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Abstract: A method for the determination of Na,0, MgO, AL O,, SiO,, P,0,, K,0, CaO, Sc, TiO,, V,0,, Cr,0;,,
MnO, Fe,0;, CoO, NiO, CuO, Zn0O, Ga, As, Br, Rb, Sr, Y, Zr, Nb, Sn, Sb, Cs, BaO, La, Ce, Nd, Sm, Hf,
PbO, Bi and Th in pressed power pellets of ancient ceramics body and glaze by X ray fluorescence spectrometry was
reported in this paper. The matrix effect was corrected by experience coefficients, Compton scattering and background as
internal standard for trace elements determination. The method has been verified by analyzing the national standard
Reference Materials of topsoil and stream sediment and the analytical results were in agreement with the certified values,
and RSD (n =11) of most elements ( except four elements) are less than 10% , indicating that our method has a high
accuracy and can greatly satisfy ancient ceramics research work. The method has been applied to the determination of
seven ancient ceramics samples. The obtained results were consistent with the results of other analysis methods.
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Table 1 Measurement conditions of the elements
2 vy o NiTE=N I\
Tirek iﬁﬁ R pm BRI %W %{"L 20C) W /s PHDI PHD2
ik u/kV i/mA W (E Bl HR2 WA Rl BR
Sh Ko LiF 200 150 SC 60 60 18.9840  0.4100  -0.3000 30 10 10 33 ~65
Sn Kot LiF 200 150 SC 60 60 19.8274  0.4500  -0.4000 30 10 10 31 ~67
Ag Ka LiF 200 150 SC 60 60 22.6566 1.5000 30 10 28 ~78
Bg, LiF 200 150 SC 60 60 19.4500 10 27 ~78
Rh K, _¢  LiF 200 150 SC 60 60 18.3498 10 26 ~78
Nb Ko LiF 200 150 SC 60 60 21.3332  -0.5776 30 10 29 ~72
Zr Ko LiF 200 150 SC 60 60 22.4832  0.6000 20 10 29~72
Y Ka LiF 200 150 SC 60 60 23.7436  0.8000 30 10 30 ~74
Sr Kot LiF 200 150 SC 60 60 25.1006  0.6000 30 10 24 ~74
Rb Ka LiF 200 150 SC 60 60 26.5700  -0.9000 30 18 29 ~69
Th Ka LiF 200 150 SC 60 60 27.4106  2.1000 30 10 28 ~71
Pb LB, LiF 200 150 SC 60 60 28.2072  1.2700 36 10 24 ~74
Br Ka LiF 200 150 SC 60 60 29.9234  0.8000 30 10 15~75
Bi La LiF 200 150 SC 60 60 32.9616  -0.6000 30 10 35 ~68
As Ka LiF 200 150 SC 60 60 33.9392  0.6000 30 14 26 ~76
Ga Ka LiF 200 150 SC 60 60 38.8822  0.6600 30 10 11~73
Zn Ka LiF 200 150 SC 60 60 41.7652  0.7000 30 10 18 ~78
Cu Ko LiF 200 150 pu® 60 60 45.0024 1.6100 30 16 24 ~67
Hf Lo LiF 200 150 DU 50 72 45.8634  0.9000 30 14 21 ~65
Ni Ko LiF 200 150 DU 50 72 48.6492 1.2000 30 16 21 ~66
Co Ka LiF 200 150 DU 50 72 52.7872  1.1000 32 20 20 ~35 39 ~62
Fe Ka LiF 200 150 DU 50 72 57.5282  2.4850 10 6 16 ~34 37 ~64
Mn Ko LiF 200 150 DU 50 72 62.9810  1.7000 20 10 15 ~31 37 ~65
Bg, LiF 200 150 DU 50 72 65.7000 20 19 ~78
Cr Ka LiF 200 300 DU 50 72 69.3712  1.2600 40 12 14 ~27 35~69
Nd La LiF 200 150 DU 50 72 72.1532  2.2000 40 20 12 ~27 36 ~63
V Ka LiF 200 300 DU 50 72 76.9644 1.0714 40 12 11~26 35 ~66
Ce La LiF 200 300 DU 50 72 79.0484  1.5000 40 20 11~24 35 ~66
La La LiF 200 300 DU 50 72 82.9444 1.5000 40 20 11 ~21 37 ~63
Ti Ka LiF 200 300 DU 50 72 86.1874  -1.2000 22 10 10 ~22 35~67
Ba La LiF 200 300 F-PC 50 72 87.1990 -2.2000 30 12 11 ~21 34 ~66
Cs La LiF 200 300 F-PC 50 72 91.8768  3.2000 40 20 8 ~21 33~67
Se Ko LiF 200 300 F-PC 50 72 97.7048 -2.5000 30 14 11 ~21 37 ~64
Ca Ko LiF 200 300 F-PC 50 72 113.1446  2.4000 20 10 26 ~73
K Ka LiF 200 300 F -PC 50 72 136.7270 -2.5000 20 10 32 ~68
Sm Lo LiF 200 150 DU 50 72 101.1656 -1.0660 30 20 13 ~64
P Ka GE111 300 F -PC 30 120 140.9708 -2.2000 30 12 30 ~71
Si Ka PE002 300 F-PC 30 120 109. 1064 10 24 ~78
Al Ka PE002 300 F -PC 30 120 144.9368 12 25 ~77
Mg Ka PX1 700 F -PC 30 120 22.8806 1.9100 16 8 24 ~76
Na Ka PX1 700 F-PC 30 120 27.6366  3.6300 30 10 25 ~76

