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Research Progress in Residual Stress and Characterization of Porcelain Tiles

XIE Yuezeng *, RAO Delin 2, LIN Kehui !, ZHANG Ruiyao 2, ZHANG Shuyan *

(1. MarcoPolo Holdings Co., Ltd., Dongguan 523000, Guangdong, China; 2. Centre of Excellence
for Advanced Materials, CEAM, Dongguan 523808, Guangdong, China)

Abstract: During the manufacturing process of porcelain tiles, residual stress is generated due to non-uniform temperature or
non-uniform material (glaze and body). In recent years, with the rapid development of large size porcelain tiles, the influence
of residual stress on their quality has attracted much attention. Though detailed analysis and discussion, the causes of porcelain
tile residual stress and the main measurement methods are introduced, including the crack compliance method and the
three-point bending method. The authors' work, high-speed hole-drilling method to measure the residual stress of large size
porcelain tiles, is also introduced. The studies will provide a guarantee to improve the porcelain tile manufacturing process and
produce high-quality large size porcelain tiles.
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Fig. 1 Schematic diagram of a typical sintering cycle in
kilns for porcelain tiles
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Fig. 3 Micro residual stress on quartz grains as a function
of composition of porcelain tiles (¥
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Fig. 4 Schematic diagram of residual stress measurement by
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Fig. 5 Porcelain tile surface residual stress at
different cooling rates (8]
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Tab. 1 Residual stress, expansion coefficient and Young's
modulus of the porcelain tiles with different compositions

Mixture  oJ/MPa  ags.9s50/(x1077°C"")y  E/GPa
Cl1 -18 36 50
C2 -33 48 60
C3 -34 62 53
C4 -20 44 56
Cs 24 48 51
C6 -34 54 57
c7 —24 47 55
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Fig. 6 Schematic diagram of the effect of residual stress on
the three-point bending test ['*’
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Tab. 2 Residual stress of porcelain tile body,
engobe and glaze

o res/MPa

Model Part of porcelain titles
S+2g S+g+2v
Body (interface with the —04 8.1
engobe)
Model A Engobe 4.6 12.9
Glaze — -77.3
Body (interface with the 90 15
engobe)
Model B Engobe 63.3 73.7
Glaze — =72.6
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Fig. 7 Schematic diagram of residual stress measurement
principle of the hole drilling method ['!)
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Fig. 8 Porcelain tile residual stress measurement using
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Fig. 9 No-glazed tile residual stress measured using the
high speed hole-drilling method
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