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Abstract  

 

This paper is a contribution concerning the used building materials in Alexan Pasha Palace in 

Assiut that dates back to the 20th century. Since those building materials are exposed to damage 

over time, this paper focuses on an archaeometric analysis of selected original samples of some 

joining and decorative building materials (stucco layers, mortars, and plaster) to determine their 

composition in terms of raw materials and manufacturing technology. That helps in making the 

correct and suitable decision for the restoration plan. Samples underwent PLM, XRD, SEM-

EDX, FTIR, and TGA/DTA analyses and investigations, revealing that calcite, gypsum, and 

quartz are the main components of raw materials used, in addition to some additives that were 

used for improving the mechanical properties and the aesthetic workability of main building 

materials. Severe deterioration conditions over a 120-year period resulted in a decayed 

microstructure of materials networks. Furthermore, the findings highlighted the crystal changes 

of the gypsum and calcite over time that were attributed to severe dominated conditions. In 

conclusion, these results will be used in the conservation-restoration interventions of the 

decoration elements that contribute to the continuity of the artistic and aesthetic value of the 

palace and such similar cases. 

 

Keywords: Decorative elements; Stucco; Plaster; Mortars; Conservation; Alexan Pasha Palace; 
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Introduction 

 

The research explores the historical importance of a grand palace associated with Alexan 

Pasha Absakharoun, a prominent figure who served in both the Parliament and the Senate during the 

late 19th century and the 1st half of the 20th century. Alexan Pasha hailed from distinguished Coptic 

families in the city of Assiut. Alexan Pasha Palace (Fig. 1) is located on Nile Street, south of the 

Assiut Governorate at coordinates 27°11'20"N 31°11'30"E. It is bordered on the eastern side by the 

Nile River.  This palace dates back to the beginning of the 20th century (1910), as it is engraved on 

its main southern facade. The palace itself is an imposing structure situated within a sprawling 

garden covering approximately one and a half acres, enclosed by a protective wall on all sides; it 

stands as a testament to the past. Beyond its historical significance, the palace boasts a rich array of 

construction materials. Its walls, for instance, were meticulously crafted from red brick and 

limestone, while the roof features a sturdy framework of iron beams interwoven with bricks [1].  

 
*  Corresponding author: m_1968_algohary@yahoo.com 
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Fig .1. a. Satellite view of Alexan Pasha Palace; b. Bird's-eye view of the palace; c. The main southern façade of the 
palace; d. The elevation of the main southern façade 

 

Notably, the palace’s architectural distinction extends to its decorative elements. Elaborate 

stucco work, both colored and non-colored, adorns its surfaces. Additionally, the incorporation 

of colored glass drawings further enhances its aesthetic appeal. Given the unique blend of 

historical, artistic, and material values embodied by this structure, preservation becomes 

paramount. This palace holds significant historical importance within the context of its time, 

particularly among the other palaces scattered across Upper Egypt [2]. According to El‐Gohary 

[3], field observation and some investigations were adapted through some scientific methods to 

evaluate the condition assessment of the palace. These methods include photographic recording 

and digital image processing (PRDIP), in addition to close inspection and complimentary survey 

(CICS) [4-7]. Through the resulting data of the previous investigations, it necessitates diligent 

attention, care, and maintenance to ensure its preservation. Over time, these delicate decorations 

and materials face the risk of deterioration. Safeguarding them ensures that future generations 

can appreciate and study this remarkable piece of history.  

As asserted previously by El‐Gohary [8], Pesaresi & Rizzi [9], Kamel et al. [10], and El-

Gohary & Metawa [11], the preservation of architectural heritage and archaeological structures, 

with their unique façades and intricate decorative elements, plays a crucial role in safeguarding our 

human and civilizational legacy for future generations; one such remarkable site is the Alexan Pasha 

Palace in Assiut. Over time, this historical gem has faced various environmental hazards [12] that 

include moisture, salt weathering, wind, and air pollution, which have taken their toll. Additionally, 

human-related factors have contributed to its deterioration roles, as argued before by Nicu [13], 

Walsh et al. [14], and El-Gohary & Abdel Moneim [15]; in different cases, to ensure its longevity, 

restoration efforts are imperative. A comprehensive approach was employed, involving multiple tests 

and analyses for studying and examining some samples of these materials to ascertain their 

constituent elements and to facilitate a methodological study of their architectural and meticulous 

restoration. According to many specialists [16-19], the restoration process of stucco mortars was 

undertaken with dual objectives in mind. The primary objective was to fabricate benchmark stucco 

specimens that are congruent with the chemical and mineralogical composition of the original 

archaeological stucco [20].  

