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Scientific Analysis of White Porcelains Unearthed from Lieshan Kiln,
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Abstract: Energy dispersion X-ray fluorescence spectrometer (ED-XRF) was used to analyze the composition and content of
the body and glaze of white porcelain samples unearthed from Lieshan kiln in Huaibei area, Anhui province, in order to study the
porcelain techniques of Lieshan kiln. The origin of Lieshan kiln porcelain techniques was also discussed by comparing with white
porcelains produced in the same period from Ding and Guantai kilns in Hebei Province. Firstly, composition and content of the
white porcelain body in Lieshan kiln in Song-Yuan period are consistent with the characteristics of high aluminum content in the
porcelain body from northern China. Lieshan porcelain also has a layer of engobe. Secondly, the content of K,O is increased in
the glaze of the white porcelain from Lieshan kiln, while that of CaO is decreased, which is in line with the law of glazing
technology. Thirdly, by comparison, it is found that there are certain differences in raw materials between the porcelains from the
Lieshan kiln and Ding and Guantai kilns, which is inevitable due to the use of their respective local materials. Fourthly, the
negative correlation between Ca and Sr in the white porcelain glazes of the three kilns indicates that their porcelain techniques
were changed synchronously. In other words, there could be technical exchanges among them. Finally, the content of CaO in the
glaze from Lieshan kiln was higher than that in those from Ding and Guantai kilns in the same period, suggesting that the
technique evolution pace of Lieshan kiln was relatively slower than that of Ding and Guantai kilns.
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Fig.1 White porcelain shards from Lieshan kiln: (a) early Northern Song period, (b) late Northern Song period and
(¢) Jin-Yuan period
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Tab.1 Major and minor elements in the body of Lieshan kiln samples
Sample Sample Mass fraction (wt.%)
classification  number N, 5 MgO  ALO,  SiO, K0 Ca0 TiO,  MnO  Fe,0s
LSB-1 0.62 0.33 24.35 67.61 1.40 1.09 1.90 0.04 1.66
LSB-2 0.55 0.48 25.80 67.07 1.32 1.09 1.16 0.02 1.50
Early northern LSB-3 0.82 0.58 26.65 66.53 1.62 0.53 1.08 0.02 1.17
Song period 1 gp 4 0.84 0.55 28.56 64.14 1.15 1.16 1.08 0.03 1.50
LSB-15 0.66 0.59 25.04 66.79 1.40 1.64 1.17 0.03 1.69
LSB-16 0.62 0.63 28.87 63.04 1.12 0.91 0.79 0.01 3.01
LSB-5 0.75 0.46 20.07 73.09 1.37 1.06 0.93 0.02 1.24
LSB-7 0.41 0.50 26.78 65.88 1.25 1.02 1.20 0.03 1.92
LSB-8 0.70 0.52 24.63 66.26 1.53 2.38 0.94 0.04 1.99
LSB-9 0.79 0.46 26.10 65.47 1.24 1.67 1.13 0.04 2.08
LSB-12 0.42 0.61 26.04 64.40 1.41 3.12 1.12 0.04 1.83
Late northern g 13 68 052 2575  67.07 1.52 0.79 1.05 0.02 1.60
Song period
LSB-14 0.51 0.55 25.72 67.43 1.34 0.80 1.00 0.02 1.64
LSB-22 0.42 0.50 27.20 64.66 1.25 2.06 1.06 0.05 1.79
LSB-23 0.70 0.70 26.20 65.02 1.45 1.74 1.16 0.03 1.99
LSB-24 0.94 0.56 26.40 65.22 1.28 1.66 1.17 0.04 1.73
LSB-25 0.62 0.83 26.91 64.72 1.39 1.68 1.14 0.03 1.70
LSB-10 0.69 0.58 23.48 68.22 1.63 1.54 0.95 0.02 1.89
LSB-11 1.00 0.32 25.17 67.08 1.40 0.98 1.02 0.03 2.01
LSB-17 0.63 0.78 26.86 64.82 1.54 1.49 1.08 0.03 1.78
Jin-Yuan period LSB-18 0.66 0.48 22.96 68.87 1.49 1.59 0.99 0.04 1.93
LSB-19 0.83 0.47 25.88 66.00 1.40 1.23 1.24 0.03 1.91
LSB-20 0.40 0.74 26.11 64.97 1.28 2.25 1.03 0.04 2.19
LSB-21 0.68 0.58 25.32 67.46 1.57 0.78 1.14 0.02 1.46
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Tab.2 Major, minor and trace elements in the glaze of Lieshan kiln samples
Sample Sample Mass fraction (wt.%)
classification number \, 5 MeO ALO, Si0, K,O CaO TiO, MnO Fe,0s Rb,O  StO  Y,05  ZrO,
LSB-1 0.88 1.22 13.82 71.19 2.89 838 0.17 0.07 0.37 0.0069 0.0197 0.0063 0.0201
LSB-2 051 1.75 1470 6843 240 10.52 0.17 0.06 0.46 0.0099 0.0168 0.0015 0.0136
Early LSB-3 0.67 1.51 1530 67.01 3.09 10.24 033 0.08 0.79 0.0110 0.0163 0.0043 0.0214
S:I?grt;:;?od LSB-4 0.60 1.02 1347 69.83 145 1194 0.15 0.10 043 0.0093 0.0218 0.0032 0.0238
LSB-15 0.69 2.07 14.87 6591 1.04 13.71 0.14 0.10 047 0.0066 0.0232 0.0069 0.0219
LSB-16 0.54 0.72 13.58 70.83 230 1040 0.15 0.09 0.39 0.0077 0.0163 0.0059 0.0231
LSB-5 0.51 190 1693 64.08 227 12.44 020 0.11 0.57 0.0109 0.0147 0.0037 0.0185
LSB-7 1.82 0.67 14.05 69.81 347 848 0.16 0.04 0.50 0.0078 0.0296 0.0055 0.0423
LSB-8 1.07 2.07 1573 68.66 244 824 023 0.09 046 0.0072 0.0562 0.0081 0.0190
LSB-9 2.58 047 13.88 72.15 3.33 6.05 0.17 0.06 031 0.0090 0.0209 0.0035 0.0093
L LSB-12 1.63 1.02 14.55 6587 1.80 1326 020 0.10 0.55 0.0083 0.0187 0.0061 0.0234
nortaI:Zrn LSB-13 051 139 1439 6620 231 1350 0.15 0.07 048 0.0076 0.0211 0.0028 0.0240
Song period
LSB-14 0.62 1.54 1458 67.11 253 11.69 0.16 0.09 0.69 0.0074 0.0219 0.0052 0.0251
LSB-22 0.66 155 1537 6721 206 11.33 0.16 0.08 0.58 0.0067 0.0163 0.0076 0.0249
LSB-23 1.17 151 15.62 65.73 230 11.78 0.17 0.08 0.63 0.0076 0.0159 0.0061 0.0218
LSB-24 0.78 153 17.41 64.74 1.78 12.01 0.14 0.08 0.53 0.0083 0.0198 0.0080 0.0228
LSB-25 0.40 1.18 16.51 66.47 231 11.36 0.16 0.07 0.53 0.0087 0.0161 0.0025 0.0237
LSB-10 1.84 1.06 17.83 66.77 3.14 726 029 0.05 0.75 0.0136 0.0270 0.0053 0.0129
LSB-11 0.65 1.71 15.14 6552 1.56 13.61 0.16 0.11 0.55 0.0110 0.0227 0.0064 0.0211
LSB-17 0.65 2.67 1545 6136 1.18 16.82 0.17 0.11 0.57 0.0100 0.0174 0.0044 0.0230
J?e_:g&m LSB-18 247 099 1444 66.74 3.65 991 0.14 0.08 0.58 0.0074 0.0177 0.0062 0.0212
LSB-19 223 0.51 1423 71.59 340 6.50 0.14 0.05 0.34 0.0087 0.0274 0.0029 0.0215
LSB-20 1.82 1.51 16.17 64.52 427 985 023 0.09 0.54 0.0101 0.0177 0.0034 0.0182
LSB-21 128 0.73 1429 7159 344 7.00 0.15 0.08 0.44 0.0096 0.0217 0.0045 0.0162
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Tab.3 Average element contents and standard deviations (SD) in the body of white porcelain samples from Ding and
Guantai kilns

