
2024عشر                                                فبراير  العدد التاسع-المجلد الرابع  -مجلة التراث والتصميم                                          

DOI:10.21608/JSOS.2022.174400.1324                                                                                                          338    

Restoration and conservation of an archaeological marble 

gravestone from the Greek era - Al-Fustat - Egypt 

Dr. Shaimaa Sayed Mohamed El-Sayed 

Conservation Department – Faculty of Archaeology – Luxor University – Egypt 

Shaimaa.Sayed@farch.luxor.edu.eg  

 

Abstract  

The archaeological and historical gravestones are one of the important sources of dating with 

their inscriptions and writings, so they must be preserved as an important tangible cultural 

heritage. This research aims to restore and conserve an archaeological marble gravestone  which 

bears No. 142 and stored in the seven rooms museum store in Al-Fustat- Egypt , this object 

dates back to the Greek era , samples were taken from the selected gravestone and examined by 

stereomicroscope and scanning electron microscope (SEM), it was also analyzed by X-ray 

diffraction (XRD) and elemental analysis by the EDAX unit attached to (SEM) Microscope, 

through the results of the examinations and analysis, it was found that there were some cracks 

and gaps on the surface of the sample as a result of the deterioration factors in the surrounding 

environment. The treatment plan included mechanical and chemical cleaning of dust and dirt 

on the surface of the gravestone, which hide the writings on the surface, as well as consolidation 

processes using Paraloid B-72 dissolved in acetone at a concentration of 2%, and in the end, the 

surface was isolated to preserve the writings by Paraloid B-72 at a concentration of 5%, in order 

to preserve this important cultural heritage. 
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 الملخص 

نقوش وكتابات والتي يجب الحفاظ عليها تعد شواهد القبور الأثرية والتاريخية واحدة من أهم مصادر التأريخ بما تحمله من 

ومحفوظ  142وصيييييانتها كتراث مادم هامد يهدا هلا البحث تلم ترميم وصيييييانة شيييياهد ابر أثرم من الرخام يحم  رام 

جمهورية مصيير العربية د يعود هلا الشيياهد تلم العصيير اليوناني د تم أخل عينات من  –بمخزن السييبع حجرات بالفسيي ا  

تار حيث تم فحصيها بواسي ة الميكروسيكوب المجسيم والميكروسيكوب اولكتروني الماسيلإ د باوليافة تلم شياهد القبر المخ

الملحقة بالميكروسيييكوب اولكتروني  EDAXتحليلها بواسييي ة حيود الأشيييعة السيييينية والتحلي  العنصيييرم بواسييي ة وحدة 

ت علم س لإ العينة والتي نتجت عن عوام  الماسلإ د واد تبين من خلا  الفحوص والتحالي  وجود بعض الشروخ والفجوا

التلا بالبيئة المحي ة. تليييييمنت خ ة العلان التنظيا الميكانيكي والكيميائي ل تربة واوتسييييياخات الموجودة علم سييييي لإ 

الملاب في  72شييياهد القبر والتي تخفي الكتابات علم هلا السييي لإ د باوليييافة تلم عمليات التقوية بلسيييتخدام البارالويد ب 

وللك  %5بتركيز  72د وفي النهاية تم عز  الس لإ للحفاظ علم هله الكتابات بواس ة البارالويد ب %2سيتون بتركيز الأ

حفاظا ًعلم هلا التراث الثقافي الهام.  

mailto:Shaimaa.Sayed@farch.luxor.edu.eg
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 الكلمات المفتاحية 

 ترميم وصيانة ، شاهد قبر ، الرخام، العصر اليوناني، الفحوص والتحاليل

1. Introduction

Gravestones or tombstones are an important and unique cultural heritage that must be taken 

care of and preserved, as they contain some important inscriptions and writings that are used in 

dating (A.A.E.Kabil., 2022), they have a great importance in Ancient Egyptian beliefs, where 

they represent a gate that separate between the burial room and the world outside, gifts and 

sacrifices are also presented to the dead through them, this belief continued in the Greek, 

Roman, Coptic and Islamic eras. Inscriptions or writings of them contain the name of the dead, 

the death date, invocations and prayers for the dead(A.A.A.Hashad.,2021), they are also one of 

the funerary customs that has been preserved throughout the ages, where some information 

about the dead is placed either in the form of an inscription, a picture, symbolic signs, writings, 

or depictions of all these elements with the aim of obtaining the Paradise (D.M.Bahi El din., 

2021), men gravestones differed from women in the Ottoman era, where the gravestones of men 

adorned a hat or turban, while the gravestones of women adorned a wreath of 

flowers(T.Ogreloil., 2008). 

