
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 mortar›s water absorption. Zycosil Max,
with a performance of %60.5, 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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و سیمااس ل آ جذ ا ر او جذ تو ا أثیر ا

خجمشید تذ ار  ستفا

*2بیاا سحمد ،1ر اشکیبی

.ر ،هر ،هر شگا با، انر اشکد ،خا اا  ن ا  ر د ناا .1

.ر ،هر ،هر شگا با، انر اشکد ،عما شکد ،عما ر تا .2

کید

خر  ار رع  خت و أر ح خمشد ان
،تذ ار  تفا و ام ا   و  ا
ا ا  . نگ ار جمو  فا اا  ک
تا شدد و ،ن  بس شتر آ ذ  ،ا ذ
دد. ربار  جد ا د اآ ر  و رخ
تذ تر اد ر گزا  ا  ذ  آجا 
ادا  مک   و اس ا وو ع وهب ونظ
د  ژ   اد، ت مند اآ  ر آ
ار  اآ  وو ع ور ا اعطا اج ا ا 
و ذ ا ر او تو اا أر ،ام ا د اج
ژ   د ،رنا و؛ ا ،دتفا ام ا
حدر، د ا  ام  ذ  ا د و ا ا
 را حق   عطا   . اآ   فا ر
اعطا ا رظ فا تر ظر ا  د تر ره بر
ذ د  گنو اوآ رند،   . د اج گاشاآ
ا  ر او تو ا و   ام  اد امو آ
ام  اد امو  ر 2ککو  1ر اا ا
.ر ر ا و آها آ ذ ز  رذفو  د ام اش
 آ ذ ا  تو ا  ر   اش را تا
ا  ر  د 6۰/5 رکم ا ک کو ستند. ؤر ام
ککو  اد  ام  آ ذ د، 48/۰2رکم
د  ات د  و ا ا ؛ اش ر  رهت رکم
1۰   ت  خمشد ان مو  ز آ ذ
ادآ ر عطا و و    ،آ ذ د رر
مود نهاش خمشد ان ر  تفا و ام 

،ام  او، ان ،ن فا خمشد، :ــد ی ا
ر دآ

.و تنا جا ،نا ا و  آ  جار تفا ور . آ مگا ر قا   تر

ر فا اص

1 ما ،فتا

14۰3 ها ،19ا ما

https://kcr.richt.ir

2۰ ا 1 :فحا

سئو سندو

بیااسحمد

،عما شکد ،عما ر تا

،هر شگا شکدانرابا،

.ر ،هر

اا

mh.talebian@ut.ac.ir

شژ قا
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قد

گرشژ  ر فا  اا  ک
اا تا نند، انر  ر 
اآ ار تد أر  ا رو ر
مند اس اننج   نگ خا
نگ ر  فا ستند. گزا ار 
رند   دتع ارتغ و 
، و تفا دا  آا انا
Capitelli et) دچ  اس اس د
ه اتخا  ک خمشد .(al., 2021
ز و و   شنخا وپر
 ک جمو  . دتا .518 
ا    ر نگا   انا
Abdollahi) د ر   ب  131۰
ا  ،مچن جمو  .(& Samanian, 2018
وسکو اه ر هر  114 ما ا 1358
ور .(Ibid)ر ر (i, iii, vi) ااع ا
ر ،فاتأ   رشاذر آ 
آ ار  وو اآ  خمشد اه
بود. ا  ور   و زد  ز
و رع   ا اآ  اا، 
 ک .(Sohrabi et al., 2020) رتد ر ندار
ا ود ،خا انا  ه ار و
ار  د تر ا ا  و 
  تفا خمشد،  ،اث ر اد. ب
اآ ا ،ر اج ر ماا
بخر اآ . د تاا ان  د
 تذ ا ر  داا ام ا 
Abed)خش ا نا  اص ح

(Isfahani & Harati Ardestani, 2008

ا  ر گزا  ذ گر، و 
 وط ،رنا اد؛ اآ ود ز
 و تر ا ا کا و 
ر  تفا و ام  ،و و
ذ ا  ا  ذ د تذ ا
او طح او اد طح و
تفا و صا  هو ا وهب وند
اند، ت اعم ر  فا  ر 

