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Abstract

The durability of granite as a solid igneous rock, and the beauty and variety of colors and textures of its crystalline grains, make it an environ-
mentally friendly and sustainable material widely used in construction and architecture across different civilizations. Pieces of red Aswan granite
were found in sunken monuments in Alexandria. Due to its large size and the fear of the risks of the recovery process, the study suggests protecting
sunken granite monuments from the damaging factors mentioned in various studies, such as biological damage caused by microbes that harm gran-
ite, and other physical and chemical damaging factors. The study assumes that granite should be coated with sweet almond oil due to its hydrophobic
properties, which repel water and seawater salts from penetrating the pores of the stone and prevent seawater salt grains from crystallizing inside
those pores. In addition, sweet almond oil is an antibiotic for microbes that harm granite, and almond oil is a natural, environmentally friendly
substance that does not harm the natural marine environment. After simulating the coating process in an environment similar to that of the sunken
monuments, the durability of the samples was tested through a fracture load test, which showed that the sample coated with sweet almond oil was
more resistant than the uncoated samples, which was confirmed through comparisons by X-ray diffraction analysis and scanning electron microsco-
py. We conclude from this simulation the success of protecting the sunken granite monuments using natural techniques, and the study recommends
conducting more such studies.
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Introduction

cm wide [1]. The minerals in granite are interlocked like pieces in a
jigsaw puzzle. As aresult, granite is a hard, durable rock and is useful
for building. Most granite can withstand centuries of weathering

Granite is an igneous rock formed under high temperatures.
Granite is formed mainly from three minerals - quartz, alkali
aluminum silicate and orthoclase. These minerals make granite
white, crimson or light grey. Granite also contains small amounts of
dark brown, dark green or black minerals such as hornblende mica
and biotite. The mineral grains in granite are so large that they can
be easily distinguished from each other. Many of the atoms are 0.5

and can be polished to a smooth finish, making it suitable for
building columns, tombstones and monuments intended to last a
long time. Granite was formed in the Paleozoic geological era, about
590 million years ago, and is the result of complex, time-consuming
processes [2]. This process begins with the formation of magma
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deep within the Earth. Magma moves with increasing pressure and
temperature at depth to the Earth’s surface and becomes saturated
with rich, compacted minerals. As the magma approaches the
surface, it is exposed to lower temperatures, cools and solidifies,
and granite is formed [3]. Red Aswan granite was extensively
used during the ancient Mari and Roman eras for its durability
and aesthetic appeal. Sunken artifacts made from this granite,
discovered in various underwater archaeological sites, underscore
its historical significance. However, preserving these artifacts
presents several challenges due to the harsh marine environment
[4-7]. Granite artifacts are highly susceptible to biological damage
caused by microorganisms such as bacteria and fungi. These
organisms secrete organic acids as metabolic byproducts, which
chemically interact with the minerals in the granite, leading to
its gradual deterioration [8,9]. The acids can cause both physical
disintegration and chemical alteration of the stone, weakening
its structure over time. The biological colonization of the stone
surfaces can also introduce additional stress factors that exacerbate
physical degradation [10-12]. Sweet almond oil is an antimicrobial
and hydrophobic substance that can protect granite from damage.
Its antimicrobial properties help to inhibit the growth of bacteria
and other microorganisms, which can prevent staining and
degradation of the granite surface. Additionally, its hydrophobic
nature means that it repels water, creating a protective barrier that
helps to prevent water damage, such as staining and etching, which
can occur when liquids are absorbed into the granite. This makes
sweet almond oil an excellent natural option for maintaining and
preserving the beauty and integrity of granite surfaces [13-17].

