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Abstract

The analysis of danchung pigments at the Geunjeongjeon Hall in the Gyeongbokgung
Palace were carried out by FXRF and MXRD. The analytical results showed that
mineral pigments were employed for the inside of the Geunjeongjeon Hall. The main
ingredients of green pigments were chalcanthite and celadonite. Red pigment was'
cinnnabar. It was also revealed that synthetic pigments were applied for the outside of
the Hall. Yellow pigment was chrome yellow. The main ingredients of red pigments
were red lead and hematite. Green pigments were emeral green and chrome green.
Lazurite was employed for blue pigment and titanium dioxide for white one.
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B2 5 =55
A 15 5 Efzrfs HHE=F (20025 28 222))

&1, o] AR HAA 9} Tl ERAECIY AFES AU o1FA A= A
& HHolg} ). BxAZ GHAYL Fo2A AFAY - &% ws 3 S
H2o guslE Adsle] A9 w38 WR|Eha, 3 F3) WA ¢ AF5Ed W
T4 ggEg ozt AEHEY oL S =2 F A A=TH).

2yt A zoiets ) AMS T IEHIe] AN fElEH 2 F FHouvt
A § BR7AZ) Bol ARSI o2 2uiQtEe] A= AhoN AF e BEA
USR] FIIJAEE F2 23100, 53] v § gAY 78 F gle AEL T30
U Aol £9)3k] ARSI 23y dAlle QTR vifle] of=eH, WidE
tHIE J7lo| B2 AMS317) 7t ofe] & AAoltt. 2822 7HF o] AL 787] 2 <
T AT GEEL RAJBEA Bo] AHE-EI AT

£ JIA 92X e AEIFEBE) YU GEHBRE, S5 2233)2 HE 3d(AD.
1394)0] x| ou} AR wf Belon g Folgle AES 2T 44(AD. 1867)° o
Al AR Aot} dA) 2 AL 3FW X2 F Ao guH] BRFFALE AT
Aok B3] 24A 92 e ALE 19713 G TAE 3 F A o] gl FA
oA e Adejoltt. 2B o B BT 2R By F 28 iFet ¢
FoM AEANH7 7 2 A dHAE AFHA AR Aol E LotR YT

2. ¥4 wy

Y AuF o T AFLE qIAFAR v T F AvbA] # 200, 400, 800, 1000,
20008 AHE-3ld tEF] 23 A7 & dW7EA] Ankeka, B8 1]73 (Microscope, Carl
Zeiss, Axiotech 100HD/Progress 3012, Germany)S & 3t th, g G4 7]
(Image Analyzer, Carl Zeiss, KS 300 System, Germany)E AM8-3l U859 FAE
£33t .

22. 98 B4

DY Qg RS Fug XA FFEA7](Field X-ray fluorescence analyzer: FXREF,
Seiko Instruments Inc., SEA200, Japan)& Ab£-3te] A48ttt o] W E427L 50
kV, 200 pA, He 9171 Ael2 24381929, 2 mm collimatorg AHE-3t%th. o] &4
AHE ALg 3t 7 R W E HFRE o1 FolA YEAE T XA HBRA)
(Micro-area X-ray diffraction system: MXRD, MAC Science, MXP18VA, Japan)Z &
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A&k vAY XASHEAA target Cu, Al&A] A2 30 kV, 100 mA°IH 2H,
100 um collimatorg AMS-3td A&t o] PlARE XA 3| HEAHFR]= MCAMulti
Channel Analyzer)¥4]& &L 101, 7} A& ASFA] E4A7HS 1000 ot} E3
23A R 54 A8 AR 29 A9 AEFo] Bol B85l wide XRDE AHS-
sted A=k olul AZZAL 30 kV, 100 mA, 4%/min®| o},

3. ¥4 A3

3.1.2t2 &0 Bt X

AR W R FAagtge] BHEE B IA A JY FOoZ o|RA U= RS EF
UAThFig. 1). AFL HEL AT vlgGFod, 2 $52 218 & Y ELAFTLE F 719
FOE ol FoA Ut} £3] 7HuE-E A4S FARET A E EFEAA A HAE
AU Qled, o g2 FAtEE g 18A PSS BF F F vk JAEH
71§ AHE3I 7+ o] FAE FStE A, HEFQ] vlEEE B 15 umelR e,
7HEl S-S He 80 pum 2L W &< HAJES L FH 14 umol AT

T3 2 E A AR GdEEE A Jle & BA F3 QthFig 1). viEE
AFL HEE FJon, 2 99 E7FE F Y Fo2 FA=HA At 7HedlE
gAML HARIRE EjIEl 2 FAASE AL Jlon, O 3L s g
IFA RS B F Utk GEA7E RS 7 B FAE St E A,
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3.2. 0t ME B4 _

ZF AP QhE Y AR 42 FulE XA 9384718 ARSSl RN F alk
T XA HEEH7E AHSEtA gt o] JE-E dolH JkTH(Table 1331).

