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1. Introduction 

Sinai Peninsula is an integral part of the Nile Valley connecting Egypt to Asia [1].It is bordered by the 

Mediterranean Sea in the north, the red Sea in the south, the Gulf of Aqaba in the east and Suez Canal to the west 

[2].The names of Sinai is numerous [3]. Sinai was derived from the name of god Sin "god of the moon in Western 

Asia" and perhaps derived from many mountains with high sharpened peaks [4]. It had religious, economic, social 

and military importance [5]. Tel El-kharoba is located 12 km away from north east of El- Arish city in Sinai. The 

most important finds of the excavation Egyptian and foreign missions were different pottery and glass objects 

which demonstrated numerous trade relations with neighboring countries [6].Tel El-kharoba dated back to Greco-

Roman period as shown in Fig. (1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract: The mineral components study of the archaeological glass in Tel El-kharoba, North Sinai, Egypt 

"Greco-Roman Period" played an important role in the identification of manufacture and damage glass in 

Sinai. Samples were examined by Stereo microscopic, Scanning Electron Microscope with Energy Dispersive 

of X-Ray Unit "SEM- EDX" and X-Ray Diffraction analysis. The research proved that the glass in this 

archaeological site was soda- lime- silica glass. Modifiers were sodium oxide Na2O and potassium oxide K2O. 

Natron salt was the source of alkaline modifiers. Stabilizers were calcium oxide CaO. Iron oxides were 

responsible for the green color of the two archaeological glass wares. The fire atmosphere inside glass melting 

furnace was reduced. The forming technique is blowing or mold method. 

 

The research has also shown some physiochemical damage phenomena such as crust corrosion, pitting, 

dulling, iridescence, cracking, exfoliation, color change, and surface deformation by mechanical deterioration 

soil, crystallization salts, dissolving of soluble minerals, chemical reactions and ion exchange between glass 

components and hydrogen ions in wet soil. The research recommends that the treatment and maintenance of 

glass in Tel El-kharoba in North Sinai based on the chemical composition and the corrosion phenomena 

identified by research. 
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Figure1 represents Tel El-kharoba excavation, North Sinai,  
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Glass was one of the materials used in Egypt in the late Bronze Age [7]. It is an inorganic material that was cooled 

into a solid material without crystallization [8]. It is considered the fourth state of matter [9]. It is a hard material 

that its shape can be changed by breaking [10]. It is non-crystallized material. Glass is heterogeneous [11]. It is 

characterized by brittleness [12]. It is amorphous solid material of irregular atomic arrangement 

[13].Archaeological glass was composed of Silicon dioxide SiO2, it was considered network formers. Modifiers 

were Sodium oxide Na2O or potassium oxide K2O. Stabilizers were Calcium oxide CaO [14], as well as 

intermediate elements such as Aluminum oxide Al2O3 or Boric Oxide B2O3 [15]. Colored oxides were iron oxides, 

copper oxide and manganese oxide [16]. Decolorants such as manganese oxide or antimony [17], besides dark 

oxides [18]. 

Glass was damaged due to its heterogeneous mineral components. The deterioration rate depended on the chemical 

reactions in the soil and the nature of glass. Damage may be caused by manufacture defects or functional use. One 

of the most glass deterioration aspects was the mechanical damage of burial environment such as breaking and 

glass surface deformation by soiling. Glass was corroded by chemical reactions between glass components and 

acidic or alkaline solutions in soil especially the glass was a heterogeneous material. The corrosion rate depended 

on the nature of glass, the burial duration [19], moisture, salts, dissolved gases and microorganisms in the soil 

[20]. 

Alkaline soil is more damage than acidic soil for glass [21]. Due to the difficulty of adequate conservation 

conditions in the soil, most of the glass suffered from corrosion which resulted in poor glass resistance and low 

chemical stability [22]. Therefore, the research aims to study the glass corrosion phenomenon and interpretation 

of deterioration mechanism. This paper is one of the important studies in the field of examination and analysis of 

glass in the eastern Delta, which reveals the nature of glass manufacture and its deterioration in this archaeological 

site to be treated on scientific basis. 

II. Materials and Methods 

A.Study materials 

Three samples "two corroded glass samples& one soil sample" were selected from Tel Elkharoba in north Sinai 

.they were used in examination and analysis process as shown in Fig. (2). 