.و اآ ر ا  ًوعم خر ر
 رگش فا  م ا وا 
رک حم انز  آا ود دا
ا ود مچن او ان ند. ا 
ا و   طح اوآ أر ا
نابا  د د  رخ اندرآ
و ا ،رنا .(Quagliarini et al., 2013) و اآ
ور ژ  عطا   احد 
ز   و خا نگ اآ ر  فا
 تفا ،ا اضا  اآ  رط ر
تفا نش  اصو  و ا او ان
Razani & Nemani) اد فد اس ود ،آ 
و ا ـ ا ،ان  .(Khiavi, 2020
ا اآ ا  ا ستا ؤر، 
ر تفا و و رکم وهب  و 
ر ا  د  تا،   . ر
و ذا ر او تو اا أر
ا  ر  آها آا ،ام ا
خمشد تذ ار  تفا و
ر دا  م کا تو ا ن ا
تا . ـ مند ر   هتر فا
 تفا ر  ؤر ا ود ژ 
اآ ر  فا رند  ترش انا

اد گنر  خا

ژیشین

  و اآ آ ا ا  ر  فا
را ،خا اعم اآ  ر ر رند
 تو  و رند  .   
(Kennedy, 2015)  مـ بر  و  ا 
ر ه اآ  فا اه ند ر ا
  ر 65 ند توس بت اه تو 
تو      و ود: ا و"
نگا ا نب  کرا  ا تو  
 )Nikooei, 2010) "گا  آا تس وا
خا اآ  فا  و  دم  ا اگر
. دع اس  شد  ا ا ر

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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 ا    تس ا و ر ر 
م و ون فا وو ،اه ن
 تفا د ،و تگر ر و و
ام و ا ر  وب ترس ر ک
ار ا تد نک ا .و  ر 
ا اب  م م ا شس
ر ام وحص  تفا ،رتگر 
اد   ک .ر د  ن  فا
 اعطا رک  مه ق  م
، نگ اآ م ر  فا ا
ون ح نگ اآ  فا م شس
ن  فا   و  م ومپو«
 ، 1972ا  ا  ر  و 3»تماا
 گر س  ،ا آ  د. زر 
 آ ا  د کش نظ و ز ومپو
ا .ر غر 4»ن  فا ار«
 فا« اشس اند رگ م
د زر ز 5»ترد و  خا انا

(Winkler, 2011)

 ون او ان ر،   د 

 م ار ام  و م رک
و خا اآ ر  فا و  ژ
 فا اتخصص . تر ر و
اب و انا گرشژ رم
 ا دا ر  تفا و وهب ا
دع   ستند. متعد اژ
فا  او ان  تفا ا اقا
ت ز نگ اآ وخص ،خا اآ 
 ا اس  ا اگر  )1 ک(

 و   شتر اژ

ا ا تذ    ،وو م 
)1 د( ااا ون اه نها ،ر  1399
ر  ن فا و  او ان ون ا
 و رز ااا اه ر   و

 و ژا

اآ ناآ نظر  اااا  ر ا
نا، تاا اف تر ظر ا  نگ
آها ار  ترش ا ون و
 رهر ر  او    د رع

.(Becerra et al., 2021) 2001-2019ن  فا  او نا  تفا ا اقا عد .1ک

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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. دتفا زرا  ر ر رند
تو اا  تفا  ژ  وو
صا و ذ ز ا ه  او
. و و و متر ر تفا و
 تفا و ماا  وهب تا 
اژ خمشد، ار ا رند
 ر ا ژهد . تر و دتع
تر ر خمشد، ان ناآ
ختآ ام   دد و  تفا ا 
 ر نهاش اا8، آ  7و ا
عطا ا تا ر .(Mahdinejad, 1995)
طع  ماا  انه  نا
ر ر  تو د ا چا ا ن 

تفا  ،(Harati Ardestani, 2003)
  کر ا د ه ماا  
ااا ا اه جمو نگ اآ ر
.(Sheikholeslami, 2008)  ر عطا و

