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Table 1  Information of the glazed tile samples
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Fig. 1 Actual photos of the glazed tile samples

1.2 WikF*E
2 A RIS BB AR TR K AL
RN = R I IR WANY = S5 i b N I

PHRDEEOEREIY (XRF) (EDX —800HS % | H 7% 1 ¥
D) BEATINAR SR R R T R s, S R AR 3 A
SFRAER AT50 K IENES



% 6 1]

R A% B FUIR AR S S R R B IR AL R S ARG FE 1A AR F 5 35

e R A B A B B RG AR v )  RE 4R
fdi ] X 52645 51X (XRD) ( RINT2000 %Y, H A 1%
HEAED) XPRE AT, Co 88, P 4K 0. 154 nm,
TAEH R 40 kV, 548 0 Fl 5° ~ 75°, 49 #f 3
5(°)/min,

e (A 2211 (2 -300 &L, R
T AR B A B2 ) ) DN 2t BB B ot 19 i £
g REAN TR 5 BROR A2 20 19 i AR 4340 )l i S
WSRO ME .,

EAMALIE RN IX =% GB/T 3810.3—
2016 KEHiEE FURE i V) # BB A S B0 ZR 1Y
TRRE S 2R IR Z , AL H1S A AR AR i g
IR BARFLR  FE AR R

F12E AR A K B FC G TARE S U 1 g
10 em x1 em x 1 em PR 1 em x 1 em x 1 em
S R SR F T Rl S L ( LETRY %Y T6#)
AR AR AT ) IR BB FUAE 5 i BT o i
FIPUESRIE

2 HR 5tk

2.1 WEEREEMYA T KA
VR 1 XRE R XRD 035045 5 4351 an 2 2
I 2 Fis
K2 ISR XRE R4S
Table 2 XRF test results for the glazed tile bodies

BE it 3 K/ %
%% S0, ALO, K,0 Fe,0; TiO, Ca0  BaO

R-1 50.8 35.3 4.6 5.5 1.7 1.6 0.5
R-2 59.5 28.0 2.4 7.9 1.1 0.7 0.4
R-3 59.0 31.9 3.0 3.8 1.3 0.7 0.3
R-4 55.3 32.6 4.3 5.1 1.6 0.7 0.4
R-5 55.4 34.0 3.0 5.4 1.3 0.4 0.5
W-1 60.9 31.7 2.5 2.1 1.6 0.8 0.4
w-2  61.4 30.2 3.9 2.2 1.4 0.4 0.5

W-3 48.5 42.4 2.3 3.7 1.7 0.9 0.5
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Fig.2 XRD patterns of the glazed tile bodies
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Fig.3 Comparison of the chromaticity values of the glazed

tile bodies
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Table 3 Correlation analysis between the oxide content
and chromaticity value
Ak LI a W b S L
T OMXREM P OMXRK P OMXRY PH

Si0, it

-0.381 0.352 -0.524 0.183 0.429 0.289

ALO; &HE 0.024 0.955 0.167 0.693 -0.214 0.610
K,0 &#  0.156 0.713 -0.263 0.528 -0.060 0.888
Fe,0; 5 0.905 0.002 0.690 0.058 —0.857 0.007
TiO, & -0.214 0.610 -0.024 0.955 0.214 0.610
CaO &H 0.119 0.779 0.143 0.736  0.167 0.693
BaO it  -0.143 0.736 -0.190 0.651 -0.143 0.736
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Fig.4 Fitting line between Fe, O, content and red-greenness
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Table 4 Water absorption rate, apparent porosity and density

of the glazed tilec bodies

ey R WL RN BRI

% % (grem™)  (grem™?)
R-1 9.74 18.71 2.36 1.92
R-2 10. 22 19. 81 2.42 1.94
R-3 11. 16 20. 88 2.37 1. 87
R-4 8. 80 17. 14 2.35 1.95
R-5 8.71 17.05 2.36 1.96
W-1 13. 67 23.92 2.30 1.75
w-2 7.51 14.73 2.30 1.96
wW-3 5.03 10. 71 2.39 2.13

K5 OAMYERGWOKR BRI
Table 5 Correlation analysis between the oxide content and

water absorption rate or apparent porosity

7K BAALE

A i
MXRE  PHE  MXRERE  PHE
Si0, ik 0.119 0.779 0.119 0.779
AL O, Frit -0.310  0.456 -0.310  0.456
K,0 & 0. 180 0. 670 0. 180 0. 670
Fe, 0, & 0.714 0. 047 0.714 0.047
TiO, ¥ -0.473  0.237 -0.473  0.237
CaO it -0.295  0.479 -0.295  0.479
BaO % i -0.052  0.902 -0.052  0.902
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Fig.5 Fitting line of the water absorption rate and

apparent porosity
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Table 6 Mechanical strength of the glazed tile bodies

TS POk E/ MPa PRI/ MPa
R-1 6. 06 13.46
R-2 9.53 14.18
R-3 14.42 19. 84
R-4 7.06 14. 69
R-5 12.90 13.40
W-1 10. 48 14. 86
W-2 13. 80 19.48
w-3 21.97 18. 14
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The correlation between oxide composition and color,
water absorption rate, apparent porosity and mechanical
strength of glazed tile bodies

CHEN BaiFa' GAO Feng' SUN Chao’’* WU YuQing’”* WANG JuLin***"

(1. The Palace Museum, Beijing 100009 ; 2. College of Material Science and Engineering,
Beijing University of Chemical Technology, Beijing 100029 ;
3. Beijing Key Laboratory of Electrochemical Process and Technology for Materials, Beijing University of Chemical Technology, Beijing 100029 ;
4. Key Research Base of National Cultural Heritage Administration for Science and Technology Evaluation and

Research in the Field of Cultural Heritage Protection, Beijing 100029, China)

Abstract; The oxide composition, crystal phase and chromaticity of samples of the green glazed tile bodies from
Nansansuo in the Forbidden City were investigated by X-ray fluorescence spectrometry ( XRF), X-ray diffraction
(XRD), and color difference measurements. The water absorption rate, apparent porosity and density of the sam-
ples were also determined according to GB/T 3810. 3—2016 and the mechanical properties of the samples were
tested with a universal mechanical testing machine. The correlations between oxide content and color, water absorp-
tion rate and apparent porosity of the glazed tile body were explored. The mechanical strength and oxide content of
the glazed tiles were analyzed by multiple linear regression using SPSS software. The results showed that the oxide
compositions of the eight selected glazed tile body samples are similar, with their main constituent oxides being SiO,
and Al,O,. There is a significant positive correlation between Fe,O, content and red-greenness, and a significant
negative correlation between Fe,0, content and brightness. There is a positive correlation between Fe, O, content
and water absorption or apparent porosity. There is a linear relationship between the apparent porosity and water ab-
sorption rate of the glazed tile body, indicating that the apparent porosity could be obtained by measuring the water
absorption rate. The mechanical properties of the glazed tile bodies are affected by their oxide content over a certain
range. Increasing the SiO, and Al,O; content and decreasing the CaO content both lead to improved flexural
strength and compressive strength. Increasing the K, O content does not improve flexural strength, but does improve
compressive strength.

Key words: glazed tile body; oxide; color; water absorption rate ; apparent porosity ; mechanical strength; correla-

tion
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