There are many stones from which these gravestones or tombstones were carved, the most 

famous of which are limestone, sandstone and marble. Marble is a metamorphic rock which 

was transformed from limestone by heat, and it consists mainly of calcium carbonate (CaCO3) 

in addition to some other components, during metamorphosis the crystals interlock , clay, sand, 

and chert impurities sometimes produce distinct veins and swirls within the marble stone, giving 

it a distinct and sought-after veining .Marble has many types and colors , these colors are due 

to the presence of some mineral compounds as impurities, where there are white, red, gray, 

green and others (H.M.Gamil., etal., 2022). 

The selected gravestone bears no.142 in the museum store record and stored in seven rooms 

museum store – Al Fustat museum stores – Ministry of Tourism and Antiquities – Egypt, it's 

made of from marble and dates back to Greek era, its description in the museum store record is 

a complete tombstone with a text of ten lines written in Greek in low- relief, the type of 

calligraphy is Greek alphabet and the dimensions are 94 × 56 cm. It has dust, dirt; and abrasion 

on the edges. 

A photographic documentation of the selected tombstone was made to show its condition and 

deterioration phenomena, as well as a drawing documentation or a deterioration map to show 

the most important inscriptions found in it which are considered very valuable yet a  phenomena 

in its deterioration, explained in the following: 

1-The presence of thick dust on the surface obscuring the writings below. 

2- Mud stains adhered to the surface and hide the writings.  

3- Writings in black ink on the object explain its number recorded in the excavation record. 

4- The Latin letters edges abrasion caused by weakness of marble. (Fig 1, 2). 

   This research aims to restore and conserve a Greek marble gravestone no.142 that is preserved 

in the seven rooms museum store, Al- Fustat museum stores - Ministry of Tourism and 

Antiquities - Egypt. 
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Fig.1. The dust and dirt that obscure the writings on the gravestone no.142 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Drawing documentation or deterioration map of the selected gravestone 

 

2. Materials and Methods   
Samples were taken from the invisible side of the selected gravestone in order to identify its 

components and diagnose the status of damage to 

determine the appropriate treatment plan. 

2.1. Stereomicroscope examination:   

The stereomicroscope (S9i) with camera (Leica S9I Stereozoom) (Format:  720p (1280 x 720) 

16:9, Exposure: 151.0 ms, Gain: 5.0 x, Gamma: 0.45) at Centre of Research and Conservation 

of Antiquities (CRCA) – Faculty of Archaeology – Fayoum University was used to examine 

the surface of the marble samples with high resolution. Stereomicroscope is one of the most 

important examination methods of the marble morphology, the examination shows the samples 

deterioration, as well as the shape and size of the granules and their distribution (W.K. Kamel., 

2018).  
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2.2. Scanning Electron Microscope (SEM): 

The Scanning Electron Microscope (SEM) (ZEISS – Gemini, Sigma 500 VP) Faculty of 

Science – Fayoum university - Egypt was used to examine the texture of the marble sample's 

surface with high magnification power (G. Kamh., and N. Klitzsch., 2018).  

2.3. X-Ray Diffraction analysis (XRD): 

The marble sample was well- crushed and analyzed with x-ray diffraction device (PW1710) 

Central laboratories of the Egyptian General Authority for Mineral Resources–Dokki-Giza-

Egypt, to identify the mineralogical compositions of the stone sample based on studying the 

crystalline structure of the materials, their proportion and its damage (A. Al-Bawab., etal., 

2017).  

