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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 Iranian 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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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
nanomaterials(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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Absorption Percentage Tests Over Time(Meshkinfam Fard, 2021).



e 133 51y S L (0lgo Atajls 48 ciS
oematd Siw Copo (o O 1l 3 (dideis
Sl 5t Sl e e bl aboze (1l 3
Josliwl g it slagimgh pte o=l 4o (i
s la Shy g a0l L 93U sl plw
adllas any aeBMe o] Sdmgy a9y ol Sl el L
Sl dy d g L 48 090 o0 Aoy 0jo> (0l
RSN I PRI SUPSN - [+ NGO ) b
9 ol Oly o I ols oM i i8] o5y 0
Lo yglié Sl oslaiwl (il adlllan (oo Cns
Caagbo)y il 3 (bl (sloged d9te sl |y s
ol gy B g S I8 s s )3 U ol (il
Jelge 505 (e Slsb s s o9Me e
Slalidl s ol Sy oyl (ol g ol 3
) 4538 dad A descad p odd plol sioye

Ay )8 A gl dyg e j

S5l
o copie (ol aes 38 LB 5 a s
PRIV ‘_,’.:LP u‘)_».a OK_)IJ U"’M’)—’ 9 Py
adlio (ol a s glaeliphl (sygh 5 6)l8—on el
(85l (S Lisyle 8wl )l o yoniine
3 iy o> f:)'\/ dl_.bélbl.o.b 9 3 DN dl)—{
&) g Sl jlpmlei o (G005 ienggy (]
bl gy S d sy gl g a sl okl
Caly oy jlge psld 5l pizman ol 05g S
> s 00lj i dgne (ol ige LBl L

$gx0 9 Jbo plel>
33 3| el I8 aabybl 5l a8 a e oy
el slacdl g 4l (bl g cnpe ai s,
Ole—is L Jgl 000 )55 (g )lane el e e bilas il S
b cagh) yln 55 (Ko laly jl e blis glaog »
Sl lya (£390 45505 153 63518 J S0

YU | WY ke [V ol o)l |V opladd | prin Jlo

Sl ladiged w mold dwslde Lulwl 4
S sl 9 s i Jlosl Sl am 5 Jid
sessSoly 53 03o ¢ Sl bMo 45 45 asuio
2 a2 STy s 558 5l it 37 Shos oS
Sl Cagby Ll Jials 3 oS b )—“l’
2y Ao s e IS L ol s e
ol 548l il e oyl Sleme b dges 9
[)—?.‘ 3 ySlos 9 2l i Y o Ll g9—dg0
W3 o0 Gl gl sizmen wl Lo , 45 L odls
36 o Do diges oy g Ol Qs (ljse S
i e 5l iyl o3 Bga s g a0 F o
BPONVIC ) dl.m&_w Aged yD 04D d)_nfo)'lJJ| AJ
Sladolile Gimgh 3 aS Aoy /Y I eS) el

Gl 0 c 3 (WAY (Sl )l Slin o

745 4o

lapl Lo 55U odls 90 5y Shas ¢ i 2o ool
Do i 2l 3 [y oo sl
JgSoly 3y Sos 285 )18 () 3)9— (Lo
Do gl MolS” Sloww bMo 3 s jly8 5 uSo
oy £ [0 5, Sas uSe eSSl ¢ Jlio laicay
LMo ‘_5‘)_, Ld—o)yd YA/ -Y .))_ila& J_m) )l)J 9
JwsSSl5 a8 e dS o o ames o il Sleww
Conpo Sloww gola (59 1= (§ )0 2Shos puSo
CtS jogad 0 e db ) A uhes s 3 el
a S aslllas ol pa sy Wayolg o dasged o)
Al os il L gby =ole Sl 530 oy
4SS eSS 019_’@ Dlods uﬂ)_xn u_a}‘o) )_;])_; P
93 3l S 3 dlao oyl (V Lo il Cably VS
S gl sl 3 1y 393 (6pahldeis § Cueglie o,
ol o) gt et Jinll ol ol o i
2 Loasd o slo aiges 350 53 (Simge Cagh
i g o ol 690y a0l cewlio wdls g
5 6000,S dloul el ladiged ) Sia s S5,
Ao sl 03l i 9l damg L cles
Coyo Lgl)_) odla_wl dy5—0 u.’l_o.w LngJoMo u] u.!_'>
e o) K L Ao 55 dcgamo )



Ao 55 42538 (glacis yo )3 o3lisl 5y50 lagmsdusle LMo Wl il il b il by e ysb L)

Dlialj 182)9—0 a_allas “_S_‘Jb)su])w u.i‘_w L;L(hul,a.)l)
oSl i ipgy Al wolid)S A el gy
Jposd—ecany

Razani, M. & Nemani Khiavi, L. (2020). A Review
of Stone Reinforcement Using Nanotechnology.

