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Spectroscopy and Spectral Analysis
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Table 1 Chemical composition of the sample tile glazed bodies from FMZD and NMGG sites (Wt%)

Na, O MgO Al; Oy SiO, KO CaO TiO, Fe, O

FMZD-1 0. 82 3.55 15. 66 59. 54 2. 86 10. 63 0.32 5.63
FMZD-3 0. 27 3. 36 17. 36 58.93 3.37 9.16 0. 50 6. 04
FMZD-5 1. 34 3. 64 15. 61 58. 29 3. 31 10. 23 0.43 6. 14
FMZD-6 0.68 3. 00 13.41 62. 20 3. 45 10. 23 0. 39 5. 64
FMZD-12 0.03 3.84 14. 75 59. 85 2. 80 11. 40 0. 66 5. 66
FMZD-15 0.63 3.41 13.99 60. 98 3. 10 10. 54 0. 36 5.99
FMZD-53 1.32 3.03 15.72 59.17 3. 44 9.75 0. 36 6. 20
FMZD-54 0.91 3.02 15. 31 60. 22 3.12 9.94 0. 37 6. 10
FMZD-55 0.92 4.45 16.52 56. 92 3.24 10. 63 0.48 5. 84
FMZD-56 1. 68 3.76 15. 32 58. 14 2.87 10. 99 0. 33 5.91
FMZD-57 0. 88 4.10 16. 81 56. 41 3.18 10. 88 0. 45 6.28
FMZD-61 1. 80 4.54 16. 99 56. 36 3.58 9.53 0.53 5.68
FMZD-62 0.03 2.45 14. 35 55. 60 3.31 17.70 0. 29 5.27
FMZD-63 0. 88 3.56 15. 19 60. 08 3.02 10. 00 0. 54 5.73
FMZD-64 1. 69 3.72 15. 32 60. 04 3.17 8.91 0.41 5.75
FMZD-65 1. 40 3. 85 15.59 58. 58 2.88 10. 02 0.48 6. 20
FMZD-67 0. 74 2.95 13. 67 60. 91 3. 38 11. 48 0.51 5.36
FMZD-72 1. 57 3.30 15. 87 59. 34 3.61 8. 89 0.52 5. 89
FMZD-76 1.09 3.79 16.72 56. 36 3.19 11. 00 0. 46 6. 14
FMZD-80 1. 05 3.08 14. 90 59. 68 3.24 10. 82 0. 40 5.83
FMZD-137 1.52 3.55 14. 85 59.76 3. 00 10. 11 0.42 5.79
FMZD-18 0. 03 0. 95 18. 60 73.00 2.44 0.23 0.59 3.16
FMZD-22 . 66 1. 16 20. 08 69. 86 2.14 0.21 0.73 4.16
FMZD-23 0. 44 0. 88 21.67 68.78 2.58 0.17 0. 66 3.82
FMZD-26 0. 03 0. 66 21.25 71.83 3.23 0.13 0. 46 1. 41
FMZD-30 0. 85 1.51 20. 87 69. 38 2.39 0. 27 0. 66 3.07
FMZD-31 0.28 0.77 24.05 68. 27 3.13 0.47 0.52 1.51
FMZD-33 0.48 1.27 22. 36 67.96 2. 84 0.23 0.71 3.16
FMZD-36 0. 38 1.02 20. 07 70. 22 2. 94 0.17 0.75 3.45
FMZD-39 0. 03 0. 95 19. 50 71. 80 2. 66 0. 24 0.62 3. 20
FMZD-40 0.78 1. 14 21. 44 69. 18 2.34 0. 24 0. 66 3.22
FMZD-45 0.43 1. 00 22.01 68. 39 2. 88 0. 20 0. 69 3.40
FMZD-48 0.42 0. 95 21.79 68.72 2.58 0.23 0. 67 3.63