 

 

 

 

 

 

 

 

 

 

 

B.Methods of Study 

B.1. Visual Examination 

Visual Examination was the first step of the examination processes to determine damage condition and 

glassware's corrosion by different lenses. 

B.2.ExaminationbyStereo-Microscope 

The examination of the stereo microscope was an important method in studying the damage and glass corrosion, 

identification of the colors of the corrosion layers and its rate. The samples were examined using S Z 680/780 

Stereo zoom Microscope. It was conducted at the center of Nano Technology, Cairo University. 

B.3. Scanning Electron Microscope with Energy Dispersive of X-Ray unit "SEM- EDX". 

Figure 2 glass samples used in The Examination and Analysis 
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Scanning Electron Microscope with Energy Dispersive of X-Ray Unit "SEM- EDX" demonstrated the 

morphology of the glass, its texture, corroded glass surface alterations such as new crystallized phases, separation, 

flaking and pitting.  It was also used to identify its mineral composition. The samples were examined using SEM 

FEI Quanta 250 environmental microscope. Operating conditions "20 kV and 1 × 10-9A", and equipped with the 

Energy Dispersive of X-Ray Unit, This examination was conducted at Scanning Electron Microscope Unit at the 

National Research Center in Cairo. 

B.4 X-Ray Diffraction Analysis 

It assists in diagnosis of glass damage and its corrosion due to decomposition of glass components by chemical 

reactions in soil. Glass samples were prepared for XRD analysis, the used device is X'Pert Graphics and 'Identify' 

by Philips, and a pattern of diffraction between   "4:80 2θ" and operating conditions Cu-Kα radiation, 45 kV, 40 

mA. This analysis was performed at the Center of Nano technology, Cairo University. 

 

III. Results 

A. Visual Examination 
Visual Examination demonstrated that glass samples in Tel El kharoba in North Sinai were formed by blowing or 

mold method .it suffered from crust corrosion, pitting, cracking, iridescence, dulling, color change from 

transparent to semi-transparent or opaque, surface deformation and breaking phenomenon due to mechanical 

deterioration soil, crystallized salts, chemical reactions, and ion exchange. 

B.  Examination by Stereo-Microscope 

The examination of the first glass sample showed corroded green glass as in Fig.(3-A) , it also showed different 

corrosion layers and cracks as in Fig.(3-B),in addition to brown to reddish corrosion, cracks and pitting as in 

Fig.(3-C),it demonstrated pitting, iridescence phenomenon and some brown corrosion, as in Fig. (3-D). 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 3 microphotograph stereo-microscope shows first glass sample, A: corroded green glass, B: corrosion 

layers, cracks, C:  brown to reddish corrosion, cracks, pitting, D:  pitting, iridescence phenomenon. 
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The examination of the second glass sample showed that presence of different corrosion layers and pitting 

phenomenon as in Fig.  (4-A), it demonstrated salt crystallization, pitting phenomenon, and black stains as in 

Fig.(4-B), as well as some hair cracks, salt crystallization and separated crystalline phases as quartz as in Fig.(4-

C). It also showed salt crystallization, flaking of corrosion layers, cracking, pitting phenomenon and soil 

sediments, as in Fig. (4-D). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

C. Examination and Analysis by Scanning Electron Microscope Coupled with The Energy Dispersive of X-

Ray Unit "SEM-EDX".            

C.1. Examination by Scanning Electron Microscope  

 The examination of the first sample showed presence of different corrosion layers, cracks and pitting in corroded 

layers as in Fig. (5). It also demonstrated fracture, cracking, flaking and crystallized salts in some sample parts as 

in Fig (6). 

 

 

 

  

 

  

 

 
Figure5 SEM photomicrograph of the first glass 

sample shows different corrosion layers, cracks 

and pitting. 

Figure 6 SEM photomicrograph of the first 

glass sample shows cracking, flaking and 

crystallized salts. 

Figure 4 microphotograph stereo-microscope shows second glass sample, A: brown corrosion and pitting, 

B: salt crystallization, pitting and black stains, C:  hair cracks, salt crystallization, separated crystalline 

phases, D:  flaking of corrosion layers, cracking, pitting. 
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It also showed for the same sample that there were some pitting phenomena, flaking and salt crystallization as 

shown in Fig. (7).in addition to crystallization of salts and fracture as in Fig. (8). 

