
 

 

43 

 

 

 

Egyptian Journal of Archaeological and Restoration Studies (EJARS) 
 

An international peer-reviewed journal published bi-annually 
 

www.ejars.sohag-univ.edu.eg 

 

 
Original article 

 
CHARACTERISTICS OF STUCCO EMPTIER IN  

AL-ZAHIR BAYBARS AL-BANDAQDARI MOSQUE, CAIRO, EGYPT  

  
Abdelrahim, Sh.1, Mohammad, A.1, Fouad, O.2, Geioushy, R.2 & Afifi, H.3(*) 

 
1Restoration dept., Faculty of Archaeology, Fayoum Univ., Fayoum, Egypt 

2Nanostructured Materials & Nanotechnology dept., Central Metallurgical Research & Development Institute, Cairo, Egypt.  
3Conservation dept., Faculty of Archaeology, Cairo Univ., Giza, Egypt  

*E-mail address: saa00@fayoum.edu.eg 

  
Article info.   EJARS – Vol. 16 (1) – June 2026:  43-48  

Article history: 
Received: 2-1-2025 

Accepted: 4-12-2025 

Doi: 10.21608/ejars.2026.511046 

 
 

Keywords: 
Stucco 
Al-Zahir Baybars Al-Bandaqdari  

Emptier 
XRF 
XRD 
A stereo microscope 
SEM. 

 Abstract:  
Sultan Al-Zahir Baybars Al-Bandaqdari established his mosque in (1260-1277 AD), Ghamra, 

Cairo. The goal of this study is to examine the composition of the stucco emptier that adorn 

the mosque, as well as to identify their degradation aspects and the various environmental effects. 

Additionally, the physical characteristics of these ornamentation elements. Three samples 

from stucco emptier were collected, coded, and examined using many analytical and inves-

tigation techniques. The X-ray fluorescence (XRF) analysis of the collected samples indicated 

that the samples mainly contain Ca, S, Si, and C elements. X-ray diffraction (XRD) has been 
used to investigate the crystal structure and mineralogical composition. It revealed that the 

collected samples are composed mainly of gypsum, anhydrite, and quartz. USB digital micro-

scope, polarizing microscope, and scanning electron microscope (SEM) images show that the 

surface and the core of the samples are rough with a more porous microstructure. Physical pro-

perties: density, porosity, and water absorption were also measured to provide full characteristics 

of the collected stucco samples. The data indicated that the stucco emptier in Al-Zahir Baybars 

Al Bandaqdari mosque needs restoration to preserve it, and the findings of this study will help 

in preparing a stucco emptier completion material of the same archaeological components 

with a slightly different colour to avoid the confusion of authenticity from the original stucco 

and restored parts. 

1. Introduction 
Numerous studies have addressed the types of stucco mon-
uments, deterioration factors, aspects, documentation, and 
conservation processes through successive civilizations, whe-
ther as decorative building materials such as mihrabs, friezes, 
domes, windows, minarets, cast stones, scagliola, pargetting, 
and sgraffito or as examples of art displayed in museums as 
masks, molds, or cartonnage. Studies have been conducted to 
determine the causes and consequences of deterioration, as 
well as how to document, treat, and maintain architecture and 
museum stuccoes [1-6]. The decoration of Arab-Islamic archi-
tecture is closely related to Islamic art. Islamic arts have unique 
characteristics [7-11]. Islamic arts spread and flourished 
throughout the world during the Islamic periods, especially 
in the Mamluk era. The Islamic stucco arts are characterized 
by symmetry, repetition, and usage of various decorative ele-
ments such as geometric, floral, and inscription decorations. 
The Mamluk period is considered one of the most significant 
periods in the history of Islamic architecture in Egypt. The 
mosque ranks first in the antiquities of Mamluk Bahri in 
Egypt. The oldest mosques established in Egypt in the era 
of the Mamluk Bahari (648-784 AH/1250-1382AD) [12,13] 
date back to 667AH/1268AD. The mosque of Al-Zahir 