FMZD-49 0. 64 0. 81 19. 49 72.79 1. 96 0. 25 0.61 2.45
FMZD-51 0. 66 1.28 22.54 66. 97 4. 28 0.58 0.56 2.13
FMZD-58 1.71 1. 18 13. 69 74. 66 1. 96 1. 18 0. 31 4. 30
FMZD-68 0. 40 1. 31 19. 43 70. 26 2.37 0.52 0.62 4. 09
FMZD-70 0.03 1.02 23.29 67.48 2.75 0. 20 0. 67 3. 56
FMZD-71 0.03 1. 30 14. 39 74.39 2.19 1.21 1.21 4.28
FMZD-88 0.2 0. 84 18. 69 72.79 2.33 0.19 0. 69 3.27
FMZD-116 0. 43 0. 89 20.61 69. 39 2.38 0.28 0.73 4.29
FMZD-118 0.41 0.78 20. 68 70.70 2.28 0.22 0. 60 3.33
FMZD-120 0.03 0. 85 20. 34 72.01 2.22 0. 25 0. 63 2.67
FMZD-121 0.42 0. 83 19.01 73.30 1. 90 0.22 0. 65 2.69
FMZD-122 0.53 0. 85 22.10 68. 43 2.52 0.18 0. 80 3. 60
FMZD-124 0. 30 0. 84 20. 69 70. 35 2.44 0.19 0. 66 3.53
FMZD-136 0.03 1.27 22.48 67.89 2.82 0.19 0.62 3.70
FMZD-10 2.24 2.53 18. 71 65. 60 2.47 1. 20 0. 56 5.68
FMZD-59 0. 84 1. 62 17. 66 68. 46 2.44 1. 35 0.43 6. 20
FMZD-85 0. 20 1. 05 21.65 66. 44 3.17 0.32 0.57 5. 60
FMZD-95 0. 93 1. 74 23.26 62.53 3.28 0. 37 0. 56 6.32
FMZD-96 1. 00 1.73 23.98 61.99 3.09 0. 39 0. 65 6.17
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FMZD-98 0. 54 1. 80 24. 68 62.03 3.14 0.45 0.61 5.76
FMZD-99 0. 50 1. 54 24. 48 62. 49 2.93 0.67 0.61 5. 77
FMZD-113 0. 89 2.17 17.03 68. 35 2.35 1. 62 0.53 6.05
NMGG-1 0.33 1. 08 23.41 67.46 3.81 0.32 0.74 1. 86
NMGG-2 1.03 1.70 23. 88 64. 36 4. 95 0.32 0. 69 2.07
NMGG-3 0. 99 1.13 21. 11 69. 54 3.62 0.28 0. 56 1.77
NMGG-4 0.79 1. 04 21.24 70.18 3.44 0. 24 0. 40 1. 67
NMGG-5 0. 38 0. 94 23.22 68. 36 3.11 0. 38 0. 66 1. 95
NMGG-6 0. 49 1.75 24.91 65.22 3. 38 0. 38 0.73 2.15
NMGG-7 0.67 1. 20 22.41 68. 04 4.21 0. 27 0.51 1. 69
NMGG-8 0.78 0.91 22. 44 69. 06 3.48 0. 29 0. 55 1. 49
NMGG-9 0. 80 0. 80 19.73 71.23 3.72 0.22 0. 85 1. 64
NMGG-10 0. 94 1. 20 22.33 67.74 4.07 0. 30 0.59 1. 82
NMGG-11 0. 54 0.96 21.28 69. 41 4.17 0. 31 0. 69 1. 64
NMGG-13 0.78 1. 04 24.04 66. 05 4. 34 0.31 0.48 1. 95
NMGG-14 0. 86 1.17 21.65 68.51 4. 05 0. 24 0.76 1.76
NMGG-15 0.51 0. 96 23.54 67.15 4. 14 0.29 0.59 1. 82
®2 RFEBESFEH(FMZD)MERAREE (NMGG) R EER T AR FHERRERE (Wtkh)
Table 2 Average contents and SD of major elements in bodies of FMZD and NMGG