وهب تا  راً د اج اژ م
ا  ر رند  تفا ر ام 
د اج ش دتفا ا  نگزا
ا ر تا  عطا ونا  
ا ا وخص  ام ا آ ذ
  آ ذ ا ر او ذ تو
خمشد ار  تفا و ماا

 دش اج

تشا ا  ژشگر ا ،نو
و ر
ر

ن وور اوآصر و

فا  خشتحکا ر
ر حو  ا ن 
مر،  تفا ا ااا ها
وا  تفا نجکا

)1388 طا(

ها ر
ااا

کآن
 ر

 زرا
و

شا قا
ما 
کوکر
کتر

72  اوـد
 سکوآ
کرآ عا ر
 وا کو

وا وسپر را سقا
 ا ک  دسد س
اآ خشتحکا  رآ
)1388 اا( – کآ

ها ر
 ااا
خمشد

کآن
 خت
 ن
و

کوکر
د کتر
د آ ذ
خخ  و

س وا
دسد

ااا فا  آ  او
و عطا نگرر نگ
)1395 د(و گاآ

ها ر
ااا

ن
نار

ا خخ
و کوکر
طح ا

وتا وا
س سد

اتا

  وا ا
نا  ان خشتحکا
عما( شکهر د  ر

)14۰۰ ا

نگ 
د  ر
شکهر

فد ن
وآ ر
نطق و 

قا اوآ
 ار ،کز


 وا

.)14۰۰ ،ر اشک( أذ ر    ن فا و  او نا اااا هر .1 د

Table 1. List of Nanotechnology Theses in the Field of Stone Conservation in the Last Two Decades

(Meshkinfam Fard, 2021).

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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ا  و

حقی

 را ،د  اا ژر 
ابر .ر ره )ختآ( بر رک  
،و مو ،خا رفس ا تفا و
رج ا  ح  قنط تد
 ا ،ژ   . )خت گاشاآ(
گاشاآ ار ،خاتا اعطا ر
ا   دد آر د اعطا 
ا رظ عد  . د رهر ح-جر
اونش  و فاوص  خا رب
ا رگش فا  فا  ،م
ا م عد  . د اج خاتا عطا
 خ   و وآ ا نا
 د  و آاا ر  امو
د ه او امو  اد امو سقا ا
و د اب ماا  امو 
نطق تد رب ا مچن .ر ر ا
 تر ر ا  سقا و وآ تا

ژظربا

 نا ،رک خچا عطا  ر ا
   وخش ر  فا اب
ره و ار اتا  تسا تا
نج خ  1931آ ونش ،اث ر .رب
و تخصص   ند و نفر تا
،مچن .و تفا عب و  م ،ز
1972عب  گنرر  فا او
،   ا  1964 ز ونش  و ا 
ن  م ارش  د ون  رهر
ستد؛ ز  بر اعطا اا ام 
ورغ  ر  ر فا ،رنا
م فا م  ،دبا انب ر مرز ا
ز ثب  نا ا ر  رر
(Saadvandi& Kalantari, 2020) و اآ ا

و   تا و  ،فا 
 نا ار  نر ا ،و   فخت

اـس  .ر ا خت اـس  ر
ا ر ،و خر اندر ا
 تاا انا  و عطا ،ف دد
  ار ر  فا .(Doehne, 2006)
 رک   وتن او  ر نا
. تو ،و ذرأ ا و  آ ا
تنا رنف و ع ا  خا ن
ماند و ابد ندک و ا  مود
،ادا ،اا ،ا اکن ،خا ب
ود طح وح  غر  رر ستر ،
Andaroodi,) رد أر آا   نند رر
  ن ا ترس وفه ،فا .(2013
رظ افا  ا  کرا،  فا
 وو اآ نو  و ا . فخت م 
،دنآ اس  آها اتق ز  گنرر
. و آها مـ ا  دا فا  ا
فا ر ؤر  ون ،رگش فا
ر   ،ر . را ،گنر اآ 
 تا م    ،خا اآ ف

(Kennedy, 2015)

