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Table 1 Typical operating parameters
Laser pulse frequency 10 Hz Slit Ground
Laser wavelength 532 nm Electrode 1, 2, 5, 6 of Einzel 2 Ground
Laser pulse duration 4.4 ns Electrode 3 of Einzel 2 -15.2V
Laser irradiance 610" W/cm? Electrode 4 of Einzel 2 -14.3 'V
Spot diameter 60 pum Repelling frequency 30 kHz
Nozzle 14.6 V Repelling pulse magnitude 450 V
Electrode 1, 3 of Einzel 1 Ground Acceleration potential -2420 V
Electrode 2 of Einzel 2 -104 V Steering plate -2315 'V
2.3
, , 1 cmX0.5 cm
’ o 2 ’ N N 1 o
2
Table 2 Typical operating parameters of elemental imaging system
Source pressure 600 Pa Laser pulses per spot 50
Imaging area 6. 0 mmX4, 5 mm Spot diameter 60 pm
Scanning array size 60 spot X 45 spot Repelling pulse voltage 450 V
Spatial resolution 100 um Accelerating voltage —2420 V
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Table 3 Element compositions (%) of the body and glaze of Longquan celadon shard made in Song Dynasty (Longquan
porcelain) and the imitation of ancient celadon shard (Fake porcelain)
Body Glaze
Analite
Longquan porcelain Fake porcelain Longquan porcelain Fake porcelain
Na, O 0.1 0.3 0.1 0.5
MgO 0.2 0.3 0.6 0.2
Al; Oy 22.1 27.3 13.6 14.3
SiO; 67.4 56. 2 64.9 62.2
P,0s5 — — 0.13 -
K, O 7.7 10.0 5.8 7.8
CaO 0. 06 0. 10 13.7 14.6
TiO, 0.08 0.7 0. 06 0.03
Cr, O3 — — — 0.003
MnO — 0.6 0.08 0.02
Fey Oy 2.4 5.0 1.0 0.5
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Mass spectra of the body of Longquan celadon shard made in Song Dynasty (al) and

magnified at mass range 48 —56 (a2); Mass spectra of the body of the imitation of ancient cela-

don shard (b1) and magnified at mass range 48—56 (b2)
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Fig. 2 Mass spectra of the glaze of Longquan celadon shard made in Song Dynasty (al) and magni-

fied at mass range 30—32 and 48 —56 (a2) ; Mass spectra of the glaze of the imitation of ancient cela-

don shard (bl) and magnified at mass range 30— 32 and 48—56 (b2)
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Fig. 3 Photograph of the imaging area of Ming Dynasty porcelain (a) and elemental images of (b~p)
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Elemental Analysis of Porcelain Shards by Laser Ionization
Time-of-Flight Mass Spectrometry

ZOU Dong-Xuan, YIN Zhi-Bin, ZHANG Bo-Chao, HANG Wei* , HUANG Ben-Li
(Department of Chemistry, College of Chemistry and Chemical Engineering ,
Xiamen University, Xiamen 361005, China)

Abstract The elemental analysis of ancient porcelain shards plays an important role in porcelain prov-
enance study and identification of early precious porcelain. In this study, a piece of Longquan celadon
shard made in Song Dynasty and a piece of an imitation of ancient celadon shard were collected. A
application of the laser ionization time-of-flight mass spectrometry (LI-TOF-MS) in the elements
detection of the body and glaze of both porcelain shards was presented. The elemental analysis results
of both shards were found to be different. Also, a piece of blue and white porcelain shard of Ming
Dynasty was analyzed and elemental images of Co, Mn, Fe, Ni, Ba, Ca, Mg, Na, Al, Si, P, K, Cu,
Zn and Rb were subsequently acquired by a surface elemental imaging system which was developed

based on the laser ionization time-of-flight mass spectrometry (LI-TOF-MS) .
Keywords Laser ionization; Time-of-flight mass spectrometry; Semi-quantitation; Elemental
imaging; Porcelain shard
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