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Fig. 1 Photo images of typical sagger and celadon samples excavated from Housi’ao kiln site
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Fig. 2 Box diagram of porcelain sagger and common sagger (a) SiO,, (b) AL O,

contents in Housi’ ao kiln site of Tang and Five Dynasties
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F1 FATENHIEERERESUFAR (Wth)

Table 1 Chemical composition of Porcelain sagger of Tang and Five Dynasties excavated

I 5 Na, O MgO Al; O SiO; K, O CaO TiO, Fe, Oy
T-CX-1 0. 85 0.43 16. 23 74.99 3. 30 0. 40 1. 04 1. 96
T-CX-2 1. 04 0. 66 15.06 75.96 3.22 0. 36 0. 68 2.02
T-CX-3 0.73 0.53 16. 14 74.67 3. 06 0. 39 1. 49 1.99
W-CX-1 1.19 0. 44 16. 54 74.78 2.83 0.42 0.77 2.03
W-CX-2 1. 14 0. 47 16. 35 74.52 2.92 0. 36 0. 95 2.02
W-CX-3 1. 01 0. 38 16. 63 74.62 2.68 0.61 0.71 2.35

®2 FATEUHHIEIRTEESEFRETNLFER (W)
Table 2 Chemical composition of common sagger matrix and coarse aggregate of
Tang and Five Dynasties excavated from Housi ’ao kiln site (Wt%)

%5 Na, O MgO Al; O3 SiO; K, O CaO TiO, Fe, Oy
T-PX-1-] 0.22 0.47 16. 46 75.21 2.45 0.51 0.97 2.70
T-PX-2-] 1. 15 0. 44 10. 71 81.49 2.23 0. 26 1.21 1.51
T-PX-3-]J 0. 81 0. 45 19. 87 71. 11 3.03 0. 45 0. 83 2.45
T-PX-1-C 0.92 0.15 8. 36 86. 04 2.76 0. 24 0.11 0.42
T-PX-2-C 0. 34 0. 25 5.91 91. 24 0. 39 0.19 0. 04 0. 64
T-PX-3-C 1. 05 0.19 11.28 81.03 1. 51 0.15 0.11 0.67
W-PX-1-] 1.01 0.43 16. 34 74.12 3. 65 0.33 0. 82 2. 31
W-PX-2-] 0.77 0. 36 16. 98 74.21 3. 57 0. 38 0. 86 1. 87
W-PX-3-] 1.53 0. 31 16. 98 75.69 1. 25 0.28 0.70 2.26
W-PX-1-C 0. 86 0.01 9.22 84.75 3.23 0.15 0. 25 0. 55
W-PX-2-C 0. 34 0. 28 4. 04 93.23 0.41 0.12 0.05 0.52
W-PX-3-C 0.22 0. 06 2.70 95. 28 0. 26 0.11 0.05 0. 44

x3 FAGTEUMEEARELHFER(Wth)
Table 3 Chemical composition of porcelain stone and porcelain clay near Housi’ao kiln site (Wt%)
i Na, O MgO Al O3 SiO; K,O CaO TiO, Fe; O ek

Jo Al B A 1. 29 1. 33 13.98 77.51 2.48 0.92 0.11 1. 38 —

HE &+ 1.13 0. 42 15.12 76.32 2.57 0. 49 0.91 2.05 6. 83

R EE L 1.01 0.38 16. 67 74. 62 2. 68 0.61 0.71 2.35 8.59
Ja A% ki 0. 85 0. 46 11.15 81.73 2. 38 0.53 0.38 1.52 —

x4 FATENHIEEARBTEREULFZAR (Wth)

Table 4 Chemical composition of tang and Five Dynasties celadon bodies unearthed at Housi’ ao Kiln site (Wt%)

i Na, O MgO Al; Os SiO; K;O CaO TiO, Fe; O
T-MS-1-b 0.69 0. 49 16. 10 75.38 3.01 0.59 0. 82 1. 95
T-MS-2-b 1. 28 0.57 16. 51 74.49 3.13 0.77 0. 80 1. 45
T-MS-3-b 1. 07 0. 57 14.53 77.12 2.68 0.51 0. 74 1.78
T-PT-1-b 1. 07 0. 69 16. 68 74. 30 2.85 0.41 0. 80 2.20
T-PT-2-b 1.01 0. 46 17.11 73.88 2.95 0. 40 1.01 2.18
T-PT-3-b 1. 47 0.57 16. 58 74.11 3.01 0. 41 0.92 1. 94
W-MS-1-b 0. 64 0.49 16. 98 74. 81 2.98 0. 36 0. 85 1. 89
W-MS-2-b 0.71 0.43 16. 76 75.29 2. 86 0. 44 0.70 1.83
W-MS-3-b 1. 32 0. 49 17.58 73.37 3.17 0.67 0.76 1.63
W-PT-1-b 1. 06 0. 46 17. 54 73.58 2.81 0.67 0. 88 2.00
W-PT-2-b 1.47 0. 37 14. 78 74.94 3.33 2.74 1. 11 1. 25
W-PT-3-b 1. 00 0.51 18.32 73.47 2.65 0. 35 0. 82 1. 88
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x5 FATENHIEERBTEMEULFZAR (Wth)

