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Abstract

The research aims to identify features of the industry and assess the pottery damage through
various examinations and analyses, such as examination by polarised microscope (PLM),
examination by Scanning Electron Microscope with Energy Dispersive X-ray unit "SEM-EDX",
analysis by X-ray diffraction powder XRD, and thermal analysis TGA. Archaeometric features
of archaeological pottery were identified. The used clay is Nile Clay; the additives are sand,
limestone powder, pottery powder (grog), and straw. The moulding technique is the hand and
potter wheel technique. The surface treatment is a red wash and slip layer. The burning
atmosphere is oxidising for the first and second pottery pieces and reducing for the third and
fourth pottery pieces. The burning temperature is about 816°C for the first sample, 887°C for
the second sample, 706°C for the third sample, and 651°C for the fourth sample. The texture is
medium to coarse fabric for the first sample; the second sample fabric is fine; and the third and
fourth samples have a coarse texture. The research proved that the pottery objects suffer from
some different damage aspects such as fracture, loss of some parts, lack of strength, weakness,
cracking, soil sediments, soot spots and black core, and salt crystallisation (chloride, sulphate,
carbonate, and phosphate salts). The research proved the use of a mixture of distilled water,
acetone, and ethyl alcohol at a ratio of 1:1:1, respectively, for removing clay soil deposits.
EDTA is used to remove lime deposits. Nano-silica at a concentration of 0.5% is used to
strengthen archaeological pottery by spraying. Paralloid B 82 dissolved in trichloroethylene at
a concentration of 50% in assembling the pottery sherds; it is preferable to display it in the
museum at a temperature of 20°C and a relative humidity of 55:60%.

Keywords: Pottery; Slip layer; Burning, Damage; Examinations; Restoration.

Introduction

Tell Daphna is about 12km west of the city of Qantra in Port Said Governorate [1]. It is
one of the important archaeological sites dating back to the Greco-Roman period [2]. It is
considered one of the commercial centres of the 26th Dynasty in the east of the Delta [3]. The
discoveries at this site were the ruins of fortifications protecting the borders of the eastern delta.
The excavations had revealed many different pottery objects [4]. Tell Daphna is one of the five
archaeological sites that were chosen (the eastern entrance) for its development within the
panorama project of Egypt’s military history and the development of archaeological sites in the
Suez Canal, which are Tell Habwa, Tell Abu Saifi, Tell Farma, and Tell Maskhota [5].

Examination and analysis of the important processes that precede the process of treatment
and maintenance. Restoration, treatment, and maintenance benefited from scientific progress in
the fields of diagnostic examinations, microanalyses, and spectroscopic analyses. In the past two
decades, it has shown its scientific accuracy and great potential in our archaecological knowledge
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about archaecometric materials [6]. Microscopic examination, micro, and spectroscopic analysis
methods have diversified during the last two decades [7, 8]. The examination and analysis process
gives information about archacometric features, especially manufacturing, additives, and texture
[9]. It also plays an important role in clarifying the nature of the pottery matrix, causes of
deterioration, manifestations of various types of pottery damage, and evaluating the treatment.
Risk assessment is a critical step in identifying and choosing suitable treatment processes
according to deterioration aspects [10]. It is not possible to identify and evaluate damage without
various examination and analysis methods [11]. Laboratory analysis is important to assess the
current damage, weathering, and deterioration [12].

Examinations and analyses play an important role in determining different damage
manifestations such as cracking, soiling, crystallisation of salts, various stains, and organic
damage [13]. The pottery in Tell Daphna suffers from various damage aspects, which necessitated
conducting various diagnostic examinations and analyses to identify damage forms and assess
the condition, risks, and deterioration manifestations. Based on the results of the examinations
and analyses, a scientific treatment plan was prepared for restoration, treatment, maintenance,
and museum display of our pottery. No previous studies have been conducted on this
archacological site. Therefore, this study is considered one of the first studies at this
archaeological site.

