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ABSTRACT

A study on old building Dancheong pigments in
Gwangju and Jeonnam by XRD

Jang, Seung Wook
Advisor : Prof. Park, Young Seog
Department of Resource Engineering

Graduate School of Chosun University

Modern pigments do not mock the unique color of past Dancheong. In former
papers, not pigments but Dancheong patterns were mostly studied. There are
not many papers about pigment analysis except conservation science studies in
National Research Institute of Cultural Heritage. To conserve the exclusive tone
of Dancheong pigments, databasing the components of pigments used in the
past is crucial. In this study, to examine the components of pigments used in
Dancheong on old temples or buildings and practically use the data for research
material, X-ray diffraction analysis on pigments were conducted. 67 Dancheong
fragments as a sample were collected in 14 of temples, jegak, jeongja etc.

As a result of composition analysis of pigments, chemical compounds from
pigments can be classified by color. There are hematite(Fe:O3), minium(PbsOy)
in red pigments, cerussite(PbCOs3), chamosite(Fe3Si:O5(0OH),), daubreelite(FeCr2Sy)
in black pigments and crocoite (PbCrOy), claudetite(As203) in yellow. In addition,
sodalite(Nag(A1Si04)s(MnOy)2), albite(NaAlSizOs), nosean(NagAlsSis024504),
nepheline(NaAlSiO4) in blue, calcite(CaCOs,), gypsum(CaSOy -+ 2H-0), rutile(TiO-),

anglesite(PbSO,4) in white and eskolaite(Cr203) in green were observed.

- vii -



This study shows that in the case of red pigments, metallic elements or
organic coloring agents were used in the basic white compounds such as
anatase(TiO2), calcite(CaCOs3), gypsum(CaSO, - 2H20), rutile(TiO) in 1775
through 1900. After 1975 metallic elements were used as coloring agents. In
the case of blue pigments, organic coloring agents were used in the basic
white compounds such as anatase(TiO»), calcite(CaCOs), gypsum(CaSO; -
2H-0) in 1667 through 1897. After 1900 C.I. pigment blue 29(Na7AlsSisO24S3),
synthetic material, was used. In the case of white pigments, anglesite(PbSQO,),
calcite(CaCOs), gypsum(CaSOy - 2H20) were used by mixing each other in
1775 through 1900 and after 1975 each compound was used alone.
Furthermore, when blending pigments, white pigments were used to make
lighter color and other pigments were mixed each other to make another new
color.

It is observed that there are crocoite(PbCrQOy), eskolaite(Cr203), minium(PbsOy),
cotunnite(PbCls), anglesite(PbSOy), castaingite(CuMo»), nantokite(CuCl),
cupalite(AlCu), lautite(CuAsS), alacranite(AsS), claudetite(As203), cinnabar(Hg$S)

which include harmful heavy metals such as Cr, Pb, Cu, As, Hg. They were

used to prevent buildings from insects. Especially, compounds which have As or

Pb have been used for several hundred of years.

- viii -
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Table 1. Arrangement by period of pigments mentioned in Uigwes.

Color Pigments 1600s 1700s 1800s 1900s
Dangjuhong @) @) O
Bunjuhong O O O
Juto @) @) O
Hwangdan @) O
Danghwangdan O O
Sangwangdan )
Pyeonyeonji O O O
Red .
Waejuhong @) O
Sukganju @) O O
Jangdan O
Juhong @) O
Yuksaek
Daja
Nokbeon O
Cheonghwa @) @) O O
Icheoong O O
Blue Samcheong @) O
Yangcheong @)
Guncheong
Simjungcheong O
Sukjahawng @) @) O O
Yellow Sukunghwang )
Donghwang @) @) O O
Sukhwang
Danghayeop @) O
Hyanghayeop O
Hayeop @) O O
Green Noerok O O O O
Jonoerok O
Samrok O O O
Sukrok @) O
Yangrok O
White Jinbun @) @) O O
Jeongbun O O O O
Songyeon @) @) O O
Black
Cheonghwameok O O
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4. A= AH

4.]1. ZAA A

AR BARE, - CEFaL, DAz}

’

o JEN, S KEaAd, AT LA, UFA MEAZE, NAZelA A5 A

I~
skt EARE, FAlZE, GARE, HA AL, IAFS

obg = A8Y TAMAY, A5E, dHAWE YEbaz v (Table 2).

Table 2. Sample collecting areas.

