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ABSTRACT

In ancient Goryeo celadon, the effect of the chemical composition and ionic state of Fe on the color was evaluated by Mdssbauer
spectroscopy and Design of Experiment (DOE) analysis. The ancient celadon pieces excavated from the kiln sites in GangJin and Buan
areas were analyzed by Mssbauer spectroscopy, chromaticity, and DOE analysis. The color of celadon was found to be mainly
determlned by that of glaze since variations of L*, a*, and b* values for the body were much smaller than those for the glaze. As
Fe*'/Fe’" in glaze increases, L* value increases, whereas a*/b* value decreases, which is well consistent with the result on the synthetic
glaze. As the amount of titanium increases in the glaze, the a* and b* values decrease; on the other hand, the L* value increases, which
is well consistent with the result on the synthetic glaze.
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Table 1. Chemical Composition of Basic Glaze

Sl e Are] TS 67

Component SiO, AlLO3 Na,O KO MgO CaO Fe,03 TiO, P,0;
wt% 67.42 14.28 0.23 2.5 041 14.97 0.11 0.03 0.05
Table 2. Composition of Coloring Oxide Added to Basic Glaze AlHE FH|3E B 2y X ZFEe] Me 2 gl ankg-
Sample No.  Fe,0; TiO, MnO P,05 of 2 EYS A5t A= 542 Minolta CM-700D
> 140 1,00 0.80 030 Spectrophotometers- ©]-8-314 L*, a*, b* 3t AU2H beam
ize ¢ 3-8mmE 2HNYT FE BALS =
13 220 0.10 0.20 030 Szet ¢ 33mmz ZARTS EF B2 background
SHATE Aojxl A% HolE]E o]&-¢k Design of Experiment
18 2.20 0.10 0.20 1.60 (DOE) %-41& MINITAB AZEg|o]2 +a)att}. =~
25 220 1.00 0.80 0.30 HR-$o] A" EHLS 7|95 SrtERE glAnkgo] B
29 2.20 1.00 0.80 0.30 B7|2 A2AA S48 o™, 49 Dupont |AF AlF]
34 1.40 0.10 0.20 0.30 Rh %0 22171 o TAAA S ALE3I9ITH Al82] &
& Fee] WE7}t 0214 mg/em™t HEE 393, A5
Table 3. Condition of Reductive Sintering 7L FAE A8l A7l 11X FAZE 0.005%1%]¢] Be
Gas Air (Umin)  LPG (Umin) O, (%) 7he o] HobA AME-EIH T
Flow rate 5.0 0.7 18.42
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Table 4. Chromaticity Analysis of Ancient Celadon
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7ro] YR o™, Fig. 1(a)9} Fig. 1(b)e 2A|(Feayx=H
A freFEeA)el A REXEE vERd Aot &
A9] a* 2k 02014 0.74k0) 5 LR, b* 22 0.000)A]
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Sample Name Area Age Body Glaze
L* a* b* L* a* b*
Sadang-Ri (9) GangJin AD 12C 68.21 0.21 2.11 65.34 -3.70 8.28
YongWoon-Ri GangJin AD 10C 62.62 0.71 471 79.95 -2.36 4.53
YuCheon-Ri (GyeoRe) Buan AD 12C~13C 62.48 0.38 4.97 5222 -8.04 741
YuCheon-Ri (5) Buan AD 12C~13C 66.30 0.49 1.82 59.46 -2.89 6.82
Ssmheung-Ri (E) GangJin AD 10C~11C 58.99 0.29 431 79.63 -2.93 3.02
Sadang-Ri GangJin AD 12C 66.67 0.22 0.88 63.89 -7.38 4.49
Samheung-Ri (A) Ganglin AD 10C~11C 59.75 0.20 1.63 45.34 -0.20 8.41
YongWoon-Ri (GyeoRe) Ganglin AD 10C 63.13 0.22 3.35 70.89 -4.27 7.58
GyeEul-Ri GangJin - 67.74 0.46 1.65 71.98 -8.64 6.96

A 49 A15(2012)



68 Aol - T - AL - 29N AR - AED - AR - BB - %

Fig. 1. Chromaticity analysis of ancient celadon. (a) ancient celadon piece before separation (black)/separated body (blue) and (b)

separated glaze.
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Fig. 2. Evolution of L* value according to the coloring oxide.
Solid and open marks represent glaze and body,

respectively.
2
*P .0, glaze
0 . Y Al ﬁpﬂ 2Os
LAdEY +MnO glaze
> OFe,0, glaze
¢ A O (]
*A®s o -n ATIO, glaze
© 4 ] ) ATIO, body
5 OP,0, body
=Fe,0, glaze
¢ o =m
-8 A @ ] ©MnO body
. ° [}
-10 : :
0.01 0.1 1 10

