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ABSTRACT 

  [AR]                                                                                                                 مصر –تقييم علاج وصيانة الواجهات الرئيسية لمعبد مدينة هابو، الآقصر 

ُ
 
ُالبيئيةت ُالمخاطر ُعلى ُالورقة ُهذه ُباُركز ُالنقوشُالجدارية ُعلى ُتؤثر ُلرمسالتي ُالجنائزي ُللمعبد ُالرئيسية ُالغربيةُلواجهات ُبالضفة يسُالثالث

تمتُدراسةُموادُالبناءُالمستخدمةُفيُالمعبد،ُونواتجُالتلف،ُوالعواملُُلتحقيقُهذاُالغرضمعُاقتراحُأفضلُالموادُلحفظُهذهُالنقوش.ُللأقصر،ُ

الميكروسكوبُالمستقطب،ُوالميكروسكوبُالإليكترونىُالماسحُالمزودُبوحدةُوُالبيئيةُالمحيطة.ُتمُتحديدُخصائصُالموادُمنُخلالُالفحصُالبصرى،ُ

ُللأشعةُالسينيةالتحليلُالعنصرىُ ُوُ، ُالأشعةُالسينية ُ(XRD)حيود ُمعُتحديدُوُ، ُالثابت، ُالماء ُالتلامسُمع ُوقياسُزاوية قياسُالتغيراتُاللونية،

ُحي ُمنُالحفظ، ُللمعبدُفيُحالةُخطيرة ُالواجهاتُالرئيسية ُأظهرتُالنتائجُأنُالنقوشُالجداريةُعلى ثُبعضُالخصائصُالفيزيائيةُوالميكانيكية.

واملُالتلفُالبيئيةُالتيُتأتيُنتيجةُالتوسعُالحضريُوالزراعيُحولُمنطقةُالمعبد،ُعالعديدُمنُُنتيجةُتأثيرالتلفُُبالعديدُمنُمظاهرُوأنماطتأثرتُ

البناءُالأساسيةُهىُُموادُأنُعلاوةُعلىُالأنشطةُالبشريةُوعواملُالتدهورُالبيولوجي.ُأظهرتُالنتائجُالتيُتمُالحصولُعليهاُبطرقُالفحصُوالتحليل

60ُوملُمنُالماءُالمقطر،1000ُُ(ُوالتيُتتكونُمنAُراسةُالتجريبيةُللعلاجُأنُالكماداتُالمحضرةُ).ُأظهرتُنتائجُالدجبسيةالونةُالمُوالحجرُالرملىُ

جمُأربوسيلُ)لب40ُُ،ُوُ)إديتا(ُجمُمنُحمضُإيثيلينُديامينُرباعيُالخليك25ُوجمُمنُبيكربوناتُالصوديوم،60ُُوجمُمنُكربوناتُالأمونيوم،ُ

ُإزالةُ ُفي ُالأكثرُفعالية ُهى ُفإنُمنتجُميثيلُتراىُالسليلوز(، ُذلك، ُإلى ُبالإضافة الإتساخاتُوالبقعُوفضلاتُالطيورُمنُأسطحُالنقوشُالجدارية.

ُوحمايةُالحجرُالرملي.ُُتقويةلهُكفاءةُكبيرةُفيُ ميسوكس ىُسيلان
ً
مسحوقُوُمل،100ُُجيرُمطفىُوُمل،100ُ(ُالمكونةُمنُ)رمالُصفراءCُالمونةُ)أيضا

ُرماديُ ُرملي 100ُُحجر ُمسحوقُوُمل، ُبني ُرملى 100ُُحجر ُوُمل، +ُ ُمقطر ُالفجواتُوال(Eucopr M 5mlماء ُلملء ُأفضلُمونة ُهى فيُُعراميس،

 الواجهاتُالرئيسيةُللمعبد.

 [EN] This paper focuses on the environmental hazards affecting the wall reliefs at the main facades of the 

mortuary temple of Ramesses III at Luxor west bank, abreast with proposing the optimum materials to 

conserve these inscriptions. To achieve the aforementioned purpose; the building materials used in the 

structure, the deterioration products, and ambient environmental   factors were studied. The materials were 

characterized by visual observations, polarized light microscope, scanning electron microscopy with energy 

dispersive X-ray spectroscopy (SEM-EDX), X-ray diffraction (XRD), colorimetric measurements, and static 

water contact angle, with some physical and mechanical properties. The results revealed that the wall reliefs 

on the main facades of the temple are in a serious preservation state, where affected by several deterioration 

phenomena and patterns of damage due to the effectiveness of many environmental deterioration factors, 

which come as a result to urban and agriculture sprawling around the temple area, moreover human 

activities and biodeterioration factors. The results obtained by investigation and analytical methods revealed 

that the main building materials are the sandstone and gypsum mortar. The experimental study results of 

the treatments demonstrated that the prepared poultice (A), which consists of 1000 ml of distilled water, 60g 

of ammonium carbonate, 60g of sodium bicarbonate, 25g of ethelyne diamine tetraacetic acid, and 40g of 

arbocel (cellulose pulp), is the most effective in removing dirt, stains, and bird droppings from the surfaces 

of wall reliefs. Additionally, the product of Methyltrimethoxysilane (MTMOS) has a significant efficiency in 

consolidation and protection of sandstone compared to the other evaliuated products in the study. Also, the 

mortar (C), wich consisting of (yellow sand 100ml, slacked lime 100ml, gray sandstone powder 100ml, 

brown sandstone powder 100ml, distilled water + Eucopr M 5ml), is  the best mortar for filling gaps and 

joints in the main facades of the temple. 
 

KEYWORDS: Cleaning, consolidation, EDX,  Luxor, Medinet Habu, Mortars, sandstone, SEM, Static water 

contact angle, wall reliefs, XRD. 
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I. INTRODUCTION 

The mortuary temple at Medinet Habu, was built by Ramesses III (c. 1182–1151 BC). 

