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Abstract:

This paper describes the condition of the painted decorations in
Osiris chapel and identifies their original materials and implemen-
tation techniques by studying the stratigraphic structure. It includes
information on the accumulation of soot layers as the most effe-
ctive deterioration factor in the chapel. In addition, it assesses and
documents the condition. Investigations were carried out using optical
microscopy (OM), scanning electron microscopy coupled with energy-
dispersive X-ray spectroscopy (SEM-EDX), X-ray diffraction (XRD),
and attenuated total reflection-Fourier transform infrared (ATR-FTIR)
spectroscopy. The results indicated that the blue pigment revealed
Egyptian blue (Cuprorivaite), the green pigment was Egyptian green,
the red pigment was red ochre, and the yellow pigment was yellow
ochre. Furthermore, the used plaster layer is consisted of gypsum,
the vaulted ceiling is constructed by sandstone, and the walls were
built from fine crystalline limestone. The accumulated soot was noticed
as black particles under the optical microscope, which showed as
dark gray composed of graphite according to XRD that was com-
posed of carbon as EDX result and graphite according to XRD. The
hydrophobic coatings in the presence of external agents could trigger
multiple deterioration mechanisms. The documentation of the wall
paintings' condition was done via Autocad and Photoshop layers.

1. Introduction

Abydos is one of the oldest centers of civ-
ilization in Upper Egypt [1], located about
300 miles south of Cairo. It contains many
important relics places and archaeological
buildings, such as the Temple of Seti | and
Ramssis Il Temple. Seti | temple, fig. (1-a),
was built by Seti I in the 19" dynasty (1293-
1185 BC) [2] and was completed after his
death by his son Ramssis Il [3]. The temple
stone reliefs are some of the finest and most
delicate in any Egyptian temple. Moreover,
the temple is an “L” shaped design, and it
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has a terrace, multiple courts and chambers,
two pylons, and seven chapels dedicated to
Seti | and ancient gods, fig. (1-b) [4,5]. In
the current study, one of the most important
chapels in the temple (Osiris Chapel) was
studied. It is a rectangular room extending
from east to west by about 10 m? and from
north to south by about 5 m? and is covered
by a vaulted ceiling along its length [6].
The decorations in this chapel are in good
preservation condition and were executed
with great precision and craftsmanship. The
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old artisan used limestone to construct the
walls, while the vaulted ceiling was built from
sandstone. The chapel was decorated with
high precision sunk/raised reliefs. Then, red,
yellow, blue, green, and black pigments were
used to color these reliefs. The distribution
of pigments in the ceiling was identified thr-
ough repeated relief figures, which were not
completely obscured by soot [7]. The chapel
contains a group of very impressive décor-
ations and inscriptions for the king and his
daily activities, such as kneeling and offering
necklaces to Osiris [8,9]. Furthermore, the
vaulted ceiling was decorated with prominent
and repeated carvings of stars and cartouche,
which bore the royal title for King Seti:
"Menmaetre” [10]. Most of the inscriptions
in this hall were executed during the reign
of king Seti I. They are very exquisite ins-
criptions that retain their luster even now.
The scenes prevailing in most of the chapels
are the scenes of offerings directed toward
the individual gods and depictions of skiffs
housing the divine images [11]. From a con-
servation point of view, few studies were
conducted on the condition assessment of
decorations and their deterioration aspects
in the Seti | temple, e.g. [2,3,12,13]. In this
regard, the present study is considered the first
on the condition assessment of painted deco-
rations in this chapel to identify the extent
of its depth in the ancient painted surface.
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Figure (1) Shows a. the plan of the templ, general
view of the temple

2. Condition Assessment

The decay of the building materials, such
as stones, bricks, mortars, and paintings, is
a complex phenomenon [14]. It occurs thro-
ugh various deterioration mechanisms mostly
due to external and internal deterioration
factors and related mechanisms that create
different deterioration forms [15,16]. The
main objective of this section is to assess the
harmful effects of painted decorations in the
Osiris chapel and Seti | temple. These inf-
luences are attributed essentially to some
unwanted materials, e.g., soot accumulations
and acrylic coatings, as human effects [17].
In this regard, a documentation system was
designed to show the different deterioration
of two previous aspects, including:

1) A photograph coupled with a scale for the
current condition before treatment. 2) Using
Photoshop program to draw the details of
reliefs. 3) Taking three copies of the basic
drawing highlighting the dispersions of the
deterioration aspects of the figurative layer,
the preparatory and supporting layer, and the
locations of the treatments already performed.
All these features are shown in figs. (2 & 3).
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Figure (2) Shows a. panoramic view of the ceiling
divide from (A-J) plats, b. sample of ceiling
documentation, c. layers after combining.
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Figure (3) Shows a. layer 1 of documentatlon with
previous intervention in H2 plate, b. layer
2 superficial deterioration, c. layer 3 det-
erioration aspects of paint and prepara-
tory, d. layer 4 deterioration aspects of
support layer.