) FAARE 1)

FXRF #4427 F(An)°] FAELE AEHATY. =8 MXRD #4243 30| &€
Aog Hol, F& 0|83t 2d AL FA T F Ut

2) A (WH: AR 5,6 25 A& 10, 11)

o FE Bol 204 HARIE 2= MAKHS, cinnabar)E FX e 7194 3000373 %
B ARG E Ao 2 deA o, 2 ghe] A 7HE(Fe,0,, hematite)$t @ (Pb,0,, red
lead)= X2 RE| ARG-HOZ (B0t} 22} Ao oxe JAFFH o2 A%
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AR} A7 E Bo] g3 ATHD).

A ol 291 FAAEE FXRF £42% Y2024 He, 7t A=t £
MXRD #4725} Hgs7} &Ho], FXRF £33} 98t glck. 2882 234 U
Ro 29 A4 FEE AAE G BH AL &+ Yok
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Table 1. 735‘2‘\5%}?& DA A AR Y FH

A )] & . .
aE oam M oz  qmds
1 24 Au Au (gold, )
CuSO0, * 5H,0 (chalcanthite, B%F)
2 BNES) Cu,S  Cu,CI(OH), (atacamite, 5 53)

Mg,(OH),Si,0,, (talc, &2)
(NH,),Cu(SO,), - 6H,0

M (ok2
3 A (EE) o Cu, S, Fe (ammonium copper sulfate hydrate)
W T T KMg Fe, Al), - (Si
e (] , . g, Fe, Al), - (5i, A),0;,(OH),
4 aalG =) Fe’;s’ Si (celadonite, > E4])
5 R Hg, S " HgS (cinnabar, ZA})
6 A Hg, § HgS :
7 LR Pb PbSO, (lead sulphate, 3414)
8 EyT Fe,Pb  PbSO,
9 34 - Pb,Cr PbCrO, (chrome yellow, 34)
10 AHAAGEH) Pb PbSO,Pb,0, (red lead, A)
11 HANZEF) ~Pb,Fe PbSO,Fe,0, (hematite, 2+3}3)
12 SAEE) Cu, As C,H,As,Cu,0; (emerald green, 3-53)
Cr,0, (chrome green, 233 &=
M2 >3
13 A As, Cu, Cr CaCO; (calcite, 1)
o ; . TiO, (titanium dioxide, A+3}E] &)
4 AR TiCaS kgaGCaQAlésl6024(SO4)2 (ultramarine, %)
N CaCO,
) CI'203
' . . Na6ca2A]6816024(SO4)2
15 AAEA) S,Ca,Cr  Cr,0,
CaCO,
TiO,
16 LR Ti, Ca, S Cr,0,4
CaCO,
. Cr,0,4
17 A Pb, Cr PbCrO, (chrome yellow, %)
PbSO,
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B 2SN i =5t s
15 5/ Sf=r)3 M EE=SE (20025 28 222)

gy 28 RS EF, A1E 1030 S49] H9+= FXRF #4245 FAHAELE Pb
7} A& A =3 MXRD £443, PbSO,S Pb,07F AEHAT. 1322 HA ¢ts
2e ddg Ao, Pbd AR 3 WAJME (PLSO,& Hule] FEol WEHo et
Ve R0 E )0 d9g Est S0z AR 2108 HRlth E3F AR 11
A7459] A9+ FXRF 4435 FAESZ Pbo} Feol ZEHU2H, MXRD #4243
PbSO,%} Fe,07F A& H o] FXRF #4235 4 dXTE & & Ut 28R o] F&
o] HARta = M7 AMSIIR oY, g AXE 3 WaRkE oF T8I AR AoR
Hh

3) FAA & 9)

o 5E A AdFEZ e AAFENA I FE(FeO(OH) nH,0, iron oxide yellow)t}
213}(As,S,, Orpiment) T YERS(PbO, massicotyS Bo] ARESIH oL, Aol 1FH
o 2 343 A (PbCro,, chrome yellow)2 Bo] ARSI ATHL).