It is considered the nucleus of the entire building project of Medinet Habu, and today it is 

still the centre and its dominant feature. It is also the only structure still relatively fully 

preserved among the surrounding ruins. The temple is located on Luxor’s west bank (25° 

42’ N, 32° 36’ E), at the southern extremity of the great necropolis of ancient Thebes, on the 

desert edge, just above the cultivation [FIGURE 1]1. From the geological point, this region is 

a part of the Stable Shelf, which is characterized by alluvium deposits along the Nile's 

banks which is of Pliocene age and is bordered by Oligocene, Eocene, and Miocene re-

gions. The Pliocene unit is represented in the study area by two formations, namely, Plio-

cene fault breccia or intraformational conglomerate and Medamud that are covered by the 

unconsolidated recent alluvial sediments of a Nile flood plain unit. This unit is composed 

of two sequential layers: silty clay layer of low shear strength and clay layer, with attain-

ing a total thickness of 18.5 m2. The temple was built of sandstone, a sedimentary rock, 

that highly spreads at the surface of the earth and has been classified according to the kind 

and proportion of cementitious materials (quartz, calcite, iron oxide, clay or other 

cements), quartz being the main component that gives it strength. It is commonly 

described as «Nubian sandstone» because it belongs to the stratigraphic sequence known 

as the Nubian group. In Egypt, a total of thirty-four ancient sandstone quarries, thay occur 

continuously in the Nile valley and on the adjacent desert plateau from Esan southward 

into northern Sudan, are identified. In addition, some quarries are located in the western 

and eastern desertsThe quarries of sandstone at ElSilsilah, ElTaref, Quseir, ElShehab, 

Kirtas, Duwi, Umm Barmil, Timsah, Abu Aggag and Gabal Ahmar are the most 

commonly used quarries in ancient Egypt.3 Sandstone deterioration is a complex process 

that depends on both internal sandstone characteristics, such as mineral composition, 

texture, type of cement material, and pore surface formation, as well as external 

environmental conditions4.  

Unfortunately, the inscriptions on the main facades of the studied temple are 

suffering from a bad preservation state, as a result to influence of many deterioration 

factors like the environmental problems, due to the urban and agriculture sprawling 

around the temple area. In addition, the effects of biodeterioration factors, the human 

actions and the effects of climate5, where the climate of study area is classified as arid and 

semi arid. The range of the monthly average air temperature is 12 to 32 oC, while 

maximum relative humidity (RH%) reaches 50% in December and 29% in August. 

Average rainfall ranges from 0.01 to 0.2 mm, precipitation is restricted to flash floods. The 

average wind speed varies between 3.7 and 21.1 km/h, and the evaporation rates are 

                                                      
1 NELSON et Al 1930: 2; HÖLSCHER 1941: 2-4; MURNANE 1980: 1-5; SCOTT 2011: 1-6;  JOSÉ DAS 2012: 87. 
2 ELFADALY et Al 2018: 587-610. 
3 NICHOLSON & SHAW 2000: 54-56; HARRELL & STOREMYR 2009: 7-50; LABUS & BOCHEN 2014: 2027-2042; HADI & 

ALI 2018: 613-619; CAI et Al 2019: 1-18. 
4 MISCEVIC & VLASTELICA 2014: 240-250.  
5 AYMAN et Al 2014: 93-104; ELFADALY et Al 2017: 1-19. 
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lowest in January (2.5 mm/day) and highest in June (9.4 mm/day)6. The effects of those 

factors can be seen in the aesthetical appearance of the main facades of the temple in many 

deterioration aspects such as efflorescence, discoloration, scaling, flaking, fragmentation, 

detachment, powdering, loss of the sandstone’s surface layer, microbiological 

colonization, deposition of guano, and accumulated dust. In addition, can be seen in the 

effects of internal structural damage in a form of cracking and missing parts. The 

deterioration of such archaeological buildings as a result of the influence of physical, 

chemical and biological deterioration factors has been discussed in many works to clarify 

the mechanism of damag7. The treatment that achieves the future preventive effect of such 

wall reliefs exposed to multiple deterioration agents is always a complex task. Where this 

requires a broad knowledge of construction materials, previous treatment interventions, 

conservation materials and techniques as well as an understanding of damage mechanics8. 

The cleaning, consolidation as well as filling gaps and joints are the basic treatment 

procedures of such wall reliefs in order to restore their appearance before damage, to 

recover their strength, to increase their durability and to enable regular maintenance 

especially in an outdoor environment 9. Many experimental and applied studies have been 

conducted to demonstrate the effectiveness of multiple techniques and materials in the 

treatment and conservation of archaeological sandstone buildings10. Cleaning treatment is 

a very delicate process and essential for preservation of archaeological stone buildings. It 

improves their long term conservation, helps to reveal their aesthetic and artistic values 

and enhances their historical significance. By removing any undesired material such as 

dirt, dust, and other harmful materials from their surfaces11. The purpose of consolidation 

treatment is to restore the cohesion between the grains of damaged stones and improve 

their mechanical properties, which contributes to increasing their durability and helps in 

the sustainability of the archaeological buildings12. Silanes such as methyltrimethoxysilane 

(MTMOS), tetraethoxysilane (TEOS) and ethyl silicate… etc, are the most well known and 

successful used in consolidation of sandstone from the late 19th century to the present. 

Where they are commercially available and have excellent properties such as low 

viscosity, deeper penetration, better consolidation effect, relatively strong, compatibility 

with sandstone, resists cleavage by ultraviolet solar radiation as well as chemical, thermal 

and oxidative stability13. The completion or filling of missing parts (joints and gaps) is es-

sential to the conservation of archaeological buildings. This treatment has two aims: the 

first is to support the building, as it suffers from severe weakness in the region of loss and 

                                                      
6 WÜST & SCHLÜCHTER 2000: 1161-1172; MAHMOUD et Al 2010: 133-142. 
7 GUPTA  et Al 2013: 51- 57; LABUS & BOCHEN 2014: 2027 - 2042; BADER 2014: 201-219; HOSSAM 2015: 5-32; EL-

GOHARY 2015: 349-36; EL-DERBY 2016: 273-281; VEREZEN 2017: 20-34; BALA'AWI et Al 2018: 49-66; MANSOUR et 

Al 2019: 1352-1360, CHIAKI et Al 2021: 8-32; AHMED et Al 2021: 53-63. 
8 MOHAMMAD et Al 2019: 3389-3405. 
9 BADER et Al 2016: 103-118. 
10 BADER et Al 2016: 443-458; HELMI  et Al 2016: 29- 40; SALEH et Al 2019: 43- 48; REMZOVA et Al 2019: 1-16; CAI 

et Al 2019: 1-18; YASER et Al 2020: 16-33; HEFNI 2020: 64-75; ORABI et Al 2020: 238-249; GAJDOS et Al 2021, 1-

11.  
11 SIEGESMUND et Al 2011: 444; BAGLIONI et Al 2015: 6. 
12 RODRIGUES 2001: 3-14. 
13 GEORGE 2005: 1-14; FERREIRA et Al 2008: 38-53; GABRIELA et Al 2015: 1-6; MARCO & CARLOS  2018: 235-254; 

REMZOVA et Al 2019: 1-16. 
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deep erosion; the second is to present the aesthetics and historical values of the building14. 

The conservation principle states that any fill material should be compatible with the orig-

inal walls in terms of physical, mechanical and optical properties15. 
 

This research aims to: 

1-Characterize the used building materials and evaluate the current preservation state of 

the wall reliefs on the main facades of the mortuary temple at Medinet Habu. 