2.4. EDAX analysis (ENERGY-DISPERSIVE X-RAY SPECTROSCOPY): 

The marble sample was analyzed with EDAX unit (ENERGY-DISPERSIVE X-RAY 

SPECTROSCOPY) attached to scanning electron microscope (SEM) (ZEISS – Gemini, Sigma 

500 VP) Faculty of Science – Fayoum university, to identify the elements of the sample and 

their percentages. 

 

3. Results and Discussion  
Through examinations and analysis of marble samples, the following results can be observed: 

3.1. Stereomicroscope examination:   

It was found by examining the surface of the sample with a stereo microscope, the clarity of the 

characteristic texture of marble, which is the sugary tissue. It was also noted that there were 

gaps and erosion on the sample's surface as a result of the gravestone's exposure to damage and 

deterioration while it was in the archaeological site or while being stored in the museum store - 

(Fig .3,4).   

 

 

 

 

 

 

 

 

 

Fig.3. Examination of the marble sample with stereomicroscope  
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3.2. Scanning Electron Microscope (SEM): 

 As for the examination by scanning electron microscope (SEM) of the sample, it was found 

that there are cracks, gaps and crystals fragmentation inside the sample caused by the weakness 

of the marble-(Fig.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. X-Ray Diffraction analysis (XRD): 

 It was found from the analysis by X-ray diffraction (XRD) that the main compound in the 

sample is calcium and magnesium carbonate Ca Mg (CO3)2 (Dolomite) with a percentage of 

100%, it is a qualitative and semi-quantitative analysis. Magnesium element represents the most 

important element in the formation of metamorphic marble - (Fig.6). 

 

 

Fig.4. Stereomicroscopic examination of the sample, it shows gaps 

and erosion on the surface 

Fig.5. Scanning Electron Microscope (SEM) examination of the sample, it shows 

many cracks and gaps (Mag 37×) 
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3.4. EDAX analysis (ENERGY-DISPERSIVE X-RAY SPECTROSCOPY): 

Several elements of the sample and their percentages were identified through the elemental 

analysis by EDAX unit , such as : Oxygen (O) 41,81% , Calcium (Ca) 30.65%, Carbon (C) 

12.62% , Niobium (Nb) 3.88% , Magnesium (Mg) 0.04% , and Iron (Fe) 0.03% , it is noted that 

the results of the elemental analysis by EDAX are confirming the result of x-ray diffraction 

analysis (XRD).The marble color may be due to the presence of impurities, which is Niobium 

metal (Nb) - (Fig.7,8), (Table.1). 

 

Fig.6. X-Ray diffraction pattern of the marble sample 

Fig.7. EDAX Spectrum of the sample  
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4. Restoration and Conservation of the selected marble gravestone no. 142  

4.1 Cleaning processes:  

 Cleaning processes are considered one of the initial steps in the treatment plan for marble 

gravestones, as there are thick dirt, dust and stains on the surface of them, and therefore in this 

case, cleaning operations are considered the first step in treatment unless preceded by initial 

consolidation process. Mechanical cleaning is the first choice using some tools like: scalpels, 

brushes, chisels, spatulas to remove dust and dirt mechanically without using any chemicals 

after that the role of chemical cleaning to remove the remains of dirt which can't be removed 

mechanically, most people do not realize that marble is chemically reactive and fairly porous, 

conditions that allow alteration of its character by surface contaminants. The types of stains fall 

into several groups: dirt and grit, oils, inherent discoloration from oxidized metallic ions, and 

external contact with metals or glues and other adhesives. Usually, stains are a combination of 
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Table.1. Elements of the sample and their percentage  

(EDAX analysis) 

Fig.8. Flowchart of the marble elemental analysis by EDAX 

and their percentage 
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these factors. Organic solvents like: ethyl alcohol, toluene, acetone and trichloroethylene beside 

neutral soaps can be used to remove several types of stains (D.Rinne., 1976).  

