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Abstract Composite material nowadays has a competitive role in controlling other material. Therefore, coating
other material using such composite material help to enhance the mechanical compressive and failure strength of
deteriorates ancient materials Thebes limestone is attractive source for a lot of researcher. Natural weathering like
rains, rockslides, moisture, salty groundwater absorption and changing temperature can damage or even may weaken
the strength of such deteriorates ancient buildings. Compression Samples of ancient Thebes limestone are coated
with Nano calcium carbonate and Nano Calcium Hydroxide. While single edge notch bending samples are treated
cracked face using Nano calcium carbonate. The results showed an enhancement in both compression and fracture
strength.
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1. Introduction
Since pharaonic times local Thebes limestone has been
used in Luxor monuments constructions. Weathering
forms are the visible result of weathering processes that
are increasing by environmental weathering factors. Many
forms of weathering have been investigating as rifts,
cracks, coloration (alteration of the original stone color),
soiling (dirt deposits on the stone surface) and carbonation
processes in limestone which is working to disintegrate
surface to weak surface and the rise depth of the rift,
Especially in the presence of rain and atmospheric carbon
dioxide. Rate of carbonation processes and experimental
analysis and investigation were serious in this year (2017)
for construction, buildings, cement and mortar researchers
as [1-11]. Calcium Carbonate and Calcium Hydroxide
give a good result in treating the cracks and other deteriorated
limestone [12] but most cracks Show previously again
because the treatment processes were general and did not
stop the cracks. Here we think to stop the ultrafine point in
cracks which we are first called it (Rift Zero Point). So
Nanoparticles (Nano calcium carbonate and Nano calcium
hydroxide) are more coefficients to hold the ultrafine
cracks which called rift zero points. The ancient mortar
had been studied before by [13,14]. Zoi Metaxa et al. [15]
refer to that improve the mechanical performance of
cement materials by adding carbon nanotubes for the
restoration of cultural heritage monuments. In addition to

using three-point bending tests which use in these topics.
Restoration process must require characteristic mortars
used to complete the missing parts and fill cracks.
Such as appearance, touching, hardness and forming.
This mortar must be coefficient to original rock in
component, texture, and color. This is not yet the mortar
must be sculpted.

2. Experimental Works
2.1. Synthesis of Nano Materials
Where three materials had synthesis from Thebes
Limestone from nature, CaCO3 after treatment and
purification Chemically. And Calcium Hydroxide after
ignition and hydration chemically. Ball milling machine
that uses in synthesis these three materials Nano Thebes
Calcium Carbonate, Nano Calcium Carbonate, and Nano
Calcium Hydroxide. Synthesis processes were carried out
according to one of ball milling programs as (Total time
work 6.30 minutes, stopped two times 15 seconds after 2
minutes and 4.15 minutes) that for synthesis 25 gram.

2.2. Structural Analysis
2.2.1. X-Ray Fluorescence for Powder
Figure 1 Scheme for (a) X-Ray Fluorescence for Nano
Calcium Carbonate (b) X-Ray Fluorescence for Nano
Calcium Hydroxide. It is illustrating that the percent of
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calcium at Nano calcium carbonate is 98.66 with traces of
silicon 0.87 and strontium 0.47 whereas the percent of
calcium at Nano calcium hydroxide is 99.03 with a trace
of cadmium 0.97.
2.2.2. FT – IR Analysis
Figure 2 FT- IR analysis for (a) Sample of treated Nano
Calcium Carbonate (b) Sample of processing Nano
Calcium Hydroxide (c) Sample of naturally Nano Thebes
Calcium Carbonate.
In Table 1 A according to chemistry report by Miguel
Galvan-Ruiz et al.2009; the description FT-IR analysis
sample (a) for hydrated calcium carbonate, Sample (b)
anhydrous calcium hydroxide and sample (c) for hydrated
calcium carbonate with some organic materials such as
(acids and Sulphur compounds. The sample number
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(c1cac) refer to Nano Calcium Carbonate, sample number
(c2cah) refer to Nano Calcium Hydroxide and sample
number (c3cac) refer to Nano Calcium Carbonate Thebes,
Wavenumbers, cm–1 3642 cm-1 corresponded to O─H
bond matching with a low concentration of Ca(OH)2 that
clear in processing materials in samples of Nano calcium
carbonate and sample of Nano calcium hydroxide
but in contrast in sample Thebes calcium carbonate.
Wavenumbers cm–1 1798 cm-1Corresponding to C=O from
Carbonate Ion and wavenumbers cm–1 470 cm-1 and
wavenumbers 712 cm-1corresponds to the Ca─O bonds
there are only in samples of Nano Thebes calcium
carbonate due to environmental process as carbonation
process. Wavenumbers cm–1799 cm-1 SiO2 impurity that
only divides from air pollution in the sample of Thebes
limestone.

