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A5 A2 0R S g5 A8H AAT SRR g 1 EFE FAYL, oS0 FEAR EHS Bt
A H LEA DA ST AR A A3, 2492 = 2 AHCinnabar)o} 4 7HF: (Hematite), & T (Minium) & 3714
F57 A48T A0 BAHYL, SHARE %G EF(Atacamite) 3} ¥ 4 (Celadonite) 1)1, A% HE
(Malachite)o] SHIE| itk o] = AR 2 S5 AR E A3 Ath7] Bobe Bk £50) R E 58] S4 o
U B o] 858 & 4 AUrh. AR AREHN N AALR FolH 2L AN BAGE gAY A5
1 2B, T4 5 A8 (hedral) E= B8 (anhedral)®] ThF B8 2 1A T 00, o] & B Aok o] 4 E § AR
He S Bk B8 A Ghae] HRT AATEEH S B FBS FASHE PHo] 22 o] §H ol o} ofe]
H3) QAo FElH EA S ol §3he Aol MAT FRI SAT AR TFWANA L o] 5 Bep A YA TEY 5
9, QA8 st fel e Y £ e Aoz Bt

FYol: o2, B, HY4R, FHIE, YHEY

ABSTRACT The purpose of the present study is to determine the species of red and green pigments used on paintings
of Korean temples and also to compare the two pigments according to the particle characteristics. The component analysis
shows that the red pigment consists of cinnabar, hematite, and minium and the green pigment are composed of atacamite,
celadonite, and malachite. The result suggests that mixture of various pigments were applied to the painting. When it
comes to the particle characteristics, there are various hedral or anhedral shapes such as sharp, long, angular, and platy
shapes even in the same cinnabar. In addition, the green pigment also shows a similar pattern with those of the red pigment.
Up to now, an identification of minerals has been relied on examination of component and crystal shape. However, it
is notable that using form related characteristics can be a better and useful method not only for categorization of pigments
which are similar in terms of color and species but also specific index.
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tE ulAE HAEA 2 WA (a2t A AMS
Ho] AYAjo] Em, HAA| Lo -G A GFar v]PAZ &
A= Mol A= ixE= E20]tH(Jeong, 2001;
Lee, 2012).

o L2|uetellA] F3tof AREE RS HAE B
a7 Hgle] FARE I8, FE Fo] AEHUXL
(Mazzeo et al. 2005), 118 Alt)ofl= FAL A5, 44 5
9 ¢t=7} S35t ANGE =T, ol 2AAY = FE
d =BT HHSkL Ast HA & 4 A A
4 A=E ol AMg3HtHJeong, 2001). o]FA it}
Adfjof] o] 27|71R] A3}, 33} AT, FAE, 71,
FEE 5ol AREE AR 5 AR Folfle Alge

4 F71t= 7t tiREoln, 53] ARRe] w3t 9l T 9

B2 o} glo] I ¢t7 EFS el A7t &b
Ay Foll ok T2y AE7HA] ¢=ell gk A7
19634 o]& 9] T Ty o] BASH A, & AlZke
2 DEHSE AP U HEEo] AMSE R ARE
Ao] tfFiolgict. ol e 44 vtz R4 o]
FE o737 o, X-M3HEN7] & &8 2
AFREAS AT ¢ETF et ATHOE AY
Hojglth.

2 A7 SEuE AR o] HE gl ol ARSE A4
9 SA0tR o FRE AEEACR sk, dnFES
o] g3to] YAEALS EASHL Hlwste] UAL FEE ©]
&oto] A A, A HHE ¢tz FRE FEE 5~ 9
A 2 7Fs/4E FlstRt st ol & Faf R4
I ARFrEA o Flo] EVbed R EGARE
QzEtekaL, A&H oz HolHuo]Agte B, et
Fof gt sfAEnt ofe} E3luRE wofsl=t B2
Az ggd Ao 7 frt

off we Jz mg

ox M

SO

[¢]

2. ITTHY U EAwY

21, TN

4z
2
=
g
=)
olo
T
)
off
W

l

o
1T
Lo
e
e}
o
=
S~
i
i)

A GRS Yo :‘%’513}9&‘5}. ol 2173
o] A g ol RIS AT-HoAA AFEASE Hek=
A AFEE AREkaL SR A HETEETA
A Ho} 9l T o) Ho ] 24& A dbshe Bl ti

