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Evaluation of the Efficiency of Ethyl Silicate 40 / TiO> Nano Composite for
Consolidation of Damaged Lime Stones in Archaeological Buildings in Cairo.
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Abstract:

The limestone is considered among the most important types of stones whose use was very
popular in the fields of architecture and arts, where this type of stones were used alongside some
other construction materials in the building of the heritage buildings, The Limestone in the
heritage buildings suffer from various damage factors, which affect their physiochemical and
mechanical properties,one of the clearest examples of the Limestone used in the construction of
archaeological building in urban environments, this paper aims to studying the possibility of
consolidation and improving the properties of the archeological Limestone that have been
damaged, This study concentrated on the evaluation of the compound Ethyl Silicate 40 mixed
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with Nano Titanium dioxide (TiO2) 5 % in improving the physical properties of the Limestone
samples, Additionally, the results of Nano composites on the Limestone were compared with the
results of Ethyl Silicate 40 alone as well as the results of Ethyl Silicate 40 mixed with
nanoparticles, The artificial aging were performed for these consolidation samples, included
thermal and salt aging for several consecutive cycles. The study results were evaluated on the
consolidation samples using a group of tests and investigations such as studying the physical
properties for the treated stones, studying the color change for the treated samples, measuring
water connection angle, and the study using Scanning Electron Microscope (SEM),SEM showed
the ability of Ethyl Silicate 40 mixed with nanoparticles compound managed to cover the
external surface and to penetrate through to the internal core for the stone, As for the contact
water angle, its value was (141.9), which shows the ability of this compound in making the
treated stones water repellent , Where the results of color change showed this compound gave the
least value for the color change for the treated stones (AE=1.61) , The study results confirmed
that Addition of nanoparticles to ethyl silicate 40 suitable for consolidation and improving the
physical properties of the Limestone samples ,where achieved Density(2.31) ,Porosity (2.254)
,Water absorption(0.976),the addition of nano-titanium oxide helped the Limestone samples to
resist the effect of artificial aging.
Keywords: The limestone, Ethyl Silicate 40, Nano Titanium dioxide (TiO2), Scanning Electron
Microscope (SEM).
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Technique Used
X-Ray Diffraction equipment model X'Pert PRO with Secondary Monochromatic, Cu-

radiation (1.542A) at 45 K.V., 35 M.A. and scanning speed 0.020/sec. were used. The
diffraction peaks between 20 =20 and 600, corresponding spacing (d, A) and relative
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Sayed M. Ahmed " Performance of Clay, SiO2, Ca(OH)2 and CaCO3 Polymeric Nano
composites for Conservation and Preservation of Limestone Artworks" Preprints
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intensities (1/10) were obtained. The diffraction charts and relative intensities are obtained
and compared with ICDD files.
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Electron accelerating voltage 200 kV using lanthanum hexaboride (LaB6) electron
source gun and the diffraction pattern imaging. Eagle CCD camera with (4k*4k) image
resolution was used to acquire and Collect transmitted electron images .
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Al ) ey Aallaall (g ) aal) el S5l i) Jaas ein 53 (3) ) J 52

L* a* b* AE
Standard 70.28 4.89 15.62
40 Ji) sl 67.46 5.73 16.98 3.24

)l Gload)) 4008y Sbs | 69.07 | 5.32 | 1659 | 1.61
%5 psxlidll asi gl
Ml 0y 40 Jiy) WS | 6657 | 6.12 | 17.79 | 4.47
) Gliad)l 400y S | 67.10 | 5.87 | 1761 | 3.88
323 %5 & sailidlll 2l gl

=) ankil)
Sample before& after aging+ standard
70
Standa

60 1 rd
gSO :
240 —S-
c Before
‘330 E aging
@
EZU E s
o 10 - After
o !
E O T T T aglng
o 380 480 580 680 780

Wavelength(nm)

a5 dd 40 diY) Gl dadlaall (g ) jaadl Gl (Sl i) Jase a5 (2) Q8 JSG
oaldly ol astitl Gl

ool il Cllee 225 J8 40 JiY) GlSila dadledd) (5 uall aaldl Gl Sl il a5y (4) ) Jsoa
el

AL Aa Ab AE
Before aging -2.82 0.84 | 1.36 | 3.24
After aging -3.71 1.23 | 2.17 | 4.47
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