a c 
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The second objective was to develop a mortar tailored for the completion of stucco motifs, 

the application of pointing mortars, and the infilling of fissures [21], [22]. By analyzing historic 
building materials, the authors gain valuable insights into the building’s evolution over time [23]. 
This knowledge informs restoration strategies, ensuring that the architectural legacy of Alexan 

Pasha Palace endures for generations to come. The present work relies on the study of the 
decorative building materials (stuccoes, plaster, and mortars) in Alexan Palace, aiming to develop 
a scientifically informed treatment plan. However, this process does not occur instantaneously; 

therefore, any research findings generated with the assistance of artificial intelligence must be 
rigorously verified and cross-referenced with traditionally established and reliable sources of 
knowledge [2]. Nonetheless, certain specific aspects of scientific research can benefit from AI 
support, potentially enhancing both experimental procedures and the reliability of obtained results. 

At its current level of advancement, artificial intelligence should be regarded as a supplementary 
research tool, applicable within clearly defined parameters [3]. Importantly, every scientific study 
represents an original and independent outcome of research efforts, rather than a mere AI-

generated response. The experiment discussed in this article was conducted in accordance with 
this approach, utilizing AI in an indirect and controlled manner. 
 

Materials and Methods  

 
Materials 

Initial visual examination has been carried out via in-situ visits according to El-Gohary 
[23] to identify the deterioration aspects [24]. Small representative samples of building materials 

have been carefully acquired and isolated from various building materials collected for 
examination and analyses to identify their chemical and mineralogical components. These 
components reflected the nature of the building materials and their physio-chemical properties, 
which is necessary when choosing and preparing the restoration materials for the archaeological 

site, including those samples: (A) Internal layer of stucco sample, (B) External layer of stucco 
sample, (C) Jointing mortars sample, and (D) Plaster sample are summarized in Table 1. Then, 
samples were captured and documented using a D5200 Canon digital camera.  

 

Table 1. Description of the samples collected for the study 

 

Symbol Description Features Symbol Description Features 

A 

  

Internal layer of stucco  

 

 

B External layer of stucco  

 

C 

 

Jointing mortars  

 

D 

 

Plaster  

 

 

 
Methods 

Polarizing microscope (PLM) 

The next step, samples, went under examination and analysis procedures by multidisciplinary 

sophisticated techniques to achieve a valuable characterization [25] as follows: Firstly, a thin 
section of each sample has been prepared by impregnating with low-viscosity epoxy resin under 
vacuum, and then they were sawn and polished until a thickness of 30 μm. Finally, the thin sections 

were meticulously analyzed using a polarizing microscope. This examination was instrumental in 
identifying the aggregates comprising various mineral additives (notably latent hydraulic compo-
nents), the nature of the binder, and particles associated with the binder. Additionally, it provided 
a detailed description of the pore structure within the samples [26] to check the details of the type, 

condition, deterioration products, and hydraulic phases if present [27]. A ZEISS polarizing microscope, 
"Primptech," for transmitted and reflected light illumination with a built-in camera was used. 
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Mineralogical analysis (XRD) 

The mineralogical analysis of the samples was performed by X-ray diffraction (XRD). Brucker 

D8 Advance has a theta: theta geometry (often called Bragg-Brentano or focusing geometry) with 

a copper-sealed tube x-ray source producing Cu Kα radiation (technically Kα1 and Kα2, with Kβ 

being removed by the primary optic) at a wavelength of 1.5406 Å from a generator operating at 

40 kV and 40 mA. This machine operates using a copper line-focus X-ray tube producing Kα radiation 

(Kα1 = 1.540598 Å, Kα2 = 1.544426 Å, Kα ratio 0.5, Kαav = 1.541874 Å) at Sohag University. 

Scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDX) 

Scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDX) to 

study the morphology and chemical composition of the samples [28]. SEM; FEI Quanta FEG 

250 instruments. The spectroscopic analysis of the energy-dispersive X-ray (EDX) was measured 

on an SEM instrument (Quanta field emission gun (FEG) equipped with an Oxford EDX system) 

at the Desert Research Center. Since it is one of the most important analyses that can be used as 

a helping tool in the reconstruction of historic stucco mortars [20].  

