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Abstract In the fields of cultural relic protection, the diseases on the surface of stone relics affect the conservation
and artistic quality of relics. The cleaning methods must be investigated to solve the problem. Compared with the
conventional cleaning methods (e. g., chemistry cleaning and sand blasting), laser cleaning is characterized by
cleaning objects without damage. strong decontaminaton ability, precise removal. avoiding pollution environments.
In the paper. laser cleaning is used for removing the contaminations on the surface of stone relics. Firstly. laser
induced damage experiments are carried out. The results show that the laser induced damage threshold of the
sandstones is about 73.5 m] for 1064 nm laser after 10 laser pulses. Meanwhile, the finite element analysis software
is used to calculate the temperature and the stress of the sandstones under the laser irradiation. The simulated results
are consistent with the experimental ones. The optimal methods and laser parameters are achieved in the laboratory
experiments for removal of the ink contamination. The experiments of Bishui temple located in Sichuan province
indicate that the laser cleaning is safe and effective for the removal of black smudges.
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Table 1  Physical parameters of sandstone
Parameter Value
Density /(g/cm?) 2.0
Specific heat capacity /[J/(g + K)] 0.75
Heat conductivity /[ W/(m « K) ] 4.4
Young's modulus /GPa 15
Line expand coefficient /(10" % K1) 5.6
Poisson's ratio 0.12
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Fig. 1 Curves of sandstone surface temperature

distribution under different laser energy
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Fig. 2 Curve of temperature on the centre of

laser irradiation area versus time
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Fig. 3 Stress diagrams on the surface of sandstones after ten times laser irradiations with laser energy of 100 m].

(a) Equivalent stress; (b) tensile stress and shear stress
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Fig. 4 Stress of the sandstone samples as a function of laser energy. (a) Curve of equivalent stress;

(b) curve of tensile stress
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Fig. 7 In-situ micrographs of the sandstones samples. (a) Before laser irradiation; (b) after damage
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Fig. 8 Micrographs of sample surface at the different conditions. (a) Clean sample; (b) ink contaminated sample;

(¢) after laser irradiation at 9. 2 mJ; (d) after laser irradiation at 21 mJ; (e) after laser irradiation at 53. 7 m]J
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same laser parameters. (a) Dry laser cleaning; (b) steam laser cleaning
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