(D DU 2 F ~ PC #1' S — PC ERIGARI &, LASR m PR s L2 O SEIE TAT 58 27 mm , FEARTRT S 27 mm,
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Table 2 Concentration range for components determined

in calibration samples

ivhs wy/% A% wy/lpzeg™ ) || M wy/(pgrg )
Na,0  0.028~7.16 || Sc 0.64~28 Nb 4~500
MgO  0.054~38.34 | V.05  29.4-1785.2 || Sn 0.8 ~500
AlL,O;  0.21~38.62 || Cry04 5.3 ~4200 Sh 0.04 ~500
Si0,  30.51~88.89 || CoO 2~635.7 Cs 0.17 ~349
P05 0.003~6.06 || NiO 2 ~3000 BaO  11.7~11165
K0 0.009~7.48 || CuO 3.2~6259 La 0.21 ~500
Ca0 0.1~34.56 7Zn0 20.3 ~6223 Ce 0.4 ~1000
Ti0,  0.004~7.69 || Ga 0.38 ~39 Nd 0.18 ~210
Mn0  0.0054 ~1.53 || As 0.21 ~500 Sm 0.028 ~18
Fe,0;  0.24-23.26 || Br 0.32~8 He 0.65 ~34
Rb 4.79 ~1326 PbO 3.4~6535.7
Sr 24 ~5000 Bi 0.04 ~200
Y 0. 14 ~500 Th 0.28 ~79.3
7 22.6 ~1540
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FESCRAL R T =B B (BM - 51) , 28 #11
MURE) (AM =56 ,AM - 67 ) , L5 B 5t 4 B S 1 (M
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Table 3 Detection limits of the components

W Ly (pg g™ D) A0 Ly/(pg-g™ || #5 Ly(pg-g™")
Na,0 3.4 Co0 4.24 Sh 5.95
MgO 36.9 NiO 2.76 Cs 4.89
ALO, 101.4 Cu0 3.59 BaO 12.01
$i0, 315 Zn0 4.01 La 8.78
P05 8. 14 Ca 2.48 Ce 9.64
K,0 9.51 As 2.61 Nd 5.02
a0 7.16 Br 0.90 Sm 1.89
Ti0, 31.5 Rb 1.70 Hf 1.60
Mn0 16.78 St 1.84 PbO 4.76
Fe,0, 26.01 Y 1.49 Bi 1.72
Se 2.53 Zr 1.98 Th 2.93
V,05 5.89 Nb 111
Cr,0, 3.07 Sn 5.85
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Table 4  Precision tests of the method

wy/% wy/ (pg g™ Y wy/(pg g~ I)RSD/W
——————————— 0
v @ RSD/%|| 415 5 © RSD/%| 417+ 44 ©
A EL A EL A EL
i i i

