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Coloration mechanism of Xuande sacrificial red porcelain from
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LU Chen',JIANG Jianxin® , XU Changqing’ , WU Shurong’ , GUAN Li’ ,ZHANG Jing",
CHEN Dongliang* , XU Wei',ZHU Jian'? ,WANG Changsui'"?
(1 Department of Scientific History and Archaeometry , University of Chinese Academy of Sciences, Beijing 100049 | China;

2 Institute of Vertebrate Paleontology and Paleoanthropology, Key Laboratory of Vertebrate Evolution and Human Origins of
Chinese Academy of Sciences, Beijing 100044 , China; 3 Jingdezhen Ceramics Institute of Archaeology, Jingdezhen 333001,
Jiangxi, China; 4 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049 , China; 5 Cultural Relics
and Archaeology Institute of Jiangxi Province, Nanchang 330008, China)

Abstract Several shards of sacrificial red porcelain from Guan kiln of Jingdezhen during Xuande
period were selected and study on the color mechanism was carried out using various non-destructive
approaches. Microscopic observation shows that the different color areas have similar transparent
glaze surfaces, and the color difference mainly depends on the red layer in glaze. Composition

analysis results show that the contents of colorant copper for different color samples are almost the
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same. However, X-ray absorption fine structure ( XANES) analysis reveals the differences in Cu

chemical state among different hues of the samples. This indicates that the color mechanism of

sacrificial red porcelain is closely related to the state of colorant copper.
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Fig.1 The samples
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Table 1 Appearance descriptions of the Xuande sacrificial red samples

%5 Hh W

XD 1 AW IR ER R IR =S8 R G B2 5) A R SR AT RO KT R SE R A, RE 29 1.4 mm , SMRIE 2 1.9 mm. Rl ¥
A W09 A% B BT IR AR AE.

XD -2 FYITATER B K 2 65,5 mm, 5224 25. 4 mm. Bl S AT A IS L0 A4 AT R BE RE RS, RS 1 L mm SRRHEEZY 1.7 mm.
2165 1) WY 2 R0 BE AR, il €5 P 0 Al I i R S T A A A

XD _4 FY O EIREAIR A KL 541 mm, 529 65.3 mm. 47 B ERIF B S ML, A2 T A R AT B R AT R R

BEFRAY , N RIEEZY 1.5 mm, SR JEE 24 2. 0 mm. il €5 W% 508 I35 %, 65 0 A By o8 AR S22 T €8 T D) 0 2 R

1.2 ZIW&EH

5 4 B 4 HT B A KEYENCE 23 w] 4 7
VHX - 500K ZY 5t @ i 8% % F§ VH-Z100 75 £
B8 3k, T AN TR A 3800 bl 2 R AT AR

B8 43 B >R I 26 [ X-rite 28 7] A2 77 1 VS450
AR ik X 4306 06 BEAY. 63 5l 400 ~ 700 nm,
Wi A2 R 6 mm, UKl H] D65 S U, A5 40 €5 IR
6 500 Kfy HOGREAH], 3L 10° 837, M 2 4 i 19 i
S5

EDXRF 73 #fr {X %% 4 35 [ EDAX /2 5] 4E 77 (1)
EAGLE - [IA! e i (4 X BT 2O6HET. & B
HERGERETHDCHE E AR 40 pum, 45055 F1HS 55
14351 R 65°F11 60°. Si (Li) #RIN &%, th Al-Cu & 4
1) Al Koo F1 Cu K WEFRAE g 5 20 B2 i, X6
(4 A 40 KV, B R 600 pA , H25 0K, JERTH]
25 20% ,WCE A A 100 s. Lh b FERLEBE i i R
RS I A 13 KB %S 28 AL o B T, R
PR 2 e /it AR TR & &

XANES W7 3t 5% W] 2L 6 55 4W1B St 2k
) XAFS 529 o 17, i fF SRl F e N 2.5
GeV, 884 100 ~ 250 mA, ffi F Si(111) X5 24
o, FE I A 19 6 BE R /N 50 pm x 50 pum.
FI 2 6 I £ A5 5K, SDDFR0 2%, W 22 A X
Cu JtER K M4 X XANES. 764 [7] 1Y g & X 3,
SR B W WS TE i 8 % 14 B8 2t A0 K RN AR 43 B[R] AR
TG IX I (8 859 ~8959 eV, 4 eV, 1 s), i i1 Uk
H X3 (8959 ~9 040 eV,0.7 eV ,1s). Ji] IFEFFIT
FE 7 42 O 70 #r XANES {5 &, 7H 5 5 45 K 1% 1
ATHENNA 1 ARTIMIS 2.

2 ZERMFE

2.1 BEERRMME
ATRAS BT 3 MORE &, P R 0 22 B AT R IR
T 50 3 R R S & 0 36 3R B AT 1 2% 5 A

JFE R 4 66 BE T E AT 0 B T 45 2R
W2 iR, AXEAR B, FES XD -1 1 E i KA
630 ~ 660 nm Z[H], S IR, RS R, 2
23% , Vb WA (0% BH B R A A R AT AR =, AT 6k
4 0E R XD -4 20 @ E o i B PR B F T
|l R4 N G2 S v N (2 0 5
17% , B0, 1 B 3 e IR, 350 20 € s B0 % 0k
XD -4 () B (5 3R 4 1 XD - 2 By F P K EB 1
600 ~ 700 nm Z [H], 439 il &7 22, F2 555 U A %t
B, AR 5% e h7 Bl i Ba. 7
B, DRKE S AT A O B AR — M B 3 R
oL BAR YR, B @A R XD -1, 1
LELEIERA) B — A XD -4, oAl
o mg B IR B R 2 B, AN RO W
BE SO XD =2, B e i B R AR R R AIG, il £ B

2 55 R
257 = XDl
. XD-i A Y .
v XD-4(% o
20 - XD-4(%@%¥3) "
¥ YV Vvyy
= 151 ,"'j"
% i
U :
% P A aa s
5 . ‘o‘ e
Hﬂ“ﬂ“dﬂ“’ .......o°'
ooooooooooooo‘oooo'
0

400 450 500 550 600 630 700
B A/mm

B2 EESOME R LIEHLE
Fig.2 Reflecting spectrum curves of Xuande

sacrificial red glaze
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Fig.3 Microstructure of Xuande sacrificial red glaze
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Table 3 Chemical compositions of Xuande sacrificial red glaze wt%
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