Area Building Dancheong year
A Gwangju Temple 1980
B Gwangju Temple 1980
C Gwangju Hyanggyo about 1978
D Gwangju Jegak about 1983
E Hwasun Temple 1978
F Hwasun Jegak about 1900
G Hwasun Temple 1667, 1694
H Hwasun Jeongja 1980
I Hwasun Sadang about 1984
J Damyang Hyanggyo about 1975
K Sunchang Hyojagak about 1970
L Jangseong Temple 1775
M Naju Hyojagak 1800
N Naju Jegak 1897
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Table 3. Sample list of Temple A.

No. Building Site Color

1 Daeungjeon A front Neoksaldoor Yangrok

2 Daeungjeon A Rafter Yangrok

3 Daeungjeon Below a purlin Dark yellow
4 Daeungjeon Below a purlin Sukganju

5 Daeungjeon Below a crossbeam Green

6 Daeungjeon Gungpan on a right door Samcheong
7 Daeungjeon Gungpan on a right door Red

8 Daeungjeon Gungpan on a right door Orange

Figure 4. A rafter.
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Table 4. Sample list of Temple B.

No. Building Site Color
1 Sanctuary Left mural Samcheong
2 Sanctuary Left mural Sukganju
3 Sanctuary Left mural Yangrok
4 Sanctuary Gunpan on a front door Dark brown

b )
Figure 5. A mural on the left wall.
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Table 5. Sample list of Hyanggyo C.

No. Building Site Color

1 Gate a left pillar Green

2 Gate a left pillar Black

3 Gate a left pillar White

4 Gate a left pillar Yuksaek
5 Gate a left pillar Red brown

Figure 6. An entrance pillar.
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Table 6. Sample list of Jegak D.

AbRolth, ©HA A= 1983

No. Building Site Color

1 Jegak A back pillar on the right Yangrok
2 Jegak A back pillar on the right Dark yellow
3 Jegak A back pillar on the right Yuksaek

Figure 7. A back pillar on the right.
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Table 7. Sample list of Temple E.

2 9 skt 625

No. | Building Site Color

1 Sanctuary | A protruding site under the Chunyeo Yuksaek
2 Sanctuary | A protruding site under the Chunyeo Black

3 Sanctuary | A protruding site under the Chunyeo White

4 Sanctuary Rear wall Samcheong
5 Sanctuary Rear wall Green

Figure 8. A protruding site under the Chunyeo.
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Table 8. Sample list of Jegak F.

No. Building Site Color
1 A left Jegak A gate purlin Yangrok
2 A left Jegak A gate purlin Samcheong
3 A left Jegak A gate purlin White
4 A right Jegak A front purlin Samcheong
5 A right Jegak A side purlin Sukganju
6 A right Jegak A gate purlin White
7 A right Jegak A gate pillar Black

Figure 9. A gate purlin.
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S oAAsAY. G =4S AHAS Hx B4 HEe BT AE I8 16674
o] mg admolt.
Table 9. Sample lists of Temple G.
No. Building Site Color
1 Left sanctuary A wooden statue inside the building White
2 | Right sanctuary Nuksaldoor Light blue
3 Right sanctuary A right purlin inside the building Samcheong
4 Right sanctuary A front purlin inside the building Samcheong

| e 2
Figure 10. A right purlin inside the building.

_23_




0}

A AlQlEe] THRE om ofHE FAARE AL ¥t}

o]
1871 el T3 s S A= 1984 o] Tt

N
f)

Table 10. Sample list of Jeongja H.

No. Building Site Color

1 Jeongja A handrail Yangrok

R
b

Figure 11. A handrail.
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Table 11. Sample list of Sadang 1.

No. Building Site Color

1 Sadang The bottom of a front door Yangrok

Figure 12. The bottom of a front door.
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Table 12. Sample list of Hyanggyo L

No. Building Site Color

1 Daeseongjeon Middle doorframe Samcheung
2 |Daeseongjeon A front purlin Sukganju
3 |Daeseongjeon A pillar Dark yellow
4  |Daeseongjeon A left purlin Light green
5 |Daeseongjeon| An engraving of lotus flower Red

6 |Daeseongjeon A rear purlin White

7 |Daeseongjeon A rear purlin Dark yellow

Figure 13. A front purlin.
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Table 13. Sample list of Hyojagak K.

2 G A= 1970 o) U}

No.

