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EVALUATION OF SOME SELECTED GAP-FILLING MATERIALS USED IN
RESTORATION OF ARCHAEOLOGICAL POTTERY EXCAVATED FROM TELL
BASTA IN SHARKIA: AN EXPERIMENTAL AND APPLIED STUDY

By

Walid Kamel Ali El-Ghareb
Assistant Professor, Conservation Department, Faculty of Archeology, Zagazig University, Egypt
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[EN] The archaeological pottery discovered in tell Basta in Sharkia is fragile and broken and most of the

pottery objects excavated from Sharkia suffer from loss of one of their parts such as body, rims handle
and base. As a result, the pottery needs gap filling, which is one of the most important restoration and
maintenance processes. This process is considered a historical revival identifying social, religious and
commercial aspects. An assessment of some selected filling materials was done by conducting many
experiments and tests such as determining work time, shrinkage degree, compressive strength,
accelerated artificial thermal and light (U.V) ageing, salt weathering, compressive strength and physical
properties after accelerated artificial ageing for selecting the most appropriate materials in replacement
process. This experimental study on filling materials proved successful and efficient loss compensation
materials, and it is recommended to use one of the following filling materials: (First: a mixture of
microballoon and pottery powder (grog) in a ratio of 2: 1 respectively, Second: a mixture of Poly filla and
pottery powder (grog) in a ratio of 2: 1 respectively). In the applied part of the study, restoration,
treatment and replacement were conducted on an excavated pottery plate from tell Basta in Sharkia using
a mixture of microballon and pottery powder (grog) in a ratio of 2: 1, prior to its museum display at tell
Basta Museum, Sharkia governorate.

KEYWORDS: Ageing, grog, microballoon, poly filla, pottery, replacement, shrinkage.
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EVALUATION OF SOME SELECTED GAP-FILLING MATERIALS USED IN RESTORATION OF ARCHAEOLOGICAL
PoOTTERY EXCAVATED FROM TELL BASTA IN SHARKIA: AN EXPERIMENTAL AND APPLIED STUDY

I. INTRODUCTION

Bubastis is one of the most important capitals of ancient Egypt; excavations area
had proved that it was inhabited since dawn of ancient Egyptian history. Egyptian
historical sources mentioned that Bubastis was the thirteenth province of Delta
provinces. Then it became an independent province, and was the eighteenth province,
and its capital was Bubastis. Today, the archaeological site is known as tell Basta
(Sharkia), it was known in Hellenistic era as Bubastis. Both names (Bubastis - Basta) are
derived from ancient Pharaonic name «Br-Bastet», which means «house of goddess
Bastet»' [FIGURE 1].

[FIGURE 1]: Represents Tell Basta, Sharkia© Taken by the researcher

Damage manifestations of archaeological pottery varied at excavation sites as a
result of exposure to various damage factors that may cause cracking or fracture of the
pottery body?, as pottery is breakable by pressures and external soil loads, or as a result
of exposure to impact damage, which is irreversible mechanical damage. The fracture
may be accompanied by a small or large loss depending on the pressure force. This
damage may lead to complete fragmentation®. The same mechanical damage can occur
because of fault lifting, floods, earthquakes*, tunneling and reclamation of agricultural
land by plows. Damage degree and loss of the pottery body depends on nature of burial
environment, whether direct or indirect. The fracture and loss degree increase when the
pottery is close to surface soil°.

After assembling process, some pottery pieces may lose one of their parts. These
missing parts differ in their shape and place in the pottery body, so replacement process
varies according to missing part shape. This process may be simple or complex because
each lost part needs certain filling method®. Replacement process is one of the most

INOUREDDINE 2018: 356.
2PRICE 2011: 1-4.
3RYDZEWSKI 2021:781-790.
4SALEH et Al 2020: 97-108.
5ZAREMBA et Al 2021:67-81.
SWILLIAM 2002: 49-50.
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important treatment interventions’. A complex replacement process depends on skill of
restorer®. Filling materials should have various features such as retrieval properties,
chemically inactive’, adequate tensile strength, stability and non-shrinkage!®. A
shrinkage and expansion coefficient should be close to those of the pottery materials. In
addition, they should have resistance against microorganisms. It should be easy to
shape and have an appropriate work time for modelling. It should not distort the
archaeological pottery surface!!, match the pottery body color!? and be compatible with
the charters approved by organizations in this field® .