Baybars is one of them, located in the Al-Zahir neig-
hborhood northwest of the northern Cairo wall. Figure (1) 
shows a general view of the Al-Zahir Baybars Al-Bandaqdari 
mosque in Cairo. It has two minarets, but it is distinguished 
by three huge entrances that stand out from the zenith of the 
mosque’s wall with decorations inspired by the entrance to 
the Al-Aqmar mosque. King Al-Zahir Baybars started to 
build this mosque in the year 665 AH on the field where he 
played ball. He completed it in 667AH and made the rest of 
the square a park inside the mosque. The French have taken 
a fortress, as Al-Jabarti says, transforming its minaret into a 
tower and placing cannons. A 1250 m length of sides is about 
106 m×103 m, and the height is 12.92 m [14]. In this study, 
we document, examine, and evaluate a few damaged window 
wall stucco samples that were gathered from the Al-Zahir 
Baybars mosque in Cairo, which dates back to the Mamluk 
era. Various analytical techniques were used to det-ermine 
the chemical composition of the top surface layer, bulk 
core, and mortar samples. In addition, the surface and core 
morphologies have been investigated via stereo-optical, 
polarizing light, and scanning electron microscopes. Furth-
ermore, the collected sample's density, porosity, and water 
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absorption were investigated. The findings will assist in the 
next study in preparing a stucco completion material for the 
same archaeological components and improving its properties 
by incorporating some nanomaterials such as nano-silica to 
achieve the best material that is damage-resistant and homo-
geneous in properties with the archaeological parts [15,16]. 
 

                             a                                                         b 

 
 

 

 

 

 

 

 
 

Figure (1) general view of the Al-Zahir Baybars Al-Bandaqdari mosque 
in Cairo; a. before restoration, b. after conservation processes  

 
2. Materials and Methods 
2.1. Collection and coding of samples 
The small samples were collected and coded according to their 

locations in the stucco emptier as follows: ZB1 refers to the 

sample taken from the outer parts of the stucco emptier to 

define the deterioration products as the main step to the exa-

mination study. ZB2 refers to sample taken from the core of 

the stucco emptier to study the crystal structure and its com-

ponents. ZB3 refers to sample taken from the mortar that is 

located between the stucco emptier and the wall, specifically 

the fixing mortar, figs. (2 & 3). 
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Figure (2) a. the stucco emptier in Al-Zahir Baybars Al-Banduqdari mosque 

with sample’s location, b. & c. during samples collection 
 

2.2. Characterization 
The collected samples were examined using analytical and 
investigative techniques. A portable USB digital microscope 
camera (20-40X) was used to provide a practical, mobile, and 
non-destructive method for obtaining high-quality microscopic 
data and magnified visual observations of deterioration aspects 
without damaging the stucco emptier [17]. A polarizing light 

microscope (Leitz Orthoplan, Germany, Digital Camera Leica) 
at the Mineral Resources and Mining Industries Authority 
laboratory was used based on the use of polarized light 
rather than regular light to distinguish the minerals of stucco 
material through the optical properties of minerals such as 
shape, color, fracture, cleavage, refractive index, color change, 
surface topography, morphology, and the interaction between 
grains and crystals. The scanning electron microscope (SEM, 
model 200 QUANTA 3D) at the laboratories of the Grand 
Egyptian Museum was used. X-ray fluorescence analysis as 
a non-destructive technique was applied to determine the 
elements constituting the stucco samples qualitatively and 
quantitatively. X-ray diffraction analysis is used to identify 
crystal structure and chemical compound composition dete-
rmination at the Central Metallurgical Research and Deve-
lopment Institute labs. The FT-IR analysis (KBr technique) 
was used for sample preparation at the Grand Egyptian 
Museum labs. The spectrum was measured at a resolution 
of 4 cm⁻¹, and 20 scans were recorded per sample. The IR 
Prestige-21 FTIR spectrometer and the IR solution software 
at were used. The spectrum in the range 4000-400 cm⁻¹ was 
baseline corrected, and atmospheric compensation was done 
[18]. Physical characteristics were measured as compressive 
strength, density, water absorption, and porosity to present full 
features of the obtained stucco samples.  