Studies in the World of Color, 3, 55-64. [In Persian].

= gy (W) . (L gsld Sl fsase (S
Olalao 9_’l; Lg)ﬁLl.é sleslawl L S Mra&?u_wl
~[A[3—5’\° 5\“ ‘L.i_.)) LSL_{J..) ).)

Zamanian, M. (2009). Comparison of the Use
of Calcium Hydroxide Nanoparticle Dispersion
in Alcohol with the Limewater Method in the
Reinforcement of Limestone Artifacts. Mastet's
Thesis in Conservation of Historical and Cultural
Objects, University of Art, Isfahan. [In Persian].

Saadvandi, M. & Kalantari, M. (2020). Levels
of Conservation of Architectural Heritage.
Conservation and  Architecture of Iran
(Conservation of Historical and Cultural Objects
and Textures), 24(10), 31-42. [In Persian].

cblas Colye (WWAQ) 005l (g 5S¢ gd o (g g ]
9 )l_j C,_n),a) d])—.’.l ‘_S)LAxﬂ 9 Cnyo .Lg)l_o.u ul)_m )’1

Soltani, A.H.; Firouzmendi, B.; Shabani-Samagh-
Abadi, R. & Khomseh, H. (2019). An Investigation
into the Recognition of Destructive Factors of the

Persepolis Complex. Islamic Art Studies, 36(15),
61-79. [In Persian].

‘d)b]éa»odw § ke 809 yd € yne ol ¢ Sllal ]
L;.»L._w)l; u9_b‘)..\:7 L;w&_af (\Y‘c\A) o.)._JLb PEEWCS fl_ao')

VYR O (ol

Soltani, A.H.; Firouzmendji, B.; Shabani-Samagh-

-l 00 plogl 4l i ol iy (gylome 0aS il

3 Moo 4l 5t iy Sebow Jylona FarasSil
ol Iy 80 8y b cAlw ol gl
S b il ( Muwg S8 )| Ja e Zycosil Max .Y
L lghin S5
3. International Symposium on the Deterioration
and Conservation of Building Stone.

4. Deterioration and Conservation of Stone.

5. Conservation of Monuments in the
Mediterranean Basin.

6. Contact angle.
abj,y Sliass] guss eg Pozzolan .V

oles S a4 Sl &5 ol bl Sl A
Jelos ol 5 Cnglio (yiomad g (AiS 5 (5,L08

2 ge>
9. Ernst Herzfeld.
10. Erich Friedrich Schmidt.
11. Giuseppe Tilia.
&b

Andaroodi, E. (2013). Documentation of
Knowledge-Based Architectural Heritage in Iran.
Journal of Fine Arts - Architecture and Urban
Planning, 53, 70-79. [In Persian].

DY c(53l el 5 gylame = Laj slyin i) 1 s)lanse

qve-va

Heydari, M. (2016). Nanotechnology and the

Conservation of Stone Monuments in Cultural

Heritage, Case Study: Tomb of Cyrus. Master's

Thesis in Art Research, Tarbiat Modares University.
[In Persian].

Yoy 5l [V olo ojlad |V ojlosd | pian Jlo | VY



Abadi, R.; & Khomseh, H. (2020). The Ascension
of Darius the Great and Artaxerxes I and Their
Role in the Urban Development of Persepolis.
Quarterly Journal of History, 15(57), 79-94. [In

‘|Persian

sl goo lnd oy (g0 b i ool Sals]
Syir (oed Cpiaands csd 4 (IYAR) ods e cded s
o285 (e a3 Lol Gii s J5l 80l
[VA-RE (BV)ND e dnlibind
Sheikholeslami, R. (2008). Investigation and
Feasibility of Using Sand-Cement Mortar Made
with Microsilica in the Restoration of Stone
Artifacts of the World Heritage Site of Persepolis
- Pasargadae. Mastet's Thesis in Conservation of
Historical Artifacts, University of Art, Isfahan. [In
Persian].

el oSl g gy (VYAY) LS ¢ oMVl s ]
Cnye 13 ey Son L 01t plopmile b3k
4obibly A,k — )y Gl dsgarre (Siw U
[olguo! i ol8izily ¢ 5o )b T o po ais )| puolis, 1S
Shahbazi, A.S. (2017). Persepolis Documentation
-[Guide. Tehran: Safiran Publishing. [In Persian