Solid content (Wt%)

Fig. 3. Evolution of a* value according to the coloring oxide.
Solid and open marks represent glaze and body,

respectively.
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Fig. 4. Evolution of b* value according to the coloring oxide.
Solid and open marks represent glaze and body,
respectively.
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Table 5. DOE Results for the L* Values

Terms Effect Coeft. T P
Fe,0; -5.929 2.9647 7.33 0
TiO, -10.111 5.0553 12.49 0
MnO -0.096 0.0478 0.12 0.908
P,0O; -0.852 0.4259 1.05 0.309

Table 6. DOE Results for the a* Values

Terms Effect Coeft. T P
Fe,0; 0.998 -0.4998 -1.59 0.132
TiO, 7.881 -3.9406 -12.58 0
MnO 0.907 -0.4537 -1.45 0.168
P,05 0.124 -0.0619 -0.2 0.846

Table 7. DOE Results for the b* Values

Terms Effect Coeft. T P
Fe,0; 2.1025 -1.0513 -4.43 0
TiO, 21.6238  -10.8119 -45.52 0
MnO 0.09 -0.045 -0.19 0.852
P,0; 1.845 -0.9225 -3.88 0.001
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Fig. 5. Evolution of L* value according to the Fe,Os, TiO,. Solid, open, and cross marks represent glaze, body from ancient celadon,

and synthetic glaze, respectively.
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Fig. 6. Evolution of a* value according to the Fe,Os, TiO,. Solid, open, and cross marks represent glaze, body from ancient celadon,

and synthetic glaze, respectively.
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Fig. 7. Evolution of b* value according to the Fe,Oj3, TiO,. Solid, open, and cross marks represent glaze, body from ancient celadon,

and synthetic glaze, respectively.
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Table 8. Mdssbauer analysis result for the Gryeo celadon

< AAR) - AEY - ARR - PBA - 7R

o o

Fe(3+) Fe(2+)
| line (Red line) Doublet 1 (Green line) Fe(2+y
No. Sample name Area G/B Fe(3+)
Area AE, ) Area
(mm/s) (%) (mm/s)  (mm/s) (o) ¢)

#1 YuCheon-Ri(GyeoRe) Buan Glaze 0.1336 33.97 1.8949 0.8959 66.03 1.944

#2 YuCheon-Ri(GyeoRe) Buan Body -0.1228 14.03 1.8905 0.9760 85.97 6.128

#3 YongWoon-Ri(GyeoRe)  Ganglin Glaze 0.0843 27.87 1.8586 0.8812 72.13 2.588

#4 YongWoon-Ri(GyeoRe) GangJin Body -0.2177 12.55 1.8689 1.0231 87.45 6.968

#5 YuCheon-Ri (5) Buan Glaze -0.0315 36.72 1.7474 1.1020 63.28 1.7233

#6 YuCheon-Ri (5) Buan Body -0.1161 27.20 1.8562 1.0620 72.80 2.6765

#8 YongWoon-Ri Ganglin Body -0.2652 14.18 2.2936 1.1490 85.82 6.052

#9 Ssamheung-Ri (E) GangJin Glaze 0.0535 19.59 2.1763 1.0848 80.41 4.105

#10 Ssamheung-Ri (E) GanglJin Body -0.2266 12.93 2.2937 1.1834 87.07 6.734

#15 Sadang-Ri GangJin Glaze -0.0085 12.88 1.9185 0.9433 87.12 6.764

#16 Sadang-Ri Ganglin Body -0.1193 14.84 2.0371 1.0192 85.16 5.739

#17 GyeEul-Ri GangJin Glaze 0.1469 2443 2.0156 0.8735 75.57 3.093

#18 GyeEul-Ri GanglJin Body -0.0448 26.28 1.8280 1.0483 73.72 2.805
gom ZHE LE AWM 1A AFES #5EA = ehdth 53, T0,9 Fol F7H5HA RS R 1
e23kth. 8% Fe ©] 27k UERl = isomer shiftS Jeh] she 2l AAlole felddlA T} S71E45 B 7t
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Fig. 8. Evolution of ionic state of Fe according to the coloring
oxide.
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