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MULTI — VARIATE STATISTICAL ANALYSIS OF THE
CHEMICAL COMPOSITIONS FOR BODIES AND .
GLAZES OF JINGDEZHEN BLUE AND WHITE PORCELAIN

Wu Jun Li Jiazhi

(Shanghai Institute of Ceramics, Chinese Academy of Sciences)

Abstract

The chemical compositions for 44 bodies and glazes of Jingdezhen blue and white porcelain in different time peri-

ods were treated by statistical analysis. According-to the evolution law of the batch formula of bodies and glazes, it is

found that the process of development of Jingdezhen blue and white porcelain is divisible into three periods. Based on

the discriminant founctions for the chemical compositions of bodies and glazes, the dynasty of samples can be deter-

mined.
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Xl REBAFAKBEEBOLFER(wt%)
Table 1 Chemical composition of Jingdezhen blue and white porcelain bodies
FE | BEHRE B4R Si0; | ALOy | Fe,04] TiQ, | Ca0 | MgO | K,0 | Na,O | MnO on_f &1t
1 Y1 I 75.75|20.24| 0.93 | 0.53 [ 0.24 { 0.15|2.87 | 1.78 |0.080[0.040| 99.61
2 Y2 7T 72.64{21.08/ 0.97 | 0.00 | 0.20 | 0.18 | 2.69 | 1.52 |0.080/0.090| 99.45
3 Y5 I 71.95{20.75| 0.84 | 0.12 | 0.15| 0.16 | 2.73 | 2.76 |0.09010.050] 99.60
4 Y- 5T 74.91(19.47|0.16 | 0.07 | 0.90 { 0.08 | 3.03 | 2.39 {0.000/0.000| 101.01
5 Y-11 JC .174.58/19.53| 0.81 [ 0.00 | 0.04 | 0.17 | 2.72 | 2.34 {0.020(0.000| 100.21
6 YG1 I 74.42|18.83| 1.14 [ 0.11 | 0.150.24 | 3.11 | 2.06 |0.030[0.000} 100.09
7 YG JC 74.18(19.94| 1.30 1 0.22 [ 0.13 | 0.30 | 3.50 | 1.22 |0.033|0.000| 100.82
8 MH1 B, 75.50|18.11] 0.91 [ 0.07 | 0.21 | 0.23 | 3.25 | 1.84 {0.053(0.000| 100.17
9 MH2 B, BR 75.11/18.92| 0.91 | 0.07 | 0.27 {0.24 | 3.41 | 0.18 |0.046{0.000! 99.16
10 MH3 B, $ER 75.92118.50| 0.95 [ 0.09 | 0.24 | 0.23 | 3.27 | 0.86 {0.097{0.000| 100.16
11 MH4 B, BEE 75.20/19.18, 1.00 | 1.10 | 0.27 | 0.25 | 2.79 | 1.38 {0.120/0.000| 100.29
12 MY1 B, 7k &R 75.32119.90| 0.92 { 0.12 | 0.11 | 0.16 | 2.97 | 0.64 |0.031]0.000| 100.17
13 MY2 B, K &K 74.56/19.48| 0.94 { 0.10 | 0.32 | 0.16 | 3.10 | 1.34 |0.063|0.000| 100.06
14 MY3 B3, k& 73.95/19.55{0.97 | 0.11 1 0.5310.20 | 3.22 | 1.94 |0.074{0.000] 100.54
15 M-1 By, B8 72.84{19.030.60 | 0.28 | 0.75 | 0.30 | 3.11 | 3.54 [0.010|0.000| 100.46
16 M- H,E2E 73.58/20.05| 0.90 | 0.00 | 0.53 { 0.14 | 2.87 | 2.01 {0.000|0.000| 100.08
17 M-3 B, T 74.05{19.97(0.79 | 0.43 | 0.13 | 0.16 | 3.13 | 1.16 |0.030/0.000| 99.85
18 MX1 B, EE 74.89(20.2811.10 | 0.10 | 0.11 | 0.19 | 3.03 | 0.44 {0.033|0.000] 100.17