Table 5 Chemical composition of tang and Five Dynasties celadon glazes unearthed at Housi’ao Kiln site (Wt%)

G Na; O MgO Al; Oy SiO; KO CaO TiO, Fe; O MnO
T-MS-1-g 0. 48 3. 64 11. 27 64. 98 1. 54 14. 96 0.33 1.79 0.35
T-MS-2-g 0. 64 3. 69 13. 00 65. 82 1. 56 12.42 0.32 1.55 0. 26
T-MS-3-g 0.79 4. 37 12.16 63.62 1.70 14. 04 0. 36 1. 96 0. 37
T-PT-1-g 0. 64 2.95 12. 35 64. 50 1.72 12.56 0. 34 1. 54 0. 64
T-PT-2-g 0. 38 4.03 11. 42 65. 17 1.57 14.63 0.29 1. 50 0. 34
T-PT-3-g 1.62 2.53 11. 04 66. 81 1. 85 13.57 0. 30 1.28 0. 26
W-MS-1-g 0. 26 4.31 11. 28 64. 57 1. 49 15. 45 0.27 1. 34 0.21
W-MS-2-g 0. 81 3. 44 11. 81 62. 24 1. 95 16.51 0. 37 1. 86 0.35
W-MS-3-g 0.78 3.39 11. 65 67.11 1. 90 12.67 0. 29 1. 21 0.29
W-PT-1-g 0.98 2.94 12.56 65.08 1.23 11. 56 0. 69 2.1 0. 24
W-PT-2-g 0.03 3.85 12. 54 64.61 1. 92 13.90 0. 39 1.76 0.35
W-PT-3-g 0.03 3. 14 12.31 64. 22 1. 61 15. 90 0. 35 1. 44 0.18

6 RAGTLESEMNEBSEMEENKER
Table 6 Chromaticity of common celadon and Mi’se celadon glazes unearthed at Housi’ao Kiln site
RS X Y Z x v 2 L a* b*
T-MS-1 25.98 28. 36 23.99 0. 33 0. 36 0.19 60. 21 —4.04 10. 62
T-MS-2 27.48 30.08 25.59 0. 33 0. 36 0.21 61.73 —4.43 10. 59
T-MS-3 25.59 27.66 22.51 0. 34 0. 37 0. 20 59. 58 —2.91 12. 06
T-PT-1 20. 71 21. 38 15. 45 0. 36 0. 37 0. 21 53. 36 1. 90 15. 26
T-PT-2 22.39 23.00 15.58 0. 37 0.38 0.22 54.72 2. 40 17.70
T-PT-3 19. 41 20.91 16. 45 0. 34 0. 37 0.21 52.85 —2.35 12. 20
W-MS-1 27.87 30. 31 26.62 0.33 0. 36 0. 24 61.92 —3.69 9.29
W-MS-2 28. 11 29.99 25. 68 0. 34 0. 36 0.22 61. 65 —1.58 10. 31
W-MS-3 28. 30 30. 86 25.09 0. 34 0. 37 0.23 62. 39 —4.01 12.53
W-PT-1 20. 86 21. 36 14. 27 0. 37 0. 38 0.21 53. 34 2.69 17.98
W-PT-2 22.96 24.01 17.33 0. 36 0. 37 0.18 56. 09 0. 64 15.93
W-PT-3 19. 00 20.03 15. 88 0. 35 0. 36 0.21 51.87 —0. 20 11.76
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Fig. 6 Microstructure of porcelain sagger (a) and common sagger (b) in Housi’ao Kiln

site of Tang and Five Dynasties (orthogonal light)
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Table 7 Average physical and chemical properties of porcelain

sagge and common sagger

- KAL&E R AR IR
SRR S 1/%K /(g e em ) HK/J“;$
T-CX 6 1. 09 2. 20 0. 50
W-CX 6 2.12 2. 24 0.95
T-PX 6 8. 74 1.95 4.51
W-PX 6 7.62 2.04 4. 04