The replacement process always needs a conscious restorer because it is an
artwork; its goal is to preserve authenticity of pottery objects. By restoration of pottery
that lost shape by filling materials, one can identify social, cultural, religious and
commercial aspects for that era'*, therefore, the restorer must focus on historical, artistic
and archaeological value during replacement process’. Replacement process varies
from one country to another according to prevailing philosophy school, technical skill
of conservator, nature of the loss part, and filling materials'®. Many filling materials had
varied with progress of chemistry!” such as dental wax, reinforced aluminum sheets,
synthetic rubber, polyfilla, Durofix, some acrylic and vinyl pastes such as A.J.K
dough'®. Therefore, conservators should be more specialized in this field", with the
continuous development of the filling materials®. In this study, some filling materials
will be evaluated to select the best and most appropriate ones in replacement of some of
the archaeological pottery excavated from Tell Basta in Sharkia as an experimental and
applied study.

"HASSAN 2021: 879-892.

8MONACO et Al 2021:41-50.
SFIORENTNO & BORRELLI 1975:202.
WDOWMAN 1970:62-63.

HCAUPER et Al 2021:311-322.
12SANDU et Al 2021:361-390.

BABD AL KAREEM et Al 2021:417-428.
4BDRABOU et Al 2021:403-416.

I5AL SAAD & BATAINEHM 2021:493-506.
16HEFNI et Al 2021: 325-334.
17IVASHKO et Al 2021:935-960.
IBLARNEY 1971: 74-75.

YHAMAD et Al 2021:105-112.
20CAYME 2021:977-986.
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EVALUATION OF SOME SELECTED GAP-FILLING MATERIALS USED IN RESTORATION OF ARCHAEOLOGICAL
PoOTTERY EXCAVATED FROM TELL BASTA IN SHARKIA: AN EXPERIMENTAL AND APPLIED STUDY

II. MATERIALS AND METHODS
1. Study Materials
A. Archaeological Pottery
A pottery plate from was selected for the applied study as shown in [FIGURE 2].

[FIGURE 2]: Represents the pottery plate, Tell Basta, Sharkia

B. Selected Filling Materials

Filling materials selected for the experimental study included poly filla,
microballoon, - Italian Gypsum and pottery powder [FIGURE 3].

Grog Gypsum Microballon Poly filla]

[FIGURE 3]: Represents some of the selected filling materials

C. Preparation of the Samples

The samples were prepared to suit tests and experiments that were conducted in the
experimental study according to Salah?', as shown in [FIGURE 4].

B el

Gypsum Microballon Poly filla

Poly filla + grog

Gypsum+ grog Microballon+ grog

Poly filla + Microballon+ grog

Wooden molds

[FIGURE 4] : Represents filling materials cubes used in experimental study

2ISALAH 2019:184.
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2. Study Methods

After preparing several samples of the selected filling materials, many
experiments and tests were conducted to evaluate filling materials that can be used in
restoration and maintenance process. The most important experiments and tests were
conducted as follows:
Determination of Working Time.
Determination of Degree of Shrinkage.
Determination of Compressive Strength.
Thermal [Heat] Ageing.
Light Ageing by U.V.
Determination of Compressive Strength after Thermal and Ultra-violet
Ageing.

SRR

Determination of physical properties after thermal ageing.
. Salt ageing.

© N

9. Determination of Compressive Strength after salt weathering.

W

. Results

p—

. Determination of Working Time of Material

Working time of selected filling materials was observed during the preparation of
samples for experiments and tests according to (Rasheed, 2019)*, and the results
recorded are as follows:

A.Poly Filla.

Is mixed with water, is difficult to shape immediately after pouring, and dries within
25 minutes. The material is shaped easily giving a smooth and polished white surface
after drying. It can be easily retrieved mechanically.

B. Microballon

It is added to Paraloid B 82 at a concentration of 5%. After casting, it remains in a soft
state, it is difficult to shape before 40 minutes, and it dries within 60 minutes. After
an hour, the material can be formed and polished.

C. Italian Gypsum

A white substance prepared easily by mixing it with water, it is difficult to form
immediately after pouring; and it dries within 6 to 7 minutes.

D.Poly Filla and Pottery Powder (Grog).

Grog was added to polyfilla in a ratio of 1:2 and mixed well, before being added to
some water; the working time of this material is 30 minutes.