Na,0 0.452 0.0013 0.29( CoO 11 1.39 12.42| Sh 65 2.79 4.29
MgO0  0.650 0.0026 0.40( NiO 67 1.14 1.69| Cs 11  2.14 18.65
Al,O3 10.389 0.0135 0.13{|Cu0 536  4.84 0.90||Ba0 122 7.75 6.33
Si0, 75.063 0.1087 0.14{Zn0 130 1.72 1.33|| La 47 3.60 7.68
P05 0.057 0.0006 1.03| Ga 30 0.36 1.20|| Ce 69 3.26 4.73
K00 3220 0.0091 0.28)| As 207 1.49 0.72{| Nd 20 2.87 14.35
Ca0 0.443 0.0014 0.31] Br 8 0.5 6.5 Sm 5 0.68 14.06
TiO, 0.341 0.0016 0.46|| Rb 235 1.35 0.57| Hf 7 0.61 8.6l
MnO 0.311 0.0014 0.44] St 42 0.51 L.21|/PbO 356 2.75 0.77
Fe,05 4.281 0.0172 0.40) Y 18 0.43 2.424| Bi 50 0.97 1.91
S 0.0016 0.000114 7.12{| Zr 215 1.55 0.72|| Th 24 1.14 4.71
V5,05 0.0237 0.000206 0.87 || Nb 27 0.33 1.25
Cr,05 0.0109 0.000133 1.23|| S 73 3.09 4.21
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Table 5  Accuracy tests of the method

wg/ %
Hoy GBW 07402 GBW 07312 GBW 07311
W bRMEE MR FRMEGD TR AR
Na,0 1.77 1.62 0.38 0.44 0.45 0.46
MO 1.16 1.04 0.42 0.47 0.654 0.62
ALO;  10.88  10.31 9.11 9.3 10.40  10.37
Si0,  69.58  73.35 7174 7129 75.41  76.25
P,04 0.1045 0.1022 0.0496 0.0538 0.0565 0.0584
K0 2.69 2.54 2.90 2.91 3.26 3.28
Ca0 2.5 2.36 1.08 1.16 0.45 0.47
TiO,  0.4786  0.4517  0.2527  0.2517  0.3479  0.35
MnO 0.0682 0.0658 0.1826 0.1807 0.3188 0.3214
Fe,0;  3.51 3.5 4.70 4.88 4.37 4.39
wy/(pg g~ ")
b GBW 07402 GBW 07312 GBW 07311
Wi i b=« (R () Wi AR
Se 10 10.7 5.4 5.1 6.2 7.4
V,05 117.6 111 84.5 83.9 81.5 83.9
€0, 78.1 69 48.3 51.2 51.3 58.5
CO  13.7 11 13.6 11.2 11.8 10.8
N0 26.8 25 16.4 16.3 17.3 18.2
o 211 20 1513.5  153.2  107.9 98.4
w0 2.7 53 616.7  630.8  474.8 4725
Ga 12.9 12 14.6 14.1 18.1 18.5
As 12.9 13.7 114.3 115 189.2 188
Br 4 4.5 1.4 (1.7) 2 (2.3)
Rb 87.3 88 270.2 270 406.9 408
Sr 178.7 187 25.5 24 29.7 29
Y 20.6 22 29.9 29 4.9 43
I 213.3 219 25.8 234 155.3 153
Nb 26.7 27 15.5 15.4 26.3 25
Sn # 3 57.7 54 369 370
Sh # 1.3 23.7 % 13.1 14.9
Cs 5.2 4.9 7 7.9 15.7 17.4
BaO  1033.6  1039.4  241.6  230.2 2717  290.6
La 164.4 164 29.1 32.7 3.8 30
Ce 417.4 402 50.3 61 55.2 58
Nd  210.5 210 28.6 26 29.4 27
Sm 19.4 18 4.8 5.0 5 6.2
Hf 5.8 5.8 8.2 8.3 6.2 5.4
PhO 20 21.4 303.4  305.4 680 681.4
Bi # 0.4 9.8 10.9 50.3 50
Th 16.7 16.6 20.2 21.4 2.1 23.3

O 55 NGB A, 40N IR SRR TR R UE RS %
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Table 6 Results comparison of ancient ceramic samples by this method and others methods

