH ‘ Hoboon noirok Yangchung 0 0 0 0
GYD Bansoo noirok  Yangchung - 0 0 0 0
GYDH ‘ Hoboon noirok Yangchung o 0 0 o)
Primal AYP 10% noirok  Yangchung - 0 0 0 0
AC-3444 AYPH ‘ Hoboon rioirok Yangchung 0 0 0 0
AYPJ 30% noirok  Yangchung - X X 0 0
AYPJH ! Hoboon noirok Yangchung X X 0 0
AYPM 10,20,30% noirok  Yangchung - o 0 0 0
AYPMH ‘ Hoboon noirok Yangchung o o) 0 0
Paraloid B-72  PYP 5% noirok  Yangchung noirok 0 0 0 0
PYPH ! Hoboon noirok Yangchung 0 0 o 0
PYPJ 20% noirok  Yangchung noirok X X 0 0
PYPJH ‘ Hoboon noirok Yangchung X X 0 0
PYPM 5,10,20% noirok Yangchung noirok ¢} ¢} O o
PYPMH ) Hoboon nairok Yangchung 0 o 0 o]
Sukganjoo Glue GSP 3% Sukganjoo - - 0 0 0 0
GSPH ‘ Hoboon  Sukganjoo - X X 0 0
GSPJ 10% Sukganjoo - - 0 o] o] o]
GSPJH ‘ Hoboon  Sukganjoo - X X o o
GSPM 35,7,10%  Sukganjoo - - 0 o] o] ¢}
GSPMH ‘ Hoboon  Sukganjoo - X X 0 0
GSD Bansoo Sukganjoo - - X X o o]
GSbH ‘ Hoboon  Sukganjoo - X X o )
Primal ASP 10% Sukganjoo - - e} o] o] o]
AC-3444 ASPH ‘ Hoboon  Sukganjoo - X X 0 0
ASPJ 30% Sukganjoo - - X X 0 e}
ASPJH ‘ Hoboon  Sukganjoo - X X 0 0
ASPM 10,20,30%  Sukganjoo - - 0 0 0 0
ASPMH : Hoboon  Sukganjoo - X X o o
Paraloid B-72 PSP 5% Sukganjoo - - 0 0 0 0
’ PSPH ‘ Hoboon  Sukganjoo - X X 0 0
PSPJ 20% Sukganjoo - - X X e] o]
PSPJH ‘ Hoboon  Sukganjoo - X X 0 0
PSPM 510,20%  Sukganjoo - - 0 ¢} 0 [}
PSPMH i Hoboon  Sukganjoo - X X 0 o

O Weathering Tests were carried out. X Weathering Tests were not carried out.
* Seoul is an area of serious environmental pollution and Yongin is an area of unpolluted environment in mountain.
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Table 5. Conditions of Accelerated Weathering Tests

Weather-O-Meter Humidity Cycle
Accelerated Weathering Test Accelerated Weathering Test

Temperature ()  Cabinet 42 42

Black Panel 63 63
Relative Humidity of Cabinet (%) 50 40, 80
Light Source Sunshine Carbon Arc Sunshine Carbon Arc
Water Spray 12min/hr -
Testing Time (Hrs) 600 1000
Remark - Humidity Cycle repeats for

25hrs of 40% RH and 25hrs of 80% RH
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Fig. 1. Infrared spectra of noirok painting layer using glue dur-
ing humidity cycle accelerated weathering test.
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Fig. 3. Infrared spectra of noirok painting layer using Paraloid
B-72 during humidity cycle accelerated weathering test.
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Fig. 2. Infrared spectra of noirok painting layer using Primal
AC-3444 during humidity cycle accelerated weathering test.
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Fig. 4. Intensity ratios of specific peak of binders in noirok
painting layers during humidity cycle accelerated weathering
test.
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Table 6. Tensile properties of binder films at temperature 20T
and relative humidity 50%

Binder Stress (MN/mm?) Strain (%)
Glue 683.6 3.0
Primal AC-3444 135 846.0
Paraloid B-72 314 285
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Fig. 5. Stress-strain curves of separated noirok painting layers
before and after humidity cycle accelerated weathering test
(600hrs).

Table 7. Tensile properties of separated painting layers before and after humidity cycle accelerated weathering test(600hrs) at tempera-

ture 20°C and relative humidity 50%

Binder Color Before After
Stress (mN/mm?) Strain (%) Stress (mN/mm?) Stain (%)

Glue Noirok 473 0.8 15.8 04
Yangchung 251 14 1.5 0.2
Primal AC-3444 Noirok 9.1 2.0 6.5 - 05
Yangchung 41 5.3 43 05

Sukganjoo 34 28 - -
Paraloid B-72 Noirok 3.0 0.5 6.7 04
Yangchung 16 05 9.2 05

Sukganjoo 1.8 05 - -
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Fig. 6. Stress relaxation curves in separated noirok painting lay-
ers at temperature 20 and relative humidity 50%.
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Photo. 2. Noirok painting layers weathered by weather-o-meter accelerated weathering test for 600 hours.

Table 8. Degrees of scaling and flaking of Paraloid B-72 noirok painting layers after weather-o-meter accelerated weathering test and outdoor
exposure weathering test

Weathering Test Sample Code Degree of Sample Code  Degres of Sample Code Degree of
Scaling and Scaling and Scaling and .
Flaking® (%) Flaking® (%) Flaking* (%)
PNP 90.5 PYP 844 PSP 349
Weather-O-Meter PNPH 93.7 PYPH 546 PSPH 818
Accelerated PNPJ 2149 PYPJ 59.1 PSPJ 284
Weathering Test PNPJH 5b.7 PYPJH 68.8 PSPJH 318
PNPM 75 PYPM 143 PSPM 1.9
PNPMH 58.5 PYPMH 254 PSPMH 80.7
PNP 537 PYP 87.0 PSP 30.8
Seoul PNPH 54.6 PYPH 248 - -
Outdoor PNPM 0.9 PYPM 9.3 PSPM 26.9
Exposure PNPMH 22 PYPMH 35 - -
Weathering PNP 676 PYP 343 PSP - 311
Test PNPH 734 PYPH 303 - -
Yongin PNPM 54 PYPM 296 PSPM 30.8
PNPMH 65.1 PYPMH 5.1 - -

- They were not carried out weathering tests.
* Degree of scaling and flaking was measured from area scaled and flaked after weathering test.
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Photo. 3.

Noirok painting layers weathered by outdoor exposure weathering test for 5 months (Seoul).
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Photo. 4. Noirok painting layers weathered by outdoor exposure weathering test for 5 months (Yongin).
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Photo: 5. Noirok painting layers weathered by humidity cycle accelerated weathering test for 1000 hours.
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