د د د حق ر رگش فا
 و    خا اآ  فا 
 م اا  دنز و
 و و  ر ر أد و ا
ا حا و  خت اقحق ار
 ر  ر  م ااا 
نعک رد دگه  اظ ر عا رک
د  ا ادا .(Vandesande et al., 2020) د
ط   رگش فا ا  تفا
خر  ور ، ط ستند؛ ا ا
 ت  ا ، ط ؛ وو اآ
وعن  ا ااس اج ،و ط  آا؛
   ،رنا . (Salehiyoun et al., 2020)
ق رنحصر و  تفا د ر
ژ ن   رنا اتخ  و
(Sacchi et al., 2020) ور ژ م 
رگش د  ون او ان  تفا
و اا  و  ود و رر 
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تفا و عطا  عد ،و   ور  
ر ر

عرخمشید

امد هد ،ه خا ا نر ،ر
مدا،  ا  . و تاا  ز
،اا  . و ا انشخا اا
او صر، ،ا امد  اآ ت ا
ز آا ر ک تر اه آا  نها  ، 
 رک  اه  أر  . تذ أر
،انشخا تسر اآ  ک خمشد، ا
اغر عو   خمشد .و د
 آ ؤر ق  ظر اعم ،رنحصر
ور ا م  ،ر تاا ا وح
،ا( خمشد .)1399 ،رگ  طا (
)انه ا تو د ،ر ،پور
  ر ر ما رتو 57 ا 
اف  (N 52.890 E 29.935) اغر اختص
ن  رخ  ر ا ط  تر 177۰

 دنا )م و( هر و اا  ک
خمشد ا اآ ا  .(Shahbazi, 2017)
د ظر ،. 522 ا  ز و و
ر وفه  ام ون کا  
ند نها  مک . د ق شنخا
خمشد ،و د د    ا
 گنر ا  و مااگر ون
ف .(Mousavi, 2012) اد د تنا دم
 ع رتر ز 125  شتر خمشد
رخ  کت  ر ر ،ف و .)2 ک(
   هر و  ش ر م   
 ر گ   ،رغ  ون ،ما

(Shahbazi, 2017) ت

 ر وص عها  و  آ ف
،ر به  تر 455 ن قرباً آ اع
ر و  تر 43۰ ،ما ر  تر 3۰۰
 خمشد . ون م  تر 39۰ 
 ک ، د  ا تاا هر 

خمشد ر  ر .2 ک
.)2۰۰2 خمشد ها ر گاا )آو

Figure 2. The realm and boundary of Persepolis.

ر قش  ر خمشد اا عر .3 ک
.(1953,Schmidt) م د

Figure 3. Introduction of the Persepolis Palaces
on Schmidt›s drawn map (Schmidt,1953).

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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کا  اا،  . ر تاا اهر
وپر فارش تخا ون د و
ا خمشد . ر م انشخا
ار ،فارش اا :  خ اه
.ا ز  اتص و اا ،مش
جمو   ز تفا ا   مچن
)3 ک( جمو  ه اخ . و
  ا .2  کاا .1 : باد
ا .6 آاا ا .5 تو د ا .4 اما  .3
و  رر .9   ا .8د ا .7 چر
و ر گاآ .12 اا ج .11 ز .1۰
ا .15و نخت .14  ر گاآ .13
ا جمو  )ام( .و ر امم
ق ر   کوا اعم اتاا

رد فا ر نر  ا  مه

جمو  د ر ان ناآ
د  خمشد خا حو خمشد:
تخصص ار و ونا 131۰ ا
اد  ر ،عطا و   ا
     . تر ر تر  تفا
نار سؤ ده ر 1318-131۰ اا
  رسفد9 س ترر ا کاو گاش
134۰-132۰ اا       1۰م
 ترر ا خمشد م گان دهر
ر 1357-1343اا د و    ا

 زئو   ا ر اتا سؤ ده
138۰-1358 اه    ا11 و ترر
اا  تاا اآ فا  اا ده ر
م  خت ر ترر   گنر ر
  . و ا ات  ک ،ا س
شژ ان هدر ه ر  ونا 138۰ نج
خمشد اه ر گاا  ااا ا
فا را  ا ارا و  و
.(Abdollahi et al., 2020)  تر ور 
 تر ا  ون ام  ا 
  ،ندباس ،دننر ،ختحکا ق
 )4 ک( خمشد ان ر  د
،دننر ،ا ه ر، ون  ر
نگ اطع بک اا ر  طح د
 دتفا مشد خ خت اخ 