19 MX2 o, HE 74.63|20.43|0.95|0.09 | 0.34 | 0.19 | 2.79 | 1.05 [0.039| 0.00 | 100.51
20 MX4 B, HE 72.43/21.65| 1.19 {1 0.09 | 0.38 | 0.20 | 2.92 | 1.23 {0.043{0.000| 100.13
21 MXS5 HEH 72.97]21.12]0.95|0.10 { 0.39 | 0.20 | 3.03 | 1.06 {0.041|0.000| 99.86
22 MXC1 | B, B b{iE & {71.91(22.83} 0.95|0.09 { 0.09 | 0.21 1} 3.56 | 0.39 |0.023/0.000| 100.05
23 |MHJY1| B, R FEKSK [75.32]19.50| 0.81 [ 0.08 { 0.07 | 0.16 | 3.17 | 0.41 {0.028|0.000| 99.55
24 M-4 By, R 73.66121.24]0.59 1 0.09 [ 0.12 1 0.15 | 3.12 | 0.60 {0.020[0.020| 99.61
25 M-5 B, ik 68.46(23.59( 1.05 | 0.10 | 0.77 | 0.44 | 3.24 | 2.28 [0.090/0.000]| 100.02
26 MCl1 B8, Mtk 75.92(19.9710.57 [ 0.09 | 0.10 | 0.20 | 2.59 | 0.65 |0.017}0.000| 100.11
27 MC2 B, ALk 73.21]22.51|0.85|0.09 | 0.16 | 0.24 | 2.31 | 0.82 |0.022]0.000| 100.21
28 MC3 B, Bik 73.05(21.87(0.85|0.04 | 0.21 1 0.21 | 2.36 | 1.09 {0.030{0.000| 99.71
29 M-7 B, 3% 69.36(23.89) 0.6710.02 [ 0.19]0.10 | 2.84|2.42|0.120/0.060| 99.67
30 M-8 0, # 73.38(18.49|1.24 | 0.19 | 1.21 { 0.18 | 3.30 | 1.00 [0.490[0.030| 99.51
31 M-9 B, B 73.99(18.90| 1.08 | 0.12 | 1.19 | 0.27 | 3.05 | 1.69 |0.030|0.000( 100.32
32 M-10 B, B 74.29{19.41| 0.88 | 0.15 | 0.27 | 0.20 | 3.80 | 1.42 [0.040]0.000| 100.46
33 M-11 |, mm 73.59(19.61] 0.87 | 0.00 | 0.46 | 0.17 [ 3.46 | 1.95 [0.070/0.000! 100.18
34 M-12 B, 57 Hm 75.62(19.121 0.99 { 0.00 | 0.24 | 0.18 | 3.55 | 0.86 |0.030|0.000| 100.59
35 M-13 B, B 71.69(20.69| 1.26 | 0.00 | 1.01 | 0.28 | 3.37 | 1.55 |0.050{0.000, 99.90
36 M- 14 B, A 74.00[20.40| 0.97 | 0.00 | 0.50 | 0.51 | 2.69 | 1.11 |0.000|0.000| 100.18
37 c-1 i, RR 68.07(25.82{ 0.83 { 0.00 [ 0.36 | 0.11 | 3.04 | 1.54 |0.090]0.080] 99.94
38 c-2 - 3] 65.76{28.57|0.84 [ 0.0510.50 | 0.12| 3.22 | 0.83 {0.090|0.100| 100.08
39 Cc-3 HRE 68.59(24.08|1.15|0.12 | 0.71 | 0.30 | 3.13 | 2.35|0.070{0.000| 100.50
40 C-4 #ORE 65.09(26.72]1.06 | 0.13 | 1.62 [ 0.13 | 3.11 [ 2.57 10.070(0.000} 100.50
41 C-5 W OREE 65.81|30.51|1.07 | 0.15|0.22 | 0.15| 1.81 | 0.26 |0.000|0.000| 99.98
42 C-6 . BEE 70.22(22.97|0.81 | 0.31 | 0.68 | 0.11 | 3.49 | 1.18 |0.080(0.000| 99.85
43 c-7 H, R 70.38(24.10| 0.82 | 0.00 | 0.66 | 0.15| 3.33 { 0.69 [0.070/0.000| 100.20
44 C-9 #, BRE 68.93(24.25/0.84 | 0.10 | 0.74 | 0.20 | 3.38 | 1.87 |0.000{0.000| 100.31
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2 REEDKFTEEHONMLEFAE (wi% )R CaO/{K,0+ Na,O) BytL EF0 R FIBNE b %8
Table2 Chemical composition, Ca()/ (K, + Na, ) ratio and the discriminant cocfficient{b) of empirical formula of Jingdezhen blue and