 
3. Results 
3.1. USB digital microscope (LM) 
A portable USB digital microscope investigation showed 
multiple degradation phenomena on the investigated stucco, 
including mechanical, chemical, and biological damage: mic-
roscopic investigation revealed severe cracking and matrix 
degradation, fig. (4-a) as indicated by deep vertical fractures 
and microfractures at the crack edges. This damage was acc-
ompanied by disintegration and spalling, fig.  (4-b), producing 
separate surface holes and detached stucco crusts due to 
physical weathering. Biological deterioration is represented 
as nests of wasps' remains in the stucco as a biological dete-
rioration affected many open archaeological sites, as shown 
in figs. (4-c & d).  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

Figure (4) stereo light microscopy images, 40x; a. & b. macro and micro-
cracks, c. & d. nests of wasps 
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3.2. Polarizing light microscope (PLM)  
Petrographic analysis of stucco sample Z3, fig. (5-a & b) rev-

eals a dense matrix of microcrystalline gypsum and diffuse 

calcite hosting a poorly sorted aggregate of small, angular to 

subangular Qz grains, indicating the use of crushed sand. 

Microstructural examination, fig. (5-c & d) identifies distinct, 

oriented pyriform voids with sharp boundary contacts, repre-

senting relict porosity footprints left by the degradation of 

organic binder additives. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure (5) the petrographic images showed structure in both normal and 

polarized light, with gypsum grains as the main component, 

diffuse calcite grains, and sharp-angle quartz grains of small 

size in polarized light. 
 

3.3. Scanning electron microscopy (SEM) 
SEM micrographs of the stucco sample identified the extent 

of the change that occurred in the mineral crystals due to 

various damage factors, which gives a clear vision of the da-

mage, fig. (6-a & b). It declares the surface weak-ness due 

to voids between granules as a natural ageing. In addition, 

EDX analysis displays the presence of the main elements 

such as Ca, Si, O, S, C, K, Al, Mg, and Fe. The origin of 

other elements such as K, Al, Mg, and Fe might be due to 

contamination of the stucco decoration raw materials or 

because of environmental impact on the archaeological mo-

numents. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure (6) a. & b. SEM photomicrographs of the selected stucco sample, 

c. EDX pattern of the same sample 
 

3.4. Portable Energy-dispersive X-ray fluorescence 
analysis (pEDXRF) 

Table (1) shows the data collected from XRF analysis of the 

two stucco samples (surface and core). The results reveal that 

the main constituting elements are S and Ca, which refer to 

calcium sulfate as the main component in the stucco sample 

and quartzite minerals. The presence of carbon C indicates 

that air pollutants are accumulated on the archaeological su-

rface of the stucco samples. 
 

Table (1) XRF analysis of the selected stucco samples 

Core sample Surface sample Oxide 

9,97 18,35 SO2 

80,71 70,72 CaO 

0,43 0,20 SrO 

1,22 2,41 Fe2O3 

0,12 0,23 TiO2 

2,71 0,56 K2O 

1,48 6,49 SiO2 

3,36 0,13 CO2 

- 0,005 ZrO 

- 0,05 PbO 

- 0,02 ZnO 

- 0,83 Al2O3 

- 0,01 V2O5 

100% 100% Total 
 

3.5. X-ray diffraction analysis (XRD) 
Figure (7) shows the chemical compound composition of the 

collected stucco samples (ZB1, ZB2, and ZB3) analyzed by 

XRD. Obviously, it is clear that all samples composed mainly 

of four chemical compounds; calcium sulfate hydrate (gyp-

sum, CaSO4.2H2O), calcium sulfate (anhydrite, CaSO4), silica 
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(quartz, SiO2) and calcium carbonate (calcite, CaCO3). Semi-

quantitative analysis of the detected chemical compounds is 

also represented in tab. (2). The semi-quantitative analysis of 

the first two samples (ZB1 and ZB2) is close to each other. 

While the semi-quantitative analysis of the third sample (ZB3) 

is clearly different in the percentage of gypsum, anhydrite, and 

calcite. This might be due the effect of surrounding enviro-

nment and the air pollution around the archaeological open 

sites [19]. This is obvious by decreasing the proportion of 

gypsum to 54% compared with 70 and 64.6% for the other two 

samples. The amount of anhydrite rose to 36%, compared 

to 20% and 25% in the other two samples. It is proof of the 

interaction between the gypsum compound and the surroun-

ding environment, as well as the occurrence of deterioration 

and the passing of the impact over an exten-ded length of 

time, creating chemical compounds to be altered. Calcite is 

added to the gypsum compound to extend its sol-idification 

period, and quartz is utilized as filler in stucco material. 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure (7) XRD patterns of the three stucco emptier samples  
 