2.1.Soot accumulations

The ceiling of the chapel suffers from the
accumulation of soot /ayers, which led to
the obliteration of the decorations with soot.
Christian monks used these places as safe
havens and shelters [3,7]. Thus, they used fire
for various purposes, such as cooking and
lighting [18]. The dense soot concentrated
over the ceiling area and the curves directly
below it. As for the walls, the accumulation
of soot was less. The distribution of pig-
ments in the ceiling was identified through
repeated figures, which were not completely
obscured. Soot is composed of an oily tarry
matrix mixed with carbon to form a bla-
ckened oily film [19]. During the fire, the
soot particles separate in the air due to their
weight; the larger particles agglomerate dro-
pping out of the air closest to the fire, and
the finer particles agglomerate farther from
the fire [20]. The electrostatic attraction phe-
nomenon is the main reason for the stability
of soot particles on surfaces, which penetrate
the finest holes of the porous surface and
adhere to the surface [21,22]. Over time, fine
soot particles become embedded in painted
surfaces due to penetrating interstices [23].
The accumulation of soot causes significant
visual changes to decorations, obscuring the
details of the artistic and aesthetic values
of these monuments by soiling [24,25]. In
addition, it changes the water permeability
properties of the original surface [26]. Soot



contains acidic components causing the decay
of the stone [24]. Soot and other organic
compounds form a suitable medium for SO,
absorption from atmospheric air, and these
effects increase by CaSO, [27].
2.2.Acrylic coatings

Through previous periods, many hydrophobic
coatings were applied for the consolidation
and protection of painted decorations [28].
These resins have been used in the preser-
vation of antiquities since the 1960s [29].
One of the most widely used consolidation
and protection acrylic-based products is me-
thyl acrylate/ethyl methacrylate (MA/EMA)
copolymer [30]. It is well known for its good
adhesive power, transparency, and solubility
in several solvents [31]. Over time, they are
susceptible to degradation due to different
external agents, such as temperature, moisture,
salts, light, microorganisms, etc. Those agents
can trigger multiple deterioration mechani-
sms, damaging one or more strata of the wall
painting [32]. Although these polymers served
their intended purpose, they still threaten the
paintings' stability because they obstruct the
surface pores and prevent the movement of
internal moisture and air, "preventing the
stone from breathing" [33]. However, some
limitations have been noticed through various
studies undertaken over long years of usage,
like poor penetration into porous and non-
porous stones, reduced reversibility of aged
polymer, and lower hydro repellency in
comparison to silicone polymers [34]. In
our case, the use of these polymers led to
the trapping of liquids inside, as they are
hydrophobic and incompatible with inorganic
porous surfaces [35], specialty with the high
thickness that was shown clearly fig. (3). It
further exacerbated the damage to painted
surfaces, and thus increased the complexity
of the deterioration state, especially the pre-
sence of chromatic variations [36].

3. Materials and Methods

3.1. Materials

Different samples of ancient painted deco-
rations (i.e., /imestone, sandstone, plaster,
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mortar, and pigments) have been collected
from the Osiris chapel. Moreover, some con-
taminated samples with soot and some other
samples protected with acrylic coatings were
also collected to be targeted for the follo-
wing investigation.

