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Characterization of Noerog, A Traditional Green Mineral Pigment
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B HEHL F2 FY um~F4 pm 2719 A G AgedolEdE dFY FELER F
Aol o, £ um olske] 22 dAEL FHAYE B Erh 4AA7I7E 71 um )8t i
stiA 1 HAES €53 FUhS AT 2HEE YA 2717 02~03 pm¥ BF AUEe UE
Hlen, e 8 200 nm olstol A FHEV Holgts EAT WPt FFPL YR v
APe v Hojd AAE Rt & @H 71 HED A4A A 4E A3 32 um o34
AEolM M d38 EHEAE BRI, 1 o] YR B4 ErbEdA.
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ABSTRACT ; The “Noerog”, a traditional green mineral pigment occurs as veins or cavity-fillings in
the basaltic pyroclastic rocks of Quaternary Epoch in Mt. Noeseong in Janggi-myeon, Pohang. The
“Noerog stone” mainly consists of celadonite with minor chlorite/smectite, mordenite and opal.
Celadonite grains are several hundreds to several tens of pum in size. The particle sizes under several
tens of pm are likely to coagulate to aggregates. The coloring rate increases rapidly with decreasing
particle size under 71 um. The hiding power is maximum in the particle sizes of 0.2~0.3 pm. The
resistance properties of the Noerog to both the light and the bacteria are absolutely superior to ordinary
chemical pigments. The transparency of the Noerog is maximum in the nano-powders under 200 nm.
Examination of the color of the Noerog pigment which has been prepared by traditional technique for
“dancheong” shows that the best coloring effect is found in the particle sizes under 32 pm and that the
painting was not successful for the Noerog of particle size over 32 um.
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(b)

Fig. 1. (a) Open pit where the Noerog stone was mined in Janggi, Pohang. (b) Mine waste dump.
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Fig. 2. (a) Occurrence of Noerog stone in veins or fissure filling. (b) Noerog specimen.
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Fig. 3. Microphotographs of the Noerog stone. (a)
Celadonite showing dark green color (x60) (b)
Celadonite showing pale green color (x120), (c)
The large celadonite grains are green (lower half),
but nano-sized celadonite grains are yellowish
green (upper half). Irregular mordenite thread and
thin silica veinlet are seen (x120).
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Fig. 4. X-ray powder diffraction pattern of the
Noerog stone (S/Ch : smectite/chlorite, Ce: celadon-
ite, M: mordenite).
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Fig. 5. FT-IR spectrum of the Noerog stone.
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Table 1. Chemical analyses of celadonites in ‘“Noerog stone” from Janggi, Pohang, Korea

1 2 3 4

Si0, 54.21 53.60 51.89 61.80
ALO; 3.76 3.50 3.47 6.84
TiO, 0.03 0.04 0.04 0.28
Fe;0; 10.35 9.69 9.27 8.93
FeO 3.42 321 3.07 222
MgO 6.23 5.68 6.17 3.80
MnO 0.05 0.04 0.03 0.02
CaO 0.06 0.14 0.08 1.88
Na,0 0.04 0.03 0.04 0.74
K:0 8.87 9.11 8.55 5.09
H,0* 13.89 14.96 17.48 8.40

Total 100.00 100.00 100.00 100.00

H,0*: by difference, 1-3 : by Electron microprobe analyses, 4 : by wet chemical analysis

AojA AgzolEe 38AE A4Het
ol go] AU

A sifo] E9} FEF o] E(glauconite)s
z3 9 8387 fFA gEd 2R TS =AY
ko] Hol g} AedAom FEIYOEE
A ZoM &I AgE o Ex 3o A
HAEZ AEHE AR A Ao
o3 AHUAH FEE A &L HALE AW
RO W (Weaver and Pollard, 1957; Newman,
1987), ©] ¥ FEo] A2 9 A TZXE 7}

