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Table 2 Analysis results of soluble inorganic ions (mg/L)
FE G = Na* K* Mg?* Ca®* cl- NO; S0%-
1-1 8.51 5.41 8.27 210.64 7.38 27.36 459.42
1-2 2.11 1.55 1.04 104.28 1.24 1.84 186.37
1-3 3.993 7.52 2.84 169. 15 2.30 6.33 332.71
2-1 113.09 17.93 44.53 406.79 115.22 808.57 695.41
2-2 13.39 3.88 11.10 788.70 2.46 38.74 1 764.58
2-3 260.26 24.73 17.45 484.79 50.53 1 283.43 1037.77
2 -4 21.42 4.31 6.54 120. 65 8.46 101.83 206.24
2-5 137.42 16.11 16.21 530.24 8.19 121.72 1 615.70
R K 168. 66 2.52 38.05 32.94 36.08 36.70 109.72
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Fig.2 XRD patterns of Sample
2-3(a),2-4(b),2-5(c)
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Fig.3 FTIR spectra of CaSO, + 2H,0(a) and NaNO, (b)
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Table 3 BSD results of samples

FEILREF A 55/ %
FE 5 4 RS AL
Ca Na N S (0}
1-2 15.2 — 2.1 62.7 CaS0, - 2H,0
2-2 18.6 19.5 — 61. 9
! NaNO, ,CaSO, + 21,0
2-2b 12.4 — 17.1 70.5
2-3 17.1 21.2 — 61.7 NaNO,
2 -4 23.6 13.9 62.5
‘ Na,S0, .CaSO, - 2H,0
2 -4b 1.1 — 16.4 72.5
2-5. 23.1 14.5 62.4
‘ Na,S0, .CaSO, - 2H,0
2-5b 1.1 — 16.9 72.0
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Fig.4 Morphology of deposition and soluble salts of the stone sculptures
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Analytical study of contaminants and soluble salts on the surface
of stone sculptures at Mao Mausoleum, Shaanxi

JI Juan', WANG Yongjin', MA Tao', WANG Zhan', DOND Shaohua', ZHOU Weigiang’

(1. Key Scientific Research Base of Conservation on Brick and Stone Materials ( Shaanxi Institute for the Preservation of Cultural Heritage) ,
State Adminustration for Cultural Heritage, Xi’ an 710075, China; 2. School of Cultural Heritage, Northwest University, Xi’ an 710069, China)

Abstract: In order to study the reasons for and mechanisms of deterioration of stone sculptures at Mao Mausoleum,
we characterized the contaminants and soluble salts collected from the sculpture surfaces using X — ray diffraction
(XRD), scanning electron microscopy — energy dispersive spectrometry ( SEM — EDS) and Fourier transform
infrared spectrometry (FTIR) , and also determined the ions of soluble salts and quantified their distribution using
ion chromatography (IC). The results show that 1) gypsum crusts (CaSO, + 2H,0) on “Horse Stepping on a Hun
Soldier” was formed either by chemical reactions occurring on the sculpture surface due to deposition of atmospheric
pollutants, or by capillary migration of soluble salts from underground water; 2) soluble salts containing Na,SO,,
NaNO; and CaSO, + 2H,0 on the surface of “Monster Preying on a Sheep”, were mainly caused by capillary
migration of soluble salts of underground water through the brick base to the stone matrix, resulting in repeated
crystallization and dissolution on the sculpture surface according to environmental cycles of temperature and humidity.
Soluble salts are known to cause stone deterioration in the form of lifting spalls, detaching scales and breakage of
the internal material structure of stone sculptures. These are also the main diseases seen on the stone sculptures at
the Mao Mausoleum.
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