() [ S N 200 6 52 B K 683X R WY B T T 10 90 R
M2 R ER AR T SRIE R, AR L T SR T
PR N SR KR R AL, R R R N 1Y Fe, Oy 38 J5 2K
AFeO [ EL 386 I, i I o Py 52 900K 0, T L 6 9 358 i
1 Fe, Oy ¥ 5y FeO, 76 K& R By Bt FeO X A b i Fe, O,
(4FeO~+0,>2F¢, 03), FeO/Fe, 05 L1 K. B A 51 €8
.
9 Ca) F1 (b 43 51 Sy 5 38 7 % 75 00 G &0 &1 7 ARl €6 75

ZRY TR R o WRFBE AT, o 2 be o aU AR 2 7E 4R 4
JEFBAE A ST, SR G 0 A 7] 5T b 1 I 8k e il 32
BRETEHEEH E B 9Ca) R HIA H Uy 3Rk 8 o5 be
i YT v LB B 516 0 TS IO TG I AR AR S A A R i A
S (5 TR (5T R P 9 (b)) 2R T 1T R 2 R I A e
R QI =R N G NP - e/ = W P R =X N i o W
HE,

o T R 2 I SR A X AL S Rl TR € B
Xof Al €8, T T R S T R T 8 8 O R AT . AR R S
T, Ja ) A R A T v R e R T 2 € 0 R T
BN ER T RN A B AR M B . T R R R R 0 7 R
B Fe,O; 821 1.5%, TiO, W& =¥ /NF 0.5%, 0l %1
Fe, O5 Il TiO, 5 & 25 S Wg/h o (BJZ ARG & 10 7] 0 3% 38
AL BRI 2 A ROR R TE . 7L K Fe, Oy #1 TIO,
W& R RN R SR EFEMBOTFEMTEAERN
FEREK.

B8 EREHMMIEFEFERE
(a): &l‘g{h (b): V‘]%B

Fig. 8 Photo images of porcelain sagger sagger internal and external
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Fig. 9 Celadon samples setting mode in the common sagger (a) and porcelain sagger (b)
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of Tang and Five Dynasties (orthogonal light)

3 4 ik

(L) bbb e =) 7 o A I 390 38 30 e A 0 T8 i I o 7 it
PHE AR EAFAE—E 22 5, HLA i 9 pR 2 A 4 oA R
PRSP 530 pm BOHLUBORL . 28 B B ST 3 2], (H =45 3k
PRFR I3 A~ B3 5 2 ik 55 R R B iR AR L B 2B
Hi R T T 24 e BROR B 28 ORI £

(2) i FoAREE S I B 1 L AR R R K 0 I I T 3 il I

B PR R T BV RE R T I L 3 O B S
HLURE JORE RS 7 IR0 B 388 A o LR J32 AR RS R A M T
S TP A T o R — 28R T i I AT T 4 T
TR TR 0 A R i SRR

(3) 7 7 7 SR 1T €0 BE (L 7 68 MR AR S At 8 22 S IR
J2 W7 T 5 M R AL, ST T B O B R T, B
SR TV A I R v A A S AR R R R TR
52 4B AL W RZ 7 A T U A R T] R, R T R A N AR
MRt I T HERMES F R, dmdes TR A



2090 T 5 R A A #5125

HERZ AR ORE RSN RCR . R, 56 H B E Brift . 1R RO AR T SO B R S A
W I /D R AR 7 S LI S W 88 KT Rl T T S R A ﬁi%ﬁf%ﬁﬁ%ﬁ%%ﬁmm%%?%i%ﬁﬁﬁe
P SE R

References

[1] CHEN Wan-li(fJ/7 §). A Brief History of Chinese Celadon(H1[H 75 % 5% ). Shanghai: Shanghai People’s Publishing Press(_[iff . I/
AR AL . 1956, 80.

[ 2] ZHENG Jian-ming(#$#tH). Popular Archaeology (K A% ), 2017, 45(3) . 12.

[ 3] DING Yin-zhong, SHI Ning-chang, et al( T4, $5°5). Cultural Relics in Southern China(gg J5 X)) . 2020, (6):

[ 4] LI He, SHI Ning-chang, WANG Guang-yao, et al(Z , BT E, FSE. ). Palace Museum Journal GHCE 15 4 B [‘)nﬂ) , 2017,
(6): 124

[ 5] HOU Jia-yu, XU Wei. LI Zu-hao, et al(f&fE4E. 1 8. Ui, ). Palace Museum Journal GBUE T4 B e T » 2017, (6): 133

[ 6] ZHENG Jian-ming. SHEN Yue-ming. XIE Chun-long GBZEM] . 3L fF W], #f4lJE). Forbidden City (38253 . 2017, (5): 55

[ 7] Gao Xiaoling, Zhang Bin, Cheng Huansheng. International Ceramic, 2021, 155(1): 12926.