Fourier-transform infrared spectroscopy (FTIR)  

FTIR analysis was performed on the samples using FTIR 460 Plus (Jasco, Japan) in the range 

of 400-4000 cm⁻¹ to identify their functional groups [29] at the microanalytical center at Cairo Univ. 

Thermogravimetric analyzer and differential thermal analyzer (TGA/DTA) 

According to Bader and Al-Gharib [30], TGA/DTA was conducted for the quantitative  

determination of calcium carbonate and dihydrate  calcium sulfate, using a device with the following 

specifications: Detector: DTG-60H, Cell: platinum, Temp. rate: 10°C/min, Hold temp.: 1000°C. 

 
Results 

 

PLM   
The results of the thin sections’ examination are presented in Figure 2. Stucco samples 

exhibited calcite and fine-grained quartz grains, which appeared as sub-rounded to angular 

shapes. The jointing mortar sample also contains calcite and quartz within an iron-rich matrix, 

accompanied by iron oxides, gypsum, and fine-grained quartz. Lastly, PLM results confirm that 

lime is the main component in stucco and balding mortars. Finally, some cracks and surface 

discoloration surrounding the stucco were noted. 
 

 
 

 

 

Fig. 2. Stucco and joining mortar samples under a. plane polarized (up) and b. cross polarized (down), respectively 
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XRD  

The XRD results of samples taken from different places in Alexan Pasha Palace are listed 
in Table 2. The analysis of stucco samples' internal layer (A) decorative elements and the analysis 

of the mineralogical components, Figure 3a, revealed that it consisted of gypsum (89.5%), calcite 
(8.95%), and quartz (1.55); and the stucco samples' external layer (B) components, Figure 3b, 
included gypsum (34.2%), calcite (36.75%), quartz (13.05%) , and dolomite (15.97%). Moreover, 
jointing mortar components (C). Figure 3c was calcite (11.45%), quartz (30%) , dolomite (20.6%), 

hematite (23.2%), and magnetite (14.6%). Hematite and magnetite confirm the presence of iron 
compounds, which are responsible for the reddish-brown color of the mortar. Furthermore, the 

samples of plaster layer (D), Figure 3d, are composed essentially of gypsum (23.95%), calcite 
(59.3%), and quartz (16.75%), wherein gypsum was identified as the main component. Quartz 
was detected in all samples, and calcite, which was added to improve mechanical properties, was 
a major component in some samples of ancient plaster [31], [32]. 

 

Table 2. Average of XRD results of the examined samples: (A) stucco (internal layer), (B) stucco (external layer), (C) 

Jointing mortars, (D) plaster layer 

 

Samples Gyp Cal Qz Dol Hem Magn Magn. Cal 

A 89.5 8.95 1.55 - - - - 

B 34.2 36.75 13.05 15.97 - - - 

C - 11.45 30 20.6 23.2 14.6   - 

D - 11.5 30 20.6 23.2 14.6 - 

 

 
 

 

Fig. 3. XRD patterns of the examined samples; left - stucco (internal layer), right -  stucco (external layer),  

Lower left -  Jointing mortars, lower right -  plaster layer 

 

SEM 

Scanning electron microscopy (SEM) microanalysis of samples from both the stucco 

internal and external layers revealed the fine platy calcite crystals supported by flax fibers, Figure 
4a, in addition to prismatic needle-shaped gypsum crystals, Figure 4b. Further SEM investigation 
focused on the jointing mortar samples, indicating the use of lime mortar composed of calcite and 

angular to rounded quartz crystals, in addition to red brick crumbs characterized by grain homogeneity 
and slight porosity, and glassy phases suggested the utilization of high firing temperatures during 
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brick manufacturing (Figure 4c). Within the same context, SEM investigation of the plaster 

sample, Figure 4d, attested that it was composed of a fine layer of platy calcite crystals and a fine-
medium sand ratio.  
 