 

 

 

 

 

 

 

 

 

 

 

The examination of the second glass sample showed that presence of different corrosion layers, salt crystallization, 

pitting phenomenon, as well as some cracking, as in Fig. (9). It also showed  flaking of corrosion layers , fracture, 

cracking, pitting phenomenon ,crystallized salts and soil sediments, as in Fig. (10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure7 SEM photomicrograph of the first 

glass sample shows pitting, flaking and salt 

crystallization. 

Figure8 SEM photomicrograph of the first 

glass sample shows salt crystallization, 

cracking and fracture. 

Figure 9 SEM photomicrograph of the second 

glass sample shows different corrosion layers, 

salt crystallization, cracks and pitting. 

Figure10 SEM photomicrograph of the 

second glass sample shows flaking, salt 

crystallization, different cracks and pitting. 
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The examination for the same glass sample demonstrated "in some sample parts" crust corrosion layers, flaking, 

fracture, salt crystallization, cracking and flaking as shown in Fig. (11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C.2. Analysis of the Scanning Electron Microscopy with EDX.    

The first glass sample was analyzed by SEM- EDX. The results of the analysis showed presence of carbon, 

Oxygen, sodium, magnesium, alumina, silica, chlorine, potassium, calcium, titanium and iron as in Fig. (12). It 

also showed presence of carbon, Oxygen, sodium, magnesium, alumina, silica, chlorine, potassium, calcium, 

titanium and iron as in Fig. (13). 

 

 

 

 

 

 

 

 

 

 

The results of the analysis of the second glass sample as shown in Fig. (14) Showed the presence of carbon, 

oxygen, sodium, magnesium, aluminum, silica, chlorine, potassium, calcium, titanium and iron. It also showed 

presence of carbon, oxygen, sodium, magnesium, alumina, silica, chlorine, potassium, calcium, titanium and iron 

as in Fig. (15). 

 

Figure 11SEM photomicrograph of the second 

glass sample shows crust corrosion, flaking, 

salt crystallization, different cracks and 

fractures. 

Figure12 EDX pattern of the first glass sample. 

 

Figure13 EDX pattern of the first same glass sample. 
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D. X-Ray diffraction analysis 

The first glass sample from the archaeological Tel El-kharoba site, North Sinai, Egypt "Greco-Roman Period" 

was analyzed by X-ray diffraction. The pattern of XRD contains quartz (SiO2), hematite Fe2O3 and halite (NaCl) 

as in Fig. (16). It is clear from the results of the pattern of X-ray diffraction that the sample suffered from glass 

corrosion phenomena and salt crystallization due to burial environment. 

 

 

 

 

 

 

 

 

 

 

 

The second glass sample was analyzed by XRD, where the pattern contains Quartz (SiO2), hematite Fe2O3 and 

Sylvite (KCl). The results of XRD pattern shows that the glass sample is corroded because it was buried in salty 

damp soil, as shown in Fig. (17).  

Figure14 EDX pattern of the second glass 

sample 

Figure15 EDX pattern of the second same glass 

sample. 

Figure16 XRD pattern of the first glass sample in Tell Kharoba, Sinai 
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The third sample was soil. It was analyzed by XRD, where the pattern contains Quartz (SiO2), halite (NaCl), and 

illite KAl2Si3AlO10 (OH) 2. The results of XRD pattern showed that the sample is salty clay sand soil, as shown 

in Fig. (18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. Discussion of Results 

The visual examination proved that the glass samples were formed by blowing method or molding technique. The 

samples suffered from presence of many different sediments on the archaeological surface, as well as exfoliation 

, separation of the fragile corrosion layers in some parts samples, pitting and  iridescence phenomenon caused by 

fallen light on corrosion layers at different angles. 

