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Si(Li) 150eV . , s
KB Ka > H
s , 1 = 2mm
. 0. 5mm
, PIXE  SRXRF s
) . , Cinax/
Cuin (
’ ) . SRXRF
’ e, 10¢m X<
H , 100#m 10 ,
’ Cimax/ Cmin : K, 4. 86; Ca, 7. 42; Ti, 3. 03;
Mn, 2.87; Fe, 2.13; Zn, 2.01; Rb, 1. 60; Sr, 2. 16; Zr, 6.
, PIXE ~ SRXRF 93, , 4
’ 100#m>< 5000#m s Cimax/ Cmin
’ :K, 1. 53; Ca, 1.70; Ti, 1.43; Mn, 1. 43; Fe, 1. 18;

Zn,l. 27; Rb, 1. 25;81‘, 1. 18;Zr9 1. Z).

PIXE
M
4)1 . 5H]III9 Cmax/ Cmin 2
~ ~ b
2 $1.5mm  PIXE Cua/ Crin
Table 2 The ratio of Ciay' Ciin by PIXE analysis using $1. 5mm beam
Al Si K Ca Ti Mn Fe Zn Rb Sr Zr
1 1.07 1. 04 1. 34 1.30 1. 16 1.40 1.22 7.22 1.55 1. 41 1.48
2 1.12 1. 06 1. 05 1.8 1. 17 1.89 1. 80 1.75 1. 18 2.20 2.38
3 1.07 1. 09 1. 15 1.50 1. 08 1.27 1. 15 1. 50 1. 36 1. 08 1.10
1 1.05 1. 03 1.03 1.4 1. 06 1.21 1. 05 1. 14 1.0 1. 11 1.36
2 1.05 1. 02 1. 07 1. 15 1.9 1.18 1. 06 1. 09 1. 12 1.20 1.12
3 1.06 1. 03 1. 04 1. 05 1. 08 1.20 1. 03 1.21 1. 06 1.09 1.15
4 1.04 1. 02 1. 05 1.4 1. 10 1.31 1. 07 1. 16 1. 17 1. 15 1.18
2 , , EDXRF ,
, 3mm X s 3
, 1.5mm NN , 2
10%_ Z) % o ’ Cmax/ C1min
10%% . . ,
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3 $3mm  ED -XRF Cun Cunin
Table 3 The ratio of G/ Coin by ED =~ XRF analysis using $3mm beam
Al Si K Ca Ti Mn Fe Zn Rb Sr Ir
1.04 102 1L15 1. 36 1.43 1.29 .17 1.38 1.0 1. 31 1.17
1.01 1L.01 L11 1.31 1.05 < 0.01% .40 1.51 1.0 1.35 1.20
1.04 102 1.07 0.05%-0. 10% 1. 12 0.02%-0. 4% L17 1.62 1.32 13X 1076-31X10"°¢ 1.32
Ca.Mn N s
PIXE  EDXRF .
, 2 = 3mm ,
’ [ GSD. GSS.GSR
3 EDXRF ’ ’
. . GSD10. GSD11. GSD12.GSS1.GSS2.GSS5.
GSS7.GSS8.GSR2.GSR3.GSR4  GSR5 12
, QuanX « 7
N ~ [Hl ’ ’
) i 4
WD - XRF . :
AbO3 2. 8% —29. 26%, Si02 32. 699~
, , 88. 89 %4, K20 0.13%~4.16%, C&0 0.1%-
ED - XRF 8.81%, Fex0O3 3.52%-18.76%.
, . . 3 \
,PIXE  SRXRF AXIL AL03.Si02 , 3% .
, AXIL , K20.C&0 . TiO2. MO . 5%
’ s , MnO
; ¢ 7L 0.04% . .
7 , NaxO  MgO,
Si(Li) 0.7% ,
.  PIXE GUPIX Si(Li) .
. ; Al Si
WD - XRF
. PIXE  SRXRF .
. XRF .
EDXRF
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4 EDXRF
Table 4 The accuracy of EDXRF analyss on pressed ceramic body piece

