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ABSTRACT : Blackening on stone monuments is serious problem, because it is not only aestheti-
cally unattractive, but also an important process in stone deterioration. Black surface layers contain
often a large amounts of iron compound. Therefore it is assumed that besides another elements the
iron have influence on blackening of surface. After the samples of black surface layers were
collected from the stone monuments (Museumsinsel) in Berlin, Germany, especially in this study has
been used Mgssbauer spectroscopy in order to determine the valence and chemical composition of
iron. Mineralogical and chemical analyses were carried out X-ray diffractormetry and X-ray fluo-
rescence method on the black surface layer's samples and original stone samples. The origin of Iron
compound in the black surface provides the important clue for the conservation work of stone
monuments, like removing of black surface. To find it, black surface layer on white sandstone -it
contains very small amount of iron compound- was compared with that on the red sandstone (Fe

* WA A A} hdjy@kju.ac.kr



=319

contains very small amount of iron compound- was compared with that on the red sandstone (Fe
abundant). As a results, it is assumed that the iron in black layer on white sandstone is originated
mainly from a surrounding environmental material and for the iron in black layer on the red
sandstone is responsible the original stone. Even if black surface layer was removed from the red
sandstone, some other conservation method should be studied beyond removing of black surface

layer, because the iron can move continuously from the inner zone of original stone to surface area.

Key words : blackening, iron compound, Mgssbauer spectroscopy, origin of iron
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Fig. 1. Historical stone monuments in Museumsinsel in Berlin, Germany. (a) Pergamon Museum (b)

Neues Museum.
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Fig. 2. Analysed samples and original state of used
rocks. Black crust of (a) white sandstone (b) red
sandstone, Original state of (a') white sandstone
(b') red sandstone.
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Table 1. Classification and characteristic deterioration type of used stone in monument

Characteristic

Building Name Rock Name Original color L
deterioration type
Neues Museum Sachsen Sandstone yellowish white black crust.
(NM) (white sandstone) deconformation
Nationalgalerie Nebra Sandstone brownish red black crust.
(NG) (red sandstone) deconformation
Table 2. Results of measurements of the samples
Rock name Sample XRD XRF (wt.%)
original rock quartz SiO; : 97.46, Fe 053 0.12
quartz, gypsum, orthoclase, i L .
white sandstone bulk black layer Kaolinite SiO, : 81.51, Fe;0;: 0.43
after remove the light quartz, gypsum, orthoclase, Fe,05: 5.78
mineral kaolinite
original rock quartz, orthoclase Si0, : 87.77, Fey05: 0.35
red sandstone bulk black laye‘r quartz, gypsum, orthoclase SiO; : 51.35, FeyO5: 2.63
after remove the light quartz, gypsum, orthoclase Fey03: 6.33
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Table 3. Values of Mgssbauer parameters found by fitting of measurements on powders from black

surface layer on sandstone

Parameters
Isomer shift uadrupole .
Sample Spectra (6/Fe) sp?itting I()AEq) Peak width (T) Area(%)
mm/s mm/s mm/s
white sandstone D-1 (Fe3+) 0.346 0.519 0.323 29.63
3D D-II (Fe'") 0.328 0.773 0.717 67.09
-6~6 mm/s D-III (Fe*') 1.343 2.344 0.400 3.27
D-1 (Fe’") 1.064 2.637 0.357 18.009
red sandstone-1 D-1I (Fe™) 1.068 2.034 0.421 11.971
3D.1S D-1II (Fe*) 0.297 0.719 0.653 59.061
-10~10 mm/s 10.96
sextet 0.276 -0.052 0.937 (H: 489.9)
D-I (Fe*") 1.061 2.633 0.387 15.794
red sandstone-2 D-II (Fe*") 1.070 2.005 0.480 13.830
3D.1S D-III (Fe*) 0.309 0.746 0.684 59.703
-10~10 mm/s 10.67
sextet 0.266 -0.078 0.608 (H: 484.2)
red sandstone D-I (Fe™) 1.064 2.617 0.394 21.61
(under surface layer to D-II (Fezl 1.054 1.963 0.401 7.73
Inner zone). D-III (Fe*) 0.307 0.700 0.640 60.64
3D. 1S 10.00
-10~10 mm/s sextet 0.231 -0.040 0.647 (H: 485.7)
8/Fe : isomeric shift referred to metallic iron in its a-modification.
AEq : splitting caused by action of an electric field gradient on the Quadrupole moment of the excited ° Fe-nucleus.
r : width of signal measured at half of its height.
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Fig. 3. Mgssbauer Spectrum of the black surface layer of the white sandstone, recorded at 295 K (room
temperature). (a) raw spectrum (b) raw spectrum with line (c) fitted spectrum.
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Table 4. Parameters of Mgssbauer Spectrum of iron hydrolysis polymers (Johnston and Murad, 1987)

Singlets/doublets (R.T.)

Sextets (78 K)

MW fraction Species d/F AEq o/F AEq Bhar
1 k~10 k Polymer 0.37 0.51
0.36 0.84

50 k~100 k Polymer, 0.37 0.51 0.49 -0.24 48.6
Goethite 0.36 0.88

100 k~300 k Polymer, 0.37 0.52 0.48 -0.24 48.6
Goethite 0.34 0.91

Ferrihydrite 0.36 0.50 0.48 -0.10 45.1
0.35 0.83

Microcrystalline goethite 0.37 0.68 0.44 -0.24 49.5

~-10

.
f
o

A
5

10

Fig 4. Mossbauer Spectrum of the black surface layer of the red sandstone, recorded at

295 K (room temperature).
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