Building

Site

Color

1

Hyojagak

A door on the gate

Yangrok
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Table 14. Sample list of Temple L.
No. Building Site Color
1 Sanctuary Gungpan on a middle door Yangrok
2 Sanctuary Gungpan on a left door Green
3 Sanctuary Gungpan on a left door Juhong
4 Sanctuary A rear purlin Samcheong
5 Sanctuary A left door White
6 Sanctuary Gungpan on a left door Guncheong
7 Sanctuary Gungpan on a left door Black

Figure 15. Gungpan on a middle door.
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Table 15. Sample list of Hyojagak M.

No. Building Site Color
1 Eopilmun A front purlin Guncheong
2 Eopilmun A front purlin yangrok
3 Eopilmun A front purlin Red
4 Eopilmun A front purlin Black
5 Eopilmun A rear purin White
6 Eopilmun A rear purin Sukganju
7 Eopilmun Gate Oksaek

Figure 16. A front purlin.
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Table 16. Sample list of Jegak N.

No.| Building Site Color

1 |Pochungmun A pillar Oksaek

2 |Pochungmun A pillar Black

3 |Pochungmun A pillar Red

4 |Pochungmun A front purlin Hwangsaek
5 |Pochungmun A front purlin White

6 |Pochungmun A tablet at the 2nd floor Byeongcheong
7 |Pochungmun| Decoration on the ceiling at the snd floor Green

Figure 17. A front purlin.
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Table 17. Modern pigments.

No. Pigment Color
R-1 Cyanine green Green
R-2 Iron oxide red Red
R-3 Toluidine red Red
R-4 Permanent orange G Orange
R-5 Ultra marine blue Blue
R-6 Jidang White
R-7 Chrominium oxide green Green
R-8 Hansa yellow Yellow
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Table 18. Initials of compounds for XRD in this study.

Initial Compounds Initial Compounds

AB | Albite(NaAlSi;Os) CPO (Cc'lg'ﬂ_l;fgzﬁo‘;;ange 13

AN | Anglesite(PbSOy) CR | Crocoite(PbCrOy)

AR | Alacranite(AsS) CS | Chamosite(FesSiaOs(OH)4)
AT | Anatase(TiO-) CT | Castaingite(CuMos)

BR | Barite(BaSOy) CU | Calumetite(Cu(OH.C1)2.2H20
BS | Barbosalite(FeFex(PO4)2(OH)2) | CP | Cupalite(AlCu)

o | G| | et e

CD | Claudetite(As:05) CPG (Céﬁ'gl_fince&tcﬁ;i‘j“

CE | Cerussite(PhCO3) CPO (Cc'lg'ﬂ_l;fgzﬁo‘;;ange 13

CI | Chloromagnesite(MgCl) CPR ?éi‘gﬁfé?ﬁiﬁdog%

CL | Calcite(CaCOs ) CR | Crocoite(PbCrO4)

cM ?ﬁﬁieiiﬁ?@zgm CS | Chamosite(FesSi»05(OH).)
CN | Cinnabar(HgS) CT | Castaingite(CuMo2)

CO | Cotunnite(PbCly) CU | Calumetite(Cu(OH.Cl1)2.2H20
CP | Cupalite(AlCu) DB | Daubreelite(FeCr2S4)

CPB (CNIwili g:g;gi?e 29 DO | Dolomite(CaMg(COz3)2)

CPG ?clggl—lifinceﬁ%ﬁgn DT | Dichromium trioxide(Crs03)
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Table 18. Continued.

Initial Compounds Initial Compounds
EK | Eskolaite(Cr203) MT | Magnetoplumbite(PbFe;2019)
EK | Emerald green(CyH3sAs3Cu20s) | NC | Nacrite(Al2SioOs(OH)4)
FC | Fluclcite(As>sCaHOq0) NP | Nepheline(NaAlSiOy)
GS | Gypsum(CaSOy * 2H20) NS | Nosean(NagAiSigO24504)
GT | Geothite(FeO3.H20)3.H20) NT | Nantokite(CuCl)
HP | Hydrophilite(CaCls) QZ | Quartz(SiO2)
HT | Hematite(FexO3) RC | Rhomboclase(FeH(SO4)2.4H20)
LD | Lindgvistite(Pba(Mn,Mg)FeisO27)| RU | Rutile(TiO2)
LG | Litharge(PbO) SI | Sodalite(Nag(AlSiO4)6(MnO4)2)
LT | Lautite(CuAsS) ST ggfgggi)te@e%so“)@o‘*)
LV Ei\ée;éiulan(NaCaCus(ASO4)4 57 | Szmikite(MnSO.H.0)
MG | Magnetite(FesO,) TC | Talc(Mg3SisO10(OH)2)
MN | Minium(PbsO4) WD | Weddellite(Ca(COz2)2(H20)2)

