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Abstract

The structure of Persepolis is subjected to various factors that cause
erosion and decay due to moisture. The cement mortars used in past
restorations are one of the challenges in preserving this grand stone
monument. Over time, these mortars, due to higher water absorption
than the stone, have exacerbated the destructive effects of moisture,
causing serious but gradual and irreversible damage. Since removing
these mortars and replacing the past restorative measures to improve
the current situation is extremely difficult and may have damaging
consequences for these valuable artifacts, this research aims to evaluate
the impact of nano waterproof coatings on reducing the moisture
absorption of the used cement mortars through comprehensive
studies on the current state of these monuments and the restorations
carried out with cement. Therefore, this research aims to provide a
suitable solution without needing to remove the cement mortar and
with minimal intervention to protect these artifacts. This study employs
an experimental research method and considers theoretical concepts
within laboratory studies. In this process, two types of lranian and
foreign nano waterproof coatings named Zycosil Max and FarazSil
were applied on similar cement mortar samples, and their permeability
and water absorption were evaluated using water absorption percentage
and capillarity tests. The results showed that both waterproof coatings
effectively reduced the cement mortaps water absorption. Zycosil Max,
with a performance of %060.5, and Faraz Sil, with a performance of
%48.02, significantly reduced the water absorption of the cement
mortar, with Zycosil Max showing better performance than FarazSil.
However, considering that the water absorption percentage did
not reach close to that of the stone samples of Persepolis and the
more than tenfold difference in water absorption percentage, none
of the studied materials are recommended for waterproofing the
cement mortar used in the restoration of the Persepolis monument.
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Figure 1. Diffusion over the time of the papers related to the application of nanoparticles in stones 2001-2019
(Becerra et al,, 2021).
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Table 1. List of Nanotechnology Theses in the Field of Stone Conservation in the Last Two Decades

(Meshkinfam Fard, 2021).
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on Schmidbs drawn map (Schmidt,1953).

Figure 2. The realm and boundary of Persepolis.
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Figure 4.The extent of restorations cartied out using sand-cement mortar during various periods of Persepolis

restoration (Harati Ardestani, 2004).
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Figure 5.Various Applications of Cement Mortar in the Entrance Stairs during the Past Restorations of Persepolis.
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Table 2.Introduction of various sections of Persepolis that have been restored using cement mortar

(highlighted in red).
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Figure 7. From right to left: Control samples 1 and
2 before the application of Nano materials 1 and 2,
control samples 1 and 2 after the application of Nano

materials on the right side, and Nano samples 1 and 2
on the left side of the image(Meshkinfam Fard, 2021).
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Figure 6. The condition of sand-cement mortars
in the restorations of the Persepolis complex, from
right to left: the Southern Platform, Apadana, and the
Hundred Columns Palace.
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Figure 8. From right to left: the capillarity test of the
control sample on the right before nanocoating, the

control sample after nanocoating, and the nano sample
on the left(Meshkinfam Fard, 2021).
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Table 3.The moisture height of the control samples and nano samples resulting from capillary absorption

in millimeters, and the amount of water absorbed in the control samples, before and after the application of
nanomatetials(Meshkinfam Fard, 2021).

Nano Sample Nano Sample | Control Sample | Control Sample Time
Number 2 Number 1 Number 2 Number 1

5 mm 5 mm 8 mm 8 mm Start of Test

6 mm 5 mm 24 mm 22 mm One Hour Later

7 mm 6 mm 25 mm 23 mm Two Hours Later

9 mm 8 mm 26 mm 23 mm Three Hours Later

15 mm 13 mm 32 mm 28 mm Twelve Hours Later
%40.236 %0.319 %17.16 %16.61 Water Absorption Percentage/

Twelve-Hour Period
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Figure 9. From right to left: the control sample
before the application of nano materials, the control
sample after the application of nano materials, with
the control samples positioned on the right and the

nano samples on the left in a container of deionized
water(Meshkinfam Fard, 2021).
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Table 4.Water Absorption Percentage Test in Control Samples, Before and After Nano Material Application.

Nano Sample 2 Nano Sample 1 Control Sample 2 Control Sample 1
Time
WA (%) W(g) WA (%) W(g) WA (%) W(g) WA (%) W(g)

0 228.45 0 225.10 0 225.06 0 224.42 0
0.555 229.72 0.817 226.94 15.569 260.10 16.179 260.73 1 hour
0.700 230.05 0.986 227.32 15.689 260.37 16.232 260.85 2 hour
0.726 230.11 1.001 227.49 15.786 260.59 16.339 261.09 3 hour
0.805 230.29 1.172 227.74 15.795 260.61 16.348 261.11 4 hour
0.849 230.39 1.212 227.83 15.800 260.62 16.353 261.12 5 hour
1.050 230.85 1.279 227.98 15.826 260.68 16.415 261.26 6 hour
3.554 236.57 1.488 228.45 15.840 260.71 16.429 261.29 9 hour
3.729 236.97 1.790 229.13 15.906 260.86 16.469 261.38 12 hour
4.342 238.37 3.331 232.60 16.049 261.18 16.620 261.72 24 hour
5.813 241.73 4.793 235.89 16.186 261.49 16.785 262.09 36 hour
8.636 248.18 6.788 240.38 16.613 262.45 17.186 262.99 50 hour

Water Absorption:WA — Weight in Grams: W(g)
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Figure 10. Nano Samples Before and after of application Nano Material in Capillarity Tests.
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