(Harati Ardestani, 2004)

 تر تذ اد  ام  را
 هوش و   خت ا

   ام  ،ت ماند بر  تفا -
اکا  ا اا رر ر  ا

 دتفا 

ا ام ا  ا ر  تفا -
 کا رر ر  ام ا اا
اه ر  ر ،د ،ار را،

)5 ک( د تفا ط

.)1383 ،تار( خمشد ر خت ا  ماا  ا ترو ار ج .4ک

Figure 4.The extent of restorations carried out using sand-cement mortar during various periods of Persepolis
restoration (Harati Ardestani, 2004).
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خمشد. تذ ار   کا  ما  خت ارا .5ک

Figure 5.Various Applications of Cement Mortar in the Entrance Stairs during the Past Restorations of Persepolis.

ح
Location

قش  ر ح
Location on the Map

 ک
Distant View

ز ک
Close-up View

1
نو ف
Southern
Platform

2
 کاا
Entrance
Staircase

رز(. ا( دتفا آها ر ه ما    خمشد خت اخ عر .2د

Table 2.Introduction of various sections of Persepolis that have been restored using cement mortar

(highlighted in red).

ز ر ا ون ماا  
دننر ون  نگ اطع قو  تحکا
نگ اطع  ا اضا  کاا ر

ر    ، ر  . ت ا 
د ون ز  زج نگ اطع دباس
 ر  )2 د(  . دتفا تظحا

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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. د ا ستند و سما

اعطا  گاشاآ ار تا ا ر
امو ناآ ور د اج د
خمشد، ان  ام  ا   ن
ابس ر : ر ر  اآ و
ا ت  :  ن اتف ر
 ،رک  دم ا رغ ر   و
 .و اج ان   ن اص اق
ا ط  ا ود ط  ر ا نا
د اج ار  ضع  .و عر

دد ا نا  خمشد، حو 
ار رکم ر  ر  د   ن
ور ان ر ژ ،ندار و

 ر ر

ت    ن ام ر ت
ر رر  آا اتف اعمک ا
ا رذفو ،اث ون .و طح
،دا گان  ا و ذ  ماا
او  د ن  و اتق ا
م ،مچن ند. رس  وح -و
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خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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ر شدد  ن    اع او اتق
 ن ترش ر  ن تاا غر ا 
ام اخ ،ا ذ ا .ر 
ا  ا   د تس ماا 
)ا  ( نا خ ،جت   و
ا ،نگ اآ ار غر ر   دا ا
 و وف جت   د  خخ ز

.(Soltani et al., 2019)  ود ز

ام  دع  و جت و
بخر   . وف آ ا ا آ  وو
  اند ا ن  ر او  ،آ
 ًوعم و .و  ن و آا
. تا کش س  د فاو ابر
اخ  اص ح  و وف  و
گر  نگ امس  بس ام
 ا د ر اخ   اآ
 و ب اآ جمو . ام
ام ط  اص ت     و
هوش مشد خ خت اخ  نگ 

.)6 ک(

ماا ا  ر د اج ا 
خمشد، جمو ار  ت ا
 تفا و ماا  آ ذ د

8.۰8 ز  خمشد  تذ ار
مو آ ذ د   و د 12.42 
۰.2 د اجدآ ن  د ۰.51م ن
 وب رشذر    د
کش  آا  و  ،ام ا
Abed) ستند ر ذ ا رد، اج

(Isfahani & Harati Ardestani, 2008

آاا ر امو

تفا ا 2  1اما ا ام  مو 
 1  3بس ا  ام  ن و ر 
5 اع ا بکع اا  ،آ د 3۰ ز

.)7 ک( دد ه مترتا

1 ما مو ،اتخ او ا و  ا 
ر ا ا 2 ما مو  ک کو ا
اآ اد امو ، ا  دد. با 
ر آ ذ د  گنو اوآ و د
ر ونظ   ا  د. ب تا  تر
وآ اد امو ام  رغ ر

جمو ار  ماا اع .6ک

د ا  آاا ،نو فح :    خمشد

.تو

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.

