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Fig. 1 Lamp of cloisonne racturep from the collection of the
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Palace Museum
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Fig.2 Sample of residual cloisonne
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Fig.3 Morphology of four ‘black lines’: (a) No.I black line; (b) No.II black line; (c) No.III black line; (d) No.IV black line
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Fig. 4 Welding marks on the back

SR BRAR T SLACH ) BAE R W) 1 T 4
PBAL, I H IR0 Y £ B AR R MRS . 2R
AR SR AT A R R EY i, H S
T AR N7, {H AR TR RTS8 S i, g
SRR TR 5 0o PR . R I S P T
TR 22 30T B 0 TR B AH 56 , 28 40) 1F 1H 484 8
ST AT EE T N R AR S R AT T Y I
ARo —MABLZ IR A HIVE AR N T 36 22480 i J it
BLEURRE , 3 ROM R b i 78 S 23 % 38 4 2 i ik
TR T B (i ] 22 55 bR AL 7E [R)— V- 1T, ZE 4T B8 50
U R A8 P ] B0 A A T R 4 L TR it B FRORN R
TEALL ) PR RE | P B A5 X DA 2 4 b 38 B AN EA T
P FESHIFTEE TAE., WAE &, 5208
He 2 TPAETE LR B AR A AR 2 SR R A
SRR AE T R IR, DR TR AE BRI b
il Z BT B .
2.1.2 MR

SR X SR 4 R = 2 AR R — 2 X
GO RIEATEERG 3 AT o I 1 25 4 2k B R i B ERAT
AN EMHEG LR,

M 5~8 A] L. 5« B 2R A0 41 i 4 iR I Ak —
P, BAZE R oy i 5 T PR 4 i AR 1) %% B AE AR 22
S R ZE W] L B WAL Th S AR, BEIRAT
TR 5 A o 1 14 5 2% Ah 359 T B R A AH 3T 1) 2
BT I FLIE S TR T U8R ) IR L 48 42 1 T R b 28
FI VRN 4 N ) 5 2 B, T 4 00 S T 1R S 35 B
WRNRAR . AR IELE AT A Ik P 2 T R A AR
W AR Z T B A S PR T A — R, A 3 T 1)

e 30

B 5 IR X S %E
Fig. 5 X-ray 2D-imaging of welding joints
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Fig. 6 X-ray 2D-imaging at the nail penetration site
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Fig. 7 X-ray 3D-imaging at the nail penetration site
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Fig. 8 Morphology at nail penetration site
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Fig.9 Schematic diagram of the main structure of cloisonne lamp
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Fig. 10 Multi sided composite structure
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Fig. 11 Screws and right angle buckles
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Fig. 12 Analysis points of cloisonne lamp
PRI . R QR AL W] 1 HLAE BEL
P O ARSI 45 R B MR R SRR AL AT T
BARR Y BT o JR v S L e A P T Y B
t, “BLIA KGR Zn AV EE) Pb, 48 A

e 31



SR A VB IR 2 BRI R T Sk

B 13 #ROS AL
Fig. 13 Analysis points of sample D
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Fig. 14  Analysis of sample @
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Fig. 15 Analysis points of sample ®
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Tab. 1 Analysis resultes of “black line” and metal matrix element composition of cloisonne lamp and sample D.®.®

B RS Y
Cl ZnO AuO SO; PbO K,0O CaO Fe,0O, NiO CuO HgO Ag,O Cr,0, SiO, AlLO,
LI R 1.26  25.01 846 1.75 2.47 0.57 0.38 0.41 0.02 5878 0.84 0.06
BT EEA 3.85 68.84 2.05 0.25 0.06 0.12 10.60 13.66 0.57
A OL S 0.24  1.35 0.52  0.17 0.22 97.50
B D 4 8 Bk 0.29 0.11  0.10 0.09 99.37
B QR 38.03 0.10 58.00 3.87
B Q4 B B AR 0.22  26.99 0.48 0.27  0.01 71.95 0.07
OB 3.52  23.35 26.55 8.03 0.84 0.45 1.04 1.12 23.58 3.09 0.25 5.94  2.24
B @ 4 JB B AR 0.12 73.86 0.21  0.24 0.14 14.63 8.96 0.72 1.12

FEICHIE Cu Au Ml He, AT ABAE MG, B SR AR I Zn A1 Pb. il T80 5 6 R
a @ BEIESE PR R EY R WAl FERIRA R Au F R HROIF AR
S, R E KA Zn /DR Ph, &R ERI XA TR I,
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Fig. 16 Damaged area and back of cloisonne lampshade
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Tab. 2 Analysis results of welding mark and metal matrix element composition of cloisonne lampshade and @, @ sample

X R Y
AN IR ATAS - - - - - X - —
Cl Zn0 AuO SO, PhO K,0 CaO Fe,O, NiO CuO HegO SnO, Cr,0, SiO, AlLO,
OAT B b B4 0.69 0.56 0.17  0.15 97.59  0.76 0.06
QITEMBA 2% 012 043 6.38 0.27 0.11  0.13 91.21 1.28 0.06
QST IER 0,00 18.91 0.15 0.10 74.51 6.07
@T EIEIL 1.15  8.00 0.40 0.14  0.22 87.70 0.75
T A R R 26.25 0.41 73.35
B QREIR T 25.50 0.11 2.03  0.20 0.24 70.50 0.03  1.08  0.29
R @4 JE B A 0.35 0.11 99.46 0.08
B DRI 8.80 1.02 0.12 70.33 19.72  0.01
B @ 42 8 B 0.34 0.29  0.24 0.10 98.84 0.15  0.05
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Fig. 17 Silver white welding marks inside the cloisonne lampshade
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Fig. 18 Analysis points for the welding mark and Metal Matrix of sample @
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Fig. 19 Analysis points for the welding mark and metal matrix of sample @
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Welding Process and Corrosion of Royal Cloisonne in the Qing Dynasty

—Taking the Cloisonne LLamp in the Dongnuan Pavilion of
Yangxin Hall as the Main Case Study

JIN Dazhao, LIU Hanwen
(The Palace Museum, Beijing 100009, China)

Abstract: A relatively regular and imperceptible black substance was found in the metal structure of the cloisonn é enamel
palace lamp during the Qing Dynasty. These substances were corrosion products formed under natural conditions during
preservation. X-ray imaging, X-ray fluorescence spectroscopy, Raman spectroscopy and other methods were comprehensive
used to analyze the structure, elements and phase of the substance. The results show that the formation of the black substance
was closely related to the metal carcass structure, metal welding process, and materials. The metal carcass structure was made
by welding multiple components, and the welding processes used were “big welding” and “tin welding”. The main components
of black matter are copper oxide, cuprous oxide, lead monoxide, and zinc oxide.

Key words: cloisonne; metal welding; corrosion product; manufacturing process
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