 
 

Fig. 4. SEM photomicrographs of the studied samples; a. stucco (internal layer), b. stucco (external layer),  

c. Jointing mortars, d. plaster  

EDX 

EDX microanalysis of samples listed in Table 3 proved that there are notable varieties of 

elements according to the type of the sample. The stucco internal and external layers, Figure 5a & 

b, revealed the presence of O, S, and Ca. These data demonstrated that gypsum (CaSO₄.2H₂O) was 

the predominant component in these samples. Additionally, varying percentages of Al, Si, Cl, Al, 

Na, Mg, K, and Fe were detected. Furthermore, the jointing mortar samples, Figure 5c, indicated a 

high concentration of Si, Ca, and C. Other elements such as Fe, Na, Mg, Al, S, and Cl were also 

detected in varying proportions. The increased calcium content confirmed the presence of calcite, 

likely added to enhance mechanical properties. Finally, the EDX microanalysis of the plaster 

sample, Figure 5d, highlighted major ions such as Si, Ca, and Cl along with minor elements like C, 

Na, Al, and K. These findings were corroborated by XRD and FTIR analyses. 
 

Table 3. EDX atomic weight percentage analytical results of the stucco samples: (A) stucco (internal layer), (B) stucco 

samples (external layer), (C) samples Al-Aramis mortars, (D) plaster samples 

 

Elemental ratios % 

Samples C O Na Mg Al Si S Cl K Ca Fe 

A 2.7 47.4 0.4 -- 0.3 0.3 17.8 2.1 0.4 28.6 -- 

B 15.4 37.7 0.2 0.2 0.5 0.8 15.4 1.3 0.3 27.6 0.6 

C 4.0 42.1 1.1 0.9 2.3 11.1 0.4 6.5 0.8 28.8 2.1 

D 3.5 38.1 0.4 -- 0.8 2.8 -- 5.5 0.4 48.6 -- 
 

a b 

c d 
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Fig. 5. EDX patterns of the studied samples; upper left -  stucco (internal layer), upper right - stucco (external layer),  

lower left - Jointing mortars, lower right - plaster    

FTIR  

The Fourier-transform infrared (FTIR) results for stucco samples from both internal and 

external layers, Figure 6a & b, reveal distinctive absorption bands associated with gypsum. These 

bands correspond to stretching frequencies of O-H bonds (3547.41 cm⁻¹, 3548.38 cm⁻¹, 3406.64 

cm⁻¹, and 3407.6 cm⁻¹) and a bond at 1467.56 cm⁻¹.  

 
 

 
 

Fig. 6.  Infrared spectra of samples; a. stucco (internal layer), b. stucco (external layer), c. Jointing mortars, d. plaster mortar    
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Additionally, calcium sulfate exhibits absorption bands at 670 cm⁻¹, while calcite 

manifests through stretching vibrations at 1623.77 cm⁻¹ and 1622.8 cm⁻¹, as well as a bond at 

602.646 cm⁻¹. Similarly, jointing mortars, Figure 6c, exhibit gypsum identification through 

absorption bands associated with stretching vibrations. Calcium sulfate absorption is observed at 

3426.89 cm⁻¹, calcite at 1629.55 cm⁻¹ and 876.488 cm⁻¹, and quartz at the stretching vibration 

bond of 1040.41 cm⁻¹. FTIR analysis confirms the presence of gypsum through absorption bands 

related to stretching vibrations. Furthermore, calcium sulfate absorption occurs at 3413.39 cm⁻¹, 

and calcite exhibits stretching vibrations at 709.676 cm⁻¹ and 874.56 cm⁻¹. Finally, the FTIR 

results for plaster layer samples, Figure 6d, highlight gypsum through absorption bands related 

to stretching vibrations of calcium sulfate at 3545.49 cm⁻¹ and 3407.6 cm⁻¹. Calcite is evident 

through stretching vibrations at 783.922 cm⁻¹ and 875.524 cm⁻¹, while quartz exhibits a stretching 

vibration bond at 1040.41 cm⁻¹ [33]. 

