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Table 1 Chemical compositions of raw materials (%)
Pkt Na, O MgO AL O, $i0, K,0 Ca0 TiO, Fe, 0, MnO P,0,
IR 2% T 1.02 0.38 16. 80 75.38 2.71 0.62 0.72 2.37 — —
A 0.04 5.35 7.63 34.90 7.81 38.93 0.13 1.05 2.12 2.04
HES 1.93 0.28 68.62 20.31 4.40 3.80 0.06 0.60 — —
FKA — 1.87 0.53 1.75 0.07 95. 64 — 0.15 — —
&2 RRHAC T 2 AL
Table 2 Compositions of glaze formulas (%)
o a5 EL
AR DURA 1 [/AN AR
40 30 20 10
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Table 3 Chemical compositions of celadon glazes of the Tang and Five Dynasties (%)
- ; Fi i A .
Na, 0 MzO AL O, Si0, K,0 Ca0 TiO, Fe, 0, MnO P,0;
HH 0.64 3.90 12. 14 64.81 1.60 13.81 0.34 1.77 0.33 0.50
™S PrifE 2 0.13 0.33 0.71 0.91 0.07 1.05 0.02 0.17 0.04 0.02
HH 0.62 3.71 11.58 64. 64 1.78 14.88 0.31 1.47 0.28 0.53
WMS PrifE 2 0.25 0.42 0.22 1.99 0.21 1.62 0.04 0.28 0.06 0.05
HH 1.19 3.45 11.12 65.31 1.69 14.07 0.31 1.55 0.73 0.41
v N 0.58 0.66 0.22 1.17 0.12 0.44 0.01 0.24 0.6 0.08
I 0.34 3.21 11.95 65.74 1.97 13.89 0.37 1.52 0.26 0.56
Wt hrifE 2 0.44 0.49 0.68 1.89 0.31 1.65 0.01 0.17 0.07 0.08
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Table 4 Chemical compositions of mud/body materials (%)
o pishiigi
o Na, 0 MO AL, Si0, K,0 a0 Ti0, Fe,0,
Rl 0.91 0.33 28.81 66.36 3.21 0.12 0.03 0.22
LR 0.68 0.98 30.99 51.17 3.62 0.12 0.70 11.75
Y3 0.68 0.49 27.67 64.87 3.23 0.13 0.16 2.77
RER 1.02 0.55 15.87 76.43 2.97 0.63 0.80 1.75
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Table 5 Compositions of body formulas and corresponding color effects (%)
Gt PR
1 90 10 o= R0
2 85 15 HK e,
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E e 22 800°C B ARG &,
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Fig.1 Preparation process of the body
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Fig.2 Loading and firing in a shuttle gas kiln

B3 AERebe )y AR A7 BERE L (1 280°C)
Fig.3 Celadon samples made by different loading and firing methods (1 280°C)
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B4 ARG AEBEH I F REREA (1 250°C)
Fig.4 Celadon samples made by different loading and firing methods (1 250°C)
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Table 6 Glaze chromatic values of the simulation — fired celadon and Tang Dynasty Mi’ se porcelain and ordinary celadon

P L a* b* x y
PX(A) (1) 54.16 -1.49 18.16 0.360 3 0.385 7
CX(A) (1) 58.09 -3.18 13. 80 0.343 1 0.3729
TB(A)( 1) 56.76 -2.61 13. 88 0.345 1 0.373 2
PX(B)( 1) 51.04 -1.21 20. 48 0.369 5 0.394 6
CX(B)( 1) 51.51 -2.01 17.28 0.358 4 0.3859
TB(B)( 1) 52.98 -2.51 16. 88 0.355 2 0.384 3
PX(A) (1) 53.91 -2.14 16. 15 0.353 5 0.380 9
CX(A) (1) 54.61 -2.39 13.92 0.346 6 0.374 3
TB(A) (1) 55.87 -2.47 15.85 0.351 0 0.379 2
PX(B) (1) 52.37 -1.89 19.07 0.363 0 0.390 3
CX(B) (1) 56. 09 -2.36 16.99 0.354 1 0.382 1
TB(B) (1) 51.21 -1.81 17.11 0.358 6 0.385 4