Table. 189] 3T EE=LS XRD #Ao 93 V& 3Ig&

53t = 9
ok 9]¢

obA7h o ele) s

U o
ojude uwel A" FFEES MR

714 colore= A AES 9w

Fo] 2 Al43le] XRD ¥ 3

gtk (Table 19).
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Table 19. Compounds data for each sample.

Sample name Figure Color Compounds initial
Temple A-1 Figure 21-1 Green CL, LT, RU, CB
Temple A-2 Figure 21-2 Green GS, CN
Temple A-3 Figure 21-3 Yellow | CL, LT, GT
Temple A-5 Figure 22-4 Green CL, EG
Temple A-6 Figure 22-5 Blue CL, LT, TC, AY, CPB
Temple A-7 Figure 22-6 Red AB, BR
Temple A-8 Figure 22-7 Red MN
Temple B-1 Figure 23-1 Blue CL, SI, RU, AN
Temple B-2 Figure 23-2 Red HT
Temple B-3 Figure 23-3 Green CL, HT, RU, AN
Temple B-4 Figure 23-4 Red CL, HT, MT, GT
Hyanggyo C-4 Figure 24-4 Red GS, AN, CM
Hyanggyo C-5 Figure 24-5 Red CL, GS, CT
Temple E-1 Figure 25-1 Red CL, MN, AN
Temple E-2 Figure 25-2 Black CL, GS, MN, DB
Temple E-3 Figure 25-3 White RU
Temple E-4 Figure 25-4 Blue CL, MT, RU, CPB, LD
Temple E-5 Figure 25-5 Green BS, CL, CR, WZ
Jegak F-1 Figure 26-1 Green AN, MG, QZ
Jegak F-3 Figure 26-3 White ST, GS, QZ
Jegak F-4 Figure 26-4 Blue CPB
Jegak F-5 Figure 27-5 Red HT, CI, QZ
Jegak F-6 Figure 27-6 White HP, AN, QZ
Jegak F-7 Figure 27-7 Black AN
Temple G-1 Figure 28-1 White LV, CO, QZ
Temple G-3 Figure 28-3 Blue AB, QZ
Jeongja H-1 Figure 29-1 Green CL, RU
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Table 19. Continued.

Sample name Figure Color Compounds initial
Sadang I-1 Figure 30-1 Green | CM
Hyanggyo J-1 Figure 31-1 Blue AT, GS, RU, BR, NS
Hyanggyo J-2 Figure 31-2 Red AT, CL, GS
Hyanggyo J-3 Figure 31-3 Yellow | AN, CR
Hyanggyo J-5 Figure 32-5 Red AN
Hyanggyo J-6 Figure 32-6 White | AT
Hyanggyo J-7 Figure 32-7 Yellow | AN, CD
Hyojagak K-1 Figure 33-1 Green | EK, LG
Temple L-1 Figure 34-1 Green | CL, EK
Temple L-2 Figure 34-2 Green | CL, SZ
Temple L-3 Figure 34-3 Red GS
Temple L-4 Figure 34-4 Blue GS, RU
Temple L-5 Figure 35-5 White | CL, GS
Temple L-7 Figure 35-7 Black | AT, CL
Hyojagak M-5 Figure 36-5 White | ST, AN
Jegak N-1 Figure 37-1 Green |AT, RU, AN, CU, NC, QZ
Jegak N-2 Figure 37-2 Black | CE, CS, QZ
Jegak N-3 Figure 37-3 Red AT, CL, RU
Jegak N-6 Figure 37-6 Blue AT, CL, CP
Modern pigment-1 Figure 38-1 Green | AR, BR, CPG
Modern pigment—2 Figure 38-2 Red HT, DO
Modern pigment—4 Figure 38-4 Red RU, BR, CPO
Modern pigment—5 Figure 38-5 Blue NP, NS, QZ
Modern pigment-6 Figure 39-6 White | RU
Modern pigment-7 Figure 39-7 Green | DT, QZ
Modern pigment-8 Figure 39-8 Yellow | CR
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Calcite(CaCO3), gypsum quartz(SiOs)&= 2