DTA/TGA 

The results of thermal analysis revealed the following: Curves A and B, representing the 

external layer of stucco (Figure 7a & b), display a pronounced endothermic peak at ~149°C 

associated with gypsum dehydration [34], accompanied by a high mass-loss event of ~16.75% 

between 24 and 324°C, confirming a gypsum-rich matrix; a secondary peak at ~658°C and a 

corresponding 4.16% mass loss between 324 and 714°C indicate the presence of calcite [35], 

[36], though in lower proportion, suggesting a binder dominated by gypsum with minor carbonate 

inclusions. Curves C and D (Stucco internal layer), Figure 7c & d, similarly exhibit a sharp 

gypsum‑dehydration peak at ~147°C and a DTG mass‑loss event at ~143°C, reflecting high 

gypsum purity and good crystallinity, while the decomposition of calcite at ~653°C confirms a 

mixed but gypsum‑dominant composition typical of protected internal layers with minimal 

alteration. In contrast, curves E and F (Jointing mortar), Figure 7e & f, show a markedly different 

thermal signature: the DTA peak at ~645°C and DTG mass loss at ~642°C indicate calcite 

decomposition as the principal thermal event, while the low‑temperature peak at ~76°C reflects 

minor dehydration, collectively demonstrating a carbonate‑rich, lime‑based mortar with only 

limited or altered gypsum traces—consistent with its structural rather than finishing function. 

Curves G and H (Plaster layer), Figure 7g & h, present dual endothermic events at ~151°C and 

~706°C corresponding to gypsum dehydration and calcite decomposition, respectively, with DTG 

data confirming both transitions; however, the relative intensity of the high-temperature peak 

suggests a more substantial carbonate component compared to samples 1 and 2, indicating a 

mixed gypsum–lime plaster formulation.  
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Fig. 7. TG-DTA curves of decorative elements; a. & b. stucco external layers, c. & d. stucco internal 

layers, e. & f. Jointing mortar, g. & h. plaster layers 
Discussion 

 

The completion of damaged or collapsed antiquities is among the most important and 

delicate operations in antiquity restoration and conservation. It contributes significantly to the 

stability and survival of historical buildings and decorations, preserving their artistic and 

architectural details and enabling them to maintain their original function. Furthermore, the 

completion of archaeological buildings and decorations, whether partial or full, aims to restore 

their original appearance and eliminate structural weaknesses in the buildings and in decorative 

elements and stucco. Within the same context, when completing decorative elements, 

inscriptions, or geometric shapes, it is essential to employ existing documents, references, or 
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guides that provide evidence of the missing parts. Moreover, the original execution methods 

should be adopted, and the same metallic components used in the decorations should be identified 

through sample examinations and analyses.  

In this regard, our findings proved that thin section analysis revealed some textural 

differences among the studied samples, in accordance with macroscopic observations, Figure 2. 

Overall, in mortars, stucco samples exhibited calcite and fine-grained quartz grains, which 

appeared as sub-rounded to angular shapes, indicating an origin from natural sands as reported 

before by El-Gohary [37] in a similar case. The presence of well-rounded porous lime lumps indicates 

that the lime used was dry-slaked, i.e., slaked with a minimum amount of water to convert all CaO 

into Ca(OH)₂ [26]. While it could be affirmed that the presence of iron minerals in the jointing 

mortar samples indicated the presence of red brick fragments in the mortar [38], [39]. Furthermore, 

minor crystals of calcite were observed within a notable pore with some brick fragments on the 

internal surface of the investigated samples, Figure 2a, as discussed previously by Uccelli [40]. 

Also, quartz as silicate impurities has been observed as an accessory mineral. Plagioclase and 

iron oxide fine aggregates can be noted as rounded and subangular components within the sample 

that could be attributed to some additives during the stucco preparation. Regarding the notable 

cracking and surface discoloration affected the case study owed accurately to the effect of humid 

environments and composition of rust that can be attacked very strongly by gypsum [41]. The 

studied samples, by XRD (Table 2 & Fig. 3), show that the stucco samples consist mainly of 

calcite (CaCO₃), gypsum (CaSO₄·2H₂O), and dolomite ((CaMg)CO₃), in addition to a small 

amount of quartz (SiO₂). 

These minerals that represent the main components characterized the historical stucco 

used in many historical palaces due to its versatility in creating intricate and durable decorative 

elements, as could be noted in Baroque and Rococo [42], [43], [44]. Within the same context, the 

presence of gypsum in investigated samples as a predominant phase in all samples is attributed 

essentially to deterioration processes through solubility of its component surface disintegration, 

as argued with Chapman and Smith-McNally [45]. The presence of dolomite may be attributed to 

its being added as a filler to increase strength and stability indexes of stucco. In some specific cases, 

especially in humid environments, the occurring dolomite may lead to an expansive process, reducing 

the material's durability through the decomposition of CaMg(CO₃)₂ to MgO and CaO that is owed 

to the effect of temperature [46]. Furthermore, the decorative elements consist mainly of calcite 

and gypsum as major minerals and a high ratio of dolomite, in addition to small amounts of quartz. 