2-Propose optimum materials to conserve the inscriptions on the main facades of the tem-

ple by conducting experimental studies of treatments, to evaluate the efficiency of two 

types of prepared poultices, and to determine the best one for removing of dirt, stains 

and bird droppings from the surfaces of wall reliefs. In addition to evaluate the efficiency 

of four silicon based consolidation materials, to introduce the most suitable one for con-

solidation and protection of wall reliefs in the main facade of temple. Such evaluation is 

carried out on similar sandstone samples collected from the archeological site of Medinet 

Habu.  Also; to evaluate the efficiency of four types of prepared mortars to determine the 

most suitable one for filling gaps and joints in the main facades of the temple. To achieve 

such work different examination was carried out to include visual examination, polariz-

ing microscope, scanning electron microscope, X-ray diffraction, and EDX unit (Energy 

Dispersive X-ray Analysis). The proposed treatment materials were comparatively eval-

uated by visual examination, colorimetric measurements, static water contact angle, 

along with determination of some physical and mechanical properties, and morphologi-

cal characterization by scanning electron microscope. 
 

 
[FIGURE 1] : A) The study area on the Map of Egypt; B) the mortuary temple of Ramesses III in the center 

of Medinet Habu complexafter16; C) plan of the mortuary temple at Medinet Habu. NELSON et Al 1930: 11. 

 

 

 

 

 

 

 

                                                      
14 HASSAN 2022: 38-45. 
15 BALKSTEN 2010: 1-8. 
16 ELFADALY et Al 2018: 587-610. 
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II. MATERIALS AND METHODS 

1. Materials 

To characterize the building materials used in the main facades of the studied tem-

ple, micro-samples of the stone, mortar joints and salt encrustations were carefully collect-

ed from several locations on the walls, especially from the degraded parts as a result of de-

terioration mechanisms, and they were studied using various investigation and analysis 

techniques. 

For applying the cleaning tests on the main facades of the temple, two types of 

poultices (A & B) were prepared, their compositions is reported in [TABLE 1]. 

 

Components of Poultice (A) Components of Poultice (B) 

- 1000 ml distilled water 

- 60 gm ammonium carbonate 

- 60 gm sodium bicarbonate 

- 25 gm (Ethelyne diamine tetra acetic acid) 

-  40 gm Arbocel (cellulose pulp) 

- 1000 ml distilled water 

- 10 gm ammonium carbonate 

- 10 gm sodium bicarbonate 

- 20 gm Carboxy Methyl Cellulose 

 

[TABLE 1]: Composition of the prepared A & B cleaning poultices© Done by researcher 
 

Cubic sandstone samples (3. 5 cm3) were prepared for the experimental study of the 

consolidation products, according to guidelines for conservation purposes of archaeologi-

cal surfaces. Four silicon polymers were used for consolidating the prepared sandstone 

samples. The chemical compositions of the used consolidation materials are reported in 

[TABLE 2]. To simulate the consolidation process as it happens in the archaeological field, 

the consolidation materials were spread on the surfaces of sandstone samples by brush 

until the surface was saturated. Then the treated samples were left at the room 

temperature and controlled RH 50% for about a month, to complete the polymerization 

process17.  

 

Product Composition Solvent Company 

Wacker OH 100 

Estel 1000 

Dow Corning 

Nano Estel 

Ethyl silicate & methyl ethyl ketone 

Ethyl silicate 

Methyltrimethoxysilane (MTMOS) 

Nano silica 

Acetone 

White spirit 

Acetone 

Water 

Wacker Chemie, Germany 

CTS Italian company 

Sigma-Aldrich, Germany 

CTS Italian company 

[TABLE 2]: The chemical compositions of the used consolidation materials© Done by researcher  
 

To prepare the mortars for filling gaps and joints in the main facades of the studied 

temple, the following materials were used: high quality slaked lime, good quality yellow 

sand, gray crushed sandstone, brown crushed sandstone, heba powder, Eucopor M 

product, Addibond product and distilled water. The used sand was free from salts, 

organic matter, clay, and silt. They were sieved through a medium sieve in order to 

                                                      
17 LICCIULLI  et Al  2011: 437- 444; HELMI et Al  2016: 87-96; MOHAMMAD et Al  2019: 3389-3405. 
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achieve homogeneous, gradient-grained mixture. The heba powder was obtained by 

grinding and sifting the clay containing calcitic soil deposits. Eucopor M product is a 

special plasticiser for mortar, based on neutralized vinsol resin, produced by Swiss Chem. 

Addibond product is based on styrene-butadiene latex stabilized with polyvinyl alcohol, 

contains a non-migratory plasticizer and is produced by Chemicals for Modern Building 

company (CMB). The experimental study was conducted using four types of mortar 

prepared from the above mentioned materials. Their compositions are reported in [TABLE 

3]. The solid components were mixed in dry states, according to the amounts listed in 

[TABLE 3]. This was followed by mixing the slacked lime in a small quantity of water and 

adding to the mixture through a fine strainer, then adding the improved materials 

according to their ratio. Finally mixing the ingredients manually, adding water as needed 

in order to obtain a suitable texture, then casting fresh mortar in cubic metal moulds (5 

cm3), with light compaction to obtain well compacted mortar free of air voids. After  one 

day the samples were demoulded carefully, left to set and harden at room temperature in 

order to carry out the evaluation tests. 
 

Mortar 

name 

The compositions  

(A) 

 

Yellow sand 100ml + Slacked lime 150ml + Gray sandstone powder 100ml + Dis-

tilled water. 

(B) Yellow sand 100ml + Slacked lime 100ml + Gray sandstone powder 150ml + Brown 

sandstone powder 50 ml + Distilled water. 

(C) Yellow sand 100ml + Slacked lime 100ml + Gray sandstone powder 100ml + Brown 

sandstone powder 100ml + Distilled water + Eucopor M 5ml 

(D) Yellow sand 100ml + Slacked lime 100ml + Gray sandstone powder 100ml + Brown 

sandstone powder 100ml + Heba powder 50ml + Addibond + Distilled water. 

[TABLE 3]: The compositions of the mortars© Done by researcher  
 

2. Methods 

Thin section from the collected sandstone and mortar joints samples were prepared 

for the petrographic study, which was carried out using Nikon eclipse LV100POL 

polarizing microscope. Quanta 250 scanning electron microscope (SEM) was used to 

investigate the surface of archaeological samples and the treated sandstone. Philips 

analytical X-ray diffractometer was used to determine the mineralogical composition for 

the collected samples. The operating conditions were gained through Cu k α radiation.  

The spectra were collected from 2-60 (2θ); the scanning speed was 2θ = 1 degree/min. 

at constant voltage 40 kv, and 25 mA. The obtained XRD patterns and relative intensities 

were compared with the «JCPDS» standards of 1967 to identify the compounds of studied 

samples18. The micro chemical analysis was carried out using EDX unit (Energy Dispersive 

X-ray Analysis).  

