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A study on the analysis of ancient pigments
- Focus on the Buddha pigments at the Ssanggye temple -

FERITIR - BLERAR
Min Su Han and Jong Ouk Hong

ABSTRACT

In ancient times, many kinds of different inorganic pigments were
used as colorants for making objects. These pigments are still evident
in well known objects such as Danchung, mural painting and Buddhist
painting. This study discusses the results obtained from an analysis of
the pigments used on the Buddha pigments.

The results can be briefly summarized as below;

Firstly, the microcrystalline structures revealed on the cross section
of analyzed pigments, samples of which were taken from various parts
of Buddha pigments show that different sizes and shapes of pigment
particle were used for different purposes such as coloring, toning of the
pigments. The arrangement of pigments and their usages are varied
according to the owner temples and the place where it was created.

Secondly, a result of the analysis on the composition and structure of
the pigments shows that the main components in their composition are:

Red pigments - Red lead(Pbs04) and Cinnabar(HgS)

Green pigments - Malachite[CuCOs Cu(OH)z] and

Prussian Blue[Fe4(Fe(CN)s)z]

Gold pigments - pure gold(Au)

Yellow pigments - Orpiment(As2Ss)
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Especially, we knew that pigments used on the Ssanggye temple not

White pigments - Lead Cyanamide[Pbs(COzs)2(OH)z]
Ultramarine pigments - Azulite[Cus(COs)2(OH)z]

repaired to the artificial synthetic pigment.

|

oA ol

= A3

Sol om”, adf Hs}, o

879] Ao (s

A A2t AER () S

AR
A

b A, g4, o

5]

=

A1)

pu—

0]
AT

AbgEkelE? @A) ol

=
=

)

A
2

b}TF/

I (e

X

bel = o]

J|

T AREEA]L 19631 o]%¢do] Fart) o

off AHg- <k

=
(¢

EEl

Sajujelol A o)

§ AT

1989 John Winter®l £]3

ko3
T

o7 ol

A5A17)

CHESGE

A=)
RL

T, U Eoly] 358 £E E7 Y

obe] e ohmit

[}

3

o

A5k

1

7}

A
A

il

Z Aol a
b e RS

ol Al ZshAell =74

82 Ayt ok et o]2] sk A €]o)

N7 Abgsle], 64712 ok st niel
o) AHE 7] kol thg A7) m

-

27 wste] vlEAbe 2AF ol f-euete] aith ARt




H, BAAE 227 Bkl A =5 <t

9|

= A§37] 9

=
=

bol 1A}

K]

5o HES

ig)

Ay} 2

A

=

BAMRE FAAE Y 21d(722) divskdat Aishdol A9 &

gglom, A7 (9] 886~887)¢] F+ 7He] Al=re] vkt

Fwe] 4

L
=4

FojARZE @12 1043 (1632)

10] L 5E7HA o2 vt

A

o oAl A

Al

-
o

A
ol 97} o}

Table 13} Zt}.

=

BES

Az 5178 183 e =

Apgolm, wi el oks

=
=5

A

=

73

2 Az 5A178D)el =

bgo.

28

il

el

fils)

3

=01 et

RGO §

il

o

Ao

Apgoln, x

=
=

11(1860) el 1#%] Aoz

Tl =
A= dE

o] A

o elxgolaL, vl

20
A

T 143(1863) 01l 181zl Zlo= X2

o s
=3

A7k 2 olgict,




=R
i
=
Y
=0
¥ ¥ 0 % 0 % 0 ¥ &0
El € ® KH T K = K %w K+
3 T T T T
K K o K < K
Hr 5
W~ oo m_ —
of 20 Ko u <K - K
= ol ol pal o IF il jug!
) < I <J KO0 B0 I 8
30 = =< ndoo=
<0 K
~lojlo 2| YT e TR sl S
‘m,b
s
Ho
2 = 5 = | T Il o= <
= Mm Ir| K| =R || :A_m R Y @ﬁ_ b
Tk T = U= = D
mu KE | 37| i | 10| TH RO\ BT\ A | 3| | AR BT ROE T i

F234% 1134

S

)-o:
=1,

3

2E3)

Anb=] #200, #400,

5
T




135 | 9 F29) 4

#800, #1000, #2000, #4000 =03 ARg-ato] QhmZel a7t & w7hA]
Avtstlt, AvkE 7 Az s FeAn A (Microscope, Carl Zeiss,
Axiotech 100HD/Progress 3012, Germany)= AFg3lo], Sta o] thas -z
st o A 7] (Image Analyzer, Carl Zeiss, KS 300 System,

Germany)Z ©]&3lo] ¢t539] 7715 S43FAH

2. 4E2EY

B o 2o gl
rEo] APEES vFE s 93

7HA AL A e A EAtE XA

%)

o

£217] (Energy Dispersive X-Ray Micro-Fluorescence Analyzer: EDXRF,

A
rlo
[\
o
=~
<

Kevex, OMICRON, U.S.A)E A}&3te] BE4sigjon], BAx
0.5mA, BAA17F 1002 2 300um Collimatorgdth. ®3F EDXRF 541 3 Qkg 9]