In this regard, the Turco Master explained the advantages of mixing lime and gypsum mortars, 

saying, “The lower proportion of gypsum in relation to lime enables the increase of the speed of 

the hardening and assures the higher adherence of the mortar, thus compensating for the lower 

adherence of lime” [47]. In addition, referring to these materials as covering plasters, he adds, 

"When these two materials are used in the making of ornamental or decorative products, the 

proportion between gypsum and lime varies” [48]. The higher the lime, the greater the 

workability, the less the bleed water, the lower the ultimate strength, and the carrying capacity 

for sand. The lower the sand, the greater the strength. The lower the sand, the greater the 

workability. The coarser the sand, the less the workability. and the less the likelihood of cracks 

[49]. The mineral components of the joint mortar samples consist of quartz, gypsum, hematite, 

magnetite, and calcite, where calcite was added to improve the mechanical properties of mortar. 

The presence of hematite and magnetite is attributed essentially to the presence of red brick 

fragments as a filler, as could be mentioned previously by some specialists [50-53]. The presence 

of gypsum is related to salts, and the presence of anhydrite is the result of the transformation of 

gypsum (CaSO₄·2H₂O) by thermal weathering [57], [55]. Also, the detection of gypsum in the 

painted sample is related to the component used in the preparation layer of painting [56].  

SEM investigation, Figure 4a, revealed that the structure and components of historical 

stucco carvings are characterized by the presence of prismatic needle-shaped crystals, as affirmed 
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by Mis-hmastnehi et al. [57]. These crystals are a common feature in historical stucco that is 

attributed to the formation of gypsum (calcium sulfate dihydrate, CaSO₄⋅2H₂O) [58]. They 

characterized it after hardening through creating a dense, interlocking microstructure that gives 

stucco its strength, finest features, and value and prevents shrinkage [59]. These characteristics 

are considered the main key to stucco's durability, texture, and ability to hold complex shapes. 

Furthermore, the characteristic lamellate form of the gypsum crystals is evident in all samples, 

Figure 4b, with the notable presence of both Ca and S as two of the essential elements in the 

gypsum complex; in addition, other impurities (Cu, Al, Na, Cl, Si & Fe) were frequently present 

[60]. Further SEM investigation focused on the jointing mortar samples, which indicated the use 

of lime mortar that was composed of calcite, sand, and red brick crumbs (Fig. 4c). Another SEM 

investigation of mortar samples confirmed the use of lime mortar, consisting of calcite, sand, and 

gypsum (Fig. 4d).  

Microanalysis of samples using EDX demonstrated that gypsum was the predominant 

component in these samples. Additionally, varying percentages of Si, Ca, Al, Na, Mg, and K were 

detected. EDX microanalysis of jointing mortar samples indicated a high concentration of Si, Ca, 

and C; in addition, other elements such as Al, Cl, Na, S, Mg, Fe, and K were also detected in 

varying proportions. In this regard, the increased calcium (Ca) content confirmed the presence of 

calcite, likely added to enhance mechanical properties [32]. Finally, the EDX analytical results of 

the plaster sample highlighted major ions such as Si, Ca, and C, along with minor elements like 

Al, Cl, Na, S, Mg, and K (Table 3 and Fig. 5). Regarding the precipitation and growth of halite 

(NaCl) both on materials' surfaces and in pore systems, it could be affirmed that it is due to the 

seepage of underground water that is widely observed in the artistic elements of the Alexan Pasha 

Palace façade [61]. This salt is able, by a process of hydration and dehydration, to promote the 

disintegration of surfaces by its action on other salts [62]. The pressure of salt crystallization 

enhances the growth and development of micro- and macro-fractures and consequently leads to 

granular disintegration [63], scales, spalling, and flaking [64] that prevail inside plaster layers and 

decrease the overall strength of the materials used, especially in the lower parts of the palace walls. 

So, a lot of these parts have seriously lost their internal cohesion and resistance, where a big percentage 

of them become powder that was previously corroborated by XRD analysis [65], [66], [67].  