ما  ب 2  1 اد امو :    .7ک

ک او و ما  عد 2  1 اد امو او، و

.)14۰۰ ،راشک(

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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6۰ ا  ا 24د    ا  د
تفا او و ام ر ود دش 
ا  موا ا د با ا او و دد.
 دد. پر آها  ر ،نم و ا
ر  عد دتفا او ا ا   
او، امو ا بود. و ط  ر
اد امو  ر  و اوآ
اش ر ا ،و دجا ر او  ب
ر او و أر ز ،تا سقا ا د. رک

.وخش و رذفو

ز ر ر اآ   :گنو وآ
 اد ام  امو ،آ ذ ش
تو ا ا د ام ام  امو
تر ش اف  قطر آ ا ام  او

)8 ک( رتد ر

و   د اج ا 12د ر وآ 
موا  د ذ و اف ،وآ د
اع دا و اف بد. 3د ب
رز  امو    ا اخ
 ، ترش اف  مو  خ  

 د رظر د

مو  گنو وآ  و ذ ز
اف او و ام  عد  ب ام 
وآ  و ذ ز اف . هو ا
اس ام  او امو  گنو
و  د اش  . د ب 
ذ اصو هو ا و وند او

ند. غر  صا  و

او  ب اد مو نگو وآ :    .8ک

.)14۰۰ ،راشک( ر او  عد اد مو ،ر

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).

Nano Sample
Number 2

Nano Sample
Number 1

Control Sample
Number 2

Control Sample
Number 1

Time

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

%0.236 %0.319 %17.16 %16.61
Water Absorption Percentage/

Twelve-Hour Period

او و ما  عد  ب اد، امو  د ذ آ ز  تر  نگو ذ  ا و فا .3 د

.)14۰۰ ،راشک(

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).

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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و ما  ب اد مو :    .9ک
زو آ ر  او و ما  عد اد مو او،

.)14۰۰ ،راشک(

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).

.)14۰۰ ،راشک( او و ما  عد  ب اد، امو  آ ذ د وآ .4 د

Table 4.Water Absorption Percentage Test in Control Samples, Before and After Nano Material Application.

موا  اآ   :آ ذ د وآ
رد  وص او و ام  عد  ب
 اج د تا س ا ا اآ د.

و 

 ا آ  ا 5۰ د ر موا پ
دد  ر موا  ر آ اف اتتر
د ب موا وا  ،وآ ا و  

)1۰ ک(

د ع اا  موا آ ذ د
تا د. بحا ر ور  تفا ا اآ

 دآ 4 د  باحا 

 د اش او امو  دآ تا
اد ا ،ط  ر او و  تفا
 د ما  امو آ ذ ر 

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 1.061 227.49 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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ح  اتا یح

امو  ر د اج ر تا سقا ا
ا  ر أر او، و ام  عد  ب اد
،و ذا   تو ا ون او
اش اتا  .)1۰ ک( د ا ثب
 عطا و وا و  تفا  ند
 قا  رکم وهب  ژشمود 
خ ر رر  را  دتفا ام

ند م و  آ

امو  ر د اج ر تا سقا
  ر ا  ،ام  عد  ب اد
ذ ژ  د اش ک کو
 تفا ا ام  اد امو طح
د و ذ ا ا د 5۰ او ا
ا  ع سبتاً رکم نداش  .
رر  فا ز . و ا ا 
آ )11 ک(  آ ذ د وآ  و

 د

.)14۰۰ ،راشک( نگو وآ  او و ما  عد  ب اد مو .1۰ ک

Figure 10. Nano Samples Before and after of application Nano Material in Capillarity Tests.

.)14۰۰ ،ر ا شک( ا ذ ا آ ذ د وآ  او و ما  عد  ب اد امو سقا .11ک

Figure 11. Comparison of Control Samples and Nano Samples Before and After Nano Material Application in Water
Absorption Percentage Tests Over Time(Meshkinfam Fard, 2021).