                                                      
18 JCPDS standards 1967. 
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The physical properties of the samples were determined by calculating the volume of 

each sample and weighing the dry and wet weight of each sample19. 

Bulk Density (D) in g/cm3 of the samples was measured before and after treatment 

using the following equation:-  

 

Where; (D) is the bulk density in g/cm3, (W) is original weight in gm and (V) is volume in 

cm3. 

Water Absorption (W.A) in % of the samples was measured before and after 

treatment using the following equation:- 

 

Where; (W. A) is the water absorption in %, (W1) dry weight of the sample in g 

before immersion and (W2) saturation weight of the sample in g after immersion in water 

for 24 h.  

 

Apparent porosity (A.P) in % of the samples was measured before and after 

treatment using the following equation:- 

 

Where; (A.P) is the apparent porosity in %, (W1) dry weight in g, (W2) wet weight in 

g and (V) is volume in cm3.  

The compressive strength of experimental sandstone samples and the prepared 

mortar were determined according to ASTM C 17020. 

 A colorimetric study of the experimental samples was carried out by means of 

Optimatch 3100 spectrophotometer, in order to calculate and determine variation of the 

aesthetical properties induced by the treatments, according to the following equation:- 

 

Where L* is the lightness/darkness coordinate, a* the red/green coordinate (+a* 

indicating red and -a* green) and b* the yellow/blue coordinate (+b* indicating yellow and 

-b* blue. While ΔL*, Δa* and Δb* are the differences in the, L*, a* and b* coordinates 

(according to CIELAB color space) of the treated and untreated samples21.  

The hydrophobicity of the experimental sandstone samples was evaluated using 

Drop master DM-701, by measuring the static water contact angle with samples, fully 

automated. 

 

 

 

 
 

                                                      
19 HEMEDA et Al  2018: 835-846.    
20 ASTM C 170 1976. 
21 CIE Standard S014-4/E  2007; DARWISH 2013: 413-422; BADER et Al 2016: 443-458. 
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III. RESULTS AND DISCUSION 

1. State of Preservation 

Visual examination confirmed that the wall reliefs at the main facades of the 

mortuary temple of Ramesses III were highly influenced by many deterioration patterns 

and forms, as follows: -  

A lot of the sandstones have lost their inscriptions due to scaling and flaking [FIGURE 

2/A-B]. This type of decay can be caused as a result of using sandstone blocks after carv-

ing; and the stones are laid so that the bedding planes of the rock are vertical rather than 

horizontal, which allows moisture to flow through the blocks freely22. This stimulates salt 

weathering by crystallization pressures of salts between its sedimentation layers 23 . 

Moreover, there is powdering on the surfaces of sandstones saturated with moisture, 

which are located primarily in some lower parts until 3 meters height of the external 

facades, resulting in the loss of inscriptions [FIGURE 2/ A, C]. Powdering is one of the most 

common deterioration forms to sandstone. This is due to the weakness or loss of the 

cement materials of the mineral granules, as a result to some deterioration factors such as 

air temperature (AT) and relative humidity (RH), by their alternative cycles and salt 

weathering24. Also discoloration took place at some parts of the stone blocks [FIGURE 2/ D, 

F], may be due to many factores such as moisture, fire and oxidation of oxidants especially 

iron oxides as a result of chemical weathering by free oxygen and water. In normal 

temperatures, free oxygen reactions are slow; while oxidative processes accelerate in the 

presence of water that is likely to dissolve some minerals, transfer to the surface of the 

temple walls and then evaporate, which leave disfiguring reddish brownish stains of the 

inscriptions 25 . Multiple types of cracks are clearly visible by the naked eye, such as 

individual horizontal, vertical cracks and networks of cracks [FIGURE 2/ G, H]. They vary 

in length and depth, and can lead to fragmentation of the stone into small pieces. The most 

widely discussed reason in studies is that the mechanical stress that occurs by salts due to 

the growth of hydration pressure of the saline solution inside the stone pores constitutes a 

great pressure that leads to cracks26. Fragmentation, observed in many sandstones [FIGURE 

2I], occurs as a result to effects of the mechanical and the physiochemical processes, 

depending on properties of sandstone, the mineral composition, texture, pore surface 

formation27. There is an extensive amount of dust layer adhered tightly to the inscriptions 

[FIGURE 2J]. This layer had turned into a layer of mud in some surfaces, which was 

saturated of moisture. Also, the presence of many kinds of surface deposits such as bird 

droppings, especially pigeon excrements, and wasp's nests, adhered tightly causing 

staining of the stone surfaces, and distortion of the inscriptions [FIGURE 2/ K, L]. The 

deposits represent chemical and biological deterioration factors; through creating some 

                                                      
22 SWANN 24-29. 
23 BADER et Al 2016: 103-118, GERMINARIO  &  OGUCHI  2021: 85–93. 
24 DESARNAUD et Al  2015: 1- 10; LAMP et Al 2016: 1-24. 
25 NORD 1993: 24- 35; ZHIXUE et Al 2010: 543–551; BADER 2014: 201-219. 
26 EPPES et Al 2017: 470- 508. 
27 MISCEVIC et Al  2014: 240-250; YÜKSEK  2019: 1-13. 
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acidic central points on sandstone surfaces28. Many forms of salts have been observed on 

the external facades of the studied temple such as (hard crusts and efflorescence) [FIGURE 

2/ M, O]. The salts accumulation may be related to presence of salt in the soil, previous 

intervention using Portland cement mortar, and the rising salty ground water level in the 

temple area, as a result to the unplanned urban which is associated with bad sewage 

networks, and the agricultural encroachment associated of poor irrigation water 

management29. As the groundwater level rises, dissolved salts move with the water into 

the pores and cracks of sandstones. After the water evaporates salt crystals accumulate on 

the surface of the stone (efflorescence) and the subsurface of the stone (sub-efflorescence 

and crypto-efflorescence). The scaling, spalling, powdering and cracking, are some 

physical degradation forms that affect the archaeological buildings of sandstone, as a 

result to the effects of salt weathering30. The red bricks were used to rebuild areas that 

lacked the original sandstone and the damaged areas in the external facades had been 

patched with black cement mortar, which caused darkening, cracking on the surrounding 

sandstones, and salt crystals accumulation [FIGURE 2/ P, Q]. Most joints in the external 

facades are missing the original mortar [FIGURE 2/R]. Different types of intentional me-

chanical damage were recorded due to the human activity which includes, blessing marks 

(knife whetting), and gaps over wide areas. Moreover, on the lower blocks, there are many 

loops that had been carved from the Middle Ages until the last century, for securing ani-

mals [FIGURE 2/ S &U]. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
28 EL-GOHARY  2015: 349-368; SPENNEMANN et Al  2017: 2-15; SPENNEMANN et Al 2017: 19-28;  SPENNEMANN et 