2ZRASHEED 2019: 195-199.
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E. Microballon and Pottery Powder (Grog).

Pottery powder was added to microballon in a ratio of 1:2 respectively, and mixed
well. The mixture was added to a solution of Paraloid B 82 with a concentration of
5%. Working time was 60 minutes. It gave a reddish white surface after drying, and
can be retrieved.

F. Gypsum and Pottery Powder (Grog).

Pottery powder was mixed with Italian gypsum in a ratio of 1:2 respectively, after
that, they were mixed well in water; it dries within 6 to 7 minutes. This material is
characterized by its ease for modelling; it gives a reddish-white surface after drying.
It can be easily retrieved mechanically.

G. Poly Filla+Microballon+ Pottery Powder (Grog).

Grog was prepared, and then pottery powder was added to polyfilla and
microballoon in a ratio of 1:1:1 respectively. They were mixed well in a solution of
Paraloid B 82 with a concentration of 5%. Working time is 40 minutes. It gave a
reddish white surface after drying and it can be retrieved.

2. Determination of Shrinkage Degree for Selected Filling Materials

Filling materials were poured into molds with known dimensions, and the length
of the samples was measured after drying. Thus, degree of shrinkage could be
determined, which is a scientific basis for evaluating some selected filling materials.
Cylinder-shaped fills were made of certain lengths and a fixed uniform diameter, and
then they were left to dry gradually away from the sun's rays. Then, they were placed
in a drying furnace at a temperature of 105 °C for 24 hours; the length of samples was
measured after drying to obtain the dry length, where drying shrinkage was measured
according to (Rice - 1996)%. The results are shown in [TABLE 1] & [FIGURE 5].

Material Filling Wet length | Dry length Fsr}?r ?ndlf;g;:i°2§
Poly filla 3 2.75 8.33
Microballon 3 2.70 10
Gypsum 3 2.5 16.67
Poly filla + grog 3 2.88 4
Microballon + grog 3 2.9 3.33
Gypsum + grog 3 2.6 13.33
Poly filla + Microballon +grog 3 2.68 10.67

[TABLE 1] : Shows results of shrinkage degree of selected filling materials© Done by the researcher

ZRICE2015: 70-71.
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The degree of shrinkage(%)
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[FIGURE 5]: Represents determination of shrinkage degree of some selected filling materials

3. Determination of Compressive Strength for Selected Filling Materials

Some cubes of selected filling materials were prepared to determine compressive
strength for assessing their ability to resistance stresses and loads, which is a guide for
assessing the mechanical properties of the selected filling materials. This test was done
by German-made device according to ASTM?. The results shown in [TABLE 2] &
[FIGURE 6].

Material Filling Compressi;zceinss;rength (ke
Poly filla 198.88
Microballon 204.21
Gypsum 36.15
Poly filla +grog 236.44
Microballon +grog 260.37
Gypsum +grog 40.23
Poly filla + Microballon + grog 84.86

[TABLE 2]: Shows results of compressive strength degree of the selected filling materials© Done by the
researcher© Done by the researcher

The degree of Compressive Strength( kg /em?)

250 198.88 204.21

©

236.44

260.37

200

150 84.86

100 36.15 40.23
A

= > £

N & £ v Q{,::: o K
<° & e® ® & $
- - > & >

[FIGURE 6]: Represents determination of compressive strength degree of some selected filling materials

2ASTM 2001:118-119.
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4. Accelerated Artificial Ageing by Heat for Selected Filling Materials

Filling materials may be damaged and subject to deterioration by accelerated
artificial ageing by heat. This deterioration (change in weight or color) is considered a
basis for evaluating any material. The more the material is stable and has good
resistance, the more material is appropriate for restoration purposes. Thermal ageing
was done according to (Brania, 2011)%. Samples of cubes were prepared and then left to
dry at room temperature for 21 days. They were placed inside a furnace at a
temperature ranging from 65-100 °C. Heat temperature was gradually raised, and the
cycle period was (30) days for 720 continuous hours. The weight of the samples was
measured before placing in the furnace (dry weight), then the samples were weighed
several times until the end of heat cycles, the change in color and weight were noticed
and recorded. These results are presented in [TABLE 3] and [FIGURE 7].