Topic Importance

Preserving artifacts in their natural environment, where they
have adapted over thousands of years, is crucial to ensuring their
continuity and value. Worldwide, underwater archaeological
museums often display modern artifacts or shipwreck remains.
However, this proposed project will be the first of its kind to house
submerged artifacts in their original locations, providing visitors
with a unique opportunity to explore ancient underwater history
and promote the importance and protection of this unique heritage.
Previousstudies have confirmedthatits phenoliccompounds protect
the coated surfaces from bacterial and fungal attacks, making it an
ideal choice for preserving granite from biological damage. Sweet
almond oil coating acts as a hydrophobic material and achieves
superhydrophobic surface effects when specific conditions are met
regarding surface energy and micro/nano-hierarchical structures.
The long-term stability of the wettability properties strictly
depends on the mechanical durability and chemical inertness of the
hydrophobic materials against aqueous acids, alkaline solutions,
salt solutions or organic solvents of superhydrophobic surfaces.
Furthermore, in practical applications, most published work has
focused on enhancing mechanical durability, antibacterial stability,
resistance to biological contamination, long-term chemical stability,
and adhesion strength. These properties are critical for many
applications, such as steel used in marine construction and marine
coatings, emphasizing their importance for coatings that maintain
submerged surfaces.

Citation: Eman Ebrahem, Eman El swedy, Aya Abo esmail, Fady foud, Marwan Abo almagd, Menaa sharawy, Nour Mohammed, Hend
Tayel, Hagar Hassan and Ahmed Gelany*. Assessment of the natural protective protection of granite onuments sunken by coating

Study Hypotheses

Sweet almond oil is an antimicrobial and hydrophobic
substance that can protect granite from damage. Its antimicrobial
properties help to inhibit the growth of bacteria and other
microorganisms, which can prevent staining and degradation of
the granite surface. Additionally, its hydrophobic nature means that
it repels water, creating a protective barrier that helps to prevent
water damage, such as staining and etching, which can occur when
liquids are absorbed into the granite2. This makes sweet almond
oil an excellent natural option for maintaining and preserving the
beauty and integrity of granite surfaces. This research explores
the possibility of establishing an underwater museum to display
and protect submerged artifacts using modern technologies. By
simulating the aquatic conditions on granite samples, the study
aims to provide important insights into how to protect submerged
artifacts from environmental factors that cause deterioration.
This approach also contributes to the development of protection
methods based on sweet almond oil, which acts as an effective
barrier between granite and seawater, as it contains acids, salts and
ammonia, due to its distinctive properties. We believe that sweet
almond oil has antifungal and antibacterial properties that can
protect submerged granite artifacts. In addition, we assume that
sweet almond oil will not have any negative effects on the marine
environment surrounding the granite statues coated with it. This
may help maintain the integrity of the red granite structure by
forming a protective barrier against deterioration

Study Questions:

The study question regarding the potential of sweetalmond oil to
protect granite from the harmful effects of seawater and its salinity,
while also considering its antibacterial and antifungal properties,
can be expanded as follows: Research Question: “Can sweet almond
oil effectively protect granite from the damaging effects of seawater
and its salinity, and what are its antibacterial and antifungal impacts
on the stone?” What are the specific chemical properties of sweet
almond oil that might contribute to its protective effects on granite?
How does seawater and its salinity affect granite over time, and
what are the primary mechanisms of degradation? What are the
known antibacterial and antifungal properties of sweet almond oil,
and how might these properties interact with granite surfaces? Are
there any existing studies or experiments that have explored the use
of sweet almond oil or similar natural oils for stone preservation?
What experimental methods can be employed to test the efficacy
of sweet almond oil in protecting granite from seawater and its
salinity, while also assessing its antibacterial and antifungal effects?
What are the potential risks or drawbacks of using sweet almond
oil on granite, and how can these be mitigated? By addressing these
sub-questions, the research can comprehensively investigate the
protective capabilities of sweet almond oil on granite, while also
considering its broader implications for stone conservation.

Study Problem

The research problem is the difficulty of retrieving granite
artifacts sunk in the sea, and therefore preferring to display them
in an open underwater museum, which requires protecting granite
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artifacts sunk underwater with an integrated scientific technology
to repel the harmful effects of water on granite and protect it from
damage resulting from sea salinity, in addition to protecting it
from biological factors, and that this technology does not harm the
natural marine environment and aquatic life.

Study Objectives:

The study aims to develop an integrated scientific approach
to address the problem of granite processing under aquatic
environmental conditions, focusing on testing materials that
provide effective protection against the effects of the salty
environment, prevent corrosion and internal damage, and resist
harmful bacteria and fungi.