Al 2018: 15-28; AHMED et Al 2021: 53-63;  MOUSSA et Al 2021: 1-16. 
29 WÜST & SCHLÜCHTER 2000: 1161-1172; MOUSSA 2007: 172; MOUSSA et Al 2007: 1-11; ELFADALY et Al 2017: 1-9. 
30 BENAVENTE et Al 2004: 532-544; SMITH et Al 2008: 275-282; YALDIZ 2010: 1-10; AYMAN et Al 2014: 93–104; 

ELFADALY et Al 2017: 2-19; ELFADALY et Al 2018: 587- 610; TORRES 2018: 560-570; MANSOUR et Al 2019: 1352- 

1360; GERMINARIO & OGUCHI 2021: 85–93; MARTINEZ et Al 2021: 123- 132. 

https://www.researchgate.net/profile/Javier-Martinez-Martinez-3
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[FIGURE 2]: Preservation state of the external facades of the mortuary temple at Medinet Habu. A  ( scaling 

and powdering; B( scaling, flaking, and powdering; C( powdering in wet areas; D( discoloration by oxida-

tion of iron oxides; E( discoloration by moisture; F( discoloration by fire; G( horizontal cracks; H  ( vertical 

cracks; I( fragmentation; J& K( dust layer adhered and bird droppings; L( wasps’ nest; M( details of efflo-

rescence; N( salt crust; O( micro cracks as a result sub-efflorescence, and crypto-efflorescence; P& Q( pre-

vious intervention by red brick and cement mortar; R( loss of joints mortar; S( intentional blessing marks 

(knife whetting); T( intentional gaps; U( loops for securing animals. 
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2. Characterization of Building Materials  

The petrographic study revealed that the studied archaeological sandstone sample 

was composed mainly of quartz as an essential constituent, with minor amounts of clay 

minerals (kaolinite) and calcite, in addition to traces of biotite, feldspars, zircon, iron 

oxides, and opaques. Quartz occurs as sub rounded to angular, very fine to medium and 

sorted grains. Most of the quartz grains are monocrystalline while few are polycrystalline. 

Some grains are cracked and fractured. Feldspars occur as sub angular to angular grains. 

Clay minerals occur as cement material in most parts, while calcite occurs as cement 

material in some parts [FIGURE 3/A & B]. The components and features of studied 

sandstone sample are the same components and properties of Nubian sandstone, from 

Gebel El- Silsila in south -western Egypt (about 160 km south of Luxor, 50 km north of 

Aswan)31.  

The petrographic study revealed that the mortar’s joints sample is formed mainly of 

gypsum, fragments of carbonate rock in micrite form, quartz (sand grains), in addition to a 

minute amount of iron oxides and opaques. Quartz presents a single very fine to medium 

grained, subrounded to sub angular grains scattered in the matrix. Gypsum occurs as mi-

cro flakes. Rock fragments are fine to medium grained and have rounded to sub angular 

outlines. Gypsum and very tiny carbonate crystals make up the sample matrix [FIGURE 3/ 

C & D]. This finding confirms that the mortars in ancient Egypt were basically formed of 

processed gypsum, crushed limestone and sand32. Mortar was employed in Egyptian 

construction techniques to fill in the spaces between blocks, it was not important for 

bonding the heavy stone components, due to its low parameters of mechanical resistance33. 
 

 

 
[FIGURE 3]: Petrographic microphotographs of sandstone and joint mortar samples; A) sandstone under 

plane polarized light (PPL); B) sandstone under cross polarized light (CPL); C) mortar’s joints under 

plane polarized light (PPL); D) joint mortar under cross polarized light (CPL). 

                                                      
31 FITZNER et Al 2003: 1089-1103. 
32 MOUSSA et Al 2009: 292-308. 
33 DZIEDZIC  et Al 2015: 93-111. 
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SEM examination of sandstone samples at the exterior facades of the studied temple  

revealed variable sizes of angular and subrounded quartz grains [FIGURE 4/A].  In 

addition, the growth of salt crystals between the quartz grains led to a collapse of 

sandstone’s internal structure and the dissolution of cement materials. These effects 

caused loss cohesion among stone particles, an increase in porosity as obviously observed 

in SEM photomicrograph [FIGURE 4/A]. It also revealed some mechanical deformations to 

the quartz grains, such as micro exfoliation, micro pitting and breaking as obviously 

observed in SEM photomicrograph [FIGURE 4/B]. SEM photomicrographs [FIGURE 4/C, 

D&E] revealed the dense coats of halite crystals on the stone surface. In SEM photomicro-

graph halite appears as salt crust [FIGURE 4/C], large euhedral cubic aggregates [FIGURE 

4/D], in addition to prism and needles [FIGURE 4/E]. The SEM examination of the mortar’s 

joints sample from the external facades of the temple revealed variable sizes (very fine to 

fine to medium grained) of rounded to sub rounded and subangular particles of quartz 

grains. Diffusion of salt crystals between the grains, disintegration of granules and loss of 

cohesion, as a result to dissolution and loss of cement materials, led to an increasing 

porosity as obviously observed in SEM photomicrograph [FIGURE 4/F]. 

 

 
[FIGURE 4]: SEM micrographs of building materials samples; A) show angular and sub rounded grains of 

quartz, dissolution of cement materials which led to an increasing in porosity of sandstone and presence 

of sodium chloride crystals between quartz grains; B) mechanical deformations to the quartz grains (mi-

cro exfoliation, micro pitting and breaking); C, D & E) dense coats of halite crystals covering the stone 

surface; F) SEM micrographs of mortar’s joints sample. 

 

The results of X-ray diffraction revealed the following:-  

- The studied sandstone samples [FIGURE 5/A & B] consist mainly of quartz SiO2, kaolinite 

Al2(OH)4Si2O5, calcite CaCO3 and halite NaCl. Although rare amounts of biotite, 

feldspars, zircon, iron oxides and opaques were detected by polarizing microscope, they 

were not detected by XRD due to their very low proportions in the sample.  

- The mortar’s joints sample [FIGURE 6/A] consists mainly of gypsum CaSO2.2H2O, calcite 

CaCO3, quartz SiO2 and halite NaCl.  



Ahmed Manci 
 

DOI: 10.21608/JGUAA2.2023.206309.1130                       133                               JGUAA2 vol.8/2, 2023: 121-146 

- The salt sample [FIGURE 6/B] indicated that it is mainly consists of halite. The presence of 

halite within sandstone and mortar’s joints components indicates a high weathering has 

occurred, as clearly observed by SEM, which caused by the mechanical stress resulted by 

the crystallization cycles of halite salt 34 . These results match very well with the 

petrographic study and SEM. 

 

 
[FIGURE 5] :A& B) XRD pattern of the sandstone samples from the external facades of the temple. 