Filling Materials Heat Exposure Time Color before Color after
Poly filla 100 °C 720 white darkness

Microballon 100 °C 720 white No change
Gypsum 100 °C 720 white darkness

Poly filla + grog 100 °C 720 light brown No change

Microballon + grog 100 °C 720 light brown No change
Gypsum +grog 100 °C 720 dark brown darkness

Poly filla +g1;/(1)igroballon * 100 °C 720 light brown No change

[TABLE 3]: Shows results of accelerated artificial thermal ageing for the selected filling materials
©Done by the researcher

Microballon + grog

Poly filla+ grog

[FIGURE 7]: Represents color change of some selected filling materials by artificial thermal ageing

It has been noticed that most of filling materials samples were subjected to a
change in weight in different proportions due to heat temperature; the loss in weight
and its percentage are shown in [TABLE 4] & [FIGURE 8].

ZBRANIA et Al 2011:4.
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Heat . . Percentage
rye . Exposure Time Loss of weight .
Filling Materials Temperature hour (em) in loss
« »
& weight (%)
Poly filla 100 °C 720 3.94 14.22
Microballon 100 °C 720 2.80 9.89
Gypsum 100 °C 720 4.80 17.53
Poly filla +grog 100 °C 720 1.43 4.70
Microballon +grog 100 °C 720 0.4 1.30
Gypsum +grog 100 °C 720 3.5 11.91
Poly filla +
Microballon + grog 100 °C 720 3.1 10.01

[TABLE 4]: Shows the weight loss and its percentage for selected filling materials by artificial thermal
ageing© Done by the researcher

Loss of weight [:rn}

143

j\ 0.4
. . -

Rl o S
&\‘\ @@é‘ .@ﬁ & ; édﬂ . ‘}:ﬁi &
q i < & o & oF

W+ o o & Fd
® & @ &
& &
&
$

14.22

k

Py

9.89

A

ke
LETRF S LoT=1w1

17.53

B Percentage in loss weight [%)

1181
10.01

1 I 3 ‘ ‘
F
& & &

4.7

W ¥ "
& &
@.@J (Jﬁ' -‘ﬂ\$‘§
" &
L ‘?\,g
,@

[FIGURE 8]: Represents thermal ageing of selected filling materials A: loss of weight B: percentage in
weight loss

5. Light Artificial Ageing of Selected Filling Materials

Light artificial ageing can physically damage the selected filling materials by
ultraviolet rays. The samples were exposed to ultraviolet radiation for 30 days at a rate
of 720 hours. Light ageing was done according to Elghareb?. The results were shown in

[TABLE 5].
Filling Materials Exposure Time Color before Color after Exposure
«hour» Exposure
Poly filla 720 white No change
Microballon 720 white No change
Gypsum 720 white No change
Poly filla +grog 720 light brown No change
Microballon +grog 720 light brown No change
Gypsum +grog 720 dark brown No change
Poly filla + Microballon + grog 720 light brown No change
[TABLE 5]: Shows the results of light artificial ageing of the selected filling materials© Done by the
researcher
2[BRAHIM et Al 2018: 39-48.
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It is clear from results of previous table that the samples showed a degree of

stability and resistance to light ageing but they were subjected to loss in weight as
recorded in [TABLE 6] & [FIGURE 9].

e ) Exposure Time ) Percentage in Loss
Filling Materials p hour Loss of weight(gm) weigght %)
Poly filla 720 0.20 0.72
Microballon 720 0.13 0.45
Gypsum 720 0.88 3.21
Poly filla +grog 720 0.18 0.59
Microballon +grog 720 0.12 0.39
Gypsum +grog 720 0.58 1.97
Poly filla + Microballon 720 0.36 116
+ grog

[TABLE 6] : Shows the weight loss and its percentage of the selected filling materials by U.V. © Done
by the researcher

A Loss of weight [gm] B Percentage in loss weight (%)
0.88 . an
k] §
07 058 - 197
be 0.36 2 26
R 0.3 0.1 N g 059 pag
83 : ’ 012 1 : . Y ‘
0.
o3 A » A o A os A » A o
vl il b
g e § o o & @0"’ & é‘&\ & 3 & :";& u‘;& &
) P «® ; 3 K
& 'F " q G B I
& e i qﬂs\ & ‘9{' ‘;en(u Q¥ o & A
O & » & & &
® 60 5 -\‘5@ ‘!& (<) ,:;'DL
o } b\‘f @\#
™ ¢
f

[FIGURE 9]: Represents light ageing of the selected filling materials, A) the loss of weight; B) the
percentage in weight loss
6. Determination of Compressive Strength after Artificial (Thermal-Light) Ageing
A. After Thermal Ageing
Measurements were taken after accelerated artificial heat ageing to determine stability

of these materials after exposure to high temperatures. This test was carried out on
previously described device. The results are shown in [TABLE 7] and [FIGURE 10].