There are recent methods in cleaning such as Laser cleaning; it relies on the ablation effect as a 

result of intense and short pulse irradiation at wavelengths that are strongly absorbed by the 

materials. The laser induced removal of unwanted material from unique cultural heritage objects 

and monuments, it is a complex process closely dependent on the material properties and laser 

parameters (P. Pouli., etal., 2016), the type of laser beam which is used in cleaning is a high-

purity laser (Nd: YAG), it is producing one wavelength in a very narrow beam and it is more 

selective, one of the advantages of the laser is that it is fast, easy to use,  effective in removing 

layers of damage, and it stops automatically after removing these layers (A.F.Elhagrassy., and  

A.Hakeem., 2018). Nanomaterials can be used in cleaning and have good results , for example 

zinc oxide (ZnO), which is a substance that prevents the formation of biological damage on 

marble surfaces, in addition to its role in removing dirt and stains (E. Schifano., etal., 2020)( 

M.A. Aldosari., etal.,2019).  Another nanomaterial can be used in self – cleaning for stone 

monuments is Titanium nano particles (TiO2) or titania technique, it is used also for 

consolidation of building materials and lime mortars to enhance the self-cleaning and 

mechanical properties (M.M. Abdel-Hady., etal.,2018) (M.A. Aldoasri., etal.,2017) (F. 

Gherardi., etal., 2017). 

 The dust on the surface of the gravestone was removed with a soft brush; the sticky dirt was 

mud and was removed mechanically by wooden spatulas so as not to scratch the surface. As for 

the remaining dirt, it was chemically removed with a solution of acetone and distilled water in 

a 1:1 ratio by swabs in order to remove dirt from inside the writings, as for the writing in black 

ink on the surface of the object, it was difficult to remove and it is recommended not to write 

on the surface of the monument in any way so that it cannot be distorted, (Fig .9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Consolidation processes: 

 The Consolidation process of the deteriorated archaeological marble is carried out in order to 

increase its mechanical properties as well as its resistance to environmental effects. 

Fig.9. Cleaning of the gravestone (mechanical and chemical cleaning) 
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Consolidator, protective and hydrophobic polymeric materials have been used in conservation 

science like: acrylic (Paraloid B-72 for example)(A.M.Bakr.,2011) , silicate  and alkoxy silane 

materials (C. Giancristofaro., etal., 2014), the most common products used to consolidate 

deteriorated building stones are mainly based on tetralkoxy- or alkylalkoxy-silanes, resulting in 

the formation of relatively stable silica inside the stone pores. Unfortunately, silica is not 

chemically compatible with carbonate stones like: marble and limestone, nanolime is a 

relatively recently developed material used in the consolidation process, derived from an older 

limewater method, nanolime is synthesized at nanoscale as calcium hydroxide particles in 

alcohol for suspension stability, as a particle size ranges between 100 nm and 500 nm is smaller 

than the pore size range of porous and carbonate stones (R.A. Al-Omary., etal.,2018), (E.Caner., 

and E.N.C.Saltık., 2018) , nano lime is called by some commercial names( Calosil®, 

Nanorestore ®,and  Merck®((A.S.Fernandez., etal., 2017)(Y.Y. Abdel–Aty., etal., 2020). 

Hydroxyapatite (HAP) also was used in the consolidation processes of carbonate stones like: 

marble and was converted recently into nanoparticles (E. Sassoni., 2018). Another nanomaterial 

which is used in the consolidation process is nanosilica (silicon dioxide - SiO2 in nano particles) 

(M.E. David., etal., 2020) and nano titanium (TiO2) which can be used for archaeological 

marble consolidation(M. Abd El Hady., etal., 2019).The marble gravestone was consolidated 

with Paraloid B-72 dissolved in acetone at concentration of 2% (Considering the low porosity 

of marble), This is by 7 cycles of consolidation using the brush for a period of 7 days, where 

the object was left for 24 hours between each consolidation session and the other until it was 

completely dry, taking into account the observation of the result of each consolidation session 

through a visual examination (the absence of a film or the presence of color change and surface 

gloss), Paraloid is considered one of the acrylic resins most commonly used in the consolidation 

of monuments due to its characteristic mechanical properties and ease of use. Therefore, using 

a polymer requires dissolving it in a solvent, such as ethyl alcohol, acetone or toluene. There 

are many kinds of Paraloid like: Paraloid B-66, Paraloid B-67, Paraloid B- 44 and Paraloid B-