Table (2) mineralogical compound composition by XRD analysis of selected 

stucco samples of the monument 

Semi quantitative (%) 
Chemical Formula Compound 

(ZB3) (ZB2) (ZB1) 

54 64.6 70 CaSO4.2H2O Gypsum       

36 25.3 20 CaSO4 Anhydrite     

10 8.3 8 CaCO3 Calcite         

-- 2.5 2 SiO2 Quartz         

 

3.6. Fourier transform infra- red analysis (FT-IR)  
The broadness and specific positions of the carbonate 

absorption bands 1317-1384 cm⁻¹ and out-of-plane bending 

near 781 cm⁻¹, fig. (8) suggest that the identified calcite is a 
secondary product formed through the carbonation of a lime-
based binder, rather than the use of primary crushed limestone 

as a filler. Sulfate stretching bands between 1109-1163 cm⁻¹ 
and bending modes at 601–669 cm⁻¹ confirm the presence of 
gypsum. The FT-IR spectrum of sample ZB1 exhibits a broad 

OH stretching band between 3244-3594 cm⁻¹, which is con-
sistent with the structural water present in gypsum. While a 
sharp OH band near 3640 cm⁻¹ would be required to confirm 
residual Ca(OH)2 and thus a burnt lime origin, the current 
spectrum more clearly supports the presence of gypsum alo-
ngside calcite phases. Furthermore, the FT-IR spectra were 
essential for screening the samples for any residual organic 
binders, such as linseed oil or animal glues, which are histo-
rically known to be added to stucco to improve plasticity. 

The absence of characteristic C-H and C=O stretching bands 
in the organic regions (around 2850-2950 cm⁻¹ and 1700-1740 

cm⁻¹) confirms that these specific samples were formulated 
using a purely inorganic mineral system, providing a clear un-

derstanding of the original recipe and its long-term stability. 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure (8) FTIR spectra of the collected (ZB1) stucco sample 
 

3.7. Physical characteristics 
Due to the historical nature of the stucco emptier, mechanical 
testing was performed on representative fragments (sub stan-

dard dimensions) for fragile stucco materials. The compressive 

strength, density, and water absorption and porosity of the 
selected pieces of stucco emptier -left for study- were measured 

and evaluated as listed in tab. (3), It is clear that it has a low 

compressive strength (12.13 kg/cm2) with high water absor-

ption (61.10%) and relatively high porosity (52.83%). 
 

Table (3) the physical characterization of the (ZB2) sample 

 

 
4. Discussions 
The integrated analytical results offer comprehensive insight 

into the composition, microstructure, and deterioration me-

chanisms of the stucco emptier at Al-Zahir Baybars mosque. 

The biological deterioration of stucco by nests of wasps' 

remains was observed by the portable USB digital microscope 

[19]. In all samples gypsum (CaSO4. 2H2O) is the dominant 

mineral confirming its historical role as the primary binder, 

aligning with Mamluk architectural practices where gypsum 

was favored for its rapid setting and high plasticity in intricate 

carvings [6]. However, the detection of anhydrite (CaSO₄), 

particularly in the mortar layer (ZB3), suggests a significant 

partial thermal transformation from dihydrated gypsum to 

the dehydrated phase. This phase transition is likely a techn-

ological marker of the original calcination process or a result 

of centuries of exposure to Cairo's hyper-arid environmental 

fluctuations and high-temperature cycles, which agreed with 
Afifi, et al. [20] and Abdelrahim, et al [23]. The presence of 

calcite (Ca CO₃) further deepens the understanding of the 

material's change. While it could be viewed as a simple filler, 

the specific carbonate bonding observed in FT-IR, along with 

the absence of geogenic limestone textures in PLM suggests 

a more complex role for the calcite [24-28]. It was suggested 

that this calcite is primarily a carbonation product. This ind-

icates a sophisticated "composite binder" technology where a 

5 10 15 20 25 30 35 40 45 50
0

50

100

150

200

250

300

G
yp

su
m G

yp
su

m

G
yp

su
m

G
yp

su
m

G
yp

su
m

G
yp

su
m

G
yp

su
m

, A
nh

yd
ri

te
, C

al
ci

te

G
yp

su
m

A
nh

yd
ri

te

G
yp

su
m

, C
al

ci
te

G
yp

su
m

, A
nh

yd
ri

te

A
nh

yd
ri

te

G
yp

su
m

G
yp

su
m

, A
nh

yd
ri

te

ZB3

ZB2

ZB1

In
te

ns
ity

 (a
rb

. u
ni

ts
)

2 (degree)



 

 

47 

 

small amount of lime was likely added to the gypsum to 

moderate the setting rate and improve long-term durability. 