I Q3 1 ¥rel anglesite(PbSOy), AFSFEEH(TIO,), dAFStE ri1e] i

Si- 09 atd 3=

T35k v Az oA ®elth(Table 19).
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52. A AL T

=
T

r-{m

A AGe mers F2 HASE S hematite(Fe:03)H minium(PbsOg)0]
ZH ] ok (figure 23, sample-2). @2 Ao A5 WA 53l Ca, Mg 3t3=4¢
calcite, magnesium(Mgo.ogCaQw)(COg) e CaCOy7F #& H Ao (figure 25,
sample-1) & A2 A HAALS "= & Y 33 =2 magnetoplumbite
(PbFe2019)7F 2 = 2t (figure 23, sample—4).

ZA Ade EelME FE2 Fe, Pb 183 Cr G #F #HAed 3
cerussite(PbCQ3), chamosite(Fe3Si2O5(0OH)s) % daubreelite(FeCr:S4) % ©|
tHfigure 37, sample-2).

A Ade] 9z A= Ph, Cr &9 crocoite(PbCrO4)7F &2 Qo
(figure 31, sample-3), As 23} &9 claudetite(As:03) H3 ¥ 25 At (figure 32,
sample-7). €2 Ao g MAS HE= anglesite(PhSO)E  #H#H  thH(figure

]
i
il

sl
i
i
32

31, sample-3).

A AL ekgodE F2 Na, Al Si, O 3855 2 nepheline(NaAlSiOy),
sodalite(Nag(AlSiO4)s(MnQy)2), C.I. pigment blue 29(Na7AlsSis024S3), albite(NaAlSizOs)
712 3 nosean(NagAlsSis024504) T RF #2 ¥ th(figure 26, sample-4). 5 A =
2ol = wiatol g 9l A (rutile, TiO2) H8F th9] Al R oAl #& = ¢ th(figure 25,

sample—4).
WAl Aol otz o = T A EQ CaCOs Ao AE<el CaSOy - 2H.O ¢
A & (rutile, Ti02) o] #Z = (figure 27, sample-6), T3+ A FAR O

5}+= anglesite(PbSOy), cotunnite(PbCly) 28] 11 A& quartz(Si0.) I A%
B ol th(figure 28, sample-1).

524 ALY RN GHAT A 7P Bo] 2ole AR fEAQl A
otz ol 39 FA 2 Cr:0s(eskolaite) 7} ¥z ¥ A 0™ (figure 33, sample-1)
A b 9l A (rutile, TiOz) Hg w2 ity FF4e FAZoH HA4o] =

As T3 CuAsS=Z ## = v (figure 21, sample-1).
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Figure 18. X-ray diffraction patterns of sample-1, 2, 3 from Temple A.

CL: calcite(CaCO3) CN: cinnabar(HgS) GS: gypsum(CaSQy + 2H20)
GS: rutile(TiO2) GT: geothite(FeOs.H20) LT: lautite(CuAsS)
CB: chabazite(Hz21Cao25Al360518.4024)
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Figure 19. X-ray diffraction patterns of sample-5, 6, 7, 8 from Temple A.
CL: calcite(CaCOs3) EM: emerald green(C-H3zAs3Cu20g) TC: talc(MgzSisO10(OH)»)

LT

BR:

¢ lautite(CuAsS) MN: minium(PbsO4) AB: albite(NaAlSizOg)

barite(BaSO4) AY: argentopyrite(AgFesS3)
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Figure 20. X-ray diffraction patterns of sample-1, 2, 3, 4 from Temple B.
CL: calcite(CaCO3) RU: rutile(TiO2) GS: gypsum(CaSO4 - 2H20)
AN: anglesite(PbSO4) WD: weddellite(Ca(CO2)2(H20)2) HT : hematite(Fe2O3)
MT: magnetoplumbite(PbFe2019) SI: sodalite(Nag(AlSiO4)s(MnOy4)2)
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Hyanggyo C
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Figure 21. X-ray diffraction patterns of sample-4, 5 from Hyanggyo C.
CL: calcite(CaCOs3) GS: gypsum(CaSOy - 2H20) AN: anglesite(PbSOy)
CM: calcite, magnesium(Mgo03Cagg7)(CO3) CT: castaingite(CuMo2)
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Figure 22. X-ray diffraction patterns of sample-1, 2, 4, 5 from Temple E.
CL: calcite(CaCO3) GS: gypsum(CaSO, - 2H-0) AN : anglesite(PbSO,)
CT: castaingite(CuMoz) CM: calcite, magnesium(Mgo03Caog7)(CO3)

DB: daubreelite(FeCr:S4) MN: minium(PbsO4)
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Figure 23. X-ray diffraction patterns of sample-1, 3, 4 from Jegak F.