TMS 60.51 -3.79 11.09 0.3333 0.363 3

TPT 53.64 0.65 15.05 0.356 7 0.373 3

. (1)FR1280C, (1) F£5=1250C,
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Fig.5 Two — dimensional scatter diagrams of @™ and b” values of the glazes of celadon samples fired in the shuttle gas kiln
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Fig.6 CIE chromaticity spatial distribution
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Table 7 Glaze photoelectron spectrometry results of the simulation — fired celadon and Tang Mi’ se porcelain, ordinary celadon
- LR e eV P e/ eV - —
FeO 2ps,, FeO 2p, Fe, 05 2p3, Fe, 05 2py,

TMS2 709.89 723.32 61.91 712.16 725.32 38.09 1.63
TMSS 709.71 723.27 68.54 710.98 724.56 31.46 2.18
TPT16 709. 69 722.73 19.17 711.43 725.05 80.83 0.24
TPT19 710. 14 723.59 36.13 711.74 725.54 63.87 0.57

CX 710. 60 723.63 73.69 714.84 728. 64 26.31 2.80

TB 710.51 723.31 69.50 715.59 728.89 30.50 2.28

PX 711.41 724.92 36.23 713.08 726.88 63.77 0.57

7 RUEENERDCE T RS

Fig.7 Fitting of the photoelectron spectra of Tang Dynasty celadon glazes

2 ] ARG 3 I R A b, SR FHES SR [
PV B Rl be T 28R M & (CX) Ml Fe* /Fe’
FUE R, B AR 2 i, X FEEHR
I I AR TR T bR g AR B v HLARAL RN, i R
B L ERTE B P B 23 (8], ZE H i B b A 80k

SRS S N R PR X e 7 RE 3 R R AR, R
PR —E R REFE T, A M T e 2t 55 B hl
Fe’* [i] Fe’* W4, $ i T Alirh Fe?*/Fe’™ (975 1
FAg], ARl o 2 S B Ak

RS B6 SRH o3 M 48 R W, SR e T e



84 SR 5 %l R

%35 %

H PSR T 23R 0 & (CX) SPULE AT $5:k
TR AR AR A 5w A stk A AR Rl
ABGUE T RS B Rl 2 R T 08 7 B B X
MRER b T2 i, SR P& o 4 H 1 V3l T

8 MAMAEHTENE

ZRIRBR IR U — R IR B R

ﬂﬁ%T%ﬂﬂﬁ¢%ﬁ*hﬁﬁﬁAE%Wﬂ
TR BRI I U SR, AT e A R Al TR )

IéﬁﬁﬁﬁﬂTﬁﬁmF i O E

HOLH T REE LS

Fig.8 Fitting of the photoelectron spectra of the shuttle gas kiln — fired celadon glazes
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Experimental archaeological study on the firing technology for Yue kiln Mi’ se
porcelain with saggers

SHAN Rigin', YUAN Qi', WU Junming', SANG Yuexia’
(1. School of Archaeology and Museology, Jingdezhen Ceramic University, Jingdezhen 333403, China;
2. Jingdezhen University, Jingdezhen 333000, China)