3.2. Methods

The paint samples were examined visually
via digital photos that were taken by a high-
quality professional digital camera (model:
Nikon D7200 N1406, 24.2 megapixels, with
lens AF-S Nikkor 18-104 mnf) and an
external flash (SB-700). The cross-sections,
pigments, and soot, as well as extending soot
overlapping with the pigment granules, were
observed by OLYMPUS Stream™ optical
microscope (model BX51 and software V.
2.4.2) provided with a digital camera (model/
Dp70) that captured the live images for the
exposed surface. Scanning electronic mic-
roscopy (SEM) equipped with a secondary
electrons detector—and energy dispersive X-
ray analysis (EDX) was used to determine
the morphology and elemental chemical com-
position of pigments, plaster, stones, and soot.
SEM (model was a Quanta 250 FEG with
an acceleration voltage of 20 kV and 1x10°°
A and an EDAX/DX4 detector, at a working
distance of 10 mm. The specimens were coa-
ted by an extremely thin layer of gold (1.5-
3 nm) using a sputter coater machine).
Furthermore, a Bruker D8 XRD instrument
was used to identify the accumulated soot,
pigments, plaster layers, and stones. The X-
ray source of a closed copper tube produces
Cu ko radiation with wavelength 1.5406 A
from a generator operating at 40 kV and
40 mA. A parallel beam of monochromatic
X-ray radiation is produced using a Gobel
mirror optic (primary optic). The beam imp-
ingement angle started at 10° to 80° relative
to the sample’s surface. Finally, a Bruker
ALPHA FTIR spectrometer with an ATR
correction method featuring a single-bounce
diamond ATRwas also employed. The mea-
surements were recorded in the region (4000-


https://www.bruker.com/products/x-ray-diffraction-and-elemental-analysis/x-ray-diffraction.html

400 cm ') with a spectral resolution of 4
cm ! [37]. This technique provided a quick
analysis to identify the accumulation of
soot, pigments, stones, and plaster. In addi-
tion, it showed any changes that might occur
to the binding medium [38].

4. Results

4.1. Deterioration features

4.1.1. Soot layer

Visually, a very thick layer of accumulated
soot was concentrated on the ceiling, fig. (4-
a) due to the fire point, while it decreased
on both sides in the downward direction of
the walls, fig. (4-b). Furthermore, the soot
layer was strongly bonded to the surface due
to the high ratio of limestone. It was shown
as semicircle grey granules under the optical
microscope with a thick cracked layer on the
ceiling, and its black deposits on the walls,
fig. (4-c). Morphologically, the same layer
varied between white to gray particles in
SEM photogrammetric composed essentially
of carbon (C), fig. (4-d & e). Additionally,
it appeared in XRD analysis as a major
mineral in the sample taken from the ceiling,
while the minor mineral in the sample taken
from the walls, fig. (4-f). Even more, the
same layer through ATR-FTIR analysis app-
eared as CH2 asymmetric vibration peak
at 2970 cm™, as well as the characteristic
peaks in the region 3000-2800 cm™(62).
The most significant single peaks at 1740
and 1738 cm™ showed ester (C=0) stretch-
ing vibration bands specific to the oil carbon
soot. In addition, the peaks in the region
1440-1070 cm™ indicated (C-O) stretching
bond that represents ethers, carboxylic acids,
and polysaccharide, fig. (4-9).
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Figure (4) Shows a. overview for the ceiling oblite-
rated with accumulation soot layers, b. the
walls stained with less soot, ¢. confirming
two cases via optical microscope, d. SEM
photomicrograph of the soot particles on
the painted surface, e. EDX elemental ana-
lysis with high carbon content, f. XRD
pattern of soot with presence of graphite (C),
besides the nacrit (Al,0¢Si,), and maghemite
(Fe,03), g. FTIR spectra of soot on the
ceiling and walls.

4.1.2. Acrylic coatings

Regarding the visual and microscopic exa-
minations, fig. (5-a) shiny appearance of the
paints could be noted, in addition to some
cracks in the coating material that appeared
after drying, fig. (5-b). Furthermore, changing
the optical appearance of painted surfaces
(which became yellowish and/or darkened)



due to their high refractive index, especially
when used with high concentrations, led
finally to a photochemical degradation pro-
cess, fig. (5-¢ & d). XRD analysis showed
that the polymer appeared in a significantly
rising main peak, fig. (5-e). This peak poi-
nted to polyvinyl alcohol as the most famous
coating during this period. For the afore-
mentioned reasons, conservation scientists
believe that these coatings should be removed
while preserving the original painted surfaces
as much as possible. ATR-FTIR spectrum,
fig. (5-f) was identified by the most promi-
nent characteristic peaks at the region 1700-
1300 cm™ due to the carbonyl stretching
vibration of the ester group. Besides, 1014,
979, and 875 cm™ respectively, were from
the asymmetric and symmetric C-O stret-
ching of the ester group. Further diagnostic
peaks were in the range of aliphatic chain
stretching vibration (CH2- stretching at
2981 and 2906 cm™).
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Figure (5) Shows a. shiny optical appearance of painted
decorations caused by the acrylic coating,
b. chemical decay of the consolidant in
yellowish and/or darken features, c. shiny
appearance with high thickness of cons-
olidant as noticed in d. FTIR spectra of
acrylic resin analysis, e. XRD pattern of
acrylic resin as noticed a main peak that
rises remarkably.