ST: sarmientite(Fe(AsO4)(SO4)OH.5H-0) GS: gypsum(CaSOy - 2H20)
AN: anglesite(PbSO4) CPB: C.I. pigment blue 29(Na7AlsSic024S3)
MG: magnetite(Fes04) QZ: quartz(SiO2)
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Figure 24. X-ray diffraction patterns of sample-5, 6, 7 from Jegak F.
HT: hematite(Fe203) CI: chloromagnesite(MgClo) HP: Hydrophilite(CaCl»)
AN: anglesite(PbSO4) QZ: quartz(SiO-)
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Figure 25. X-ray diffraction patterns of sample-1, 2 from Temple G.

LV: lavendulan(NaCaCus(AsO4)4C1L.H-O CO: cotunnite(PbCls) QZ: quartz(SiO-)
AB: albite(NaAlSisOs)
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Figure 26. X-ray diffraction pattern of sample-1 from Jeongja H.
CL : calcite(CaCOs; ) RU : rutile(TiO2)

Sadang 1

2000 — =

(6)
1500 —

Sadang I-1
1000 —
3
500 —
‘ ‘ 20 ‘ 40 60 80

Figure 27. X-ray diffraction pattern of sample-1 from Sadang I.

CM: calcite, magnesium(Mgo.064Caoa3s)(CO3)
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Figure 28. X-ray diffraction patterns of sample—-1, 2, 3 from Hyanggyo J.

AT: anatase(TiO») CL: calcite(CaCO3) GS: gypsum(CaSO, + 2H-0)
RU: rutile(TiO2) AN: anglesite(PbSO4) BR: barite(BaSOs) CR: crocoite(PbCrOs)
NS: nosean(NagAlsSisO24504)
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Figure 29. X-ray diffraction patterns of sample-5, 6, 7 from Hyanggyo J.

AT: anatase(TiO2) AN: anglesite(PbSO4) CD: claudetite(As203)
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Figure 30. X-ray diffraction pattern of sample-1 from Hyojagak K.

EK: eskolaite(Cr-03) LG: litharge(PbO)
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Figure 31. X-ray diffraction patterns of sample-1, 2, 3, 4 from Temple L.

CL: calcite(CaCO3) DT: dichromium trioxide(Cr203) SZ: szmikite(MnSO4H-0)

GS: gypsum(CaSQy + 2H20) RU: rutile(TiO2)
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Figure 32. X-ray diffraction patterns of sample-5, 7 from Temple L.

CL: calcite(CaCO3 ) GS: gypsum(CaSO, - 2H20) AT: anatase(TiOs)
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Figure 33. X-ray diffraction pattern of sample-5 from Hyojagak M.

ST: sarmientite(Fe(AsO4)(SO4.)OH.5H-0) AN: anglesite(PhSOy)

_58_



Jegak N

1200 —

AT

900 |—

Jegak N-1

600 —

RU

Qz
NC
NC

300 —

NC
Qz
cu
RU
AT
RU
Qz

400 —

300

200

100

500

400

300

200

100

400

300

200

100

26 ‘ ‘ ‘ 45 ‘ ‘ ‘ 66 ‘ ‘ ‘ 80
Figure 34. X-ray diffraction patterns of sample-1, 2, 3, 6 from Jegak N.
AT: anatase(TiO») CL: calcite(CaCO3) RU: rutile(TiO2) CE: cerussite(PbCO3)
CS: chamosite(Fe3S3SiaO5(OH)4) CU: calumetite(Cu(OH.C1).2H20)
NC: nacrite(Al»S2Si>Os5(OH)4) QZ: quartz(SiOz) CP: cupalite(AlCu)
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Figure 35. X-ray diffraction patterns of R-1, 2, 4, 5 from modern pigments.
HT: hematite(Fe:03) RU: rutile(TiO2) AR: alacranite(AsS) QZ: quartz(SiO2)
BR: barite(BaSO4) CPG: C.I pigment green(CsHis-xClxCuNg)

CPO: C.I pigment orange 13(C3H24CloNgO2) DO: dolomite(CaMg(CO3)2)
NP: Nepheline(NaAlSiO4) NS: nosean(NagAlsSicO02450.4)
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Figure 36. X-ray diffraction patterns of R-6, 7, 8 from modern pigments.