Na,O MgO AL O3 Si0, K,0 CaO TiO, MnO Fey 03
0. 04 0. 12 2. 84 88. 89 0.13 0.70 0.21 0.13 3. 86
GSD10
0.19 0. 16 2. 64 89. 99 0.12 0.7 0.28 0. 14 4.13
CSDI 0. 46 0.62 10. 37 76.25 3.28 0. 47 0.35 0.32 4.39
0.71 0.79 10. 07 76. 18 3.17 0.5 0.39 0.31 4.33
0. 44 0. 47 9. 30 77.29 2.91 1. 16 0.25 0. 18 4. 88
GSD12
0. 68 0. 63 9.35 77.34 2.87 1.01 0.29 0.20 4.72
o1 1. 66 1. 81 14. 18 62. 60 2.59 1.72 0. 81 0.23 5.19
1.41 1.93 4. 84 63. 55 2. 66 1.72 0.79 0.25 6. 09
o2 1. 62 1.4 10. 31 73.35 2.54 2.36 0. 45 0. 07 3.52
1.38 1.27 10. 93 71.73 2.68 2.41 0. 47 0. 06 3.39
0SS 0.12 0. 61 21. 58 52.57 1. 50 0.10 1. 05 0. 18 12. 62
0. 26 0. 40 2. 40 50. 08 1.51 0. 10 1. 09 0.15 13.73
oS8 1.72 2.38 1. 92 58 61 2.42 8.27 0.63 0. ® 4.48
1.41 3.3 12. 8 57.61 2.39 8.58 0.59 0. 077 4. 14
SR 3.86 1.72 16. 17 60. 62 1. 89 5.20 0.52 0. ® 4.90
4.07 2.9 14. 95 61. 20 1. 80 5.20 0.55 0. 4.76
GSR3 3.38 7.7 13. 83 44. 64 2.32 8. 81 2.36 0.17 13. 40
3.03 6.43 13. 83 45. 74 2.34 8. 49 1. 84 0. 14 11. 11
057 0.074 0.26 2. 26 32.69 0. 20 0. 16 3.36 0.23 18. 76
0.09 0. 15 2. 05 3281 0.19 0. 15 3.59 0.4 18. ®
SRS 0. 35 2.01 18. 82 59.23 4.16 0. 60 0. 66 0. 02 7. 60
0.48 2.% 18. 26 61.53 4.18 0. 62 0. 69 0 8.57
0.35 2.01 18. & 59.23 4.16 0. 60 0. 66 0. 2 7. 60
GSR4
0.48 2.% 18. 26 61.53 4.18 0. 62 0. 69 0 8.57
) WD - XRF
. ) , 12
b °
b
b
, 4 ( 3.
5 EDXRF
Table 5 'The accuracy of EDXRF analysis on ancient ceramic body
Na,0 MgO ALO; Si0, K,0 CaO Tio, MnO Fe,0;4
0.27 0. 67 24. 15 69. 32 2.28 0. 34 1.22 0.002 1.62
63
0.02 0. 23 24.28 69. 94 2.32 0. 33 1.19 0. 01 1.69
0.18 0. 55 27.47 63. 32 3.72 0. 29 0.71 0. 03 3.85
58
0.12 0. 40 27.61 63. 58 3.58 0. 28 0. 67 0. 04 3.72
3.48 0. 60 38.20 51. 50 2.00 1. 42 1.41 0. 01 0. 46
4
3.44 0. 48 38.80 52. 16 1.94 1. 44 1.29 0. 02 0.42
0.10 0. 50 26. 10 65. 60 2.04 1. 10 1.40 0. 01 3.90
Cl1
0.18 0. 55 26. 63 64. 61 1.93 1. 18 1.31 0. 01 3.60
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Fig. 2 The skeich of “ pore effect” emerges on ancient ceramic body
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Quantitative analysis of ancient ceramic by X — ray spectroscopy

techniques

HE Wen ~ quan XIONG Ying ~ fei
( The Research Laboratory for Conservation and Archaeology, Shanghai Museum. Shanghai 200003)

Abstract: With the development of scientific analysis techniques on ancient ceramics, the exchange and citation of the
data obtained by different scientific analysis techniquse, such as PIXE, ED -XRF, and SR -XRF, becmme more practi-
cal. In this paper, the data error sources of several scientific techniques frequently used in ancient ceramic studies in
China are discussed, and some related parameter models among those techniques are compared. After checking the re-
sults by using different scientific techniques with respect to relative beam size, the proper size of the beam spot is pro-
posed as about $2 = 3mm. The effcet of “pore in body” is proposed to be the cause that the polished body sample and the
pressed sample should be analyzed separately. The quantitative analysis methods for both kinds of samples are given,
based on the quantitative ED ~ XRF analysis established in the laboratory of Shanghai Museum.

Key words: Ancient ceramic, The effect of “pore in body”, X - ray spectroscopys PIXE, ED —XRF, SRXRF
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