A 4R 29] BAMrES] A, FXRF 443 FAHRESZ Pb, Cr 5°] AEH
R, MXRD #4743 PbCrO 7t HEH], FAAEE 22 AL FAdE ¢ 5 3
ped=

4) AN AR 2, 3,4 ¥ A7 12, 13)

A FE 22 ZA AR s G714 wATUY FEHH(CuCO, - Cu(OH),
malachite), &5 %3(2CuCO3 - Cu(OH)2, azulite) =& G o 2 H ¥ EX(K(Mg, Fe,
Al), * (Si, Al),0,,(OH),, celadonite)S A}-&3} T}HQ2).

I3y #A) Bo) 20]3 e HAEZE #7) ¢kE<Q cyanine greeno|V} AEEE S
(Cr,0;, chrome green) 5°] 129, 323 (C,H,As,Cu,0,, emerald green)> H] 22(As)
o] 540 = A3 dAle AMEEE YA &t

7 Y Fol 291 SA(ITF AR 2, 39 79 FXRF B2 FHELE Cu, S 5
o] A&HU oW, MXRD E443} A& 2+ CuSO,-5H,0, Cu,CI(OH), 5°] &=
on, Al8 3& (NH,),Cu(S0,), 6H,0 5°] AE&HIUth & o] JEES AT HES
ol 9o FEE HFANA Bo] YeElue Zoz HaM4E AU JTH3). E=F A
8 4€ FXRF 423 FAHELEAM Fe, S, Si 5°] A&HI 21, MXRD £44%
K(Mg, Fe, Al),"(Si, Al),0,(OH),°] HEHAL}. o] &S Do 2 H =4 ¢h4Ql =
EXo] Aoz UM e X8 HAANIA AEEHe Ao duA A1), 13
B2 o] ARES B3k A Yol 29 SR ELS AFFAE ARS] obd A
HAAFENAH 23 FFEL AIEHS S ¢ &+ U

a2l 23 979 79 FXRF 24 23 A8 128 FHELE Cu, Avt HEH
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Ren, MXRD #4723, CHAsCu,0,7t A58 ALE Bol, g2 35H
< AHE Ao B E§ AR 139 A& FXRF £423% FYE224 As, Cu,
Cr 5o A&HyeH, MXRD 423} Cr,0, CaCO, 5°] A& HUT} ol ui3E
A HEMoz MAEET AF ¢HFEQ TES ERs AN RAYSE S F Ut E
3 FXRF 4 d 30X FHEOZ As, Cu 50l el = AL FEo= 22 3534
HEe JPoz 72 AT ¥AY. 28E2 2 IR =UAESS £4 2
3, o] 2ol 291 IR EL AAA T2 FALEI} old JAFFEE H8de ¢ F
At}

5) AN E 14, 15)

AFE FUAEE AR T34 AT NS Bl I, IEH T AE
3t ARSI 2EV EA) Bl 203 e HAAEE 73 (2(Na,0- ALO,-2Si0,)-
Na,S,, ultramarine), ZZE % (CoO - nAlL0,, cobalt blue) 5°] ATH1).

A UM e FARISE AH R B orm2 RA MF 3 HAUMEET £
T3 22 A3E A%th A8 145 FXRF B423 FHEL2A Ti, Ca, S 5] A&
Ron, MXRD £42 3 Na,Ca,ALSi(0,(S0,),, TiO,, Cr,0,, CaCO, 5°] HA&HJ &
AL A R A B e L) AR H(TIO,, titanium dioxide)E S8 A4
HAEOE ARRREE & F Utk B3 P& 43I EX(Cr,0;, chrome green)¥ 3§
(CaCO,, calcitey2 vI&E<] HE2 JEo] A&EE AL HRIY. &3 A8 159 9
FXRF #4723 §, Ca, Cr 5°| AEH 2, MXRD ¥4 3} Na,Ca,AlSis0,(S0,),,
Cr,0;, CaCoO, 50| ZAEHNUT}. ol PN 2+ 2L ARl on, Astagss 38
< HlgF Y JEo] AEE ALZ B

6) M AN H-: A7 7, 25 AR 16) ,

o FE QAtEE AP YEY TE(CaCO,)E W] ARS8t oF A7 AR B
W A2 3 Al gl QYT AT gt 28U HA) Bl 203 Y= Y
AAEE A3E TIO,)F ol83HZn0) o] Uth4).

TR el 20 YIS E FXRF #4243 RS Z P/t AEHA 2™ MXRD
443 PoSO/ AEHAT. 2814 PbSO, AE-S Pb AlE 9] Aol WA= Jeht
T ARl ARelt((). 2B ER 23 YRXE Pbe £ E & WARIEE AR
Ao g FH4E.