Lo gloialy (W) Lol s Lsyle (gjla—]
ol i o SdereSS

Salehiyoun, L.; Azadi, M.; Vahidzadeh, R; &
Taghipour, E (2020). The Impact of Preventive
Conservation on the Cultural Values of Private

Collections of  Ancient Heritage. Parseh
Archaeological Studies, 13(4), 193-205. [In Persian].

lm iyl s Sty e bl 5l (V¥A9) o5l

Abed Isfahani, A. & Harati Ardestani, N. (2008).
Investigating the Effects of Sand and Cement
Mortar in the Restoration of Stone Artifacts in the

World Heritage Site of Persepolis. Conservation
and Research, 4(2), 78-84. [In Persian].

S )T Cyo )3 o 5 dcsle LMo ly 36 sy
[VA-AY (Y)F

Abdollahi, P. & Samanian, K. (2018). The
Place of Value and Valuation in Past Approaches
to Conservation and Restoration in the World

Heritage Site of Persepolis. Archaeological Studies,
18(10), 185-203. [In Persian].

o933 Bl (WWAY) Ly S lblebs § L 5 s ]
2 Coye g Cblas gaidS olad Sog) 0 wlid i)l o
uL_M:b Sllas . o DS u‘l—e? ul)_m dd_loym

DAY YL (Y e i

Abdollahi, P; Vatandoost, R.; & Samanian, K.
(2020). A Study of Supplementary Restorations
in the Stone Reliefs of the Historical Site of
Persepolis from the Worldview of the Achaemenid
Era: A Comparative Study. Conservation and
Architecture of Iran, 10(21), 63-76. [In Persian]

9= lebow g £y (Cgd g L p (s
Sz A8 )3 (eSS slnCange oy (WYY
ol ylaie A pier s (Sl a b (i
(Ol g)lare g oo idad (gl allas : Liolsa )0
[PEVE (VI
Attari, M. (2009). Investigation of the
Strengthening and  Conservation of  Black
Limestone in the World Heritage Site of Pasargadae
Using Polymers and the Feasibility of Using
Nanoparticles. Mastet's Thesis in Conservation of
Cultural and Historical Objects, University of Art.
[In Persian].

cbles 5 isuplSowl (wwyys (IWWA) D uine o s lUac]
MLl Sl &l o d bysmo ;5 ol s SalSw |
lyde bl eala wl e ISl La pouly 5l esla il Lo
(P g (S B bl Copo A iS4l
[y o8l

Meshkinfam Fard, H. (2021). Conservation
methods for stony monuments against dampness

applying nanotechnology; Case study: The World
Heritage Site of the Persepolis. Mastet's Thesis in



Ao 55 42538 (glacis yo )3 o3lisl 5y50 lagmsdusle LMo Wl il il b il by e ysb L)

Conservation and Rehabilitation of Historic Sites
and Buildings, Faculty of Architecture, University
of Tehran. [In Persian].

Jeblis clagty) IF0) o o)8plioS ]
a3l ) S pne L cgboy y il > (S slaly
4oyl ien o Slas &l (63)50 dSg0d (530
slacidl g a il slsl g oo by 1 i)l ol
o5 ylone 038l g ylare el ypo i bilis i) S Sl
[u‘)—@f o ih
Mahdinejad, J. (1995). Pathology of the Stones
of Persepolis and Proposing a Restoration
Plan Based on New Mixtures of Pozzolan and
Sapa Lime Cement Mortar. Master's Thesis in
Conservation of Historical and Cultural Objects.
[In Persian].

i w G»L_wwj OYVF) ool s ol 5 sape]
dopiz LSy pld o Faye b Al g dder s
il bl Sal g Vi a5l (Las Lo
[ Smyd g ()b sl Coye 4yl ol )l
Nemani Khiavi, I.. (2021). Evaluation of Silica
Nanoparticles in Consolidation of Sheikh Haidar
Tomb Tower’s Dadui in Meshkinshahr, Iran.
Mastet's Thesis in Conservation and Restoration
of Historical Buildings and Textures, Tabriz
Islamic Art University. [In Persian].

2 s 396 L)) (Ve 1) sl Slos]
P T o gl o)l S (el
Gl g caye a5 ol A abbly eSS
L5y ool i o8l ¢ 5y b clmedly 5 Laly

Nikoui, A. (2010). The Bisotun Inscription.
Tehran: Afraz Publishing [In Persian].