whitc porcclain glazes

FEE&S| @ 1® SiO; | ALO, [Fe, 04 1101 | CaO | MgQ| K>O |NayO| NnO [P,O5|  CuO Co &t | CaO/(K,0+ Na,0) | b
1ly-1 T 69.53(14.87/0.84(0.00|8.97{0.31(2.70/3.12{0.10[0.12] 0.000 | 0.010 | 100.57 1.54 0.68
21Y-2 T 69.97(15.23/0.90{0.00(10.060.34|2.92{2.57|0.10(0.17| 0.000 | 0.010 | 100.27 1.83 0.72
3iY-s T 70.17|14.02/0.78]0.00(8.00(0.40(2.72]3.13|0.12(0.15] 0.000 | 0.000 | 99.49 1.37 0.66
41Y-6 7T 69.82114.52/0.8410.25(7.57/0.26(|2.243.65(0.10(0.28| 0.000 | 0.010 | 99.54 1.29 0.63
sly-7 TH 68.81[14.72(1.24(0.00(8.04{0.26(|2.47]4.04(0.10(0.21| 0.000 | 0.060 | 99.95 1.24 0.62
61Y-8 7T 70.54]15.11(0.97|0.05(7.32{0.40|3.09(3.14|0.11(0.00| 0.000 | 0.010 | 100.74 1.17 0.63
7 |y-11 I 70.27(14.54{0.82{0.00]|6.52{0.36(2.82(3.14(0.13(0.16| 0.000 | 0.010 | 98.77 1.09 0.68
8 1 YGI 5T 68.21|14.97{1.2110.05(7.31{0.29|3.83|3.60[0.11]0.10| 0.000 | 0.002 | 99.68 0.98 0.58
9 | MH1 B, R 69.38[15.23|1.130.04]5.03(1.25/4.35(3.52/0.13{0.08] 0.000 | 0.000 | 100.14 0.64 0.55
10 | MH2 B, Bt 69.97|15.37(1.16/0.05|4.48(1.56{4.20(2.95/0.11]0.15| 0.000 | 0.002 | 100.00 .63 0.56
i1 | MH3 B MERC 69.80|15.41(0.91/0.04|4.83]1.14[4.63(3.04|0.10{0.10| 0.000 | 0.000 | 100.00 0.63 0.52
12| MH4 A, Btk 70.90|15.88/0.840.0414.32(0.33|4.73|2.71|0.10{0.15| 0.000 | 0.000 | 100.00 0.58 .49
13| MY1 B, 7k & 69.17115.05{1.02(0.04{7.00{0.27{5.13[2.11{0.10{0.11} 0.000 | 0.000 | 100.00 0.97 0.54
14 | MY2 B, ik AR 68.02{16.17|1.18{0.04|7.38(0.30(3.88(2.78/0.11{0.14| 0.000 | 0.000 | 100.00 1.11 0.61
15 | MY3 B, Kk 69.33115.26(0.99]0.04]7.48(0.27{3.34(3.03[0.10(0.16] 0.000 | 0.000 | 100.00 1.17 0.64
16 | M-1 i =g 70.74|14.16(0.97(0.00{6.79|1.36(3.10|2.76(0.07,0.00| 0.000 | 0.000 | 95.95 1.16 0.67
171 M-2 W, E 69.15|14.30[0.83]|0.00|8.44]0.44[3.74(3.34[0.06)0.00| 0.000 | 0.000 | 100.30 1.19 1 0.63
18| M-3 B, 69.48{16.07{0.85{0.00(6.43]0.55{3.98(2.80(0.00/0.00] 0.000 | 0.000 | 100.16 0.95 }0.59
19 | MX1 B, EE 68.1415.72[1.00]0.05|6.53]0.93(5.32(1.96(0.12/0.22] 0.000 | 0.006 | 100.00 0.90 | 0.61
20 | MX2 B, B 68.64(14.01{0.80/0.05|7.38|1.07(4.3112.59(0.12|0.13] 0.000 | 0.003 | 100.00 1.07 ¥0.64
21| MX4 B, E 67.42{16.03[1.00(0.06|6.35{1.83[4.46(|2.60(0.13|0.12] 0.000 | 0.000 | 100.00 0.9 L0.64
221 MXS B, E 68.70115.57[1.12(0.06(6.23|1.11|4.56(|2.30|0.16/0.18} 0.000 | 0.010 | 100.00 0.91 \0.62
23 | MXC1 B8, AL E 78 169.79116.18/0.98(0.08|5.35(0.30(5.79]1.33{0.09|0.10| 0.000 | 0.005 | 100.00 0.75 0.55
24 IMHJ Y| B, BEE Bk 5k [69.32(15.27(0.95(0.47[5.64(0.36(5.60]2.14[0.10/0.15| 0.000 | 0.000 | 100.00 0.73 0.54
25| M—-4 A te 71.14|15.12]0.82{0.11]4.46]0.28[5.68(1.88(0.10[0.08] 0.000 | 0.010 | 99.68 0.59 .49
26 | MC1 LA 14 71.44115.36(1.11]0.06{4.52(0.38(4.39[2.19{0.1210.00| 0.000 | 0.002 | 99.57 0.69 0.53