FTIR allows classifying the samples as calcite or as mixed mortars (carbonate or carbonate-

sulfate) according to the resulting bands, Figure 6. The stretching vibrations of calcium carbonate 

(1623.77 cm⁻¹, 1622.8 cm⁻¹, 602.646 cm⁻¹, 709.676 cm⁻¹, 874.56 cm⁻¹, 1629.55 cm⁻¹, 876.488 cm⁻¹, 

783.922 cm⁻¹, and 875.524 cm⁻¹) were identified in all analyzed samples. Where the vibration 

frequencies of sulfate are 670 cm⁻¹, 3413.39 cm⁻¹, 3545.49 cm⁻¹, and 3407.6 cm⁻¹. These bands 

correspond to stretching frequencies of O-H bonds (3547.41 cm⁻¹, 3548.38 cm⁻¹, 3406.64 cm⁻¹, 

and 3407.6 cm⁻¹) and a bond at 1467.56 cm⁻¹ are indicative of the presence of calcium sulfate in 

samples, while quartz exhibits a stretching vibration bond at 1040.41 cm-1 [48], [68]. TGA/DTA 

analyses proved to be very useful for this purpose. Decomposition of components at specific 

temperature intervals and the hydraulicity ratio can give important hints on the mortar's character. 

The integrated thermal analyses (DTA/TGA/DTG) in Fig. 7 (curves A–H) for the 4 samples 

reveal a technologically and compositionally diverse stucco system comprising gypsum‑rich, 

mixed gypsum–lime, and carbonate‑dominated formulations, each reflecting distinct functional 

roles and preservation states within the architectural stratigraphy. Across all samples, variations 

in peak sharpness, dehydration temperatures, and mass‑loss ratios reflect differences in crystallinity, 

grain size, and degrees of weathering [69]. The simultaneous presence of gypsum and calcite, as 

confirmed by XRD, further suggests an intentional choice of materials that combines the 

fast‑setting properties of gypsum [70] with the mechanical strength provided by lime [71]. 

These compositional differences also may correspond to the functional role of each material 

[72]: in stucco layers, gypsum appears as the dominant binder used for decorative and finishing 

purposes, with only minor lime impurities, whereas in the jointing mortar, lime constitutes the 

main structural component, with small amounts of gypsum either present as a byproduct or 
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intentionally added to accelerate setting. In this regard, by preparing and characterizing selected 

samples, this work attempted to build a matrix that can be used for the identification of old mortars 

and that also facilitates the selection of suitable and compatible repair ones for conservation. In 

our case, it could be affirmed that our case study suffers from aggressive deterioration factors, 

mechanisms, and related symptoms that are attributed essentially to alternative cycles between 

air temperature (AT) and moisture content (MC). From a specialized point of view, increasing 

the MC is mostly accompanied by decreasing AT in the ambient environment; gypsum becomes 

more plastic, which leads to further compromising its structural integrity, as attested by Reynaud 

et al. [73]. While water-induced degradation is often attributed to the index of gypsum's solubility 

[74], in addition to the effects of other factors such as the material's intrinsic properties, salt 

content [75], air pollution, and wind-drying effects [76] that also play crucial roles in its 

degradation and micro-structure features of the gypsum decorative elements. In contrast, the 

minimal moisture increasing the AT and decreasing the MC can significantly weaken the crystal 

bonds within gypsum, leading to a reduction in mechanical strength [77], particularly with the 

presence of other factors. These processes will be studied in further work. 

 

Conclusion 

 

This work aims to examine and analyze the materials used in the façades of Alexan 

Pasha Palace to identify their components and their deterioration effects and define the salt types, 

particularly sulfates and halite, which are among the leading causes of deterioration and the 

detachment of its components, thereby losing its historical authenticity. Then, introduce a 

scientific study helping in their restoration. Through varying analytical methods, gypsum and 

calcite were identified as the main decoration component. The analysis showed that the samples 

consisted of SiO₂, CaSO₄·2H₂O, and CaCO₃; the plaster mortar components were CaSO₄·2H₂O, 

CaCO₃, and SiO₂. Jointing mortar components included CaCO₃, SiO₂, CaMg(CO₃)₂, Fe₂O₃, and 

Fe₃O₄. Furthermore, gypsum was identified as the main component in the decorative elements. 

Quartz was detected in all samples, in addition to calcite, which was added to improve mechanical 

properties of the raw materials. Finally, these results will be used in the conservation-restoration 

interventions of these decoration elements that contribute to the continuity of the artistic and 

aesthetic value of the archaeological building or decorative element. 
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