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Composition analysis of the surface and depth distribution of metal and

ceramic cultural relics by laser-induced breakdown spectroscopy

LI Chen-yu, QU Liang", GAO Fei, DUAN Hong-ying, GUAN Ming, LIU Han-wen, ZOU Fei-chi
(Conservation Department, the Palace Museum, Beijing 100009, China)

* Corresponding author, E-mail: lionat528@hotmail.com

Abstract: Composition analysis of the surface and depth distribution of bronze artifacts excavated from the
Chu Tomb in Guozhuang Shangcai, Henan Province and ceramic tiles of Lingzhaoxuan from the Palace Mu-
seum are carried out by laser-induced breakdown spectroscopy and laser scanning confocal microscopy.
Studies have shown that the elemental distribution of the corroded layer on the surface of bronze is uneven.
This corrosion might originate from the surrounding soil environment and surrounding artifacts or ion migra-
tion from the artifacts’ insides to their outsides. Luckily, the composition of bronze is relatively simple. The
corrosion mechanism of the corroded layer can be understood by analyzing the depth distribution of the com-
position in bronze, thereby providing a scientific method for its protection. The elemental distribution of
ceramic is homogeneous in transparent and colored glaze. Colored glaze includes Boron (B), which could ef-
fectively reduce its melting temperature range and surface tension, but there is no boron (B) in transparent

glaze. Furthermore, confocal microscope tests of the depth of erosion combined with its spectra can be used

Ytk H #5:2020-06-30; 1£3T H #5:2020-07-27


http://dx.doi.org/10.37188/CO.2020-0112
http://dx.doi.org/10.37188/CO.2020-0112

1240 D

P13 %

to estimate the approximate thickness of different glaze layers.

Key words: laser-induced breakdown spectroscopy; surface and depth distribution; bronze; ceramic
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Fig. 1 Photographs of bronzes and ceramic tiles
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Fig. 3 LIBS spectra of bronze 1 at different points
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Tab.1 Surface and depth distribution of different ele-

ments of bronze 1

i bronze 1

i Cu, Pb, Mg. Al Ca, Fe, Si, O. Cl, Cd. Ba
Hifil WL Cu, Pb, Mg, Al, Ca, Fe, Si, O, CI, Cd. Ba, Sn

REE2 Cu. Pb, Mg, Al Ca, Cd, Ba, Sn

Fi  Cu. Pb, Mg, Al Ca, Fe, Si. O, Cl, Cd. Ba, Zn
Hif2 WL Cu, Pb, Mg, Al Ca, Fe, Si, O, Cl, Cd, Ba. Sn, Zn

REE2 Cu. Pb, Mg, Al Ca, Cd, Ba, Sn

Fii  Cu,Pb, Mg, Al, Ca, Fe, O, Cl, Cd. Ba, Si, Zn
B3 TPEL Cu, Pb, Mg, Al, Ca, Fe, Si, O, Cl, Cd, Ba. Sn, Zn

TREE2 Cu, Pb, Mg, Al Ca, Cd, Ba, Sn
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Fig. 4 LIBS spectra of bronze 2 at different points
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Tab. 2 Surface and depth distribution of different elements of bronze 2

G5 bronze 2

T Cu, Pb, Sn, Mg, Na, Al, Ca, Fe, Si. Cl. Ni, Cd, O. Sn. Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy
J=yial REL Cu, Pb, Sn. Mg, Na, Al Ca, Fe. Si. Cl, Ni, Cd. O. Sn. Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy

REE2 Cu, Pb, Sn, Mg, Na, Al, Ca, Cd, Sn

FH Cu, Pb. Sn, Mg, Na, Al Ca, Fe. Si. Cl. Ni, Cd, O, Sn. Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy
A2 HEL Cu. Pb. Sn. Mg. Na. Al. Ca. Fe. Si. Cl. Ni, Cd. O. Sn. Ni. Eu. Cd. Rh. Nb. Ru. Th, Dy

