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Evaluating the efficiency of nanomaterials in the Consolidation of the
internal structure of the Diorite Monuments applied on the statues of
Sekhmet — Mut Temple — Luxor — Egypt
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Abstract

Diorite is a large-grained igneous rock with a black hue that
consists primarily of plagioclase and hornblende, as well as
biotite. "Wadi Umm Shegilet, Wadi Umm Balad, Wadi Umm
Barud, Wadi Fatiri El — Bayda" are the most important quarries
utilised in ancient Egypt, as | indicated. The diorite stone was
utilised in the Karnak Temple's Queen Hatshepsut's palace and
the Temple of Mutt's goddess Sekhmet's sculptures. King
Amenhotep 11 of the Eighteenth Dynasty built this temple (1375
- 1411 BC).

These Karnak temples are connected by Avenue of
Sphinxes or The King’s Festivities Road, which is flanked on
both sides by Sphinx statues and runs from south to north
between Karnak and Luxor temples, covering a distance of 3
kilometres and is the most damaged. A mystical lake in the shape
of a horse exists.
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Plagioclase minerals undergo numerous changes as a result of
various weathering processes, particularly in the presence of
water and carbon dioxide, as feldspar, hornblende, and mica can
transform into clay minerals, which then undergo dissolution and
replacement processes, resulting in the presence of gaps of
various sizes within the mineral composition of the stone.
Feldspar transforms into kaolinite or sericite as it ages.
Hornblende minerals shift to chlorite and occasionally to biotite,
thus biotite transforms to chlorite, and chlorite gradually replaces
biotite until biotite is totally replaced, at which point the biotite
mineral can change to clay minerals.

Diorite monuments are subjected to a variety of factors and
manifestations of damage, particularly on the Sekhmet statues in
the Temple of Mut, as a result of the difference in temperatures
between day and night, which causes thermal expansion to reach
40 degrees or more, especially in southern Upper Egypt. This
causes the surface layer and subsequent layers to mechanically
peel away, causing the layer to divide into crusts. Because the
many minerals that make up diorite rock can produce granular
disintegration, it is known that it is black in colour and acts to
absorb heat more effectively.

Because of the vicinity to the sacred lake and the occasional rise
and fall of the water level, the Diorite sculptures of Sekhmet in
the Temple of Mut suffer from a source of moisture known as
"ground water," and the ground water level under the Temple of
Mut is less than 3 metres. The capillary feature caused the
outside sections of the sculptures to fracture and deteriorate.
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The presence of birds and insects in archaeological areas has a
number of negative effects on archaeological stones, as
evidenced by the processes of erosion and erosion that affect the
surfaces of diorite stones in statues, which were weakened by
factors that twisted through their nails and beaks in order to
extract the salts and minerals they use in their food, and one of
the most important types of birds spreads through the
archaeological sites. Pigeons and birds, as well as bats, frequent
the Temple of Mutt in Luxor owing to its closeness to
agricultural regions. These creatures are dangerous because their
droppings and nests alter the surfaces of diorite engravings.
These wastes become acids when exposed to moisture. Bat
droppings can stain stones, leaving dark brown patches on the
surfaces that are difficult to remove.

Optical or optical microscopy, polarising microscopy (PM),
scanning electron microscope (SEM), scanning electron
microscope with unit (EDX), and X-ray diffraction (XRD)
analyses were used to examine and evaluate samples of Diorite
sculptures of the goddess Sekhmet in the Temple of Mutt. There
are two stiffeners (Lime Nano and Core-Shell Nano).

The diorite samples were petrographically examined and found to
include plagioclase, hornblende, and biotite as basic minerals and
iron oxides as a secondary mineral. Plagioclase decomposes to
cercite and kaolinite in variable degrees, hornblende mineral
decomposes to light green chlorite and iron oxides, and biotite
decomposes to chlorite and iron oxides.
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The presence of some fine cracks resulting from the exposure of
the trace to various damage factors, which led to the weakness of
the stone's structure and loss of bonding strength, as well as the
separation of large parts of the surface in the form of granular
fragmentation on the surface of the archaeological samples and
the separation of the grains from the archaeological surface, was
discovered through the examination of the archaeological
samples, as well as the presence of granular fragmentation on the
surface of the archaeological samples and the separation of the
grains from the archaeological.

The samples were exposed to damage and contained many
elements indicating this, such as sulphur, calcium, sodium, and
carbon, which explains the presence of salt blooms of nitrate and
sulphate salts on the impact surface, as well as the presence of
sodium chloride, one of the well-known salts found on the
surface of archaeological stones.

The diorite sample from the goddess Sekhmet's statue was
analysed using X-ray diffraction to reveal that it contains the
fundamental minerals that make up diorite stone, such as
anorthite, hornblende, and biotite, as well as quartz. The presence
of halite in the sample is also evident from the analysis.

Conducting physical and mechanical tests on the treated samples
revealed that the Core-Shell Nano material had the highest
density and increased the treated samples' resistance to
mechanical stresses, followed by the Lime Nano material, which
had the highest density and increased the treated samples'
resistance to mechanical stresses.

The capacity of the nano-core-shell material to penetrate and
spread well with a dense and very homogenous layer, as well as
the ability of Lime Nano material to spread with a very dense
layer, was obvious through inspection of the treated samples
using a scanning electron microscope.
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After conducting physical and mechanical testing on the treated
diorite samples following acid ageing, Lime Nano was able to
retain the treated samples' capacity to withstand mechanical
strains after acidic weathering cycles.

The Core-Shell nano material showed the effect of acid
weathering through the gaps and voids, and it was clear that
Lime Nano was stable to a large extent after being subjected to
cycles of acid weathering, according to a scanning electron
microscope examination of the treated samples after exposure to
acid weathering.
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