4.2. Stratigraphy and technique
Optical micrographs of the cross-section of
the ceiling paint from the superficial to the
innards parts, fig. (6-a) exhibited the follow-
ing: 1) 1% layer layer was the support com-
posed of sandstone. 2) 2" layer was the
plaster (~2-4 mm). 3) 3" was a paint with
100-150 um thick. On the other hand, the
cross-section of the wall painting showed
that the thickness of the paint layer (70-100
um) and the plaster were characterized by
a very thin layer (600-1000 um). SEM back-
scattered images showed that the ceiling
paint consisted of a paint layer, a layer of
gypsum, and a support from sub-rounded and
angular quartz particles, fig. (6-b).
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Figure (6) Shows the stratigraphy of a the painted
ceiling, b. the painted wall, ¢. & d. SEM
morphological features of the same samples

4.2.1. Supports
4.2.1.1. Limestone
SEM micrographs, fig. (7-a) disclosed that
the limestone sample contained a homoge-
nyeous fine-crystalline structure composed
of calcite matrix and dolomite. EDX analysis,
fig. (7-b), revealed that the sample was mainly
composed of (Ca, C, O, Si, & Mg), refer-
red to as limestone. XRD analysis, fig. (7-¢),
correlated with the EDX analysis; thus, it
denoted the main minerals calcite (CaCOs),
quartz (SiOy), and ankerite (Ca.g97 (MQ.273
Fe.s76 Mn.054)(CO3)2). The ATR-FTIR Spe-
ctrum of the limestone sample, fig. (7-d),
displayed the characteristic carbonate bands,
carbonyl C=0, and carbonate COs, resp-
ectively, at (1404, 873, and 675 cm™) and
the symmetric characteristic bands at 1051
and 675 cm” denoted to Si-O-Si and Si-O,
respectlvely
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Figure (7) Shows a. SEM photomicrograph has calcite
micrograins. b. EDX, c. XRD pattern with
calcite & quartz of lime-stone (main mine-
rals), d. ATR-FTIR spectrum for limestone.
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4.2.1.2. Sandstone

SEM photomicrographs, fig. (8-a) showed
large-sized Qz granules with minor amounts
of calcite and gypsum. EDX analysis, fig.
(8-b) exhibited that sandstone samples were
mainly composed of Si, O, in the presence
of Al, K, Na, or Fe (as components of cement
materials). XRD analysis of the mineral com-
ponent, fig. (8-c), showed that the sandstone
samples were composed mainly of quartz
(Si0y). In addition to anhydrite (CaSQO,) and
kaolinite Al, (Si,Os)(OH),, this sample con-
tained an amount of halite (NaCl), one of the
deterioration aspects. FTIR-ATR spectrum,
fig. (8-d) exhibited that the symmetrical bands
at 996, 909, and 790 cm™ correspond to Si-
O symmetrical bending vibration. In addition,
the other bands at 687, 530, and 459 cm™
were compatible with Si—-O-Si symmetrical
and asymmetrical bending, respectively.
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Figure (8) Shows a. SEM photomicrograph of sub-
angular and rounded quartz grains and gyp-
sum crystals as a cement material. b. EDX,
c. XRD analysis of sandstone with quartz
& basanite (main mine-rals), d. ATR-
FTIR spectrum for the sandstone.