4y BM -51 AM -56 AM -67 M -T71 M -78 M -80 HM -42
(FREL) Ak b S Ak Hib Ak b S Ak M Ak b
Na,0(% ) 0.933 0.902 0.472 0.418 0.416 0.376 0.361 0.340 0.290 0.297 0.407 0.385 0.280 0.276
MgO(% ) 0.410 0.429 0.822 0.766 0.863 0.821 0.764 0.722 0.771 0.718 0.756 0.731 0.801 0.707
ALO;(% ) 19.875  20.547 20.335 20.758 19.347  20.181  19.043 19.650 19.419 19.704 18.706  19.487 19.318  18.758
5i0,(% ) 71.296  70.520  69.733  69.324  71.098  70.669  71.423  70.768  71.071  70.623  71.712 70.789  71.126  71.506
P,05(%) 0.047 0.041 0.065 0. 066 0.051 0.052 0.048 0.048 0.042 0.036 0.051 0.054 0.075 0.076

K,0(% ) 2.771 2.938 3.500 3.694 3.685 3.765 3.920 4.100 3.987 4.218 3.834 4.063 3.834 3.857
CaO(% ) 0.298 0.297 0.242 0.234 0.228 0.222 0.213 0.201 0.217 0.220 0.236 0.241 0.315 0.318
Ti0,(% ) 1.066 1.076 0.934 0.938 0.938 0.943 0.888 0.920 0.877 0.915 0.890 0.926 0.920 0.948
MnO( % ) 0.006 0.009 0.018 0.021 0.015 0.017 0.016 0.019 0.013 0.016 0.016 0.018 0.017 0.020
Fe,05(%) 1.954 1.898 1.913 1.815 1.837 1.754 1.935 1.843 1.845 1.786 2.037 1.953 1.810 1.745
Se(pe/g) 19.3 20.0 15.9 20.6 17.5 12.5 15.7 19.6 16.7 13.2 14.8 21.2 16.7 17.0
V,05(pg/g)  250.4 230.3 212.1 202 212.9 204 204.8 182 203.5 179 203.5 187 201 178.5
Cr05(pg/g) 1257 117 154.6 159.3 145.9 142.5 143.6 141.5 143.8 144.2 142.9 138.3 134.4 135.5
CoO(ng/g) 49.5 48.9 53.2 53.8 53.8 45.4 70.5 72.5 56.5 48.2 76 75.5 30.5 31.0
N(pg/g) 32.5 29.0 27.5 26.5 27 22.0 28.7 25.6 27.5 23.3 29.7 26.8 28.4 24.0
CuO(pg/g) 40.2 42.7 46.2 37.7 37.2 29.0 92.3 70.7 88 65.5 99.9 79.5 82.8 64.6
Zn0(pg/g) 53.1 55 63.4 59 46.1 39 59 64 60.5 70 60. 4 57 56.7 54
Ga(pg/g) 25.4 29.2 26.2 29.7 25.5 27.9 25 28.2 24.4 27.3 24.9 28.5 24.2 26.2
Rb(pg/g) 101.3 104 166.4 200 166.1 131 162.7 188 166. 1 154 164.2 191 150.5 143
Sr(pe/g) 263.4 287 65.5 63.0 48.6 30.7 54.8 50.8 53.3 36.0 55.1 55.9 71.9 61.9
Y(pg/'s) 44.2 44.4 38.4 42.8 47.6 35.8 39.2 40.4 37.9 29.8 40.4 44.3 40.9 37.1
Nb(pg/g) 18.9 18.9 19.3 19.8 19.8 19.8 19 18.9 18.6 18.9 19.1 19.3 20.1 20.0
La(pg/g) 71.5 66.3 73.8 66.7 75 45.6 66.6 56.7 72.9 41.7 68 60.5 71.2 57.8
Ce(pe/s) 147.5 134 130 136 128.8 KKl 130.3 120 123.9 81.1 124.7 132 122.8 112
Nd(ug/g) 56.1 56.8 41.5 54.4 44.4 40.7 4.1 49.0 44 42.3 43.6 50.9 52.6 48.6
Sm( png/g) 7.7 10.6 7.8 10.2 7.6 7.82 8.6 9.20 7.9 8.23 7.6 10.0 7.6 9.52
5 i 6  Z5 3k
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