CL: calcite(CaCO3) DT: dichromium trioxide(Cr-03) RU: rutile(TiO»)
CR: crocoite(PbCrO4) QZ: quartz(SiOs)
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6. 1Lz

S|
ax

6.1. X Age & ¢4s

f

o] o] g3 AHM AL <8 A 7FF(hematite, Fe:03), & H(minium,
Pb304) 28] ZlAl(cinnabar, HgS)E ®o] A&st0x ddd = A7y o
SActs e wWol AREH A (TR FFS, 2003).
oA Fo| A FeOs7t Y& Aol A A 7bE ol ¥ (figure 27, sample-5) PhsOy

[e]
o
b2 Aee e AAdEES Addlee & 7 dt(figure 22, sample-8).

e

GAaAGe] ¢tz oA PbCrOs2F AHAFEH] A(As:03) 5o #Z ¥ =1l (figure
32, sample-7) AHAbsR &= A 8o FARoT Mg AFFS THEe FoR
g3tAA T F2 F3t FEEZA AEEe Ao BEo|ti(FFaE, 2002).

J21o] WA G rutile(TiOz) o] ®o]
g ol fre= AAAS e uf A D] A et WAekg Ql AFsA B(TiO2) =
Arh(= g8k A -4, 2001).

of M Q(Si0el #F H o=

2
>
B
2
o
2
il
2
>
ol
=
2
2
ol
i
il
(e}

(figure 28, sample-1).
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6.2. A ¢ty EA

Aaetz o] o= 1775~19001 74 7k A anatase(TiO2), calcite(CaCOs),
gypsum(CaSOy - 2H20) 3! rutile(TiOz) o WAL == 4% Felva oy
& FUIEELAE TRote dd=Eel AHA ¥= Aow Hol S F
SdaY frlE AMAE AMES o= Holw 19759 o]F HHE
anatase(Ti0-), calcite(CaCOs3), gypsum(CaSQy - 2H-0) 2 rutile(TiOs) T2 u} 2
olg A F o] hematite(FesO3), ninium(Pb304) 2 magnetoplumbite(PbFe2019) 5

o RAEE0s BPFEL EWA AL & AL X F 3
%

-
&2

S Aotz o] Ao A% anatase(TiOq), anglesite(PbSOs) % calcite(CaCO3) 59
WA S m = E2 9 cerussite(PbCOs), castaingite(CuMoz) % daubreelite(FeCraSs)
Y FlEEYA FEe] AAARE 29 ZAoFE Holu AYHEHE AA &
He d2 2 Ao

AAorg o] ALoE 1667~18973 4 7k A= anatase(TiO»), calcite(CaCOs),
gypsum(CaSOy - 2H20) 2 rutile(TiO2) 52 WS H= Z-of] HA A=
SHEe F5Y4aY friEHdoe] 29 Aoz Rolw, 1900 o]

&
k-3
ol CI pigment blue 29(Na7AlsSis024S3) S o] ZAAZ ALEE AL & F

Aol g o] ALo= 1775~1900W 4 7FA]  anglesite(PbSOy), calcite(CaCOs,
gypsum(CaSOy + 2H20), ¥ quartz(Si02) T°] F 7FA & Al 7HA% E g5 o
»qom 1975 o] FHEE anatase(TiO2)¢} rutile(TiO.) So] @502 220
eS¢ F Ao

Aot Aol At & Rlol WA mpgol] eskolaite(Cra03) &2 7
w4 sgEoY 59 §UEH FAMAE TS ZoF Holn 53| 54 o
9o FAAAZA ZAE HE lautite(CuAsS)®t hematite(Fe:03), 44 & =&
cinnabar(HgS), 4 9= calumetite(Cu(OH.C1)2.2H-0) 52 F7]+%
2 EZ3tste] Az AEE A Y. gl dAdle]l 9 A= emerald
green(CoHzAs3Cu0g) 0l H} C.I. pigment green(CsHis xClxCuNg) 59 H A4S

L REAS HAAZ o §F AL X 5 9

AR
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ol TPHO Yk AR F FIUYRE SA4L AXE ASE o] AR