82 but Paraloid B72 is the most used acrylic polymer. When using Paraloid B72 in 

consolidation, it doesn’t cause discoloration for the surface, and thus it is considered acceptable 

material for marble stone preservation. Moreover, Paraloid B72 also increases the water-

resistance of the stone (M.M. Ibrahim., etal., 2021), Paraloid B-72 is characterized with filling 

most of the pores and obscured many of particles, good stability, resistance to friction, 

flexibility and resistance to yellowing (A. Shoaib., and H. Kamal., 2020), (Fig.10). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.10. Consolidation processes of the gravestone with Paraloid B-72 at a concentration of 

2% 
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4.3 Isolation process: 

The process of isolation or coating the archaeological marble surfaces is carried out after the 

completion of the treatment or restoration processes, in order to preserve them from the factors 

of damage and deterioration, the same consolidator that was previously used in the 

consolidation processes can be used in the isolation process as a water repellent, but with a 

concentration ranging from 5-10%.  

 Acrylic polymers, tetraethoxysilane, nano lime (CaOH2), nano Titanium (TiO2) and nano silica 

(SiO2) are the most common coatings of stone objects (M. Zuena., etal., 2021). Hydroxyapatite 

(HAP) can be used also as an isolation material, it has a much lower dissolution rate and 

solubility than calcite, especially in an acidic environment, so it has been proposed for the 

protection of marble against acidic rain erosion (G. Graziani., etal., 2016). Methyl cellulose is 

experimented for marble monuments coating (indoor marble statues) to prevent them from 

staining and damage factors, the methyl cellulose performed very well. Aesthetically, it was not 

visible on the samples and had the best reversibility when using non-toxic materials (L. Kubick., 

and J. Giaccai., 2012). 

The process of isolation of  the gravestone after its restoration was carried out by using the same 

consolidation material, which is Paraloid B-72 dissolved in acetone (Water repellent material ), 

but with a concentration of 5%, with only two cycles, and by brushing, taking into consideration 

the dryness of each isolation cycle before applying the next cycle .The purpose of the isolation 

process is to conserve or preserve the object from the effects of the surrounding environment 

and future damage, (Fig 11,13). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11. The selected gravestone after isolation process 
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Fig .12-13. Marble gravestone no.142 before and after the restoration and conservation processes 

 

5. Conclusion  

The gravestones are one of the important dating methods, the stones from which these 

gravestones were carved were numerous, the most important of which is marble, as it is a rock 

that is easy to carve and ornament, the museum stores of the Ministry of Tourism and 

Antiquities - Egypt are rich in many archaeological gravestones from the ancient Egyptian 

civilization until the Ottoman era, the forms of these gravestones differed. In the Ottoman era, 

the gravestones of women were distinguished from that of men. The importance of this research 

is due to the preservation of stone gravestones and the important decorations and writings they 

contain, especially of marble, through the selection of a marble gravestone no.142 from the 

Greek era which is preserved in seven rooms museum store - Al Fustat  museum stores- Ministry 

of Tourism and Antiquities – Egypt ,   the mineral components of the marble and the aspects of 

the damage were identified through various methods of examination and analysis like : 

stereomicroscope , scanning electron microscope, x-ray diffraction and elemental analysis by 

EDAX , the restoration and conservation plan included mechanical and chemical cleaning , 

consolidation and isolation processes ,  for the purpose of preserving this important cultural 

heritage and its important writings. 

The research recommends the necessity of preserving this gravestone after its restoration and 

conservation by packing it with acid-free materials such as polyethylene in a relative humidity  

ranging between 40-45 %, a temperature of 18-20 ° C, 100 lux lighting (cold lighting-

fluorescent), and in the environment Free pollutants.  
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8. References  

1. A.A.E. Kabil: " A Collection of Some Unpublished Funerary Stelae in the Ismailia 

Museum", Journal of Architecture, Arts and Humanistic sciences, vol.7, no.33, 2022, 675. 