 
[FIGURE 6]:  A) XRD pattern of mortar’s joints sample; B) XRD pattern of salt sample. 

 

The EDX analysis of the studied sandstone and mortar’s joints samples [FIGURE 7]  

were carried out to identify the main elements contained in the samples. EDX spectrum of 

sandstone sample [FIGURE 7/A] revealed the presence of silicon (39.63%), aluminum 

(3.78%), oxygen (45.37%), calcium (2.90%), carbon (5.61%),  chlorine (1.05 %), sodium 

(0.84%) and iron (0.82%). The high peaks of silicon and oxygen confirmed the existence of 

silicon dioxide (quartz, Sio2) as the main component of the sample. An aluminum and 

silicon peak implies the presence of aluminosilicate materials (e.g., clays «kaolinite, 

Al2(OH)4Si2O5»). The peaks of carbon and calcium indicate the existence of carbonate 

mineral (calcite, CaCO3). Small intensity peak of iron refer to the presence iron oxide. The 

peaks of chlorine and sodium proved the presence of halite (Sodium Chloride, NaCl) in the 

sample. This result confirm the results of XRD. 

EDX spectrum of mortar’s joints sample [FIGURE 7/B] revealed the presence of silicon 

(8.33%), aluminum (1.37%), oxygen (43.94%), calcium (26.09%), sulfur (10.86%), carbon 

(5.47%),  chlorine (1.46 %),  sodium (1.06%), and iron (1.42%). The high peaks of calcium, 

sulfur and carbon indicates the existence of calcium carbonates (calcite, CaCO3) and 

calcium sulphates (gypsum CaSO4.2H2O). The high peaks of silicon and oxygen confirmed 

the existence of silicon dioxide (quartz, SiO2). The peaks of chlorine and sodium proved 
                                                      
34 RUFFOLO et Al 2013: 753-758.  
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the presence of halite mineral (Sodium Chloride, NaCl) in the sample. It was suggested 

that the presence of aluminum, and iron arised from the clay minerals impurities in the 

fragments of stone or the soiling materials. 

The analysis results that were obtained using XRD and EDX confirmed the results 

obtained by petrographic and morphologic studies. 

 

[FIGURE 7]:  A) EDX spectrum of sandstone sample; B) EDX spectrum of the mortar’s joints sample. 
 

3. Evaluation of Conservation Treatments  

A. Evaluation of the Cleaning Treatment  

The experimental study of cleaning materials and techniques was carried out directly 

on the southern facade of the temple, where the inscriptions suffer greatly from effects of 

accumulated dust and bird droppings, especially pigeon droppings. For this purpose, the 

poultice technique was chosen because it allowed for proper control of all stages, ensuring 

complete removal of undesired materials while preventing them from penetrating the 

pores of sandstone. Two types of poultices were prepared. The first poultice (A) 

compositions were mixed according to the percentages mentioned in [TABLE 1] with 40 mg 

Arbocel (cellulose pulp). The second poultice (B) compositions were mixed according to 

the percentages mentioned in table (1) with 20 mg of Carboxy Methyl Cellulose. Both 

composites were applied on a thin sheet of Japanese paper over the surface of the dirt, to 

avoid the adhesion of the poultice to the stone surface. The poultices were applied in the 

morning to keep them moist for a longer time. The application time for each poultice was 

one hour. Finally; the poultices were removed in successive stages, after each stage 

remaining solubilized materials were removed using a cotton swab embedded with 

distilled water, until complete removal of poultices. The visual observations reveal that 

the cleaning proceeded by the poultice (A) gave good results, where the layer of dirt was 

completely disintegrated, which allowed it to be easily removed. But the dirt was not 

completely dissolved after removing the poultice (B), which required repeating the 

poultice three times to obtain the same result that was obtained with one application of 

poultice (A) [FIGURE 8]. 
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[FIGURE 8]: The cleaning of the accumulated dust and bird droppings on the inscriptions. A& B) applica-

tion of the poultice (A); C) the cleaning result after removing the poultice (A); D& E) application of the 

poultice (A); F) the cleaning result after removing the poultice (B). 
 

B. Evaluation of Consolidation Materials 

1. Scanning electron microscope (SEM) 

SEM micrographs of the treated sandstone samples [FIGURE 9] revealed that all the 

consolidantes utilised in this study succeeded in consolidating the samples with varying 

degrees, except for the Nano Estel product. Sample treated with Wacker OH 100 [FIGURE 

9/A] illustrated that the consolidant filled the pores, improving the connection between the 

grains, and it formed a superficial layer full of micro cracks, obscured many of the 

individual particles. Sample treated with MTMOS [FIGURE 9/B] illustrated that the 

consolidating material surrounded the particles, filled the big and small pores and coated 

the surfaces of the sample with a homogenous polymeric layer without blocking the pores.  

Also; individual particles are visible. Sample treated by Estel 1000 [FIGURE 9/C] 

illustrated that the consolidant filled most pores, covered the samples with rough 

homogenous polymeric network, and containing micro cracks in some parts. The sample 

treated with Nano Estel [FIGURE 9/D] illustrated that the consolidation material covered 

the surfaces of the sample with an inhomogeneous dense coating containing tiny 

individual nanoaggregates and filled large cracks. 
 

 
[FIGURE 9]: SEM Micrographs of the treated sandstone samples; A) Wacker OH 100 treatment; B) MTMOS 

treatment; C) Estel 1000 treatment; D) Nano Estel treatment. 
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2. Physical and Mechanical Properties  

Improving the physical and mechanical properties of treated sandstone samples is an 

important goal to be achieved with the use of consolidantion products. By measurement, it 

was found that all the consolidation materials used in the study achieved this goal, where 

they all resulted in an increase in bulk density, a decrease in both apparent porosity and 

water absorption to varying degrees. The results were reported in [TABLE 4 & FIGURE 10]. 

By comparison, it was found that the material (MTMOS) achieved the best results in 

improving the physical and mechanical properties of the treated samples, as follows: 

Bulk density: the treated samples with MTMOS, achieved the highest bulk density of 

2.11 g/cm3, which is higher than the untreated sample by about 11.64% that was 1.89 

g/cm3. The treated samples with Estel 1000 ranked second, achieved bulk density of 2.08 

g/cm3, which was higher than the untreated sample by about 10.05%, while the treated 

samples with Wacker OH 100 ranked third, achieved bulk density of 2.05 g/cm3 which was 

higher than the untreated sample by about 8.46%. The treated samples with Nano Estel 

achieved lowest bulk density of 2.02 g/cm3, but were still higher than the untreated sample 

by about 6.87%. 