Material Filling Compressive Strength kg /cm?
Poly filla 108.36
Micropallon 185.44
Gypsum 10.14
Poly filla + grog 201.98
Microballon + grog 248.99
Gypsum + grog 15.22
Poly filla+ Microballon +grog 40.88

[TABLE 7]: Shows the results of the compressive strength degree of the selected filling materials after

artificial thermal ageing© Done by the researcher
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The degree of Compressive Strength( kg fem? ) - After thermal ageing
248.99

185.44

250 201.98
200
150 103 36
“i 1014 1522 0%
et .A
gﬁ

[FIGURE 10]: Represents compressive strength degree after thermal ageing of the selected filling
materials

B. After Light Ageing

Test of compressive strength was done after accelerated artificial light ageing to
determine the stability of these filling materials .The results are shown in [TABLE 8] &
[FIGURE 11].

Material Filling Compressive Strength kg /cm?
Poly filla 193.46
Micropallon 202.89
Gypsum 28.18
Poly filla + grog 234.67
Microballon + grog 259.99
Gypsum + grog 36.88
Poly filla+ Microballon +grog 81.25

[TABLE 8]: Shows the results of the compressive strength degree of the selected filling materials after
artificial light ageing by U.V© Done by the researcher

The degree of Compressive Strength( kg fom? ) - After light ageing

300 234,67 239.99
250 193,45  202.89

200
150 B1.25
100 23 18 35 88
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o 65{; f}ﬁ & {;:\h fk ,\d;‘
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[FIGURE 11]: Represents compressive strength after light ageing of the selected filling materials
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7. Determination of the Physical Properties of the Selected Filling Materials before
and after Accelerated Thermal Ageing.

A. Porosity

The porosity values changed after artificial thermal ageing of the selected filling
materials according to ASTM %, the results are shown in [TABLE 9] & [FIGURE 12].

Porosity Porosity The percentage of
Filling Materials before Ageing aftfer Porosity (%)
Ageing

polyfilla 28.90 54.08 87.12
Microballon 26.80 36.90 37.68
Gypsum 32.20 63.45 97.04
Polyfilla + grog 26.80 39.30 46.64
Microballon + grog 25.30 34.40 43.87
Gypsum + grog 30.10 62.13 106.41
Polyfilla + Microballon + grog 27.40 52.36 91.09

[TABLE 9]: Shows the porosity of the selected filling materials after artificial thermal ageing
©Done by the researcher

91.09 |

52.36

214

polyfillasmicroballon+grog

106.41
62,13 Gypsum + grog
L1

344 Microballon +grog
353

46.64
39.3 Poly filla +grog
97.04 |
63.45 Gypsum
322
37.68
36.9 Microballon
B
8712 |
54.08 Paly filla
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[FIGURE 12]: Represents porosity and its percentage of the selected filling materials after thermal
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B. Water Absorption
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Water absorption values changed after thermal ageing of the selected filling materials
according to (Kamel, 2012)%. The results are shown in [TABLE 10] & [FIGURE 13].

. . The percentage of
iy . water absorption | water absorption after .
Filling Materials . . water absorption
before Ageing Ageing (%)
o
polyfilla 22.82 47.98 110.25
Microballon 20.73 30.83 48.72
Gypsum 22.10 53.35 141.40
Polyfilla + grog 20.94 33.44 59.69
Microballon + grog 19.36 30.46 57.33
Gypsum + grog 23.08 54.11 134.44
Polyfilla + Microballon + 21.65 45.61 120.87
8rog
[TABLE 10]: Shows water absorption of the selected filling materials after artificial thermal ageing
© Done by the researcher

polyfilla+microbalion-+grog

Gypsum + grog

Microbalion + grog

Poly filla + grog

Gypsum

Microbalon

Poly filla

140 120 100 20 0

¥ The percentage of water absorption
(%)

¥ water absorption After Ageing * water absorption before Ageing

.[FIGURE 13]: Represents water absorption and percentage of selected filling materials after thermal
ageing

8. Test of Salt Ageing.

Salt ageing was carried out on samples that were prepared in the form of "cubes
3 x 3 x 3 cm" that were left to dry at room temperature for 21 days. After drying, they
were placed in a furnace at 105 °C. The dry weight was determined. Then the samples
were immersed in a solution of sodium chloride NaCl with a concentration 10% for 8
hours, and then the samples placed for 16 hours in room atmosphere. After that, they
were placed in a furnace at about 65°C to 100°C. This cycle was repeated for 30 days
according to (Ismail, 2012)%. The results are shown in [TABLE 11] & [FIGURE 14].