Stereo- Microscope examination proved corroded green glass and different corrosion layers especially brown to 

reddish corrosion layers and blackish brown "dark brown" due to presence of iron oxides.  The layers often were 

heterogeneous. It also proved pitting, exfoliation phenomenon and separation some fragile corroded surface layers 

Figure18 XRD pattern of the third soil sample from Tell Kharoba, Sinai 

Figure17 XRD pattern of the second glass sample in Tell Kharoba, Sinai 
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from glass body. Iridescence always appeared in some corroded parts because of difference of fallen lights at 

different angles. It also demonstrated some stains and color change to semi-transparent or opaque due to mineral 

decomposition in glass such as separated crystalline phases as quartz on the glass surface [23]. Dulling resulted 

from dissolving and leaching soluble modifiers or stabilizers. Insoluble minerals were precipitated on glass surface 

as a silica layer. Dulling was related to formation of hydrogen glass layer on the surface because of ion exchange 

between hydrogen ions (H+) and sodium or potassium ions (Na- & K-) [24]. 

Scanning Electronic Microscope had demonstrated different corrosion layers, pitting, and cracking occurred as a 

result of dryness of hydrogen glass layer characterized by small size ions compared to large size of sodium or 

potassium ions.SEM had showed dulling and sugar-like surface phenomenon" in some parts of the sample due to 

decomposition of glass network formers .Calcium, sodium and potassium ions were dissolved and leached from 

glass body by ion exchange between soil damage agents and glass components. Flaking phenomenon and 

separation of some corrosion layers from glass body because of salt crystallization in the damp soil. 

The analysis by Scanning Electron Microscope had shown that glass consisted of soda- lime- silica glass. It was 

glass characteristics in Roman age. It is featured by high sodium ratio and low potassium [25].Natron salt was the 

source of alkaline modifiers in Roman glass [26]. Stabilizers were calcium oxide CaO. Iron oxides were 

responsible for the green color of the two archaeological glass wares. The fire atmosphere inside melting furnace 

was reduced.But high percentage of magnesia and potash referred to use of plant ash [27].  

 

The analysis by Scanning Electron Microscope had shown presence of glass corrosion, fault network formers, 

recrystallization of some glass components. It was confirmed by decrease of the percentage of sodium oxide 

2.55%, potassium 0.50% and the percentage of silica 29.26% as a result of dissolving and leaching potassium, 

sodium and calcium ions due to ion exchange between soil deterioration agents and glass body components. The 

decrease in percentage of silica indicated breakdown and leaching silica from glass matrix to glass surface or 

damp soil as separated crystalline phases "quartz" causing dulling or color change from transparent to semi - 

transparent or opaque. [28]. 

X-Ray Analysis had demonstrated presence of quartz SiO2, halite NaCl, Sylvite KCl and illite KAl2Si3AlO10 (OH) 

2. Mechanism of glass corrosion resulted from faulty chemical composition during glass manufacture. These 
defects caused decomposition or breakdown of glass components. Ion exchange was done between alkaline ions 
"sodium, potassium, calcium and magnesium ions" and hydrogen ions in burial environment [29]. In damp soil, 
sodium silicate was ionized into Sio4

- and Na +. Hydrogen glass layer formed by dissolving and leaching Na + 
from glass surface and they were replaced by hydrogen ions in glass surface [30]. This layer often contained some 
micro cracks and pitting .It may be exposed to flaking and separation as a crystalline phase [31]. Most of the glass 
in North Sinai were corroded by ion exchange between alkaline and hydrogen ions in wet soil rich in acidic and 
alkaline solutions. 

V. Conclusion 

The research has revealed the nature of technological process for glass manufacture in Tel El kharoba in north 

Sinai especially raw materials and forming techniques. It was soda- lime- silica glass characterized for 

archaeological glass in Roman period. Modifiers were Sodium oxide Na2O and low potassium oxide K2O. Natron 

salt was the source of alkaline modifiers. Stabilizers were calcium oxide CaO. Iron oxides were responsible for 

the green color of the two archaeological glass wares. The fire atmosphere inside glass melting furnace was 

reduced. The forming technique is blowing or mold method. 

The research also demonstrated physiochemical deterioration phenomena of glass wares such as crust corrosion 

phenomenon of various corrosion layers, pitting, dulling, iridescence, cracking, flaking, color change, breaking 

due to mechanical deterioration soil, crystallization salts, dissolving of soluble minerals, chemical reactions and 

ion exchange between glass components and hydrogen ions in wet soil. The research recommends that treatment 

and conservation of glass in Tel El kharoba in Sinai based on its physico-chemical composition and deterioration 

phenomena identified by research in that archaeological site. 
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