Materials and Methods

Materials

Four pottery samples were selected from the archaeological site, as well as a soil sample.
These samples were used in the examinations and analyses that were conducted in the research.

Methods

Visual Examination is one of the important methods that show the archacometric features
of pottery and damage manifestations, whether with the naked eye or by using different lenses
whose magnification ranges between "4x and 6% " or by using a USB digital microscope [14].

Examination by Polarising Microscope is used to study the petrographic structure and
nature of burning, additions (tempers), textures, and damage to archaeological pottery [15]. A
thin section of pottery samples was prepared for petrographic examination using a polarising
microscope (Olympus BX51 TF Japan attached to a digital camera) with a magnification of 4x
up to 40x%. It was done at the faculty of science at the University of Zagazig.

Examination by Scanning Electron Microscope (SEM-EDX) describes surface
morphology and the determination of damage forms [16]. The pottery samples were examined
using an environmental scanning electron microscope JEOL JSM-840 and SEM Quanta 200 FEG,
XTE 325/D8395. The operating conditions were 20kV and 1x10A. This examination was
carried out using an environmental scanning electron microscope equipped with an EDX unit at
the faculty of science at the University of Zagazig.

Analysis by X-ray Diffraction Method is one of the important methods that determine the
mineral composition of pottery, which helps identify archacometric features and damage
manifestations [17]. The device used is a Philips wave separation unit (‘X Pert Graphics’ and
'[dentify', by Philips). The diffraction pattern used is between 4—70 26. The operating conditions
were carried out using Cu-K o radiation at 45kV and 40mA. This analysis was carried out at the
X-ray diffraction centre at the Faculty of Nanotechnology, Cairo University.

Thermal analysis plays an important role in determining the firing temperature of pottery
and the deterioration of a substance matrix [18-21]. TGA analyses were performed using
Shimadzu-simultaneous thermal analysis type TGA-50. This thermal analysis was carried out at
the thermal analysis centre at the Faculty of Nanotechnology, Cairo University.
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Results

Visual Examination

The preliminary examination of the excavated archaeological pottery group at Tell Daphna
in Port Said Governorate showed various damage manifestations such as stains, soil sediments,
crystallisation of salts, fractures, soot, black core, and cracks, as shown in figure 1.

Fig. 1. The pottery pieces: A - amphora, B - plate, C - bowl, D - terracotta

Polarizing Microscope

Four samples of pottery pieces extracted from Tell Daphna in Port Said, in the east of the
delta, were examined by a polarising microscope. Figure 2a of the first sample shows the presence
of sub-round grains, acute-angular quartz grains, calcite, biotite, pottery powder, burnt straw, and
iron (10X-CN). Figure 2b shows the presence of semi-circular quartz grains, angular quartz
grains, calcite, grog, muscovite, plagioclase, some cracks, lime deposits, and iron oxide (10X-
CN). Figure 2c for another part of the same sample also shows the presence of quartz grains,
calcite, grog, plagioclase, biotite, muscovite, fossils, calcareous deposits, and iron (20X-CN).

Fig. 2. PLM examination of the first pottery sample shows quartz, calcite, biotite, grog, and burnt straw (A), also, the
same pottery sample shows quartz, calcite, grog, biotite, muscovite, and plagioclase (B); and respectively, another part
of the same sample shows quartz grains, calcite, grog, plagioclase, biotite, muscovite, fossil, calcareous deposit, and
iron (C)

Figure 3a shows the presence of different grains of quartz, calcite, grog, rutile, and iron
oxide (10X-CN). Figure 3b for the same sample shows the presence of angular quartz grains,
grog, calcite, biotite, pyroxene, and iron oxide (10X-CN). Figure 3¢ for another part of the same
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sample also shows the presence of sharp-angled quartz grains, plagioclase, orthoclase, grog, and
iron oxide (20X-CN).