BKAMEL2012: 29-30.
2ISMAIL 2000: 70.
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Filling Materials w;(g);st(()g;) Percentage of Loss weight (%)
Poly filla 2.30 8.54
Microballon 2.47 10.44
Gypsum 8.16 36.67
Poly filla +grog 1.90 6.39
Microballon +grog 1.40 4.33
Gypsum +grog 6.20 38.46
Poly filla + Microballon + grog 4.50 17.80

[TABLE 11]: shows the results of artificial ageing by salt weathering with sodium chloride (10% ) for
the selected filling materials

Lass of weight (gm}-salt weathering

B.l6
) 6.2

S R L U O GO D

43

|
23 W ' 10.44
cihaahd [iaidashd

NNV A o1V g A o
R G Y o N N N
& FE Y e N A

& 6&? {;‘# .,555' & ¢°\? bé‘ -@aa
o ‘{&\’;‘Q ‘!} @'@
¢ 'f@

Percentage in loss weight (%)

36,67 3B.46

[FIGURE 14]: represents weight loss and its percentage after salt weathering for the selected filling
materials, A: loss of weight, B: percentage of weight loss

9. Determination of Compressive Strength of Selected Filling Materials after
Accelerated Artificial Ageing by Salt Weathering with Sodium Chloride Salt NaCl
(10%).

These measurements were done after salt weathering with sodium chloride salt
10% to recognize the stability of these materials for salt weathering. This test was done

on the aforementioned device, and the results are shown in [TABLE 12] & [FIGURE 15].

Filling Materials Compressive :‘»fttr::gth (kg /cm?)

Poly filla 88.06

Microballon 175.14
Gypsum 5.14

Poly filla +grog 191.68

Microballon +grog 238.69
Gypsum +grog 4.82

Poly filla + Microballon + grog 20.58

[TABLE 12]: Shows compressive strength degree of selected filling materials after salt weathering (NaCl
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The degree of Compressive Strength( kg /cm? ) after salt ageing

238.69

250
191.68
200 175.14 {

15
10

o

88.06

/\ 5.14 4.82 20'58
— — LD

w
o © O

[FIGURE 15]: Shows compressive strength after salt weathering with NaCl (10 %)

III. DISCUSSION OF RESULTS

The experiments and laboratory tests in this study gave different results
depending on nature of each material. Polyfilla is a white material®*, which is easy to
prepare by mixing with water®, is difficult to form immediately after pouring, dries
within 30 minutes, and is formed easily and gives a white surface®. Microballon, is a
white substance that is easy to prepare by mixing with Paraloid B 82 at a concentration
of 5%%. It is difficult to shape before 60 minutes, and after complete drying, it is difficult
to polish and shape.

Italian gypsum consists of semi-aqueous calcium sulfate CaSO4.2H:0O, and has a
specific gravity of 2.32. There are two types of gypsum, the first is alpha plaster, and the
second is beta plaster. They differ in their physical properties, alpha one needs less
water than beta gypsum?®. Some of the main gypsum defects are its low working time,
its expansion and water absorption®. It is easy to prepare by mixing with water. It is
difficult to form immediately after pouring, it dries within 6 to 7 minutes, and is
reversible.

The mixtures of Poly filla and pottery powder (grog), Microballon and pottery
powder, and gypsum and pottery powder gave different results in determining
working time. It was noticed that during preparation of these mixtures that pottery
powder should be finely ground, several pottery powders must be made to select the
powder that suits pottery body color®. In some cases, color oxide can be added to
modify the paste color for matching pottery body. Work time for a mixture of
Microballon and pottery powder was 60 minutes, while working time for a mixture of

30AI-SEYOUF,2012162-

31AIIAM,2005: 202

32HENKEL DUSSELDORF—CHEMIE 2021: 118-122.
3BCTS CATALOGUE 2020:153.
34SADIQ2005:132.