2 AL F 5ol wEHE o] "oltle A& Ha a0k Al
22 ARSI o|FA 5E ARE 24517 wel
&3] o= FZof YAEUE A= AR AlFAQL A
A& A7 o= F27F lon, =58 AR F 2 AY
7} segsin] 240 Fss A W SApkE AR A%
So] HAISIATE. ok YAt e RS PRlofet B &
AFo] 1633 A(A= 11) FASHHL, HE A2913 = X7
Holglow], FRue Tkl oR Helo] BE 111
o] ©sl7} dolglit, BE 184)7] ko2 BT girh
(Cultural Heritage Administration of Korea-Research
Institute of Sungbo Cultural Heritage, 2013; Cho et al.,
2007). 7+ SHAAF 222 RN o 2k Eof 1702
(5% 28)0] AEs A Ao, ‘Azl ol o] 52
A (EF)ol Aof ke Wi Zojeka giet. 1962 12
420¢ FH A67TEE AQHICH, 19001 o] F H3}
So] $8]% B & ¢iti(The Office of Cultural Properties,
1986). ¢+& B4 g2 18 3719 A2l 24
Aol 143590 d-g8E 53, 29 Foll At
o, ¥3} S590] 2AA7]|= 194)7] 28 F=FHH K Cultural
Heritage Administration of Korea-Research Institute of
Sungbo Cultural Heritage, 2011; Andong-si, 2004). o]}
Zo] tiio] H= AR 24370 HAHAY S
o) Alth7k S-AFSHed, gk el Bz} v} Golat). ®
3 okme] YA o) Bey st v e Ssto] Arjet
= 68E 27 BAstert

2.2.

Ay

HI

Hat 9 o ¢t W - o B =55 I
o, gAY vEkE & ) F Soll €olA o ARt
WA 59 20| WPHt. o]t ¢tg A|HY o] =F
AA et 2R AR} Q1S ¢35t Ethanol 1.5mlof] A3
A2 E o] YA EE]7](DW-41BR MINI Centrifuger, 2x
0.2ml strips)& 3087 AAISHATEH FHE] Adw A Tt
B2 RZAAHE AAS] Bty fste] FedvF
(Optical Microscope, Axiotech 100HD, Carl Zeiss,
Germany)& ©o]-83}o] 5, 104}, 208]&2 &2ls}ch.
FAARFAE]| Z(Scanning Electron Microscope, JSM-5910LYV,
Jeol, Japan) W WA of vz LAV A (Eneray
Dispersive Spectrometer, Oxford 7324, England)& Z3f|
TR mA 22 W ] GE FaPES Felst
fck
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Table 1. Comparison of analysis data for the ancient pigments used in temples.

Raw material(Estimated)

Group - -
Color Red pigments Color Green pigments
inti i Bright Green Atacamite
Wall painting pigments Rich deep Red Cinnabar £ ;
(Hwacomsa) Dark Green Celadonite
i Bright Red Red lead
Dancheong pigments g - Bright Green Celadonite
(Hwaeomsa) Dark Red Hematite
Dancl(l;(;rﬁ é)sl ;g)ments Bright Red Red lead, Lead White Dark Green Atacamite
Wall (p];ig:ltgegoﬁlsir)nems Dark Red Hematite Dark Green Atacamite
3. 2Nz 1-G) o= A e, 2] S Figure 1-FoA] H(Fe)
I K, Mg, Si, Al 5 AES F4ste 4&0] o] H&EH
31 4E EMZL E  Aog  ujRojHol  HZ4[Celadonite,

K(Mg Fe, Al(Si,AD)]9S & 4= lek. whof 2 xghsa)
&1}6}% Cx’_}_'iotlx]"’ﬂ ‘:HEH A]-%—Q_]—EQ,] i%__g_ E]—Q]‘B]—ﬂ KRy S h=] ‘:'/k]oﬂ/q -?ﬂ(Cu)E’l’ol ZHH oz %I%El% Q_h—;-,_

o T o —

st} AR ol F2HE AR ZAABEZAE o1& 9} FGAa(Cl7F Falo} 37 ASEE oks 52287} 25

ol

= T o

tod S48 ASstAT dved AALE= B g ojn Teule 2HROoZ s H=[Malachite,

Au WA BojRRo] g2 B AgHAA, 21 CuCOsCu(OH),JZ+ 942 Zuksl: =95t
A 537 AER s = ok SR AR A tacamite, CuCI(OH)sJ0] AFSro| uba} Zh2 AFE =98
B} hple=e) Hste] AgE BrEHM(Figure 1-A) o oF 2 o)t} o] 2 KFigure 1-H)9 B AHAKFigure
= F2(Hg)2f F(S)0] HE= o) WAKCinnabar, HeS)7H 1 o) agiemo )= 22 279 dast Agd 2o
ARE AE & S ol olehs ohEA A A(Figure  wol o)uba gl ATFE BT