27 | MC2 B, b 72.51{15.02(1.07[0.06|4.16[0.35|4.47|1.94(0.1310.00| 0.000 | 0.003 | 99.71 .65 0.51
28 | MC3 A td 73.60{14.67{1.01(0.07(4.35(0.31(4.04(2.03[0.10]0.00{ 0.000 | 0.003 | 100.18 0.72 0.53
29 | MC4 ¥, m 1k 69.67(16.30/1.03(0.00|5.03|0.30(5.65{1.82{0.13/0.07| 0.000 | 0.004 | 100.00 0.67 0.52
30| M-6 o, EM 68.88(15.09(0.81(0.00(7.87(0.30(5.37(1.63(0.13/0.19| 0.000 | 0.005 | 100.27 1.12 0.64
31| M=-7 B, R 66.94113.22(1.0010.00(8.20(0.24(2.42(2.64(2.97{0.00{ 0.000 | 0.550 | 98.18 1.62 0.69
32| M-8 . R% 66.95(14.80(0.93(0.00(11.620.38(3.47|1.71(0.09/0.60( 0.000 | 0.007 | 100.56 2.24 0.77
33| M-9 B, W 67.89]14.65[1.85[0.14{7.48(0.50|4.14|2.68(0.35(0.00| 0.000 | 0.360 | 100.04 1.1 0.63
34 {M-10 B, RE 68.89114.60/0.75(0.0518.29/0.26(4.24|2.46/0.00/0.00| 0.000 | 0.000 | 99.54 1.24 0.65
35 |[M-11 |, 5h 69.02(13.69(0.74|0.00(8.39(0.2613.91(2.77|0.00|0.00{ 0.000 | 0.000 | 99.78 1.26 0.64
36 |[M-12 W, H 70.08[15.97{1.0110.00(5.98|0.36|4.81|1.61(0.00(0.00| 0.000 | 0.000 | 99.82 0.93 0.60
37| M13 B, B 68.41113.35(0.99(0.00(9.59|0.143.33(2.52(0.00|0.00| 0.000 | 0.000 | 98.33 1.64 0.70
38 | Ml4 W, m 66.78|16.55{1.16|0.00{7.54(0.07(4.77|2.56]/0.04]0.00| 0.000 | 0.000 | 99.47 1.03 0.60
39| C-1 b 70.22(14.25/0.79(0.11{9.12|0.22{3.03|2.28/0.12|0.10{ 0.000 | 0.010 | 100.25 1.72 0.71
40| C-2 . RR 73.48]15.38(0.96(0.34|3.82{0.33(3.97|1.34{0.14]0.09] 0.000 | 0.010 | 99.86 0.72 0.54
41| C-4 b 67.92(15.66[1.22(0.00|7.11(1.06|4.11|2.14[0.00[0.00| 0.160 | 0.000 | 99.38 1.14 0.66
42| C-6 HOEE 70.54]14.43{0.74{0.00]/8.90(0.21(2.98(|1.36[0.00(0.00| 0.000 | 0.000 | 99.16 2.01 0.75
43| C-7 e 70.09]17.63{0.83|0.00(7.20(0.22(|3.13|0.90(0.00(0.006| 0.000 | 0.000 | 100.00 1.79 4.37
44| C-8 A 76.09(14.39(0.92(0.25|2.11{0.14(2.67|2.61|0.27(0.08| 0.000 | 0.050 | 99.58 0.40 | 0.73
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Fig 1 F, and F, factor loadings’ diagram of Jingdczhen blue and white porcelainbodics—chemical composition
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R3 EBEEMRESFANSHRCEAR (wi%)

Table 3 Chemical composition of Wuzucao ‘glaze stone’and Siqianxiang ‘glaze ash’ (wt% )

B0k 44 B S0,  ALO;  Fq0y MO  TiO, €O  Mgd K0 NaO
BHEMME 7443 14.64 0.62 0.02 0.06 1.97 0.16 2.90 2.38
ELIEZ S 3.25 0.56 0.79 55.53  1.13  0.22  0.15

R4 RBAHKEEEM Ca0/ (K, 0+ Napy O) LE{EF CaO § BEVHEFIH B
Table 4  Average valuc and variance of CaQ/ (K, + Na,O)ratio

LM (T HEoprR(HBRXERL) B_WMEBR(HEEZEEY)
¥ {E FHE Y HE ¥IE FE
CaQ/ (K,0 + Na,0) 1.32 0.078 1_ 0.84 0.044 1.33 0.289
Ca0% 7.97 1.06 5.8 1.6 7.5 4.88
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Fig 2 The distribution diagram of CaQ/ (K, + Na, Q) ratio of Jingdezhen blue and white porcclain glazes
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