Apparent porosity: the treated samples with MTMOS, achieved the best result in 

reducing the rates of apparent porosity. It gave the lowest average values of apparent 

porosity, amount to 0.78% which lowers than the untreated sample by about 96.57% which 

was 22.78%. But the treated samples with Estel 1000, ranked second in reducing the rates 

of apparent porosity, where it achieved average values of apparent porosity 14.72%, and 

its decrease ratio due to consolidation treatment was only 35.38%. The treated samples 

with Wacker OH 100 ranked third in reducing the rates of apparent porosity, where it 

achieved average values of apparent porosity 13.09%, and its decrease ratio due to 

consolidation treatment was only 42.53%. While the treated samples with Nano Estel 

ranked last in reducing the rates of apparent porosity, where it achieved average values of 

apparent porosity 21.7%, and its decrease ratio due to consolidation treatment was only 

4.74%. 

Water absorption: the treated samples with MTMOS, achieved the best result in 

reducing the amount of water absorption. It gave the lowest average values of water 

absorption, which measured 0.39% and was lower than the untreated sample that 

measured 96.75%, and its decrease was by about 96.75%. This low percentage can be 

attributed to that the MTMOS product is a hydrophobic material. The treated samples 

with Estel 1000, ranked second in reducing the rates of water absorption, where it 

achieved average values of water absorption 7.12%, and its decrease ratio due to 

consolidation treatment was only 40.61%. The treated samples with Wacker OH 100 

ranked third in reducing the rates of water absorption, where it achieved average values 

of water absorption 6.38%, and its decrease ratio due to consolidation treatment was only 

46.78%. While the treated samples with Nano Estel ranked last in reducing the rates of 

water absorption, where it achieved average values of water absorption 10.84%, and its 

decrease ratio due to consolidation treatment was only 10.34%. 
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  Compressive Strength: the treated samples with MTMOS achieved the best result in 

increasing the compressive strength, where it gave highest average values of compressive 

strength of 211.66 kg/cm2, by an increase of 95.98% with respect to untreated samples, 

which achieved average values of compressive strength 108 kg/cm2. The treated samples 

with Estel 1000 ranked second in increasing the rates of compressive strength, where it 

achieved average values of compressive strength 193kg/cm2, and its increase ratio due to 

consolidation treatment was only 78.70%. The treated samples with Wacker OH 100 

ranked third in increasing the rates of compressive strength, where it achieved average 

values of compressive strength 197kg/cm2, and its increase ratio due to consolidation 

treatment was only 82.41%. While the treated samples with Nano Estel ranked last in 

increasing the rates of compressive strength, where it achieved average values of 

compressive strength 112.33kg/cm2, and its increase ratio due to consolidation treatment 

was only 4.01%.  

This result may be attributed to low viscosity rate of the methyltrimethoxysilane 

polymer, which enables it to high and easy penetration into the porous matrix, in addition 

to high and fast reactivity in the treated zones, in addition to its high compatibility with 

sandstone samples, where the methyltrimethoxysilane polymer is hydrolysed with water 

to form silanols which then polymerize in a condensation reaction to form a polymer that 

increases the cohesion of the stone material35. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
   

                                                      
35 FERNANDEZ et Al 2017: 1-18.     
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Tested 

Property 

Samples Results 

S1 S2 S3 Average 

 

 

 

Bulk density 

(g/cm3) 

Untreated  2.04 2.04 2.15 2.08 

Treated with Wacker OH 100 2.09 2.03 2.03 2.05 

Increase in bulk density %  8.46 

Treated with MTMOS 2.02 2.13 2.18 2.11 

Increase in bulk density %  11.64 

Treated with Estel 1000 2.04 2.04 2.15 2.08 

Increase in bulk density %  10.05 

Treated with Nano Estel 2.02 2.03 2.01 2.02 

Increase in bulk density %  6.87 

 

 

 

Apparent 

porosity (%) 

Untreated  22.76 22.78 22.80 22.78 

Treated with Wacker OH 100 13.11 12.52 13.63 13.09 

Decrease in apparent porosity %  42.53 

Treated with MTMOS 0.67 0.74 0.93 0.78 

Decrease in apparent porosity %  96.57 

Treated with Estel 1000 16.78 13.63 13.74 14.72 

Decrease in apparent porosity %  35.38 

Treated with Nano Estel 21.48 21.85 21.77 21.7 

Decrease in apparent porosity %  4.74 

 

 

 

 

Water 

absorption 

(%) 

Untreated  11.86 11.99 12.11 11.99 

Treated with Wacker OH 100 6.28 6.15 6.70 6.38 

Decrease in water absorption %  46.78 

Treated with MTMOS 0.33 0.38 0.48 0.39 

Decrease in water absorption %  96.75 

Treated with Estel 1000 8.23 6.65 6.49 7.12 

Decrease in water absorption %  40.61 

Treated with Nano Estel 10.62 10.7 10.84 10.75 

Decrease in water absorption %  10.34 

 

 

 

Compressive 

Strength 

(kg/cm2) 

 

Untreated  108 107 108 108 

Treated with Wacker OH 100 203 199 189 197 

Increase in compressive strength %  72.41 

Treated with MTMOS 215 224 229 211.66 

Increase in compressive strength %  95.98 

Treated with Estel 1000 189 194 198 193 

Increase in compressive strength %  78.70 

Treated with Nano Estel 113 115 109 112.33 

Increase in compressive strength %  4.01 

[TABLE 4]: Physical and mechanical properties of experimental sandstone samples. 

©Done by researcher 
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[FIGURE 10]: The physical and mechanical properties of experimental sandstone samples. A)The aver-

age bulk density; B) The average apparent porosity; C) The average water absorption; D) The average 

compressive strength (kg/cm2). 

 

3. Color Alteration  

According to guidelines for conservation purposes of historical or monumental 

surfaces, the ΔE value (total colour variation) of the treated surfaces must be < 536. The 

values obtained from chromatic changes measurements ΔE*ab of experimental sandstone 

samples (treated and untreated) are summarized in [TABLE  5]. 

 

ΔE* b ⃰ a ⃰ L⃰ Samples 

 17.86 6.60 71.13 Untreated 

8.02 20.65 7.20 63.63 Treated with Wacker OH 100 

2.45 20.25 6.20 70.76 Treated with MTMOS 

5.18 23.34 7.37 69.37 Treated with Estel 1000   

2.57 20.65 5.81 72.56 Treated with Nano Estel  

[TABLE 5]: Results of the chromatic measurements of the treated sandstone samples© Done by researcher 
 

The samples treated by MTMOS achieved lowest value of total color change ΔE*ab 

(2.45), which is below the threshold values according to guidelines for conservation 

purposes. Also the samples treated with Nano Estel has ΔE*ab (2.57), which also did not 

exceed guidelines values of conservation purposes. But the Estel 1000 product caused a 

minor change in the colour of treated sandstone samples, achieved a value of ΔE*ab (5.18), 

while Wacker OH 100 product failed to conserve the natural color of treated samples, 

                                                      
36 GIOVANNI et Al 2015: 222-231; NORMAL 2017; FRANCESCA et Al 2018: 1-23. 
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causing significant alteration in color of treated sandstone samples. It achieved the highest 

value of total color change ΔE*ab (8.02), exceeding guidelines values of conservation 

purposes. 
 