Nay O MgO Al; Oy Si0O, K, O CaO TiO, Fe, O Si/Al

FMZD Mean 1.01 3.52 15.42 58.92 3. 20 10. 62 0. 44 5. 86 3. 84

(17 CaO & Fex O3) S. D. 0.52 0.51 1. 07 1.75 0.23 1.79 0.09 0. 27 0. 36

FMZD Mean 0.41 1. 01 20. 43 70. 34 2.56 0.32 0. 66 3.27 3. 44

(fik CaO ik Fe2 O3) S. D. 0. 36 0.22 2.35 2.21 0. 49 0. 28 0.15 0.77 0. 94

FMZD Mean 0. 89 1.77 21.43 64. 74 2. 86 0.79 0.56 5. 94 3.02

(fik CaO & Fex O3) S. D. 0.61 0. 44 3.18 2. 81 0. 38 0.52 0.07 0. 27 0. 88

NMGG Mean 0.71 1.13 22.51 68.02 3. 89 0. 30 0.63 1. 81 3. 04

S. D. 0.22 0.27 1.42 1. 90 0.48 0. 05 0.12 0.18 0.27

®3 EWMHRMAAHEH(FMZD), ERAKE (NMGG) i 3¥
FLRE R B 49 32 1 B % R B IR
Table 3  Physical properties and Firing temperature in some

tile glazed samples of FMZD and NMGG

Absorption  Porosity Density Temperature
/% /% /(g cm ?) /C
FMZD-1 14. 66 24.15 1.65 ~1055+20
FMZD-5 20.17 34.50 1.71 ~1 080420
FMZD-31 0.21 0. 37 1.75 ~1 141£20
FMZD-45 19. 30 32.39 165 ~954420
FMZD-56 23.29 39.35 1.69
FMZD-85 13. 04 21.81 1.67 ~956+20
FMZD-88 13.63 23.15 1.69
FMZD-95 21.56 36.51 1. 69 ~9514+20
FMZD-118 22.12 36. 42 1.65 ~882+20
FMZD-136 18.57 30. 67 1.65 ~966+20
NMGG-1 12. 65 21.23 1.68
NMGG-3 11. 42 19. 24 1.68 ~983+20
NMGG-4 12.76 21.48 1. 68 ~1010420
NMGG-7 14.03 23.71 1.69 ~989+20
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Fig. 2 Statistical analysis of chemical compositions for bodies

of glazed tile samples from FMZD, NMGG and BGGM
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Fig. 4 Micrographs pictures of some tile glazed bodies for FMZD and NMGG
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Study on Manufacturing Technique for Glazed Tiles Bodies from
Mingzhongdu Site, Fengyang
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Abstract In order to explore the manufacturing technique level and characteristic for glazed tiles in early Ming dynasty. Energy
Disperse X-Ray Fluorescence (EDXRF) was used to the determination of chemical composition of 69 pieces glazed tiles bodies
from Mingzhongdu Site in Fengyang(FMZD), and Minggugong Site in Nanjing(NMGG) , thermal expansion instrument, water
absorption rate determinator and polarizing microscope were used to analyze the bodies’ firing temperature and the rate of water
absorption and apparent porosity, bulk density, microstructure. The results showed that, the sample bodies were divided into
three types: high Ca and Fe, low Ca high Fe and low Ca low Fe, which meant that the raw materials of samples were from dif-
ferent areas. The chemical composition of some FMZD’s samples had a great similarity with NMGG., while the two places had
obvious difference in chemical composition compared with Beijinggugong’s glazed tiles bodies, which suggested the raw materials
for Beijinggugong’s samples were different from the Mingzhongdu and Minggugong’s samples. The results of firing tempera-
ture and physical properties, microstructure showed that; firing temperature of porcelain body in FMZD was so high that reached
1 140 °C, lower in water absorption and porosity, and the porcelain body met the requirement of standards. While firing temper-
ature of the pottery bodies was about 880~1 100 °C ,higher in water absorption and porosity, obvious differences in the samples
of the FMZD’ s, and it was speculated that the dispersion of the raw materials origin of the FMZD’s tiled glazes caused the
differences on the firing temperature, water absorption and porosity. Compared with samples of NMGG and BGGM, absorption
and porosity of the FMZD’s samples were higher than that’s, but firing temperature of the pottery bodies of the three places was
below 1100°C. The microstructures of the FMZD and NMGG’s samples were rarely different from the pictures of the micro-
structures, which showed that the bodies raw materials were smashed subtly and elutriated highly. sintered higher, and tiled
glazes had the better performance comparison. By studying the firing technology for tiled glazes during Hongwu Period in early
Ming Dynasty, it not only enriched the course of the technological development of the tiled glazes, but also offered the gist for

understanding the making-technology of tiled glazes and organization form of building Mingzhongdu.
Keywords Mingzhongdu tiled glazes; Multi-variate statistical analysis; Firing technology; Raw materials of origin
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