Literature Review:

Thepreservation ofunderwater cultural heritageis ofparamount
importance due to its historical and scientific value. Red granite,
widely used in ancient Egyptian architecture, presents unique
conservation challenges when submerged. Natural techniques,
such as coating with sweet almond oil, have shown promise due
to sweet almond oil’s antibacterial and antifungal properties [18-
20]. Studies have shown that sweet almond oil effectively protects

granite by repelling water and preventing biological colonization.
This sustainable approach is in line with UNESCO’s focus on in
situ conservation, ensuring that artifacts retain their historical
context and integrity [21-23]. Granite artifacts, such as those from
the submerged cities of Menouthis and Heracleion in Abu Qir Bay,
exemplify the importance of natural conservation techniques.
The discovery of these sites, with their remarkable finds such
as the Temple of Isis and the colossal statues, underscores the
archaeological and historical importance of underwater heritage
[24-27]. The use of sweet almond oil as a protective coating has
been supported by experimental studies, with compression tests,
X-ray diffraction analysis, and scanning electron microscopy (SEM)
proving its effectiveness in preserving the structural integrity of
granite [28, 29].

Sampling

Fresh samples similar to red granite from the ruins of Alexandria
were prepared in cubes for fracture load testing, followed by X-ray
diffraction and scanning electron microscopy. Figure 1 shows
the samples prepared for the experiment. Bring 2 granite stones,
sample A coated with sweet almond oil, sample B uncoated with oil.

Figure 1: samples prepared for the experiment.
k

J

Examination processes

Achievingtheresearch objectives of the success of the simulation
process and the experiment of treating granite with sweet almond
oil coating requires conducting strength and resistance tests
to damage factors such as fracture load test, scanning electron
microscope examination, and X-ray diffraction.

Uniaxial Compression Test:

The dyeing process of submerged red rough granite involves
the use of mechanical tests to evaluate the resistance of the material
to harsh conditions, especially those associated with marine
environments such as corrosion and cracking. Two granite samples
were selected for compression testing: sample A, which was treated

with sweet almond oil, and sample B, which was not coated with
sweet almond oil, in order to evaluate the effect of this treatment
on the mechanical properties of the granite.

Xray diffraction analysis

The mineralogical composition was determined using a Bruker
X-Ray Diffractometer System with Cu-Ka radiation (A = 1.5406
A) at 40 kv and 40 mas. Measurement parameters included a 26
range of 19° to 78°, a step size of 0.02°, and a scan rate of 2°/min.
Environmental conditions were room temperature (25°C * 1°C)
and relative humidity (55% #* 5%). Data processing involved peak.
Identification and analysis with DIFFRAC.EVA software, background
subtraction, peak fitting, d-spacing calculations using Bragg’s law,
and relative intensity normalization to 100%.
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Results
Uniaxial Compression Test:

looking at the first piece A, it is a piece of coarse-grained red
granite measuring (7 x 7 x1.4 cm). This piece was preserved with
sweet almond oil, which contributed to an increase in its weight to
(234.7 grams). The addition of sweet almond oil has enhanced its
density and made it more resistant to external factors. Additionally,
A1 exhibited a compressive strength of (1100.1 units), indicating
that preserving it has granted it a greater capacity to withstand

Table 1: Specifications of the tested samples.

pressure and loads. On the other hand, the second piece B is also
made of coarse-grained red granite, but it did not receive any
treatment, measuring approximately (7 x 7x 1.4 cm).

The weight of this piece was lower, at (234.7 grams), which
may suggest that the lack of preservation has affected its density.
The compressive strength of piece B was (1100.1 units), which
is significantly lower than that of the piece preserved with sweet
almond oil. This means that the unpreserved piece is not only lighter
in weight, but it is also less capable of withstanding pressure. Table
1. llustrate result of fracture loading test:

Uncoated Granite 7 7 49

1.4 68.6 228.3 474.9

Coated Granite 7 7 49

1.4 86.6 1100.1 2288.6

Scanning Electron Microscope:

Using a scanning electron microscope, the samples from the
compressive strength test were examined. A clear difference in the
extent of damage and breakdown was observed between the sample
not coated with sweet almond oil and the sample that was coated.
The uncoated sample showed significant deterioration, while the
coated sample maintained its integrity. This finding supports the
results of previous tests and highlights sweet almond oil’s ability
to resist various damage factors. Previous studies confirmed that
granite is vulnerable to damage caused by bacteria and fungi in the
marine environment. The research demonstrated sweet almond
oil’s dual role as an antibacterial and antifungal agent, effectively
protecting the granite. Additionally, he hydrophobic nature of
sweet almond oil repelled water, further safeguarding the granite
from disintegration and destruction. The successful simulation of
protecting granite underwater confirmed the research hypothesis.
The effectiveness of sweet almond oil in preserving granite and
protecting sunken antiquities was evident, achieving the study’s
objective. Figure 2 shows images from the scanning electron
microscope, clearly illustrating the differences between the coated
and uncoated samples.

X-ray diffraction:

The examination took place at the laboratories of Cairo
University. Typically, the results obtained from X-ray diffraction
analysis facilitate comparisons between the damaged archaeological
samples and those that have been treated. This comparison
reinforces the hypothesis regarding salt damage in the untreated
samples when contrasted with the treated ones. For Sea Water-
Deteriorated Granite (Sample 3), primary peaks were observed
at 28.511° (100% intensity), 27.953° (83.9%), 26.329° (46.9%),
and 24.849° (44.3%). Secondary peaks included 59.238° (35.1%),
53.164° (28.5%), 25.901° (25.5%), and 64.736° (24.5%). Minor
peaks ranged between 30-50° (3-15%) and 60-78° (3-13%).n
contrast, the Oil-Treated Granite (Sample 4) showed primary peaks
at 27.631° (100% intensity), 27.128° (39.1%), 24.984° (27.9%),
and 68.146° (20.4%). Secondary peaks were at 28.752° (18.8%),

51.129° (14.8%), 55.784° (13.0%), and 28.298° (12.6%). Minor
peaks appeared between 31-50° (below 5%) and 60-78° (1-10%).

Scanning Electron Microscope:

Figure3 presents a comparison of granite samples treated with
peppermint oil (A at 200pum, C at 400um, E at 500um, and G at
50um) against those without the oil (B at 200pm, D at 100pum, F at
200pm, and H at 50pum). The observations indicate that the coated
samples displayed cohesive particle interactions, whereas the
uncoated samples exhibited disintegration along with the presence
of large pores and gaps.

Discussion

Building on the previous findings, the application of sweet
almond oil as a protective coating for granite in a marine
environment provides a multifaceted approach to preservation.
The antibacterial and antifungal properties of sweet almond oil
are particularly beneficial in preventing biological degradation,
which can cause significant structural damage over time. The
oil's hydrophobic properties add an extra layer of protection
by repelling water, thus mitigating the risk of salt-induced
deterioration and other water-related damage. The fracture load
tests reveal a marked improvement in the durability of olive oil-
coated granite compared to uncoated samples, demonstrating the
effectiveness of this preservation technique. The X-ray diffraction
analysis further supports these findings by showing the improved
structural integrity of the coated samples. The scanning electron
microscope examinations offer detailed visual confirmation of
the protective effects of sweet almond oil, illustrating the stark
contrast between the well-preserved oil-coated granite and the
deteriorated uncoated sample. These results underscore the
potential for sweet almond oil and similar natural substances to
be used in preserving not only granite but potentially other types
of stone and materials exposed to harsh marine environments. By
incorporating such natural and sustainable preservation methods,
researchers and conservationists can enhance the longevity of
submerged artifacts while minimizing. Environmental impact.
This approach aligns with broader efforts in archaeology and
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heritage preservation to adopt more eco-friendly and sustainable
practices. The tables highlight the negative impact of seawater
on granite, causing mineral changes such as feldspar degradation
and secondary mineral formation. These changes are driven by
chemical processes (ion exchange and mineral dissolution) and
physical degradation (structural disturbance and microfractures).
The oil treatment effectively preserves the mineral structure

of granite by acting as a physical barrier and surface protector,
reducing water interaction, ion exchange and overall weathering.
The summary demonstrates superior performance indicators
(such as better-preserved peak intensity and reduced secondary
mineral formation) and conservation impacts, emphasizing the
effectiveness of the treatment and the need for ongoing monitoring
and improved methods for long-term heritage conservation.
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Figure 2: XRD analysis for coated samples and uncoated samples.
~
Sample coated by oil Sample uncoated
100nm
200mm
Figure 3: Scanning electron microscope images of coated and uncoated samples of varying scales.
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Table 2