2. A.A.A. Hashed: "Archaeological Study for Some Gravestones Unpublished in National 

Port-Said Museum ", Classical Papers, Department of  Greek and Latin Studies , Faculty of 

Archaeology , Cairo University , vol.18, no.18 ,2021, 241. 

3.  D.M. Bahi Eldin: " Coptic tombstones between the fourth and seventh centuries AD ", 

University of Sharjah Journal of Humanities and Social Sciences, vol.18, no.1B, 2021, 65. 

4.  T. Ogreloil: "Touches of beauty in the Ottoman tombstones", Hira Magazine, vol.10, 2008, 

32.  

5. H.M. Gamil., M. El – Beblawi., M.M. Ahmed., M.T. Mohamed:  " Testing and Assessment 

of some Egyptian Marble Types ", Journal of Engineering Science (JES) , Faculty of 

Engineering , Assiut University, vol.50 , no.3, May 2022 , 38. 

6.  D. Rinne:" The Conservation of Ancient Marble", The J. Paul Getty Museum, 1976, 4.  

7.  P. Pouli., E. Papakonstantinou., K. Frantzikinaki., A. Panou., G. Frantzi., C. Vasiliadis., and 

C. Fotakis : "The two wavelength laser cleaning methodology; theoretical background and 

examples from its application on CH objects and monuments with emphasis to the Athens 

Acropolis sculptures" , Heritage Science , vol.4, no.9,2016 , 1. 

8.  A.F. Elhagrassy., and A. Hakeem:  "Comparative study of biological cleaning and laser 

techniques for conservation of weathered stone in Failaka island, Kuwait" , scientific culture, 

vol. 4, no. 2, 2018 , 43. 

9.  E. Schifano., D. Cavallini., G.D. Bellis., M.P. Bracciale., A.C. Felici., M.l. Santarelli., M.S. 

Sarto., and D. Uccelletti : " Antibacterial Effect of Zinc Oxide-Based Nanomaterials on 

Environmental Biodeteriogens Affecting Historical Buildings" , Nanomaterials , 10,335, 

2020, 2. 

10.  M.A. Aldosari., S.S. Darwish., M.A. Adam., N.A. Elmarzugi., and S.M. Ahmed : " Using 

ZnO nanoparticles in fungal inhibition and self-protection of exposed marble columns in 

historic sites ",  Archaeological and Anthropological Sciences,vol.11, 2019, 3408. 

11.  M.M. Abdel-Hady., M.M. Abdel –Hafez., M.F. Abdelrhman: " Nanotechnology in surface 

of archaeological stones" , Academia Journal of Agricultural Research , vol.6,no.5, 2018, 173. 

12.  M.A. Aldoasri., S.S. Darwish., M.A. Adam., N.A. Elmarzugi., and S.M. Ahmed:" 

Protecting of Marble Stone Facades of Historic Buildings Using Multifunctional TiO2 

Nanocoatings ", Sustainability,9, 2002, 2017, 2. 



2024عشر                                                فبراير  العدد التاسع-المجلد الرابع  -مجلة التراث والتصميم                                          

350 

13.  F. Gherardi., D. Gulotta., S. Goidanich., A. Colombo., and L. Toniolo: " On-site monitoring 

of the performance of innovative treatments for marble conservation in architectural heritage 

", Heritage Science , vol.5,no.4, 2017, 2.  

14.  A.M. Bakr: " Evaluation of the reliability and durability of some chemical treatments 

proposed for consolidation of so called-marble decoration used in 19th century cemetery , 

(Hosh Al Basha), Cairo, Egypt " , Journal of General Union of Arab Archeologists (JGUAA), 

vol.12,no.12, 2011, 76.  

15.  C. Giancristofaro ., R.D'Amato., L.Caneve., L.Pilloni ., A.Rinaldi ., and F.Persia : " 

Performance of Nanocomposites for Preservation of Artistic Stones " , Nanoforum (AIP 

Conference Proceedings 1603, 86), 2014, 86. 

16.  R.A. Al-Omary., M. Al-Naddaf., and W. Al Sekhaneh: " Laboratory evaluation of nanolime 

consolidation of limestone structures in the Roman site of Jerash, Jordan" , Mediterranean 

Archaeology and Archaeometry, Vol. 18, No 3, 2018, 36. 