Fig. 3. PLM examination of the second pottery sample shows quartz, calcite, grog, rutile, and iron oxide (A), also, the
same pottery sample shows quartz grains, grog, calcite, biotite, pyroxene, and iron (B), and another part of the second
sample shows sharp-angled quartz grains, plagioclase, orthoclase, and grog (C)

Figure 4a shows the presence of different quartz grains between round grains, sub-round
grains, acute-angled quartz grains, limestone powder "calcite," pottery powder "grog,"
plagioclase, and iron oxide (10X-CN). Figure 4b shows the presence of angular quartz grains,
calcite, muscovite, plagioclase, and iron oxide in the pottery sample (10X-CN). Figure 4c of
another part shows the presence of quartz, plagioclase, microcline, muscovite, calcite, iron oxide,

and cracking (10X-CN).

Plagioclase ..
Muscovite

(- ]

* ' plagiqelase + Cracking

Fig. 4. PLM examination of the third pottery sample shows quartz, calcite, grog, and plagioclase (A), also, the same
pottery sample shows quartz, calcite, muscovite, plagioclase, and fissure (B), and respectively, another part of the third
sample shows quartz, plagioclase, microcline, muscovite, calcite, iron oxide, and cracking (C)

Figure 5a shows the presence of quartz grains, fine texture, calcite, plagioclase, rutile,
and iron oxide (10X-CN). Figure 5b shows the presence of sharp-angled quartz grains, grog,
calcite, orthoclase, plagioclase, and iron oxide (10X-CN). Figure Sc of another part of the sample
shows the presence of sharp-angled quartz grains, grog, pyroxene, microcline, burnt straw,
biotite, and iron oxide (10X-CN).

. Pyroxene
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Fig. 5. PLM examination of the fourth pottery sample shows quartz, fine texture, calcite, plagioclase, rutile, and iron
oxide (A); it also shows quartz, grog, calcite, orthoclase, plagioclase, and iron oxide (B), and another part of the same
sample shows sharp-angled quartz, grog, pyroxene, microcline, burnt straw, biotite, and iron oxide (C)
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Examination by Scanning Electron Microscope

SEM examined the first pottery sample; it shows the presence of fractures, cracks, gaps,
peeling of the slip layer, and salts (200x), as shown in figure 6a. SEM examination also shows
the phenomenon of crystallisation of salts, gaps, cracks, and coarse quartz grains (1600x), as
shown in figure 6b.

Reéling

Cracks

I racture

Cracks

Q.

Peling

Fig. 6. SEM photomicrograph of the first pottery sample shows cracks, gaps, and peeling quartz (A) and also shows
crystallisation of salts, gaps, cracks, and coarse quartz grains, peeling, and fracture (B)

Figure 7a shows the scanning electron microscope of the second sample for the surface,
proving the presence of flaking, crystallisation of salts, and quartz grains (900x). Figure 7b shows
the examination of the same sample for the core area, proving the presence of separation, spread
of quartz grains, many gaps, and crystallisation of salts (1000x).

o 3T

B

O fidhe

Detachment

Fig. 7. SEM photomicrograph of the second pottery sample shows exfoliation and crystallisation of salts (A) and also
shows gaps, separation, and crystallisation of salts (B)

Figure 8a represents the scanning electron microscope of the third pottery sample of the
surface area, showing the phenomenon of fracture, separation of grains, soot spots, and
crystallisation of salts (2000%). Figure 8b shows the examination of the same sample for the
surface area, proving the phenomenon of spots, soot, surface peeling, fracture, and crystallisation
of salts (2500%).

*  Fracture .

Fig. 8. SEM photomicrograph of the third pottery sample shows the phenomenon of fracture, separation of grains, soot
spots, and crystallisation of salts (A), as well as soot, surface peeling, fracture, and crystallisation of salts (B)
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Figure 9a shows the scanning electron microscope of the fourth pottery sample for the
surface area, proving the presence of the phenomenon of cracking, gaps, crystallisation of salts,
and flaking (200x). Figure 9b represents an examination of the same sample of the core, showing
the phenomenon of salt crystallisation and the spread of gaps (4000x).