Abstract;: The Yue kiln began firing mature porcelain in the Eastern Han Dynasty, and fired celadon was its main
product until the Song Dynasties. The Housi’ ao kiln site, located on the west bank of the middle part of Shanglin
Lake at Qiaotou Town, Cixi, Zhejiang Province, is the core kiln site among the Shanglin Lake Yue kiln sites. From
October 2015 to January 2017, Zhejiang Provincial Institute of Cultural Relics and Archaeology, Underwater Cultural
Heritage Conservation Center of the National Cultural Heritage Administration, Ningbo Municipal Institute of
Cultural Relics and Archaeology, and Cixi Cultural Relics Management Committee Office carried out inspections of
the Housi’ ao kiln site. The archaeological excavation and exploration work was conducted on the underwater
remains of Shanglin Lake, including the kiln site itself. A large number of exquisite Yue kiln celadon objects
(including Mi’ se porcelain) of the late Tang Dynasty and Five Dynasties were unearthed. This excavation clarified
the basic appearance and production techniques used for Mi’ se porcelain in the late Tang and the Five — Dynasty
periods ( represented by the Housi’ ao kiln site) , basic layout of the Mi’ se porcelain kiln site, and provenance of
the Mi’ se porcelain unearthed from the underground palace of Famen Temple ( Tang Dynasty) and the Qians’
cemetery ( Wuyue Kingdom in the Five Dynasties). Among these issues, the reasons for the color difference
between unearthed Mi’ se porcelain and ordinary celadon have been a matter of long — term concern. The academic
community has also carried out a lot of research work based on scientific and technological analysis and archaeological
excavation data. The results show that there is no obvious difference in the chemical composition of glaze between
M;i’ se porcelain and ordinary celadon, but the glaze color of Mi’ se porcelain is greener than that of ordinary celadon.
The main reason may be that Mi’ se porcelain was fired through a unique firing process with porcelain saggers and
rim sealing using glaze; however, there is still a lack of experimental verification. It can be seen that from the
perspective of experimental archaeology, based on the scientific and technological testing and analytical data of
M;i’ se porcelain and ordinary celadon, a process simulation experiment is very necessary to verify whether this kind
of firing process was the key reason for the firing of Mi’ se porcelain and to determine what kind of impact it could

have.
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Based on scientific and technological analysis data of Tang and Five — Dynasty Mi’ se porcelain and ordinary
celadon unearthed from the Housi’ ao Yue kiln site at Shanglin Lake, local sedimentary clay and plant ash, etc.
were used as the main raw materials to carry out a process simulation study on Mi’ se porcelain. The focus is on
comparative analysis of the effects of different types of saggers (ordinary one vs. porcelain one) and firing methods
(glazed sealing vs. unglazed sealing) on the color of celadon glaze. The chromaticity of the simulated fired celadon
glaze and the valence state of the coloring element Fe were determined and analyzed using a variety of instruments,
such as colorimeter and photoelectron spectrometer, and the function and mechanism of the method of sealing the
rims of porcelain saggers with glaze to fire Mi’ se porcelain were discussed. The study found that:

1) The chromaticity analysis results of 14 celadon samples analyzed in the experiment show that the glaze color
of celadon fired using porcelain saggers sealed with glaze was more uniform and greenish, regardless of whether it
was covered with ordinary saggers or not. Their values of @ were from —3.18 to —2.01, and their values of b "
were from 13. 80 to 17. 28, which were significantly lower than the values of @ (from —1.49 to —=1.21) and b~
(from 18. 16 to 20. 48) of ordinary sagger — fired celadon glaze. This is consistent with the color pattern of Mi’ se
porcelain glazes in the Tang Dynasty compared to ordinary celadon glazes.

2) The results of photoelectron spectrometry of 7 celadon samples show that the Fe’*/Fe’* ratio of celadon
glazes fired using porcelain saggers sealed with glaze was 2. 80, which was significantly higher than 0. 57 of celadon
glazes fired in ordinary saggers. This is consistent with the Fe’* /Fe’* ratio of Mi’ se porcelain glazes in the Tang
Dynasty compared to ordinary celadon glaze.

3) The comprehensive simulation experiment and scientific and technological analysis can effectively verify
that the main reason why the appearance of Yue kiln Mi’ se porcelain is different from ordinary celadon is that it
adopted a unique firing process—sealing the rims of porcelain saggers with glaze. Especially during the cooling
stage, the sintered porcelain sagger with its rims sealed can play a good role in maintaining the reducing atmosphere
in the sagger, and to a large extent, it can avoid secondary oxidation of the glaze surface caused by external air
re — entering the sagger during the cooling process, which is conducive to the color development of celadon glaze
and the color stability of batch products.

Key words: Yue kiln; Mi’ se porcelain; Simulation experiment; Valence state
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