552 54-S MCA(Multi Channel Analyzer)®2S k= ] AEXASHE

)

217] (Micro-area X-ray Diffraction system: MXRD, MAC Science,
MXP18VA, Japan)E AH&-staitt. n]AafXA3) 74 A] Target Cus AH&-S}
Rom AFA AL 30kV, 100mA 2™, 100um CollimatorE AH&-3te] Al
SATE 3 Al E AZA] BAAIZRS 100022 3, A F A vlolE= I

= w3 (peak matching) Z&213-E o] 83lo] 7} 9322 A3}

1. EHHEEZ I (Photo 1~16)

A S F3 ®e) kgl e 2F Al kuSo] W v A= Table

201 FERHSA.
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EDXRF¢F MXRDE ©]-&3%F 2} A7l ot e] A% 3 3= 578 Z23E Table

30l HERHSAH.

1) 5AQFs (X8 1,5,14, 17; Photo 1, 5, 13, 15; Fig. 1, 2 #=)

IOFE A AEe] dsE T2 AAGE TollA A7 ekl A
(CuCOs3 - Cu(OH)2, Malachite]o|t} H&33(2CuCOs - Cu(OH)z, Azulitel<
T Aesx A% A714 98 (Cu2Cl(OH)s, Paratacamite, Atacamite,
Botallackite] &5 AH&-st1 o™, 1 9]of] T o w2l 9FAR] 54 [Celadonite,
K(Mg,Fe, AD2(Si,AD2010(0H)2)& FHleke] A7 5 ARRSIITE. Lejvh &
ol oFA AFE3h= HAQbm= 7] F=<l Cyanine greenc|ut 3F5%

(C2H3As3Cu20s, Emerald green) T Ak3}3E35(Cr203, Chrome green)<
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Table 3. &5} ot=29| MEFEA{ZN}
A= } _
ObAfA A=A i & =2 H 1
Hs
(NH2)2Cu(S04)2 - 6H0 ‘
= M 1 Cu Fig. 1.2
CaC0s
HgS
B A 2 Pb, Hg Fig. 3. 4
Pb(CN)2
Bl A4 3 Pb, Fe Pbs(CO8)2(OH)2 Fig. 7.8
= M 4 Au Au Fig. 17,18
= M 5 Cu Cus(C0a)2(OH)2 Fig. 1,2
HgS
eIt 6 Pb, Hg PbSOs Fig. 3, 4
FeO(OH)
i PbSO4
B 7 Fe, Pb, Cu Fig. 5,6
FeO(OH)
A 8 Pb, Fe Pbs(C0s)2(0H)2 Fig. 7.8
SAH(M) 9 Pb, Cu, Ca nd*
= M 10 Au 0y
T 3 11 Cu Cus(CO3)2(0OH)2 Fig. 9,10
i Fe4(Fe(CN)e)z,
A M 12 Co, Fe, As Fig. 11,12
Co(HPQ2)2 - 6H0
A 13 Pb, Fe, K nd* Fig. 7
Fed(Fe(CN)6)2
= M 14 Cu Fig. 1,2
Cuz(C0g)2(OH)2
AT 15 Cu, Cl CueCI(OH)3 Fig. 13, 14
SA(M) 16 Cu BIESS
= M 17 Cu Cu2Cl(OHs Fig. 1,2
X A 18 Cu, Fe, Pb Feo0s Fig. 3, 4
CaC0s
Y A 19 Cu, Fe, Ca Fig. 7.8
PbS04
) Fe4(Fe(CN)s)2 ‘
A M 20 As, Co, Fe Fig. 11
Pb Fe(CN)s - 3H0
SAH(M) 21 Cu, Cl BIESS
) CaCua(AsO4) (OH) ‘
o= 22 Cu, Pb, Ca Fig. 15, 16
CaC0s
M nd* : not detected
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o] L83kt 1% Emerald green H] A (As) 9] SAdo] Zaf] LHoA] 1 o]
 AAFEA] eFaL Qo] A= AREShaL IA] %

EAALS] =4 QFE = EDXRFEAZ 3} BE AlRddA 8o 72 (Cu)7t
AEH At 18v MXRD #4242 524 [CuCOs - Cu(OH)2, Malachite] o]t}

Ax=o] A7|A 3= ((CuCl(OH)s, Botallackite, Paratacamite) && ZFz+

o] Yol kA FAHACH, o= A5 soli= FHUIEI ohd AR

Zoll A Upphhs 7] ekl o 4 Qg

2) AA 9l (X & 2,6, 18; Photo 2, 6:Fig. 3, 4 =)

arthell o] &3k A AFe] FrtEE A (Fe20s, Hematite) 9} et
(Pb304, Red lead), ZIAH(HgS, Cinnabar)E ®o] ARSI T3 Aol = 4
L e dotR 2 wo] AREsta 9l

EDXRFE ©]-§3 Atz o] #4143 23} 61 A5 A= Pb, Hg7t A&
A

o 18HoAE Fert &= ATE 3 MXRD #4247 2, 699 F Alse= %
AHHgS, Cinnabar), 18 Al&% ZFWH(Fe203, Hematite) &2 545 o] B35}
wh} A2 R AR e S AR AL, BT HABES o] &3-S o = k.