Cracks

Peeling

Fig. 9. SEM photomicrograph of the fourth pottery sample shows cracking, gaps,
crystallisation of salts and peeling (A), as well as the phenomenon of
salt crystallisation and the spread of gaps (B)

The EDX Analysis

The results of the EDX analysis of four pottery samples, as shown in figures 10a—d,
clarified the presence of carbon, oxygen, sodium, magnesium, aluminium, silica, phosphor,
sulphur, chlorine, potassium, calcium, titanium, and iron. These EDX analytical results for four
sample results are shown in Table 1.

Fig. 10. EDX analysis patterns of pottery samples, Tell Daphana, Port Said:
A - the first sample (amphora), B - the second sample (plate),
C - the third sample (Vessel), D - the fourth sample (terracotta)

Table 1. EDX analytical results of investigated pottery samples

Elemental S1 S2 S3 S4
Weight %
C 2.48 5.50 27.92 5.98
(6] 29.79 26.82 20.08 15.74
Na 1.38 1.96 1.16 14.34
Mg 1.69 2.16 0.91 0.92
Al 8.09 6.26 5.35 6.75
Si 19.26 16.91 14.95 18.81
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Elemental S1 S2 S3 S4

Weight %
P 2.07 1.33 1.31 1.26
S 3.61 1.43 4.26 -
Cl 6.26 6.12 4.90 19.49
K 1.54 2.02 4.05 1.62
Ca 18.43 21.01 6.73 5.68
Ti 0.75 0.88 - 1.58
Fe 9.88 7.60 8.37 7.83

X-Ray Diffraction Analysis

Four pottery samples from Tell Daphna in Port Said Governorate and a soil sample were
analysed by X-ray diffraction, which revealed the presence of quartz, diopside, rutile, illite,
calcite, graphite, and schafarzikite, as shown in figure 11 and table 2.

- Q: Quartz
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Fig. 11. X-ray diffraction: A - the first sample, B - the second sample,
C - the third sample, D - the fourth sample, E - the soil sample
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Table 2. XRD analytical results of pottery samples

Mineralogical Pottery samples
Compositions
Minerals Chemical a b c d f
composition soil
quartz SiO, 65.1 94.7 21.2 33.1 16.1
diopside CaMgSi,06 34.9 - - - -
calcite CaCOs - - 9 9.4
rutile TiO, 1.1 - - -
orthoclase KAISi3zOg - - 54
tridymite SiO, - - - 21.9
graphite C - 50.8 57.5 -
schafarzikite Fe(Sb),0, - 33 - -
illite K\ ALSiOo(OH)4 4.2 15.7 -
kaolinite Al,Si,05(0OH), - - - - 7.8
montmorillonite (Mg,Fe)4Si,040)(OH)s - - - - 1.1

Thermal analysis

The thermal analysis TGA shows the weight loss of the first pottery sample due to firing
temperature. The weight loss of the sample was 0.195 milligrammes at a firing temperature of
28.60 to 246.88°C. The weight loss of the pottery sample decreased to 0.146mg from 249.21 to
490.63°C; the weight loss of the sample increased to 0.328mg from 490.63 to 813.22°C; the
weight loss decreased to 0.102mg at firing temperature from 816.06 to 995.31°C, as shown in
figure 12.