A3 de FAEEY BAY dvks Aol ¥y
#Th(Foster, 1969). © F+ FEL FEdHo=

MNE EYd FEZoI 357 g FRHCE
TEEE Ao 43 A A (Buckley et al., 1978),
AIPEA o9 3ldAE ol &3t o
o] Aglzujo]ES AT 2o JJojA TRA A
o|Ed| = 3719 Al Fe*7} 27b9) Mgéh Fe¥ol
ofate] A0 glojA] FHA A Ee] 37} %ol
&3} 27} ofolo] BEE o) F A Jon, F1tel
ZEA s 9Fol2(Na, Ca, K)o HEE A2 4
gEvo| B FYof L3t}

Mo MESEHEN
HetEuol ] A HFFEFLEAEYL 3600

~3532 cm' B WAA 379 dRF Hz
(3600, 3556, 3532 cm™)$} 3578 cm'o| A 3 3

T T T T
200 400 600 808 1000

\Wavelength {(nm)

Fig. 6. UV-VIS spectrum of the Noerog stone.
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@ 0.05~0.02 mm
(b) Noerog powders of different size

® < 0.02 mm

Fig. 7. Traditional preparation procedure of the Noerog pigment.
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Fig. 8. Microphotographs of the Noerog powder prepared by the method of

traditional process. The cela-

donite particles are from several hundreds um to several tens pm in size.

Table 2. Colorimetric system in L*a*b* of Noerog pigment made by traditional process

particle size L* a* b* color
Noerok ore 42.42 -5.22 3.63
1~0.1 mm 49.54 -8.59 5.36

0.1~0.07 mm 51.31 -10.11 3.93

0.07~0.05 mm 54.69 -10.97 2.26

0.05~0.02 mm 53.41 -10.68 0.16
< 0.02 mm 54.87 -9.43 -0.25
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Fig. 9. Spectral reflectance of the Noerog pigment
for different particle sizes. Note that the maximum
reflectance takes place at slightly higher wavelength
in the finer particles than in the coarser ones, and
that the reflectance is more broad in the coarser
particles than in the finer ones (particle size; #1 : <
0.02 mm, #2 : 0.05~0.02 mm, #3 : 0.07~0.05
mm, #4 : 0.1~0.07 mm, #5 : 1~0.1 mm).
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Table 3. Colorimetric system in L*a*b* of Noerog pigment by particle size with glue in wood

Particle size L* a* b* color
100 pm~315 pm 40.61 511 11.00 o
71 pm~100 pm 35.41 -9.06 6.32
32 ym~71 pm 45.34 -10.12 8.62

< 32 pum 52.44 -10.42 8.44
150 nm 64.24 -5.41 10.05

71~100 pm 100~315 um

(@

®)

Fig. 10. Color of the Noerog pigments which were painted on the wood plates. (a) Color difference of the
Noerog pigments of different particle sizes. (b) Transparent character of the ultrafine (150 nm) Noerog

pigment.
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Table 4. Color change of various pigments by irradiation of UV in 96 hours

Before UV irradiation

After UV irradiation Difference of

Pigments Color
L* a* b* L* a* b* AE

Noerog 56.41 -10.50 7.50 53.99 9.12 6.48 2.97
Light Green 58.43 -46.26 45.14 68.00 -15.63 16.12 43.27
Cyanine Green 26.77 -11.48 -0.39 44.18 -20.49 -2.46 19.71
Olive Green 35.16 -4.53 17.36 60.25 -7.07 1.09 30.01
SAP Green 33.40 -17.78 12.13 52.58 -20.76 2.97 21.46

(b) after 42 days
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Fig 11. Antibiosis test with black fungi for the
Noerog powders on the wood plate. The photos
show that the inoculated fungi are not cultivated in
the Noerog powder (1 : Noerog powder and glue on
the wood plate, 2 : Noerog powder and water on the
wood plate, 3 : wood plate only).
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