4.2.2. Mortar and plaster

SEM photomicrographs of these components
showed quartz as regular white crystals with
regular edges, gypsum in white crystals like
needles, and calcite as either white slaps with
organized edges or spherical granules, fig.
(9-a). EDX elemental and XRD mineralogical



analyses, fig. (9-b & c) were compatible.
Thus, the high concentration of the elem-
ents (Ca, S, O, Si, and C) represented quartz
(SiOy), gypsum (CaSO,4 H,0), anhydrite
(CaS0.), and calcite in the plaster layer.
Furthermore, the FTIR-ATR spectrum of
the plaster, fig. (9-d) revealed carbonyl (C=
O) absorption bands at 1722-1650 cm™,
carbonate (-CO3=) broad stretching band near
1433, 874, and 711 cm™ referred to calcite
in the plaster and the typlcal absorption band
of gypsum at 1620 cm™. In addition, a

strong sulfate S-O stretching V|brat|on band
was in the region of 1147 cm™. The strong
stretching V|brat|0n bands were at 1101,
1028, and 1014 cm™, and the characterlstlc
peaks at the region 675 466 cm™ revealed
the

presence ofS|I|cate Si-O-Si.
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Figure (9) Shows a. SEM photomicrograph of different
micrometric grains of calcite, quartz and
gypsum, b. EDX, c. XRD patterns of joint
mortar with anhydrate, quartz (main min-
erals) with (halite) as a trace, c. ATR-
FTIR spectrum for the mortar or plaster.

4.2.3. Pigments

4.2.3.1. Egyptian blue

Egyptian blue is crystals like the fractions
of glass as exhibited in optical microscope
micrographs. SEM photomicrograph, fig. (10-
a) provided a characteristic microstructure of
such aggregates composed of polycrystalline
material and silica granules. EDX patterns,
fig. (10-b) presented the main elements, i.e.,
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Ca, Si, Cu, O, and C. This mixture produced
calcium-copper tetra silicate crystals (Cup-
rorivaite). XRD analytical results, fig. (10-
c) referred that both quartz (SiO,) and cup-
rorivaite (CaCuQq,Si4) are the main minor
minerals of Egyptian blue, and kyanite (Al
OsSi) is related to accumulated dust on the
paint surface. Finally, FTIR-ATR spectrum
of Egyptian blue, fig. (10-d), is distinct by
the characteristic bands of silicates at 1059
cm* attributed to Si-O-Si stretching vibrat-
ions. Then, weak broad bands of calcite (C—O
stretching) appeared at 1398 and 1220 cm™.
Besides, the sharp symmetric characteristic
band at 673 cm™ probably indicated silicate
or amorphous glass.
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Figure (10) Shows a. SEM microphotograph of a poly-
crystalline structure, b. EDX, ¢. XRD pat-
terns of Egyptian blue minerals, d. ATR-
FTIR spectrum of fragment painted with
Egyptian blue.

3.2.3.2. Egyptian green

Egyptian green is a frit particle with sharp
edges. SEM microphotograph displayed a
polycrystalline structure, fig. (11-a). EDX
analysis exhibited the main elements Cu,
Ca, Si, and O, with ClI, fig. (11-b). According
to the XRD spectrum, fig. (11-c), the main
minerals were quartz (SiO;), wollastonite (Ca,
Cus(Si30yg), and para-wollastonite (CaSiOg).
ATR-FTIR spectrum of Egyptian green,
fig. (11-d) reported that the characteristic



bands at 1422 and 872cm™ indicated C=0
and C-O, respectively ascribable to calcite
in green or plaster layer. In addition, the
broad and strong characteristic bands at 1006
and 1002 cm™, respectively represented sili-
cate O-Si-O. In addition, the amorphous silica
showed at 782, 676, 798, 599, 552, and
462 cm™,
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Figure (11) Shows a. SEM microphotograph of a poly-
crystalline structure, b. EDX, ¢. XRD pat-
terns of Egyptian green minerals, d. ATR-
FTIR spectrum for fragment painted with
Egyptian green.

3.2.3.3. Red ochre

Red ochre is composed of hematite Fe;O3
visible by optical microscopy in a brownish
clayey matrix, usually coupled with clay min-
erals like kaolinite or Nacrite. SEM microp-
hotograph, fig. (12-a) showed the hematite
as sub-micrometric grains associated with
platy grains of clay minerals. EDX analysis
confirmed the presence of a high content
of silicon and oxygen content; thus, the
main elements of red ochre were Si, O, Fe,
and Al with the presence of Na or K, fig.
(12-b). XRD analysis, fig. (12-c) illustrated
that the main minerals were quartz (SiOy),
hematite (Fe, O3), and Nacrite as a clay
mineral (Al,0Si). In the ATR-FTIR spe-
ctrum, Fe-O appeared in the distinct bands
at 671, 669, and 598 cm™. In addition, the
characteristic broad bands at 1077 and 994
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cm™ could be attributed to (X—O—H bending,

where X was most likely an octahedral ion

—Al, Fe*?, Fe*®) as presented in fig. (12-d).
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Figure (12) Shows a. SEM microphotograph of sub-
micrometric grains, b. EDX, ¢. XRD pat-
terns of red ochre, d. ATR-FTIR spectrum
for fragment painted with red ochre.