TGA

my
As.n|

44.00 o]

Start 20.60C S
End ZARARC e
Weight Loss — 0,195my Start 2a NG i~
wamz  End A90.63c  Start 490.63C -_—
Weight | nas -IL14kmg End B13.2z¢

2 Start 816.06C
_naanz  Weight Luss -3.3?'3;"“ gt i

Welght Loss —0.102mg
-0.231%

43.00

L L L L L L luf
0.00 500.00 1000.00

Fig. 12. TGA pattern of the first pottery sample

The thermal analysis TGA shows the weight loss of the second pottery sample due to firing
temperature. The result of weight loss was 0.788 milligrammes at a firing temperature of 25 to
31.30°C. The weight loss increased to 1.071mg from 316.13 to 648.44°C, the weight loss
decreased to 1.065mg from 648.44 to 807.77°C, and the weight loss increased to 4.362mg at
firing temperature from 887.81 to 995.31°C, as shown in figure 13.

TGA also shows the weight loss of the third pottery sample due to firing temperature. The
weight loss of the sample was 1.414 milligrammes at a firing temperature of 30.03 to 222.47°C.
The weight loss decreased to 0.801 milligrammes from 225.38 to 411.39°C, the weight loss
increased to 1.839mg from 414.35 to 705.24°C, and the weight loss decreased to 0.778mg at
firing temperature from 706.25 to 995.31°C, as shown in figure 14.
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Fig. 13. TGA pattern of the second pottery sample
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The result of weight loss was 0.343 milligrammes at a firing temperature of 29 to
287.19°C. The weight loss increased to 404mg from 287.50 to 650.51°C. The weight loss was

Fig. 14. TGA pattern of the third pottery sample

increased to 0.559mg from 651.56 to 705.97°C, as shown in figure 15.
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Discussions

Fig. 15. TGA pattern of the fourth pottery sample

Diagnostic examinations and analyses of the components of archaeological pottery
extracted from Tell Daphna give a description and identification of archacometric features,
especially raw materials, manufacturing, and fillers, whether organic or inorganic additives, in
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addition to the identification of surface treatments such as slip layer, degree of burning, and the
identification of mineral components and glass phases resulting from burning. As well as various
manifestations of damage.

The visual examination proved the manufacturing technology, such as hand or potter
wheel shaping techniques, slip layer treatment, and the damage manifestations such as spotting,
surface deformation, crystallisation of salts, and fracture due to mechanical damage of the soil
[22-24]. The damage is due to the heterogeneity of its mineral components [25] or to burial in
the soil [26]. The exposure environment increases the severity of damage, especially temperature
and relative humidity [27].

Polarized microscope proved that the clay used in the manufacturing of pottery at Tell
Daphna is Nile Clay because of the presence of some minerals such as biotite, muscovite,
pyroxene, and plagioclase [28], as shown in figures 2-5. In addition, examination with a polarised
microscope demonstrated the presence of some additives to clay in the manufacturing of pottery
at this site, such as sand, limestone powder, grog powder, and straw. These organic or inorganic
additives are common materials in ancient Egyptian pottery [29], as shown in figures 2-5.

The polarised microscope examination also confirmed the presence of the surface
treatment by applying the red wash and slip layer. These surface treatments were common in
ancient Egypt. The red wash is a mixture of hematite and water. The slip layer is a mixture of
fine grains of clay and water [30]. The examination with a polarised microscope proved the
presence of textures ranging from fine to coarse. The first sample has a fine texture, as shown in
figure 2a-c; the second sample fabric is from fine to coarse, as shown in figure 3a-c; and the third
sample fabric is from medium to coarse, as shown in figure 4a-c. The fourth sample is coarse
fabric, as shown in figures 5a-c. The texture appears to be determined by the shape and
relationship of the grains to each other [31]. The texture varies according to the type of clay,
shaping technique, surface treatment, and burning [32].