3) wi Qb= (X & 3, 8, 13, 19: Photo 3, 8: Fig. 7. 8 ¥=)

WAy Qbm o] - aldfelli= A WiE | A3 = A51(CaS04 - 2H20,
Gypsum) & 79 #8=E whso] Alom 2, 244 & 794 37 (CaCOs,
Calcite)= TH=o] AR&sATt. oF TAIZIAFE = e A% g A oFgQl i
(2PbCOs - Pb(OH)2, White lead)& AH-3171 %= &F3ict” 1eiu} dol] AR5}
= WAl = 2FA S (TiO2, Titanium dioxide) ¥} ©}A3H(ZnO, Zinc oxide) %
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L obd (Zn)2 AEHA 94T MXRD 4] Aol A 3, 8¥e] Alges 25 <

5}e] SAokEe] 7% EDXRFEA] 23 wE ARA wH(Pb)ol} 78 (Cu)
7} HEEE AOR Mo} ofF the] npEHAIel wllo|}, R AIgkE o] Aite] ]

Zro] Lhot= o WOty Ea Sajgknl QubAoR B2 Age 49 AR

o1
~
2
3
rO

E(XE 12, 20; Photo 12, Fig. 11, 12 =)
A AR RE FHAMR! 3 ) AlSe] A

e Alxzste] ARgSRlv. 2L "ol Wol 2ol rEE oA

o
Mo
L
O
ol
£
02
N
ox!

(2(Na20 - Al203 - 28i02) - Na2S2, Ultramarine), ZH¥E % (CoO - nAl20s,
Cobalt blue) & AH&-3kaL At

wate] G erse) 9= EDXREFEA A S8 E(Co) ot Hlax(As)7F 54+
o= HEHFAT. MXRDE o|&ste] 4% A3, @3 (Fed(Fe(CN)s)ez,
Prussian Blue] = &3 =3t}

6) 3 QkE (A& 7, Photo 7, Fig. 5, 6 =)
o= Apd HAFEONA vz FE(FeO(OH) - nHz20,
= A% (As2S3, Orpiment)olel shed, A2 (485,
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141 | 39 129 4

Realgar)ellAl 374 = 7S o Fo] AtEH = A grlsto] AR8-&keln. e
U A= H(Ph)S 8% 2= skal = A (PbCrO4, Chrome yellow)& %ol
ARE-shaL $)

w3t otz o] 49 EDXRF #4123 A (Fe)ot H(Pb)o] FAEoZ HEHIIo
o, W& sk tigk MXRD #4143 421514 (FeO(OH), Goathite]l = &4 %]

o] o] 4] AALEE Fulste] AHEE A2 & 5= Ak,

7) FAE(XE 4, 10: Photo 4, 10: Fig. 17, 18 =)
wAQEE EDXRE #4143 Aurt F4+3-2.2 &5 e, MXRD #4143

EF Auz sHE AoR Wol, Fuks o] gate] Fajdoluy BAke] sgul HlY2
[e=]

8) HAAAIAE (A& 11, 15, 22; Photo 11, 14, 16; Fig. 9, 10, 13, 14, 15,
6 Hz)

718 AL QbRoll= A, A, s sl 2o, EDXRF 4144} o
= 7E(Cw), A7t ehaAe] A5 =l (Cwet d4(CD7F AE= 3 o] 94
< 7FAa MXRD #4& A A3 g 2e HAoA 2ol FAHA
(CuCOs - Cu(OH)2, Malachite] & AH&-3t5< & o U™, AFA B3E =
A Alde] 4714438 (CuzCl(OH)s, Paratacamite, Atacamite, Botallackite)
e ARERE Aew Yt B3k skeAe] -9 Conichalcite(CaCus(AsOa)
(OH)]¢} CaCO37}F s o] o5 Mde 5AAIEe] tart o} eals]o]
e A AR M2 Eeto] ARERE Adt o]l gk theksl Ate] bRt b

s Aow Alwgr,
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Photo 7. Al& 7t -

Photo 8. A|2 8

Photo 9. Al2 9

Photo 10. AIE 10

Photo 11. AlZ 11

Photo 12. AI& 12
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e

Photo 13. A2 148 - ZA4(z})

Photo 14. AIZ 1681 - SIFA(R)

Photo 15. AIZ 17t - ZA4(z})

Photo 16. A2 224 - 55M4(S)

=0k EDXRF AE-2A 2t
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Fig. 5.
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Fig. 7
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Fig. 8.

Hislol MXRD 241 21}

Fig. 10.
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Pk Callii Felis

ikl F|g15
1| | sHs4iolz EDXRF

E
Y=Y 2

No 22 | |

Fig. 16.
sHs Aoz MXRD 24 21}

Fig. 17.

FARIE EDXRF M2&A 21t

No4 |-

Fig. 18.

4otz MXRD 24 2t
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