The presence of quartz (SiO₂) aggregates further supports 

this mineralogical coupling [29-32]. As revealed by XRD, 

PLM, and SEM, the use of siliceous sand provided a mecha-

nical skeleton for the matrix; however, the current low comp-

ressive strength indicates that this internal skeleton has been 

compromised over time. Microscopic and SEM observations 

reveal a highly porous (52.83%) and heterogeneous micro-

structure, with clear signs of advanced physical and chemical 
degradation. The observed micro-cracks and grain detachment 
are merely age-related by environmental deterioration factors. 

The presence of sulfur and carbon in EDX and XRF spectra 

supports the hypothesis that urban atmospheric pollutants 

play a key role in the deterioration process [33]. These poll-

utants react with the calcium phases within the stucco to form 

damaging secondary sulfate salts, creating internal pressures 

that lead to the "exfoliation" of the decorative surface [34]. 

These findings confirm that the original stucco, although skil-

lfully prepared, has undergone progressive alteration due to 

both intrinsic material characteristics and extrinsic environ-

mental pressures. The excessive water absorption (61.10%) 

further accelerates this decay by facilitating the capillary rise 

of groundwater salts. From a conservation standpoint, these 

results underscore the necessity of adopting compatible mat-

erial and minimally invasive interventions. Restoration stucco 

must emulate this mineralogical profile to ensure cohesion 

and prevent future detachment. Nano-enhanced treatments, 

such as nano-lime or nano-silica, offer promising solutions 

by improving mechanical strength and reducing porosity; 

however, their long-term behavior under the specific urban 

pollution profile of Cairo must be carefully evaluated to 

ensure the survival of this Mamluk masterpiece. 

 
5. Conclusion 
Characterization of the stucco emptier from the Al-Zahir Baybars Al-
Bandaqdari mosque reveals a complex interplay between historical 
craftsmanship and aggressive environmental decay. Mineralogical 
profiling identifies gypsum (CaSO₄·2H₂O) as the primary historical 
binder, reflecting Mamluk traditions that valued the material for its 
rapid setting and fluid workability in detailed reliefs. However, the 
presence of anhydrite (CaSO₄) in the ZB3 mortar layer indicates 
partial thermal transformation, suggesting either precise control over 
original calcination temperatures or structural adjustments caused 
by centuries of exposure to Cairo’s hyper-arid thermal cycles. Micro-
structural analysis refutes the assumption that the detected calcite 
(CaCO₃) is merely an inert filler; the absence of geogenic textures 
under PLM and the specific carbonate footprints in FT-IR confirm it 
as a secondary carbonation product. This points to an advanced co-
mposite binder technique where Mamluk artisans introduced small 
amounts of lime to gypsum to modulate setting times and prolong 
durability. Although siliceous sand aggregates provided the initial 
mechanical framework, centuries of environmental stress have severely 
degraded this internal skeleton, leaving the current matrix with negligible 
compressive strength. Today, the stucco exhibits a highly porous (52. 
83%) and degraded microstructure. Scanning electron microscopy 
and spectroscopic data (EDX/XRF) show that urban atmospheric 
pollutants have driven this decay by reacting with the calcium matrix 
to form secondary sulfate salts. The resulting internal crystallization 
pressures, exacerbated by a high-water absorption capacity (61.10%) 
and persistent capillary moisture rise, are the direct catalysts behind 
the widespread micro-cracking, grain detachment, and surface exf-
oliation currently threatening the monument. Remediation requires 
strict adherence to material compatibility. Developing restoration 

mortars that match this historical mineralogical fingerprint is vital to 
prevent future interfacial shearing. Furthermore, while nano-lime and 
nano-silica interventions offer viable methods for microstructural con-
solidation and porosity reduction, their long-term resilience against 
Cairo’s aggressive atmospheric pollution must be thoroughly validated 
to safeguard this architectural masterpiece . 
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