Examination with a scanning electron microscope showed that there are some semblances
of damage; the first sample suffered from cracks, gaps, and fractures, as shown in figures 6a-b.
The second sample suffered from separation, gaps, crusting, and cracks, as shown in figures 7a-
b. The third sample suffered from separation, cracking, fracture, spotting, crusting, and
crystallisation of salts, as shown in figures 8a-b. The fourth sample suffered from peeling, gaps,
cracks, and crystallisation of salts, as shown in figures 9a-b. It is known that the scanning electron
microscope plays an important role in identifying and evaluating damage and risks [33]. Cracks
may result from the swelling of the clay or the shrinkage of irregular drying [34]. Some cracks in
pottery are due to the internal pressures resulting from crystallization of salts [35]. Examination
and analysis with a scanning electron microscope equipped with an X-ray energy dispersion unit
(EDX) confirmed the burning quality of the first piece of pottery, where the percentage of carbon
is 2.48% and the second is 5.50%, and the poor quality of burning for the third sample, where the
percentage of carbon is 27.92% and the fourth is 5.98%. The burning atmosphere inside the kiln
is oxidising the first and second pieces. It was a reduced atmosphere for the third and fourth
samples, as shown in Table 1. The percentage of carbon in the samples indicates a burning
atmosphere; it is oxidising in cases of a low percentage of carbon. It is reduced if the percentage
of carbon is high [36].

Examination and analysis by scanning electron microscopy (SEM equipped with an X-ray
energy dispersion unit) confirmed the presence of chloride, sulphate, and phosphate salts, where
the percentage of chlorine in the samples ranged from 4.90 to 19.49%, as shown in Table 1. It
turns out that the fourth sample is the toughest and most crystallised, "halite salt." The percentage
of chlorine is 19.49% because it is a poor-burning sample-retaining mineral clay core that has a
hygroscopic characteristic [37].

The presence of calcium in pottery samples was proven by EDX; the percentage of
calcium reached 5.68 to 21.01%, as shown in Table 1. The presence of calcium in the pottery is
due to the addition of calcite powder as an additive to the clay to improve its properties [38].
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The presence of calcite may be due to the crystallisation of salts due to burial in the soil
[39]. The percentage of sulphur in pottery samples ranged from 1.43 to 4.26%, as shown in Table
1. The presence of sulphate salts is due to their burial in the soil. It is one of the insoluble salts in
water [40]. EDX also proved the presence of phosphorous in pottery samples, ranging from 1.31
to 2.07%, as shown in Table 1. The salts of chlorides and phosphates are hygroscopic and soluble
in water [41]. The crystallization of salts is one of the most important manifestations of damage
to the pottery buried in the soil, because pottery is a hygroscopic material that absorbs saline
water from the soil [42].

The analysis by X-ray diffraction method proved the presence of quartz and diopside,
which indicates that the sample has good burning due to the presence of diopside, which is one
of the glass phases that appears above 850°C [43]. As shown in figure 11a, quartz, rutile, and
illite were clear from the results of the second sample, as shown in figure 11b. It is clear from the
results of the third sample that it burns poorly due to the presence of illite, quartz, and calcite, as
shown in figure 11c. It is clear from the results of the fourth sample that the sample had poor
burning due to the presence of quartz, graphite, and calcite, as shown in figure 11d and Table 2.
It is known that the presence of calcite and the absence of glass phases indicate a low burning
temperature [44]. The analysis proved the presence of calcite, which indicates carbonate salts or
additives [45], as shown in figure 11. presence of carbonate salts due to burial in the soil [46].
The XRD analysis revealed the presence of quartz, kaolinite, and montmorillonite in the soil of
the archaeological site, which confirms that the soil is sandy clay soil.

Thermal analysis of pottery samples proved that the burning temperature of the first
sample is about 816.06°C, as shown in figure 12, the second sample is about 887.81°C, as shown
in figure 13, the third sample is about 706.25°C, as shown in figure 14, and the fourth sample is
651.56°C, as shown in figure 15. These results indicate that the first and second samples have
good burning, the third sample has medium burning, and the fourth sample has poor burning, as
shown in figures 12-15. It is known that thermal analysis refers to the determination of the burning
heat of pottery [47].