4. Static water contact angle  

To evaluate the water repellency of the treated samples, the static contact angle 

(sessile drop method) of water droplets placed on different positions on the samples were 

measured, and the average values were taken. The untreated and treated samples were 

included in this test for comparison. The results showed that all consolidants used in this 

study enhanced the property of water repellency of the sandstone samples, as shown in 

[FIGURE 11]. MTMOS product achieved the highest static water contact angle value (104°), 

[FIGURE 11/A], so it considered as a hydrophobic material because it has achieved contact 

angles more than 90 degrees. The hydrophobicity of this consolidant may be as a result of 

containing a non-polar methyl group connecting to the silicon atoms that form main chain 

of this polymer37. Estel 1000 product had static water contact angle value (74.6°), [FIGURE 

11/B]. While Wacker OH 100 product had static water contact angle value (37.9°), [FIGURE 

11/C]. Nano Estel product had achieved the static water contact angle value (15°), which is 

suggested to be ascribed to the high surface tension of the consolidation material in addi-

tion to the cracked and dense microstructural network formed on the treated stone 

surface. [FIGURE 11/D]. Therefore, Estel 1000, Wacker OH 100 and Nano Estel are 

considered hydrophilic materials, as they achieved water contact angles less than 90 

degrees. 
 

 
[FIGURE 11]: Photographs of water droplets on the treated sandstone samples; A) MTMOS treatment; B) 

Estel 1000 treatment; C) Wacker OH 100 treatment; D) Nano Estel treatment. 
 

C. Evaluation of the Mortars  

1- Visual Appearance  

         By Visual examination to the surficial appearance of the prepared mortars to choose 

the most appropriate one for filling gaps and joints in the main facades of the temple after 

drying and setting, the following notes have been observed [FIGURE 12]:  

- Mortar (A) is clear white in color, fine texture and appears to be strong and very cohe-

sive, which is incompatible with the sandstone used for the temple's main facades. The 

amount of lime used may be the cause of the mortar's white tint. 

- Mortar (B) is too weak, too fragile, easy to scratch, has homogeneous texture, dark gray 

color, which is incompatible with the sandstone used for the temple's main facades. 

                                                      
37 HELMI et Al  2016: 29-40. 
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- Mortar (C) is strong, has good cohesion, has homogeneous texture and is compatible in 

color with the sandstone used for the temple's main facades.  

- Mortar (D) matches the color and texture of the main temple facades' sandstone but is too 

strong, has high cohesiveness, and homogeneous texture. 

 

[FIGURE 12]: General appearance of the mortars samples. 
 

2. Physical and Mechanical Properties  

The results of physical and mechanical properties of prepared mortars were reported 

in [TABLE 6]. In a comparison, it was found that the mortar (C) achieved the best results in 

terms of physical and mechanical properties. It has the highest bulk density 1.78 gm/cm3, 

the lowest average values of apparent porosity, amount to 4.37%, the lowest average 

values of water absorption 2.45%, and the highest average values of compressive strength 

109.39 kg/cm2. This is may be attributed to the granular gradation of the components, 

which led to a good incorporation of the mortar, in addition to the ratio of mortar 

components, and the role of the (Eucopor M) product. From the above mentioned results it 

was decided that the mortar (A) would be the suitable mortar for filling gaps and joints in 

the external facades of the temple at Medinet Habu, as shown in [FIGURE 13]. 
 

Mortar 

name 

Bulk density 

(g/cm3) 

Apparent porosity 

(%) 

Water absorption 

(%) 

Compressive 

Strength (kg/cm2) 

(A) 1.64 32.54 16.22 94. 25 

(B) 1.67 38.32 18.87 75. 68 

(C) 1.78 4.37 2.45 109.39 

(D) 1.73 6.25 3.61 105.21 

[TABLE 6] :Physical and mechanical properties of mortars samples© Done by researcher 
 

 
[FIGURE 13]: Filling joint in the external facades of the mortuary temple at Medinet Habu using mortar; 

A) after applying the lining layer of mortarp; B) after applying the final mortar above of the lining. 
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IV. CONCLUSIONS 

Observation and visual examination reveal different kinds of deterioration phenomena to the 

inscriptions on the external facades of the temple, such as scaling, flaking, powdering, discoloration, 

cracking, gaps, open joints, fragmentations, bird droppings, salt efflorescence, and scratches (blessing 

marks). The the main factors contributing to the deterioration of these wall reliefs are the rising salty ground 

water level in the temple area, caused by unplanned urban and agricultural encroachments, human actions, 

and biodeterioration factors, particularly the wild pigeons. According to the results of investigation and 

analytical study, the main facades of the mortuary temple at Medinet Habu was built of Nubian sandstone, , 

most probably from Gebel El- Silsila quarry. It consists mainly of sub rounded to angular very fine to 

medium and sorted grains of quartz, in addition to minor amounts of kaolinite Al2(OH)4Si2O5, calcite CaCO3 

and halite NaCl. Moreover, rare amounts of biotite, feldspars, zircon, iron oxides, opaques. Also, the 

archaeological mortar consists mainly of gypsum CaSO2.2H2O, fragments of carbonate rock in micrite form 

(calcite CaCO3),  quartz SiO2 and halite NaCl. It is suggested that the presence of halite in the composition of 

the studied archaeological sandstone and mortar samples is considered as one of the weathering products. 

The results of experimental study of the cleaning poultices revealed that the poultice (A) is threefold effec-

tive than the poultice (B), as it easily removes dirt, stains and bird droppings from the inscriptions surfaces 

on the external facades of the studied temple. Also, the results of experimental study demonstrated that the 

(Dow Corning MTMOS) Methyltrimethoxysilane is the most suitable product for the consolidation and 

protection of the inscriptions on the main facades of the studied temple, as it achieved the best amelioration 

values of the mechanical and physical properties of the treated sandstone samples. Moreover, it showed 

good hydrophobic properties, as it achieved the highest values of static water contact angle. In addition, it 

achieved an excellent distribution and formed a homogeneous coating on the stone surface without closing 

the pores, as observed by SEM microscopic investigation. It didn’t cause any effect on the color or the 

general appearance of the treated sandstone samples. In addition; the experimental study of prepared 

mortars revealed that the mortar (C) is more suitable than other studied mortars for filling gaps, as it is 

compatible in terms of physical, mechanical and optical properties with archaeological sandstone in the 

main facades of the temple. 

 The achieved results in this study will be useful for conservation of the wall reliefs on the main facades of 

the mortuary temple at Medinet Habu.  
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