Mass fraction (wt.%)

Sample classification
NaZO MgO A1203 SIOZ Kzo CaO T102 MnO F6203

Samples of northern  Average 0.64 1.11 29.79 63.06 1.46 1.70 0.38 0.02 0.83
Song dynasty from
Ding kiln SD 0.28 0.28 2.57 2.42 0.48 0.98 1.10 0.00 0.15

Samples of Jin-Yuan ~Average 0.5 079 2438 6876 181 096 056 002 LIS

period from Ding kiln - gy 0.16 0.16 111 1.19 0.28 0.17 0.04 0.01 0.07

Samples of northern  Average 1.00 0.50 31.53  61.23 1.41 0.45 1.22 0.02 1.64
Song dynasty from
Guantai kiln SD 0.51 0.10 2.56 2.14 0.47 0.10 0.19 0.01 0.51

Samples of Jin-Yuan  Average 0.69 0.46 29.67 63.55 1.39 0.40 1.10 0.03 1.72
period from Guantai

kiln SD 0.17 0.07 4.13 3.31 0.49 0.04 0.18 0.02 0.52
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Tab.4 Average element contents and standard deviation (SD) in the glaze of white porcelain samples from Ding and
Guantai kilns

Mass fraction (wt.%)

Sample classification
NaZO MgO A1203 SIOZ KzO CaO T102 MnO F6203 szO SrO Y203 ZI'OZ

Samples of northern  Average 0.47 3.15 15.11 72.01 1.91 532 0.13 0.05 0.83 0.00910.0093 0.0038 0.0356
Song dynasty from
Ding kiln SD 029 1.08 125 200 036 1.68 0.09 0.02 0.22 0.00150.0025 0.0008 0.0088

Samples of Jin-Yuan Average 0.44 240 15.13 73.81 237 3.61 0.18 0.03 1.04 0.0097 0.0118 0.0042 0.0289

period from Dingkiln g 017 028 095 147 032 045 007 000 0.16 0.00120.0016 0.0014 0.0042

Samples of northern Average 1.84 1.17 17.45 71.14 270 3.81 039 0.04 0.40 0.0067 0.0326 0.0049 0.0329
Song dynasty from
Guantai kiln SD 082 037 134 120 070 195 0.10 0.01 0.19 0.00060.0117 0.0010 0.0034

Samples of Jin-Yuan Average 2.98 0.75 18.01 69.97 342 298 045 0.02 0.39 0.0076 0.0548 0.0038 0.0298
period from Guantai

kiln SD 098 049 145 143 085 1.05 0.15 0.00 0.08 0.0024 0.0227 0.0016 0.0050
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