Restoration

Various examinations and analyses, such as petrographic examination (PLM) with a
scanning electron microscope with EDX, X-ray diffraction, and thermal study of pottery at Tell
Daphna in Port Said, have proven the presence of soil deposits, in addition to the crystallisation
of chloride, sulphate, and phosphate salts and various stains. The research proved the
phenomenon of cracking and fracture because of the mechanical action of the soil. Based on these
results, the restoration and maintenance of four pottery pieces were restored according to the
nature of their damage and scientific studies in the field of restoration, treatment, and maintenance
of pottery, where the restoration process included the following:

The pottery at Tell Daphana in Port Said was photographed and documented using
examination and analysis techniques. The mechanical cleaning was done according to scientific
restoration and treatment strategies, using soft hairbrushes to clean all soil deposits. It played an
important role in cleaning fragile soil sediments. The hardened soil sediments adhered to the
pottery body were cleaned using metal brushes and scalpels. The cleaning process was carried
out under a lens. The mechanical cleaning process continued until the cleaning process became
futile. Then chemical cleaning is carried out according to scientific restoration and treatment
strategies. Clay soil sediments were cleaned using a mixture of distilled water, acetone, and ethyl
alcohol at a ratio of 1:1:1, respectively. Chemical cleaning is carried out locally. Soot spots were
also cleaned using a mixture of distilled water and ammonia topically. Lime deposits were
cleaned using an EDTA poultice. Crystallised salts were cleaned according to a scientific strategy.
Mechanical cleaning was the first, using various brushes and scalpels. The crystallised salts were
cleaned under lenses with "6x" magnification so as not to injure the pottery surface. Soluble salts
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are cleaned by distilled water, especially halite and phosphate salts; insoluble salts are cleaned by
Mora poultice, especially calcite and gypsum [48].

The pottery objects were strengthened using nanosilica at a concentration of 0.5%. The
consolidation process was applied using the spray method. The initial assembly process started
to find out the locations of the pottery fragments. In order to avoid any errors in the final assembly
process, the pottery sherds were assembled using paralloid B-82 dissolved in trichloroethylene at
a concentration of 50% [49]. The restoration processes are illustrated in Figure 16.

Fig. 16. The restoration processes are: A and B—before and after restoration of the first pottery piece; C and D—before
and after restoration of the second pottery piece; E and F—before and after restoration of the third pottery piece; and G
and H—before and after restoration of the fourth pottery piece

Conclusion

The research was conducted through diagnostic examinations to identify archacometric
aspects of pottery manufacture at this archaeological site, "Tell Daphna." The clay used in its
manufacture is Nile clay. As for the tempers, it was found that they are sand, limestone powder,
pottery powder, and straw. The shaping technique is the hand and potter wheel method. The
surface treatment is a red wash and slip layer. The burning atmosphere is oxidising for the first
and second samples and reducing for the third and fourth samples. The texture ranges from fine
to coarse. The burning temperature is about 816°C for the first sample, 887°C for the second
sample, 706°C for the third sample, and 651°C for the fourth sample. The research also proved
that the samples suffer from different damage aspects such as surface deformation by dirt,
spotting with soot, crystallisation of salts, gaps, crusting, separation of grains, various cracks,
black spots, fractures, peeling, and some missing parts. It also proved the presence of chloride,
sulphate, carbonate, and phosphate salts, as well as the phenomenon of the weakness and lack of
durability of pottery pieces at this archaeological site.
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The research proved the use of a mixture of distilled water, acetone, and ethyl alcohol
at a ratio of 1:1:1, respectively, for removing clay soil deposits. EDTA is used to remove lime
deposits. Nano-silica at a concentration of 0.5% is used to strengthen archaeological pottery by
the spraying method. Paralloid B 82 dissolved in trichloroethylene at a concentration of 50% in
assembling the pottery sherds; it is preferable to display it in the museum at a temperature of
20°C and a relative humidity of 55-60%.
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