3.2.3.4. Yellow ochre

Agglomerates of fine-grained were noticed
under the optical microscope. Submicrometric
grains were associated with platy grains of
clay minerals, as noticed in the SEM micr-
ophotograph, fig. (13-a). EDX microanalysis,
fig. (13-b) revealed that it was mainly com-
posed of Si, O, Fe, and Al, referring to yellow
ochre. XRD pattern, fig. (13-c) showed the
main minerals, namely quartz (SiO,), grap-
hite (C), goethite (FeO,), and Aluminosilicate
material such as Nacrite (Al,OgSi;). ATR-
FTIR spectrum, fig. (13-d) revealed that the
characteristic broadband of Si-O at 997 cm’
! the sharp symmetric band at 670 cm™,
and the characteristic peaks at 481 and 429

cm* were attributed to Fe-O.
>
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Figure (13) Shows a. SEM microphotograph of sub-
micrometric grains, b. EDX, ¢. XRD pat-
terns of yellow ochre, d. ATR-FTIR
spectrum for fragment painted with yellow
ochre.

4.2.4. Binding medium

According to the FTIR-ATR, the spectra
presented to the numbers of painted surfaces
mentioned above, the binding medium used
in the Osiris chapel was Arabic gum, which
composes of a hydrocolloid polysaccharide,
carbohydrates, proteins, and some minerals
like potassium and magnesium. Arabic gum
was shown at the broad bands at 3446.2
and 3417.3 cm™. These bands were assigned
to the functional group O-H characteristic of
carbohydrates. The peaks in the range 2930-
2900 cm™ showed a C-H aliphatic asymme-
trical stretching vibrational band, while the
peak at 2860 cm™ was the symmetrical
stretching vibrational band. Besides, the abs-
orption peaks at 1480-1300 cm™ could be
attributed to the binding band (C-H) and a
binding band (C-0O) 1300-900 cm™.

5. Discussion

Based on the above examinations and ana-
lyses, the Osiris chapel in Abydos was dec-
orated with a group of decorations made
with different methods and materials. The
results of the present study are compatible
with the results reported previously by many
authors [2,3,12,13,39]. The investigations
were utilized to answer some questions con-
cerning materials and techniques used in
this chapel. In addition to knowing how far
from the surface, unwanted deposits, such
as sootand acrylic water proofpaint, pen-
etrated the painted surface and how they
affected it. Additionally, the study results
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proved that the old Egyptian artesian used
fine crystalline limestone composed mainly
of calcite (CaCQyg), quartz (SiO,), and traces
from dolomite (ankerite Ca.997(Mg.273Fe.676
Mn.gs4) (CO3),) to construct the walls of the
chapel as attested previously by some aut-
hors [40,41]. Sandstone was used to const-
ruct the vaulted ceiling. It is composed
mainly of quartz, anhydrite (CaSQ,), and ka-
olinite Al, (Si,Os)(OH), [42-45]. Regarding
the plaster layers on the sandstone, they
were applied, while a very thin layer of
gypsum (CaS0O,. 2H,0) was applied to the
limestone. In some cases, the limestone was
polished and colored directly without appl-
ying any plaster. The plaster layer consists
of quartz, gypsum, anhydrite and calcite. In
the same context, the pigments were identi-
fied as blue, green, red and yellow. The
blue pigment (Egyptian blue) is the oldest
synthetic pigment ever employed in human
history [46]. It is multi-component synthetic
pigment produced in ancient times since the
4™ dynasty of the old kingdom in the 3"
millennium BC for tombs paintings and
production of small objects [47]. It com-
posed of CaCuSisO1 (Cuprorivaite) [48],
and it is known as calcium copper tetra-
silicate or calcium copper phyllotetrasili-
cate [49]. This material was discovered by
Cuprorivaite 1938 [50]. The producing of
this material requires melting process of
three initial components: 1) malachite as
copper-bearing ingredient, 2) quartz, 3) lime
[51] in temperature rate between 850 and
950 °C, and it well decomposes above
1100 °C [52]. The green pigment (Egyptian
green) is a turquoise mineral, which has the
same chemical elements of Egyptian blue
[53]. It was manufactured by a similar high
temperature firing degree. The principal
phase that creates this colour is a silica-rich,
copper-containing glass [54]. It composed
of quartz (SiO;) and wollastonite, CaSiO;
(Si30y) or of para-wollastonite (CaSiOs) as
main minerals of wollastonite [55-58]. Their