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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اد امو  تا سقا ا ر
ک کو   ر ام  عد  ب
کو او ا ،ام   شخد
ر ر ،  ر  رهت رکم ک
تد. و ذ ا  م سبتاً أر
ر  د اش ا ذ ا آ ذ ز
  تا ز ز  ام  مو 
 رکم  ا ا نداش وو
د اش تا مچن . ا ذ ا ا
او ام  مو هتر آ ذ ز 
ذ ز  شتر رر  ًد  د 6 د
خمشد ان مو  د رد آ
افهداژ   د ۰/2  (متر

. د ب )1387 ،تار 

یرتیج

اا ا او ا  رکم ،ژ  
 آ ذا   ر ک کو
کو رکم .ر ر ر و ام
.و اتف ًا ام    ر  ک
د 6۰/5 رکم ک کو ،اث ون
 ر د 48/۰2 رکم  ر 
کو  ف و جت  تند. ام
ر ام طو  ر رهت رکمک
ف وص  .  خمشد  د
 عطا   ت ا و مو ا 
ا  دا ا تو ا و او ون
 ف و  دد، رع و رر 
  متر  و  )1 ر ؛ ع 
 و رر   و رذافو  قا 
وآ تا  ا ند ا قرباً  د 
ا ذ ا  و وبا آ ذ د
ا ا تا ا ز آ آ ذ ز
ر ا د او ا مو و  گنو و
غر و   ر د. ا نا ،ا 
 رد؛ اج اد امو  زـ اس 
ز رر    اف  و ا ها 
ر ر تفا و ام ا آ ذ
و ،آ ان ا خمشد جمو 

ز ظر  هتر ف ا و اند  ف
وص ن ر ر آ رر  رذفو
ر  ست؛ اه ر مند حو  
 تفا  شتر اژ ،ه   ات
طور اژ  ادا ا او و ار
عطا  مند گرشژ     . ا
م  و ا  و و و  
،خا اآ خر رز ر و أر
 م رغ  ا کش ز رو 
انا  تفا ور عطا ،طح س
و رر  تفا او وهب ر  و
   ند؛ ر و ا تو  اآ  ر
و گر با رأ ر ر  سر،
اد ار ح و  ا  ندار
 تذ   خمشد  د اج تر

ند ر و و ز

گزپا

ا رد ،د مد تر ااآ  نود
خمشد، اه ر گاا ر  رحت
قا   ااا   کام ا
،ا کرس را تر ، آ  تخرس
خمشد، اه ر گاا ع رحت رد
برش ه  انگما  کام ر
، ر تا  .ما د ژ 
ار ،رن     جرا اتا
اروص  مند انما  اش
خمشد،  ام  ا ترو
ا ار اهن ا  مچن . ژ شکر
خمشد خاتا آو  تر  کام
  ق عوس دهن اآ ان  
ن د مام آوا اج  کام

عنو  ا یاا

 اناد ااا  ترر قا 
خا اا  ن ا  ر ت
ون ا  دگا اعم ر فا ر
ا و رر  نگ انا  فا ا«
اه ر و مو او؛ ان  رهر
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  دگا انم ا   خمشد«
 د اج ره گاش اعم کدش

وا

  ا ر وک وح FarazSil .1
.اپا روا ر ا ،اسو

را ،وا وح Zycosil Max .2
تاند د

3. International Symposiumon theDeterioration
andConservation of Building Stone.

4. Deterioration and Conservation of Stone.

5. Conservation of Monuments in the
Mediterranean Basin.

6. Contact angle.

ز شفشاآ استر و Pozzolan .7

و   ،آ و  اا: آ .8
قا ،ا بندس اند ،  ژ
و رر  قا مچن  شش  اش

 و

9. Ernst Herzfeld.

10. Erich Friedrich Schmidt.

11. Giuseppe Tilia.

نا

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

ر ان استند .)1392( .اه ،د[

،53 ،اهر  اعم - با انر .ر  اعم

]7۰-79

Heydari, M. (2016). Nanotechnology and the
Conservation of Stone Monuments in Cultural
Heritage, Case Study: Tomb of Cyrus. Master's
Thesis inArtResearch,TarbiatModaresUniversity.
[In Persian].