D Clear evidence of mineralogical protection

. Reduction in weathering- related alterations
Treatment Effectiveness:
o Preservation of original crystal structures

Prevention of secondary mineral formation

. Demonstrated effectiveness for granite conservation
. Importance of preventive treatment

Practical Applications:
. Need for regular monitoring

Potential for broader application in heritage conservation

. Long-term monitoring requirements

. Optimization of treatment procedures
Future Considerations:
. Regular assessment of protection effectiveness

Development of improved treatment methods

Table 3

. Sharper Peak Profiles indicate better crystallinity

. More consistent d-spacing values suggest structural stability
a) Structural Integrity:
. Lower relative intensities of secondary peaks indicate less alteration

Mineralogical Preser- Better-maintained primary peak positions

vation: o Fewer secondary peaks indicate reduced weathering

. Lower background suggests smoother surface maintenance
b) Protection Evidence:
. More uniform peak distribution

Better preservation of original mineral structure

. Maintained peak sharpness indicates reduced water interaction
. Lower secondary peak intensities suggest redueed ion exchange
a) Physical Barrier Effects
. Better peak resolution indiecates preserved crystallinity

Reduced peak broadening suggests minimal structural disorder

Protection Mechanisms: R -
e Lower bake ground noise indicates surface protection

. Reduced peak shifts suggests minimal chemical interaction
b) Surface Protection
. Better maintenance of original peak positions

Fewer weathering related peaks

. Better -maintained primary peak intensities
. Reduced secondary mineral formation

a) Mineralogical Stability
o More consistent d-spacing values

Lower overall alteration indicators

Performance Indicators:
. Preservation of original mineral assemblages

. Minimal evidence of weathering products
b) Long-term Protection
. Reduced structural Modification

Better crystallinity maintenance
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Recommendation

1.  Relocation for Enhanced Protection: It is recommended
that submerged granite artifacts be relocated to locations
that provide better protection. These locations should be
carefully selected to ensure optimal environmental conditions
that minimize exposure to damaging factors such as salinity,
biological growth, and physical wear.

2. Consultation with Museum Specialists: Engage with
museum specialists and conservation experts to identify the
most appropriate methods for displaying and preserving
archaeological heritage extracted from marine environments.
Current display methods should be reviewed and revised
to ensure they do not harm the artifacts, provide adequate
protection, and effectively highlight their archaeological
importance.

3.  Development of a Comprehensive Conservation Plan:
Develop a comprehensive plan that addresses the preservation
needs of granite artifacts. This plan should include strategies to
halt the internal decomposition of the artifacts and outline the
necessary restoration and treatment procedures to be carried
out. Regular monitoring and maintenance schedules should
be established to ensure the long-term preservation of the
artifacts.

4.  Participation in International Conventions: Emphasize
the importance of Egypt's participation in the UNESCO
Convention for the Protection of the Underwater Cultural
Heritage. Active participation in this convention will enable
Egypt to access international support, resources, and expertise
in the conservation of underwater cultural heritage. It will also
align national conservation efforts with globally recognized
standards and practices.

5.  Implementation of Natural Protective Coatings: Evaluate
and implement natural protective coatings, such as sweet
almond oil or pumpkin seed oil, on granite artifacts to provide
an additional layer of protection against seawater salinity
and biological threats. Conduct further research to determine
the efficacy and long-term effects of these coatings on the
preservation of granite.

6. Public Awareness and Education: Promote public
awareness and education initiatives to highlight the significance
of submerged granite artifacts and the efforts being made to
preserve them. Engage the local community, stakeholders, and
the broader public in conservation activities to foster a sense of

shared responsibility for heritage preservation.

7.  Collaborative Research and Training: Encourage
collaborative research and training programs with international
conservation institutions and universities. These programs
should focus on advancing conservation techniques, developing
new preservation materials, and training local conservators in

the latest methodologies.
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