35ATTIA 2003:111.

36 AL-FATEH 2007:156.
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gypsum and pottery powder was from 6 to 7 minutes; working time of a mixture of
Polyfilla, microballoon and pottery powder was about 40 minutes.

It has been shown through determining working time for microballon or a mixture
of microballon and pottery powder that working time can be controlled by type of
solvent where evaporation speed of solvent leads to speed drying, and thus the time of
working is reduced and vice versa.

Results of experiments and tests of shrinkage degree gave different results
according to properties of each material; it is known that determining shrinkage degree
is a scientific basis for evaluating selected filling materials. The lower shrinkage degree,
the better in replacement process. A mixture of microballon and pottery powder
achieved the lowest shrinkage degree at 3.33%, but Italian Gypsum recorded the
highest shrinkage degree at 16.67%. Among them, there were the rest of results of
determining shrinkage degree as in [FIGURE 5].

The results of determining compressive strength of selected filling materials before
ageing showed a difference in degree of resistance sample to compressive strength
according to properties of each material. Microballon and pottery powder had the best
results recording compressive strength degree about 260.37 kg/cm? but Gypsum
recorded 36.15 kg/cm? among them, there were the rest of the results of compressive
strength as in [FIGURE 6].

It was clear from artificial thermal ageing results of selected replacement materials
that selected filling materials showed a difference in their resistance to discoloration
and weight loss. All replacement materials showed stability to color change except for
polyfilla, Italian gypsum, and a mixture of gypsum and pottery powder that had
changed to dark color. It is shown from the results of thermal ageing that a mixture of
microballon and pottery powder had the best thermal resistance. It recorded weight
loss of about 0.4 g and its percentage was 1.30%, while Italian gypsum recorded weight
loss of about 4.80 g with a percentage 17.53%, the rest of the results were between the
two numbers [FIGURE 8].

It is shown from results of light ageing that a mixture of microballon and pottery
powder had the best light resistance. It recorded weight loss about 0.12 g and its
percentage was 0.39%, while Italian gypsum recorded weight loss about 0.88 g with a
percentage of 3.21%, among them there were the rest of the results as [FIGURE 9].

Selected replacement materials after artificial thermal ageing showed a difference
in resistance to compressive strength. A mixture of microballon and pottery powder
had the best pressure resistance results, where it recorded a resistance degree about
248.99 kg/cm® while gypsum recorded 10.14 kg/cm®. Between them, there were the rest
of results as in [FIGURE 10].

Regarding compressive strength degree after artificial light ageing by U.V. the
mixture of microballon and pottery powder had the best pressure resistance results,
where it recorded a resistance degree about 259.99 kg/cm? while gypsum recorded 28.18
kg/cm3. Between them, there were the rest of results as in [FIGURE 11].
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The replacement materials showed a difference in porosity degree after thermal
ageing compared to the samples before ageing. A mixture of microballon and pottery
powder recorded the best results. It recorded the lowest porosity degree before ageing
about 25.30, while it recorded porosity degree after ageing 34.40 with percentage
43.87%. Gypsum, as well as a mixture of gypsum and pottery powder had recorded the
highest apparent porosity degree 32.20 and 30.10, respectively before ageing, while a
mixture of gypsum and pottery powder recorded an apparent porosity degree 62.13
with percentage 106.41, as in [FIGURE 12]. An increase of porosity in all samples was
due to poor inter-granular bonding because of thermal ageing.

Filling materials showed a difference in water absorption degree. Microballon and
pottery powder recorded the best results. A mixture of microballon and grog recorded
the lowest water absorption degree about 19.36 before ageing, while it recorded water
absorption degree after ageing 30.46 with percentage 57.33%. Then, gypsum, followed
by a mixture of gypsum and pottery powder had recorded the highest water absorption
degree at 22.10 and 23.08, respectively before ageing, while a mixture of gypsum and
pottery powder recorded water absorption degree 54.11 with percentage of 134.44 %
but water absorption percentage of gypsum was 141.40 % as in [FIGURE 13].

Water absorption degree after ageing was increased compared to the samples
before ageing due to poor cohesion of grains by thermal ageing.It is clear from the
results of saline ageing that the samples were affected by salt weathering (sodium
chloride salt 10%) in different proportions. A mixture of microballon and pottery
powder gave the best results of weight loss resistance by saline weathering. Mixture of
microballon and grog recorded a weight loss of 1.40 g with a percentage of 4.33%, while
gypsum recorded a weight loss of 8.16 g with a percentage of about 36.67%. Among
them, there were the rest of the results, as in in [FIGURE 14].