23 R 221 WARlE= FXRF #4243 FHELE Ti, Ca, S 5ol AEHAL
™, MXRD 443 TiO,, Cr,0;, CaCO, 5°] AZ =il & wActs e 22 AL 4t
stegbEoln, A5 TES ulgFo JEo AEH Aol
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BT 28 HE 52
X 15 5 sf=rfs Y HE=2E (200217 28/ 222))

7 ERME: AR 8, & A8 17)

AHFE 22 FARRIE = GASFESA B e FHE o] Ao, B
A, g ofUH of= gEe] AkslEo] AMSHIA T 22y HAIZ SAts e H@Aasky
)oly 7+ iﬂllﬂl A wtE ot}

ZAA YFo SAANTQ AR 8 FAECZ Fe, Pb 5°] AEHU L1, MXRD
XZA3} PbSO,7} %‘gﬂ&dt} o] JEEL ZuQtg o] AEo] obd niESe] AIEAE
o] A& o2 ¥} I} FXRF B A3 FE4 89 Feol AEHo| 4 *é—’f‘-ﬂ
2 A FHES AEAL AL 92U, MXRD B4 27 Fedt ZdE w3t AR
UEREA] = 108 Hol o] ol 221 FMtge ¥ A<l @asiRIES Al%t‘z
o2 F44rh

A 2o ZAEQ A8 172 FARSE Pb, Cr 5ol A&HJon, MXRD ¥
AAH#ZE Cr,0,, PbCrO,, PbSO, 5°] AEHULH & o] AEET 34 59 RS
< ofum @A) uperEel Y GEAFEEC] HEE Aolth. & 2 gHY A=
FXRF #4243 3445 Fe, Cu 5] HEHA F2 Ao Bol T2 9 AF
A BAZFES AL Ao R Bl

%]
m e

l‘

T.
N

M

4. A€
SR Ul - & FollM AT DHUE 17 FE 243 v 22 AHE deF 3

TR - 9% ANAEY BHE BB AT, A 7)Y T o|FoiA YL #I
& HgZe S0z Agon, BREL ¥ 3024 052 4% &
NAEE Mo} Ak AR HOH, I 922 HAYRE AL ST 1A BYSL @

L84

3 24d W9 & S8 HJEEHT A3k, o] 2ol 222 ‘&i—‘é——&— drholl ®ol
207 Q& QTINY tE o] ofd AAFEA] 253 FEES AFRE AL & &
AA. F, FALEE 43 FAnE FHAEE FTY ﬂ*ﬁ"%'—@la(Cuso *5H,0,
(NH,),Cu(SO,),* 6H,0)Z} ¥ E4(KMg, Fe, Al),*(Si, AD,0,(0OH),)& AH&-3tH e, 4
Ao} A9-& IAHHgS)E AH-FlT

v A AR BAE Aee AAdRE] Hoks dA Bo] 20]3 Sle F
FHE AEES A} AL S & & YA F, FALEY A$= FAPLCO,,
Chrome yellow)E HANF ) 73§+ A (Pb,0,)5 A7H:(Fe,0,)8 AHE3IRoH, H4
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AR A4 3EH (C,H;As,Cu,0)3 ASIZEH(Cr,0,)% AHE3ITH =8 JAates
T % (NagCa,ALSi0,(SO,) )& 283 HAtg 2= o ASE&H (Ti0,)E AH-3la-2
¢ F AU |

ol B4& Tl oA iRl AT AR Ft= e & AMSSIL YA &
= oY, B3 AA FAFEANAY L& F e ATFOIU HEY, WAL FE AR
& RAo= Hol 1971d B@HFAM] S Fde M2 @3S Aoy, iie A= HE
g 2ol ozt 1Fu FAA AF B o] AF7A HH L Aol FHEH.

h =)

FAE™

1. A¥E, a3 AR, F3A 9 B Eo] Hole 4, p. 106-137, 1997.

2. X, 55, B8, §3F, AL S Haias AAEY A7), REASA
T #2134, p. 119-144, 2000.

3. L. S. Selwyn, N. E. Binnie, J. Poitras, M. E. Laver, D. A. Downham, -'‘Outdoor bronze
statues: Analysis of metal and surface samples', Studies in conservation vol. 41, p. 205-228,
1996.

4. John Winter, '35 2d] ¢r& o] JEEA, njeAE, #4337, p. 1-36, 1989.

5. M. Sawada and M. Tanaka, '¢t89] ZALIQATH', £ &, 9, p.69-73, 1999.

20