LR 5300 ot S (WAY) (e 950
Harati Ardestani, N. (2003). Study, Identification
and Optimization of Sand-Cement Mortar in
the Restoration of Stone Artifacts of Persepolis:
Restoration of a Piece of the Crown Stone of the
Hundred-Columns Palace. Bachelot's Thesis in
Conservation of Historical Artifacts, University of
Art, Isfahan. [In Persian].

Gilwdins g cAld asllas (WWAY) dal ¢ sliws)l slya]
A pdonr S (S U1 slacioye 3 loswdwle LMo
g dio FlIS A bl oL Ko jlaslad S Cope
i o8y (e )b T e pe i IS 4l bl
fobedel

Harati Ardestani, N. (2004). Investigation of
the Damages Caused by the Use of Sand-Cement

Mortar in the Restoration of Stone Artifacts

of Persepolis. Knowledge of Conservation and
Cultural Heritage, 1(1), 13-22. [In Persian].

u_il_w )l_si CA—;O)A 2 uwub LMo .))_3)15 03)19

Harati Ardestani, N. (2005). Investigation of the
Destructive Effects of Sand and Cement Mortar
in the Restoration of Stone Artifacts at the World
Heritage Site of Persepolis. Mastet's Thesis in
Conservation of Cultural and Historical Objects,
University of Art, Isfahan. [In Persian].

Coyo Iyl awolidylS 4 obybl W ieacos Sl
Jolde!l i ol il o eyl g (S, sl
Becerra, J., Zaderenko, A. P, Gémez-Mordn,
M. A., & Ortiz, P. (2021). Nanoparticles Applied
to Stone Buildings. International Journal of
Architectural Heritage, 15(9), 1320-1335. https://
doi.org/10.1080/15583058.2019.1672828.

Capitelli, E, Dida, B, Della Ventura, G,
Baldassarre, F, Capelli, D, Senesi, G., Mele, A., &
Siligi, D. (2021). Functional nano-hydroxyapatite
for applications in conservation of stony
monuments of cultural heritage. Proceedings
of the 2nd International Online Conference
on Crystals, 7315. https://doi.org/10.3390/
iocc_2020-07315.

Dochne, E. (2006). ESEM Applications:
From Cultural Heritage Conservation to Nano-
Behaviour. Microchimica Acta, 155(1-2), 45-50.
https://doi.org/10.1007/s00604-006-0505-1.

VEY o | V4 b opless | ) olass | pzan Jlo | 99



Schmidt, E. (1953). Persepolis, Volume I:
Structures, Reliefs, Inscriptions. University of
Chicago Press.

Kennedy, C. J. (2015). The Role of Heritage
Science in Conservation Philosophy and Practice.
The Historic Environment: Policy & Practice, 6(3),
214-228. https://doi.org/10.1080/17567505.201
5.1099925.

Mousavi, A. (2012). Persepolis: Discovery
and afterlife of a world wonder. In Persepolis:
Discovery and Afterlife of a World Wonder (pp.
1-238).

Quagliarini, E., Bondioli, E, Goftredo, G. B,
Licciulli, A., & Munafo, P. (2013). Self-cleaning
materials on Architectural Heritage: Compatibility
of photo-induced hydrophilicity of TiO2
coatings on stone surfaces. In Journal of Cultural
Heritage (Vol. 14, Issue 1, pp. 1-7). https://doi.
org/10.1016/j.culher.2012.02.006.

Sacchi, B., Vettori, S., Andreotti, A., Rampazzi, L.,
Colombini, M. P, & Tiano, P. (2020). Assessment
of Water Repellent Treatments for the Stone of
the Matera Cathedral Facade (Italy). International
Journal of Architectural Heritage, 1-9. https://
doi.org/10.1080/15583058.2020.1782532.

Sohrabi, M., Esmaeillou, M., Fadaei, H., Talebian,
M. H., & Noohi, N. (2020). The field monitoring
of influential biodeteriogenic agents on the
historic rock surfaces in Persepolis-UNESCO
World Heritage Site. Journal of Research on
Archaeometry, 6(1), 175-192.  https://doi.
org/10.29252/jra.6.1.175.

Vandesande, A., Verstrynge, E., & van Balen,
K. (Eds). (2020). Preventive Conservation - From
Climate and Damage Monitoring to a Systemic
and Integrated Approach. CRC Press. https://doi.
org/10.1201/9781003004042.

Winkler, E. M. (2011). Stone in Architecture.
In S. Siegesmund & R. Snethlage (Eds.), Stone in
Architecture. Springer Betlin Heidelberg, https://
doi.org/10.1007/978-3-642-14475-2.