ingredients are mixed in variable proport-
ions (with a higher amount of flux) in
temperature degree between 950-1150 °C
for the Egyptian green [59]. This material
(wollastonite) is mostly detected in mixtures
containing a lower copper: calcium ratio; at
higher temperature degrees [60]. This pro-
cess that may be explained by the sintering
reactions, which occur in a mixture of solid
compounds during heat treatment [53]. Red
ocher one of the most common pigments
used in our region. It is the predominant
red pigment throughout the history of
ancient Egypt [61] it naturally occurring
iron (I11) oxide [62]. It consists mainly of
quartz, hematite (Fe,QO3), and nacrit (Al,Oq
Siy) as a clay mineral [63-68]. The pigment
showed an important amount of iron by
EDX and it had been confirmed by XRD
analysis. In our study, hematite is the main
crystalline phase in the red pigment, where,
the atomic ratio between Fe and O is 2:3,
which confirms that this particle correspond
to (fi-Fe,O3) as attested by Ortega-Avilés,
et al. [69] in his case study. The yellow
pigment (yellow ocher) is a term used to
describe pigments derived from weathered
rock deposits containing varying proport-
ions of the iron oxide hydroxide mineral
goethite, together with quartz, clays, and
other associated minerals [70]. It compo-
sed of goethite (FeO,), graphite (C), nacrite
(Al,Oq Siy), [71]. It is considered one of
the most common pigments of the major
chromatic components of the famous four-
colour palette [72]. In some cases, it was
added to Egyptian blue to produce a bright
lemon-yellow colour, which as it was used
in west wall to distinguish part of Horus’s
Kilt in the scene of the raising of the Djed
pillar [73]. All the pigments were bound
with a binding medium of Arabic gum, which
revealed the composition of a hydrocolloid
polysaccharide, carbohydrates, and proteins
according to the FTIR-ATR spectra [40,66,
74-76]. From a specialized point of view,
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the soot particles accumulated as a very
thick layer on the ceiling resulting from
the burning of candles and incense. These
particles led to obscuring the details of the
artistic and aesthetic values of these mon-
uments by soiling [77]. In addition, they
changed the water permeability properties
of the original surface [26]. Soot contains
acidic components that caused the decay
of the stone. The effects of soot and other
organic compounds form a suitable medium
for SO, absorption from atmospheric incr-
eased by CaSO, [78]. On the other hand, the
hydrophobic coatings that were commonly
applied for the conserving and protecting
the painted decorations during previous
periods, over time, were degraded due to
different external agents, such as AT, RH,
salts, light, microorganisms, etc. [79-81].
Those agents can trigger multiple deterior-
ation mechanisms, resulting in damage to
one or more strata of the wall painting.

6. Conclusion

The results proved that the vaulted ceiling was
made of sandstone. As for the walls, they were
made of fine-crystalline limestone. The pigments
were Egyptian blue, Egyptian green, red ocher,
and yellow ochre. These pigments were mixed
and bonded with Arabic gum as a binding me-
dium. Moreover, the study monitored the effect
of soot accumulated densely on the ceiling and
tightly adhered to the walls despite its small
amount, as it led to the obliteration of decora-
tions and artistic and aesthetic landmarks, in
addition to being an acidic environment that
may lead to the formation of harmful acids and
leads to more damage. Even more, the study
found the harmful effect of hydrophobic coating
applied during previous periods, namely their
damaged, yellowish, and shiny unwanted app-
earance. In addition, they cracked and led to
fluid retention, which in the presence of temp-
erature and moisture, aggravating the situation.
The study presented a documentation system
via Photoshop and AutoCAD. Further investiga-
tions about utilizing cold atmospheric pressure
plasma (CAP) to remove accumulated soot and
aged coatings layers, in addition to decontamina-
ting the painting surfaces against microorganisms
shall be published.
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