[ 871 LI Guo-zhen, GUO Yan-yi (25 [H #i, F8# {L). Tehnological Bases of Famous Chinese Porcelains ( 1 [ 44 % T. 2 3 fill). Hangzhou:
Zhejiang University Press(hiM « #i7T K27 AL . 2012, 26.

[ 9] LINan, GU Hua-zhi. ZHAO Hui-zhong(Z  ##, it , # 2 E). Naihuo Cailiao Xue([if K #18l2%). Beijing: Metallurgical Industry
Press(At 50 : 164 Tl B Mt . 2010, 32,

[10] WANG Wei-bang( E4EJ). Refractory Technology(fiif k41 8t T.2:2%). Beijing: Metallurgical Industry Press(Jb &t 15 4 Tl R4
1994, 12.

[11] XIA Cong-lin(C ML), Using Sagger for Porcelain(#% I 4%). Zhengzhou: Henan Science and Technology Press(ERJH : 0] 55 Bl 24 3 A
HREEE) . 1988, 181.

[12] Vogel W. Glass Chemical (3 #§4k2%). Translated by XIE Yu-shen(#t Fi%, i%). Beijing : China Light Industry Press (qt50: & Tl
AL 5 1979, 50

[13] Scott B Donald, Amy M Swink, H enry D Schreiber. Journal of Non-Crystalline Solids, 2006, 35(2): 539

[14] YING Jian-xin, ZHANG Bin, et al(Jj &%, 7 #). High Power Laser and Particle Beams (330G 5 8 F %), 2011, (3): 581

The Technological Characteristics of Housi’ao Sagger and Its Influence on
Influence on the Color of Celadon Glaze

WU Jun-ming', SANG Yue-xia'" , ZHENG Nai-zhang', ZHENG Jian-ming’, WU Lin', SHAN Ri-qin'
1. Art and Archabology School, Jingdezhen Ceramic Institute, Jingdezhen 333001, China
2. School of Materials Science and Engineering, Fudan University, Shanghai 200433, China

Abstract Yue kiln celadon is the earliest celadon manufactured with a precise fire system in China, and the use of porcelain
saggers to firing Mi” se celadon is the unique firing technique of the Yue kiln. In order to reveal the processing feature of
porcelain sagger and its influence on celadon of Tang and Five Dynasties, saggers, which were unearthed at the Housi”ao kiln
site in the Shanglin Lake of the Yue Kiln, were characterized via a variety of testing methods. In this paper, energy dispersive X-
ray fluorescence spectrometer (ED-XRF), super depth of field microscope, scanning electron microscope (SEM) and other
mondern test methods, were applied on the porcelain sagger, common sagger, common celadon and Mi’ se celadon which
unearthed from Housi” ao kiln site of Shanglin Lake, to realize the understand of element composition, microstructure, water
absorption, etc. Meanwhile, a spectrophotometer has also conducted the tests of surface chroma on the common celadon and Mi”’
se celadon of Tang and Five Dynasties. The results of the analysis showed that the base of the common sagger was similar in
composition to that of the porcelain sagger in the Tang and Five Dynasties, using local alluvial clay-like raw materials with a SiO,
content of approximately 75% and an Al, O; content of approximately 16 % , similar to that of the celadon body. In contrast, the
TiO, and Fe; O; contents of the porcelain sagger in Tang and Five Dynasties were higher than those of the celadon body and
fluctuated slightly, indicating a more rigorous process of washing the celadon body. The presence of a large number of inclusions
of coarse particles with an average size of around 530 pm and a regular particle gradation in the common sagger was a type of

high-silica material that was deliberately selected and added to increase the service life of the common sagger, increasing the
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permeability, mechanical strength and thermal stability of the sagger and thus extending the service life of the sagger; the
porosity of the porcelain sagger in Tang and Five Dynasties was 1. 61% and the water absorption rate was 0. 73% ., lower than
the common sagger 8. 18% , 4. 28% , while the bulk density of 2. 22 g » cm ™ ° higher than the common sagger 1. 99 g » cm ™ °, and
thermal conductivity than the common sagger, conducive to reducing the temperature difference between the inside and outside of
the sagger, to alleviate the temperature lag phenomenon. In addition, the use of a porcelain sagger with a lower porosity and the
sealing of the mouth rim at the Housi’ao site in Shanglin Lake effectively reduced the degree of secondary oxidation of the fired
celadon glaze during the cooling process, improved the stability of the atmosphere within the sagger and the Fe*" content of the
celadon glaze layer, and improved its colour stability and appearance. At the same time, the slightly thicker glaze layer on the

Mi’ se celadon reduced the influence of the body on the appearance of the product and increased the refractive index and

brightness of the glaze, placing it in a more bluish-green area in the CIE chromaticity space than common celadon.

Keywords Yue Kiln; Porcelain sagger; Mi’se celadon; Chemical composition; Colorimetric
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