2 Ao A= Cr, Pb, Cu, As, Hg & Frallea%0] &F¥ 3% = crocoite
(PbCr0Oy), eskolaite(Cr:03), minium(Pbh3O4), cotunnite(PbCly), anglesite(PbSOy,),
castaingite(CuMo2), nantokite(CuCl), cupalite(AlCu), lautite(CuAsS), alacranite
(AsS), claudetite(As203) ¥ a1 cinnabar(HgS) So] ## A, 53 Ase Pb
e A% 16675 E @AZA ALE Ho] A= Aoz el H ).

ole @ fral FE& QA W AP Ak Cre AESHH 4 9 =4
& 2 QAT AdEet BAZE AdolA, Cf'E AEES BaatE ko] uj$ H oA

2]
B4 vlwd Au, Cr' e Azl dia vjnd Zd AEH AshsH e 7hA

%
o
o
(o,
i
N
—
O
o)
oy
=
(@}
=
QO
]
—
o)
O
—

= %
Aol ol dS F= 457F doh As7l Eolde AW TV o5 vAA Hd
S e Aol Ak (EA R, 1997).
e 449 WA = u Cr, Pb, Cu, As, Hg 9 fralsaHc] &

1
f8 bR A ol Agax 2 Aol wiga @ Aol

IS
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oA 9 R Yy RS Fustel dolHuels THe 94

BF A A9 DA% 9 AR 5ol v 24¢ AAse] XA B2 %

inium(Pb304) ¢ @Y = TTFo 2 ALE Y

3

2 Aot 5 = hematite(FeO3) 4
AeS & F A, ZMetg = cerussite(PbCO3), chamosite(FeszSizOs(OH).),
daubreelite(FeCr.Ss) 5 ©], 3AMetm = crocoite (PbCrOs), claudetite(As203) % ©]
ARE H A HAdE = F2 Y SFEEQ] albite(NaAlSizOg), sodalite
(Nag(AlSiO4)s(MnOy)2), nosean(NagAlgSisO24504), nepheline(NaAlSiO4) 5 Wk
Ha, wAadtsE = &7 (CaCO0s), A13(CaSO4 - 2H20), A% (rutile, TiO2),
anglesite(PbSO4) 5 o], 28]l Mo F = eskolaite(Cr203)7F F+2 A3 o2
Hl

Ta AE R B HAorr o Lol 1775~1900 7 7F A anatase(TiOs),
calcite(CaCOs), gypsum(CaSOy - 2H20), rutile(TiOz) T WAL =& EHo
v5day #71E ANAE AT Adoem Holw 1975d o] FEE =
anatase(Ti0-), calcite(CaCO3), gypsum(CaSQ, + 2H-0), rutile(TiO,) S 2] Wi Ao}
g Al o] hematite(Fe:03), minium(Pbh304), magnetoplumbite(PbFe2O19) 52

Aesds HEEe BRG] A8 & 2L T & ATk FALRY 4S

b4

[e}

R

ot

Sy

1667 ~1897d 7 7} A = anatase(Ti0-), calcite(CaCOs), gypsum(CaSO, + 2H-0),
of MAS He 4o HA AR FrlEde]l 29 Fo=® Holm 1900
o] ZHE = A &4 ClI pigment blue 29(NazAleSis02493) 5o ZAA=Z 2
AS 4 = UG wAerg o AL 1775~1900 7 7F Al anglesite(PhSOy),
calcite(CaCOs3), gypsum(CaSOy + 2H20), Fol &= o] 29 Ao & Holw 1975

9 o] FREE anatase(TiO), 5ol WH02 %ol A& & 5 Utk
=

IElal okw Ax A Ao w Holes okgEtE ofe] A T EEo] Y o
AE AS & F A%, ks EF A WAlkg & VR o2 o wFe RIFE

T A8 ARes ¥Fo AsE %] A Cr, Pb, Cu, As, Hg & #FalTo

go] g FFTE crocoite(PbCrOs),  eskolaite(CroO3),  minium(Pb3O.),
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cotunnite(PbCly), anglesite(PbhSOy), castaingite(CuMo2), nantokite(CuCl),
cupalite(AlCu), lautite(CuAsS), alacranite(AsS), claudetite(As203), cinnabar(HgS)
ol AHE Holx Ao Fel HA, 53] Aset Pb A4 ¥ I AFEH AA
THA] ARG Hol A= Aow g HAY. ol i FEHS AAd Fal =
ol o] TEHES doAY Ad9F, 9F9 o AYs A= Y. O

)
e oy falFEsol i
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