From the determination of compressive strength of selected filling materials after
salt ageing (sodium chloride salt 10%), a difference in their degree of resistance is clear.
A mixture of microballon and pottery powder had the best pressure resistance results,
where it recorded compressive strength degree of about 238.69 kg/cm3, while a mixture
of gypsum and pottery powder recorded compressive strength 3.82 kg/cm?® Among
them, there were the rest of the results, as in [FIGURE 15].

IV. APPIED STUDY
A. Description and Diagnosis of Damage

A pottery piece, which was a medium-sized pottery plate that was broken into three
different fragments, was chosen for the applied study. The pottery piece suffers from
presence of many different clay and lime soil sediments, as well as crystallization of
salts, as shown in [FIGURE 16].

[FIGURE 16]: Represents a pottery plate before restoration and maintenance, tell Basta, Sharkia,
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B. Cleaning Process

Soft brushes were used to remove dirt deposits mechanically. In some cases,
scalpels may be used to clean hard calcifications carefully, gave excellent results®”, but
the pottery plate still suffered from some lime deposits, as in [FIGURE 17].

[FIGURE 17]: Represents mechanical cleaning of pottery plate, A) needle cleaning; B) brushing
cleaning; C) after mechanical cleaning

The lime sediments were cleaned by EDTA, known as tetra sodium ethylene
diamine tetra acetic acid according to Nabil& Ala%®, which gave excellent results as in
[FIGURE 18].

[FIGURE 18]: Represents chemical cleaning of pottery plate, A) during chemical cleaning; B) after
chemical cleaning

C. Bonding Process

After mechanical and chemical cleaning of the pottery plate a preliminary
assembly of the plate fragments with each other was carried out in order to locate the
lost parts. Then a process of assembling for these pottery sherds was carried out using
Paraloid B72 dissolved in toluene at a concentration of 50% according to (Nagwa, 2016)
%, and thus the artifact was restored to its original shape before burial in the soil, as
shown in [FIGURE 19].

37SEASE 1994:111-124.
38BADER & MOHAMED 2016: 443-458.
¥SAYED 2016: 25.
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[FIGURE 19]: Represents assembling process of pottery plate, A) preliminary assembly; B) during
assembling; C) after cleaning and assembling process

After assembling process, the artifact was strengthened by a mixture of Nano
silica dispersed in ethyl alcohol at a concentration of 1% with Wacker H at a ratio of 1: 1
using poultice method according to Elghareb*, as shown in [FIGURE 20].

[FIGURE 20]: Represents strengthening process by poultice method

D. Replacement of Lost Parts

It was noticed after assembly process, that the pottery plate suffered from
missing parts. Aluminium paper was applied under the missing part as a support
material. Then replacement material was prepared, which was a mixture of
microballon and pottery powder in a ratio of 2: 1. The paste was applied. After an hour,
it was shaped and polished. Thus, the pottery object was restored to its original shape
before burial in the soil. The pottery object was protected and isolated using Paraloid B
82 with a concentration of 3 % by brush, as shown in [FIGURE 21].

[FIGURE 21]: Represents replacement process of pottery plate, A) before replacement; B) after
replacement

40 EL GHAREB 2019:415-428.
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V. CONCLUSION

The research proved that most of the excavated pottery pieces from tell Basta in
Sharkia suffered from loss of one of their parts. These pottery objects need a
replacement process to restore its artistic and archaeological form before breaking. It is
considered a historical revival identifying social, religious, commercial aspects. The
experimental study proved successful and efficiency of some gap-filling materials in
completing of the pottery was achieved. It is recommend to use one of the tested filling
materials: (First: a mixture of microballoon and pottery powder (grog) in a ratio of 2: 1
respectively, Second: a mixture of Poly filla and pottery powder (grog) in a ratio of 2: 1,
respectively). In the applied study, restoration interventions and treatment were done
for a pottery plate. In addition to the completing process using a mixture of microballon
and pottery powder (grog) in a ratio of 2: 1 for the pottery object. After restoration, the
treated archaeological pottery plate was ready for museum display at tell Basta
Museum, Sharkia governorate.
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