1-B)Z H(Fe) &0l o= HEHIL, Sivt Al Ca A AYE AAH o= v Ey, A gl
 AEIM F2 HEHE duo] AR AAHE AR gapx 7 Apo) AgE otz o] 28I} L o 4 g

wok MRE(Hematite, Fe0) & & 5 AT FF AR o, o)1= wraolut wislel meto] A2 T Bulohe} 4
M (Figure 1-CO)2 H(Pb)o] FRAJEOR HEHE= AL mjotzo] AL 7129] A7L(Gettens & Stout, 1966; Han
£ p]Rojiol Atk (Minium, Pb:Os)& AMSRE A2 B/ o 4/ 2011; National Research Institute of Cultural
SEnh 22 o= EDSEHA iAokl dMli[Lead  Heritage, 1994)0)4 AEE AAY AR 28 |
white, 2PbCOyPb(OH).[ A2 0Bz AL 22 gro] NG =l AT 7 A57) A1l vls) 45
@ ¢ lou Fedvde T AU BEAEE 1 SdolA Uk Aoly] g Ao|t) B2 Faks
Hobe W HARtE JAZE Ao BHE 7Fe A2 W 1 gjBolut gislolla] ojejake] ZhARt BARALe] Heolo} 2F
2|3 Figure 1-D&} WAt tg R A 22 ARFFE 2)of) 22 ARE-E|QltHs 2 3(Shin er al., 2005)9tE T3
7kl 7 7hA] Befo] Uefubed] B |(Pb)Ol £ o] glg Aolth. B3] B M} AgHE o] 7 A9l
BEoR HEHEe 2SR v|FojHol dAWH{Minium, A HMe dAtto] 22 ARE AL 7]E ATE(Shin ef
Pb;0,]3} ®AQEE O] AMli[Lead white, 2PbCOyPb(OH)] 47, 2005; Han ef al., 2011; Han et al., 2014; Jeong, 2001)
of ZAPHL A= & 4 AoH, FHAUBYAINE & oy FFAe| Zike ATA ML AG AR B
A 4 Qlot E3E AN M (Figure 1-E)2 H 7} gjiiRoln], A wiaetgole] S-S 397} 9L
(Fo)s F4L22 sk A2 (Hematite, F:0) A& & o). 0]9} np7X| & =aika o] 9= Aafolut Aiztof
== St uh2h gt RS ARSI S & o Sl 58] Bl

ARt AgbsAl(Figure 1-F)7 HghsAl(Figure A3 o|n] @2] 7 HH(Cho et al., 2001)9} ZHo] vl 2
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Fo| Wo| 23S thA] 3 1 & 4= gl on, =4
Z3o| A28 7|E ¥ (Moon et al., 2002; Jeong,
2001; Winter, 1989)0]|A] B 115 w9} Zro] Rl &
EHsh} n B3} Fo] 2 AMGEOIA e AR
HSlo Az F2 o] gE Ao HIth AE¥oz Ay
of W AR ARBSIR Y FRE AREAE B 5
ool H]wsf| 2 Table 13} Zo] & 4= Qick

Fotn| g AAA ] EE o]-&3te] k= e mA| YA}
S WES A, 22 FRY gEFEolEE gAY
ZFA Gt} Figure 200 49F Zo] FAgta =
AREE ARG M7EE, ATk A2 o2 A EHE 7HA]
T glon, e WAk sleEkE T YAEHE Rolx
ek HA, A= wHo] ofS mfmme] $HA 10molAF

3719 goj|= BAF7E A 1o, o] & FEo]
ZA St (Figure 2-A, Figure 3-A). 181 Figure 2-B-a%]|
Ak o] ShlAF ROl ALEE RAE ZEEA 2
X WFS 1L Yok 2, WA= ol Ferk 24
& & % glom, ol Arfel A WAIIR) AR
2T d3K(Figure 2-C), iYL 2 Foig] FejErt=
AZsPHA 27 FEE sk Sle2 € 5 Tk ol
T FFY AAPE ARG E A 7 TR A =13
14| Hhgof ofsf YAte] FeEj7 MRS 4 Avks 7Hgo]
7Fs3lth. AA|Z 71& A7 (Shin ef al., 2005)9) A = A
Alee] BlAof ARGE AR} QIARslA FARE AR
AAFx AYo] 2g Aoldt AHE BHY AR WF
oo} thE F79 AL 7Fs/dol B} rha wdE
o AR FolA M7t WY 33 FL2 gojgE
o] S °o|FH A3 E TAU= FHE Hola e

Figure 1. Microphotogragh images of pigments(x200). A:Wall painting pigments(red, Hwacomsa); B:Dancheong pig-
ments(red, Hwaeomsa); C:Dancheong pigments(red, Hwacomsa); D:Dancheong pigments(red, Naesosa); E:Wall paint-
ing pigments(red, Bongjeongsa); F:Dancheong pigments(green, Hwaeomsa); G:Wall painting pigments(green,
Hwaeomsa); H: Dancheong pigments(green, Naesosa); [: Wall painting pigments(green, Bongjeongsa).