W2 Cu, Pb, Sn, Mg, Na, Al, Ca, Cd, Sn

Fim Cu, Pb, Sn, Mg, Na, Al. Ca, Fe, Si, Cl, Ni, Cd, O, Sn, Zn, Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy
w3 1 Cu, Pb, Sn, Mg, Na, Al, Ca, Fe. Si. Cl. Ni, Cd. O. Sn. Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy

RIE2 Cu, Pb, Sn, Mg, Na, Al Ca, Cd, Sn
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Fig. 5 LIBS spectra of bronze 3 at different points
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Tab.3 Surface and depth distribution of different ele-

ments of bronze 3

G5 bronze 3
T Cu, Pb. Sn, Mg, Na, Al. Ca, Fe. Si. CI. Ni,
Cd. O. Sn. Ni, Eu, Cd. Rh. Nb, Ru, Th, Dy
S I Cu, Pb. Sn, Mg, Na, Al. Ca, Fe, Si, CI. Ni,
Cd. O. Sn. Ni, Eu, Cd. Rh, Nb, Ru, Th, Dy
BRE2 Cu, Pb. Sn. Mg, Na, Al. Ca, Cd. Sn
Cu, Pb. Sn, Mg, Na, Al. Ca, Fe, Si, CI, Ni,
M

Cd, O, Sn, Ni, Eu, Cd. Rh, Nb, Ru, Th, Dy

e WL Cu, Pb. Sn. Mg. Na, Al, Ca, Fe. Si. Cl. Ni,
Cd. O, Sn, Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy

UREE2 Cu, Pb, Sn, Mg, Na, Al Ca, Cd. Sn
P Cu, Pb. Sn. Mg. Na, Al. Ca, Fe. Si. Cl. Ni,
Cd. O, Sn, Ni, Eu, Cd, Rh, Nb, Ru, Th, Dy
SR g Cu. Pb, Sn, Mg, Na, Al, Ca, Fe, Si, Cl, Ni,
Cd. O, Sn, Ni, Eu, Cd. Rh, Nb, Ru, Th, Dy

UREE2 Cu, Pb, Sn, Mg, Na, Al Ca, Cd. Sn
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Tab.4 The average denudation depths of ceramic tile

samples at different points (num)

i DL i KIE
Cz-1416 1027.888 42381 1028.907
CZ-01HE 1027.888 82.791 1031.621
CZ-014% (8 1027.888 78.458 1031.862
CZ-02H & 1027.888 53.414 1029.743
CZ-02ii 1027.888 64.516 1030.202
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Fig. 6 Topography of erosion depth of ceramic tiles by

confocal microscope
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Tab.5 Elemental surface and depth distribution of CZ-14

i CZ-14

FM (54K )

(WA Na, Mg, Al. Si. K. Ca, Cr, P, Ti, Fe. O. Pb, Cu, Mn, Co

S3HT AL
TRIE64 um (7585 764 ki)

Na, Mg. Al Si. K, Ca, Ti, Fe, O, Mn, (Jfiff)Rb, Sr, YFIZr
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Tab. 6 Surface and depth distribution of different elements of CZ-01
g Cz-01
R (54t (BWIRNa, Mg, Al Si, K, Ca, Ca’, Ti, Fe, O, Co. Zn, Cu, Pb, Mn, P, Cr
(SRR Y=Y A
REE6T um (405414l ) Na, Mg, Al Si, K, Ca, Ca’, Ti, Fe, O, Mn, Cr, (JGAJCZ)Sr. Rb, YHZr
Feii (SEL6A k) (BWIRNa, Mg, Al, Si, K, Ca, Ca’, Fe, O, Zn, Cu, Ti, Pb, Co, Cr, Mn, P
VREEA0 pm (2554264 ikl ((5f1% )Na, Mg, Al, Si, K, Ca, Ca’, Fe, O, Zn, Ti. Pb, Co, Cr, Mn, B
B LR VYA
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