فا  آ  او .)1395( .ضر ،د[

گاآ :و عطا ،گنرر نگ ااا

گاش نر، ژ اناد ااا .و

]در

Razani,M.&NemaniKhiavi,L. (2020).AReview
of Stone Reinforcement Using Nanotechnology.
Studies in theWorld of Color, 3, 55-64. [In Persian]

ر ر .)1399( . ،ا اعم هد؛ ،[

اعطا او. ان  تفا ا ن خشتحکا

]55-64 ،3 ، ا 

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

وپرس را سقا .)1388( جد. ،اا[

 رآ  ا ک  دسد س وا

اناد ااا .کآن اآ خشتحکا

]افه نر گاش ،گنر  خا اء ر

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].

فا ر .)1399( .داـ ،رت هد؛ ،دعد[

 اآ ر( ر اعم  ر .اعم ر 

]42-31 ،)1۰(24 ،)گنر ،خا اا

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].

،اآمعبا هم؛ ،دنر رس؛ ،طا[

ناا ور کان .)1398( .دا ،مس ا؛

نر اعطا خمشد. جموة خر و

]61-79 ،)15(36 ،

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

خمشد تذ ار  تفا و ماا  آ ذا ر او ذ تو ا أر ا
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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

،اآمعبا هم؛ ،دنر رس؛ ،طا[

زو تشس خ  .)1399( .دا ،مسا؛

خمشد. رم عو  آا ق   ر 

]79-94 ،)57(15 ،ا ناص

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. Master's Thesis in Conservation of
Historical Artifacts, University of Art, Isfahan. [In
Persian].

تفا نجکا  ر .)1387( ا. ،[

ر  کر ا ده ماا  

ااا .ااا - ا اه جمو نگ اآ

]افه نر گاش ،خا اآ ر اناد

Shahbazi,A.S. (2017).PersepolisDocumentation
[Guide. Tehran: Safiran Publishing. [In Persian

ستند انم .)1396( .وا را ،هبا[

]رف شر :ره خمشد.

Salehiyoun, L.; Azadi, M.; Vahidzadeh, R.; &
Taghipour, F. (2020). The Impact of Preventive
Conservation on the Cultural Values of Private
Collections of Ancient Heritage. Parseh
Archaeological Studies, 13(4), 193-205. [InPersian].

،وق ا؛ ،د هرا؛ ،آ ؛ ،وحا[

ا ر رگش فا أر .)1399( .زاـ

اعطا .ه ر وص اجمو گنر

]193-2۰5 ،)4(13 ،ا ناتاا

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].

.)1387( اد. ،تا ر با؛ ،افه ]اد

نگ اآ ر  ام  ا  رأ ر

،ژ  ر خمشد. اه ر حو

]78-84 ،)2(4

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].

 گاا .)1397( .و ,ااا  رسا ,هبد[

 ر  فا تذ اکر  نا 

تاا اعطا مشد. خ اه ر حو

]185-2۰3 . )2(1۰ نا

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

.و ،ااا  و؛ ، رسا؛ ،هبد[

اتسرق  کم ار ر .)1399(

نها نظر  خمشد خا حو نگ

،ر اعم  ر .قطب عطا :شنخا 

]63-76 ،)21(1۰

Attari, M. (2009). Investigation of the
Strengthening and Conservation of Black
Limestone in theWorldHeritageSiteof Pasargadae
Using Polymers and the Feasibility of Using
Nanoparticles. Master's Thesis in Conservation of
Cultural and Historical Objects, University of Art.
[In Persian].

فا  خشتحکا ر .)1388( هشد. ،اط[

ااا اه ر حو  ا آن 

.وا  تفا نجکا مرا  تفا ا

،خا  گنر اء ر اناد ااا

نر[ گاش

Meshkinfam Fard, H. (2021). Conservation
methods for stony monuments against dampness
applying nanotechnology; Case study: The World
Heritage Site of the Persepolis. Master's Thesis in
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Conservation and Rehabilitation of Historic Sites
and Buildings, Faculty of Architecture, University
of Tehran. [In Persian].

 فا ا .)14۰۰( .ب ،راکش[

ان  رهر ا و رر  نگ انا

ااا خمشد. اه ر و مو او؛

اا  ن ا  ر ت  اناد
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