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Abstract: Superhydrophobic materials exhibit promising potential in the protection of stone relics

against weathering due to their excellent hydrophobicity. However, their compatibility with cultural

heritage substrates remains insufficiently investigated. This study evaluated the compatibility between

a fluorinated siloxane/nano-silica superhydrophobic material (F/Si material) and sandstone substrates,

focusing on the effects of chemical composition, physical structure, and processing on the substrates.
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The results demonstrated that the primary components of sandstone substrates—quartz, calcite, and
albite—exhibited chemical compositional similarity with the F/Si material, which comprised nano-SiO
» and organosiloxane. Both the substrate and material displayed particulate stacking structures, and the
particle size of the F/Si material was significantly smaller than sandstone pore sizes, effectively pre-
venting pore blockage. A uniform waterproofing layer formed after F/Si treatment, achieving a pene-
tration depth of 0.9-2.2 mm. The color differences (AE <C 5) of treated sandstone, rubbings, pottery,
and mural samples met the requirements for cultural heritage treatment. The material achieved a water
inhibition efficiency of 96.12% while retaining 78.16% of the original sandstone sample's air permeabil-
ity. The F/Si material can be applied to the surfaces of cultural relics of various materials and morphol-
ogies through simple processes such as spraying. In conclusion, the F/Si material exhibits excellent
compatibility with sandstone substrates, meeting the criteria for cultural heritage preservation treat-
ment. This study provides a systematic methodology for compatibility evaluation.

Keywords: compatibility; protection of stone relics against weathering; waterproofing materials; fluori-

nated siloxane; nanomaterials
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rubbings, and murals
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Fig.7 Air permeability of samples
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Table 4 Fitting equations for linear regions of Am,—t plots
GG IR MG T R R’
A 3 m=—4.80X10""t—4.75X10" 0.9990
F m=—3.87X10""1—4.65x10"" 0.996 8
F/Si m=—3.75X10""¢t—8.40X10"" 0.9959
x5 BRUEXRER
Table 5 Results of air permeability tests
FE b G/(10 "+kg+s ") 5,/(107"+kg+s™'*m +Pa”') RP/%
RAL B 4.80 1.74 100.00
F 3.87 1.40 80.46
F/Si 3.75 1.36 78.16
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