(Figure 2-D), Ik oA 4 0 2 231 2 52 AH5e]
HE A 9l YAFehe] 54 Holn glck(Figure 2-B).

Qb o @ M7 AR HESARA VYA
o BYYATL A E FeiE 7T glom, Tz AT
2348 BH(Do ef al., 2009) 79| FRAA 2 L2l
2B AR vYd Eb 2ngae gAER 14
ol glek. T AR MRS A4 T A g
Hhe] WA WA Bk she olefat Akl Fee
AR A4 ok F3 Exste] AHg sk @AYol 4
A o) WAYRHET Beskih o Agios
PEECE LR R CEE R e
Bol AT DAY vl ofTLolt FRAE olg5
o 343 Y2 Lelste] BAT Bao) gtk EA A
o] A9t A4 Tefol YHE YA Bt ulwa

Figure 2. SEM Images of the pigments. A:Cinnabar(Wall painting pigments, Hwaeomsa); B:Cinnabar(a), Red

R Figure 2-Eol| A9} Zro] 211 ZRe P& 9] ¢J=}7} A
2 ZAA e AS AT 5 o, ol A 4%
A8 Ao A Hojx]= B3t FAkst

AR oA 585 BFUA ¥FY 23 3}
< QA7 AR A Hol 3] A e BYE &
A 4 rh(Figure 2-F). 221} 7]& A S=AF it
Z19] 242 3H(Han, 2014)9| 4= Zho] A3, F2 A&
Fe2 HHEH7|= st et dout YAFH I}

£ AUA, g3} 5 ET3teH vhgolut maA oo 4
2] gt dAke] HMERIA= B} AUt 271 A
7t 2 asitt. B3 A E4E A5 =E5F 4Rkl H]
3 2o} mAstEA 27171 oheRt AR RAA S
=o] = FEHE st Ych(Figure 2-H). ¥HH, d&5449]
HEAZ GA7F uARE Aol S otk o]Hgt mlAlR

Fowd &

lead(Dancheong pigments, Hwaeomsa); C:Cinnabar(modern natural pigment); D:Hematite(Dancheong pigments,
Hwaeomsa); E:Red lead(modern natural pigment); F:Atacamite(Wall painting pigments, Hwaeomsa); G:Malachite
(Wall painting pigments, Hwaeomsa); H:Celadonite(Dancheong pigments, Hwaeomsa); I:Celadonite(modern natural

pigment).
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A Aol WY U2 de2de VAW AW 0,21 2PTRE /N AEREe) Yo Yxje) 27
(Figure 2-DOAE 5§41 ehtsl, ol 7j2e] 7} Bp¥skn 2RWE Hol= Aw ot Yutdos
AATHDo ef al., 2008)0] 4] BLE v} Zo] tet  Egoly] RO WohET: Teht UR H2 4RE &
oA ABEE HBE MahEiio](Celadonite)® Wl A HR U Tare] Axjel 2 o2 wsls)

Figure 3. Microphotogragh images of modern pigments(%200). A:Cinnabar(natural mineral); B:Painting(one time,
mixed with Stick glue); C:Painting(two times, mixed with Stick glue), D:Painting(three times, mixed with Stick glue);
E:Painting(one time, mixed with Deerhorn glue glue); F:Painting(two times, mixed with Deerhorn glue glue).

Figure 4. SEM Images of modern pigments. A:Cinnabar(natural mineral); B:Painting(one time, mixed with Stick glue);
C:Painting(two times, mixed with Stick glue), D:Painting(three times, mixed with Stick glue); E:Painting(one time,
mixed with Deerhorn glue glue); F:Painting(two times, mixed with Deerhorn glue glue).
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7k Slok. A= ojw| N HE ¢tert A7 £ o
< AZto] Aol wet 4R AREC] AZ 2T
, AL YA} Atol 7t glueF Bl 2 mj H R A H=d ol

T LHdET] A, €3 5 ET3ehA wake 41l
A 7FeAE 271 F)gte] AMA] LA (ot 5)¢
A & ok B3] Ao 23 ks YA A¥
A E 1 HI P SR 5 Y=, FAF 43
(Figure 3-A, Figure 4-A)= 271 B1g 9] YAto| Y ofmnt
ESnE ¢trot Tl 23] o =X A, AR BH
o] wpafjHo] FEEHA] QA Eo|A(Figure 4-C, Figure
4-E) YA} AR} Ate)7t glue el 2 AAE EY(Figure
3-D, Figure 3-F, Figure 4-D, Figure 4-F) 2.2 Ho|7| Ht}.
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