17.  E. Caner., and E.N. C. Saltık :   " A practical method for preparing Ca(OH)2 

nanodispersions for the consolidation  of archaeological ,  calcareous stones " , Mediterranean 

Archaeology and Archaeometry, Vol. 18, No.3, 2018, 63. 

18.  A.S. Fernandez., L.S.G. Villalba., M.E. Rabanal., and R. Fort : " New nanomaterials for 

applications in conservation and restoration of stony materials: A review", Materiales de 

Construcción, vol.67, no.325,2017, 4. 

19.  Y.Y. Abdel–Aty., H.S. Mahmoud., and A.A. Al-Zahrani: " Experimental Evaluation of 

Consolidation Techniques of Fossiliferous Limestone in Masonry Walls of Heritage Buildings 

at Historic Jeddah, Kingdom of Saudi Arabia " , Advanced Research in Conservation Science, 

vol.1,no.1, 2020 , 20. 

20.  E. Sassoni :  " Hydroxyapatite and Other Calcium Phosphates for the Conservation of 

Cultural Heritage: A Review " , Materials 11,557, 2018, 2.  

21.  M.E. David., R.M. Ion., R.M. Grigorescu., L. Iancu ., and E.R. Andrei: "Nanomaterials 

Used in Conservation and Restoration of Cultural Heritage: An Up-to-Date Overview " , 

Materials , 13,2064, 2020, 9. 

22.  M. Abd El Hady., S. Hemada., and M. Algohary: " Nano Particles and Nano Composites 

for Preservation of Historic Marble Minbars with Application on the Minbar of Soliman 

Pasha Al-Khadim Mosque in Salah El-Din Citadel in Cairo, Egypt" , Open Journal of 

Geology, vol.9, 2019,964. 

23.  M. Zuena., L. Ruggiero., G. Caneva., F. Bartoli., G.D. Ventura., M.A. Ricci., and A. Sodo: 

" Assessment of Stone Protective Coatings with a Novel Eco-Friendly Encapsulated Biocide 

", Coatings, 11,1109, 2021, 1. 

24.  G. Graziani., E. Sassoni., E. Franzoni., and G.W. Scherer: " Hydroxyapatite coatings for 

marble protection: optimization of calcite covering and acid resistance, Applied Surface 

Science, 368, 2016,241. 

25.  L. Kubick., and J. Giaccai: "A comparative study of protective coatings for marble 

sculpture " , Objects Specialty Group Postprints, the American Institute for Conservation of 

Historic & Artistic Works (AIC), vol.19, 2012, 66. 

26.  W.K. Kamel : "Characterization and Treatment of Rock Inscriptions in Wadi Nasib in 

South Sinai, Egypt, Case Study "   , Middle East Journal of Applied Sciences , vol.8, no. 1, 

Jan-Mar, 2018, 67. 



2024عشر                                                فبراير  العدد التاسع-المجلد الرابع  -مجلة التراث والتصميم                                          

351 

27.  G. Kamh., and N. Klitzsch : " testing single and mixed resins for consolidating moderately 

weathered limestone of archaeological sites, new applied techniques", International Journal of 

Conservation Science, vol.9, no.3, p: 600, July- September 2018, 600. 

28. A. Al-Bawab., R. Abd- Allah., H. Al-Hamati., F.  Odeh., A. Bozeya:  " Consolidation of 

archaeological basalt stone: a new experimental protocol by using different dispersions 

formulation ", International Journal of Conservation Science , vol.8, no.2, April- June 2017, 

189. 

29. M.M. Ibrahim., W.S. Mohamed., H.M. Mohamed : " Experimental study for evaluation of 

Paraloid® B72 and its nanocomposite with nano TiO2 and nano ZnO for Consolidation of 

pottery samples " , Scientific culture, vol.7, no.2,2021, 102. 

30. A. Shoaib., and H. Kamal :  " An experimental study for evaluating the efficiency of 

consolidated materials for limestone treatment " , Journal of Architecture , Arts and 

Humanistic Sciences , vol.5,no



 

 

 