Figure 1. Scheme for (a) EDAX Nano Calcium Carbonate (b) EDAX Nano Calcium Hydroxide

Figure 2. FT – IR analysis for (a) Nano Calcium Carbonate (b) Nano Calcium Hydroxide (c) Nano Thebes Calcium Carbonate
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Table 1. Functional groups detected by FTIR Spectroscopy for samples of Nano lime

Wavenumbers, cm–1
sample No. c1cac
3642 cm-1

Wavenumbers, cm–1
sample No. c2cah
3642 cm-1

Wavenumbers, cm–1
sample No. c3cac

corresponded to O─H bond matching with a low concentration of Ca(OH)2
-1

-1

3422 cm

3428 cm

OH water

2875 cm-1

CH-hydrocarbon

2512 cm-1

harmonic vibration of these elongation modes.

-1

1480 cm-1

1475 cm-1

1798 cm

Corresponding to C=O from Carbonate Ion

1435 cm-1

Asymmetric Carbonate CO3-2

1122 cm-1
-1

875 cm

-1

874 cm

Type of Vibration

related to SiO2 (Quartz)
-1

874 cm

-1

symmetric Carbonate CO3-2
corresponds to C─O bond

857 cm

799 cm-1
-1

712 cm

SiO2 impurity
related to Ca-O bonds

Figure 3. Transmission Electron Microscope TEM for three synthesis Nanomaterials (a) Nano Calcium Hydroxide (b) Nano Calcium Carbonate (c)
Nano Thebes Calcium Carbonate

2.2.4. Transmission Electron Microscope (TEM)
Transmission Electron Microscope (TEM) is used
to describe morphology; size, shape, arrangement of
particles on a scale of atomic diameter, Crystallographic
information, and Compositional information according
to Pavel Zinin 2006. Figure 3 TEM detect Nano size
for several materials which synthesis in this topic.
TEM that used at central S.V.U lab.

2.3. Treatments Processes
Nano Materials for Consolidate Stones:
Rodica-Mariana Ion et al. 2015 use nanomaterials to
improve the mechanical properties of ancient stones.
Whereas in this study there are four steps to use
nanomaterials (Nano calcium carbonate, Nano calcium
hydroxide and Nano Thebes calcium carbonate) for
consolidate and improvement of mechanical properties of
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Thebes Limestone (1) Putting a shore for stones pore
space from free particles by using water bath (shower) in
ultrasonic device with chemical magnets for 3 hours.
(2) Drying in the oven for temperature 70°C for 72 hours.
(3) Flipping every one of different nanomaterials in a water
suspension at different processes (4) Drying in the oven
for temperature 70 co for 72 hours. Samples tested
in the mechanical engineering lab after these procedures
and exam with SEM Scanning Electron Microscope to
illustrate different between before and after treatment
processes.

2.4. Microstructure Analysis
Figure 4 SEM Coated Samples with Nano Thebes
Calcium Carbonate in two scales which show irregular
shape for all particles (origin stone particles and Nano
Thebes Calcium Carbonate particles). It's clear that pore
space and pre-rift were not filled by Nano Thebes Calcium
Carbonate particles because Nano Thebes Calcium
Carbonate particles were irregular shape and Impurities.
The comparison between porous and gaps for samples
uncoated, samples coated with 15% Nano Thebes Calcium
Carbonate, and samples coated with 30% Nano Thebes
Calcium Carbonate it is clear that porous filled more
where using more percent of Nano Thebes Calcium
Carbonate that means where increasing nanoparticles,
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pore space more filled.
Figure 5 SEM Coated Samples with Nano Calcium
Carbonate in two scales which show development
filling process from no treatment case to treated with
15% and 30% Nano Calcium Carbonate. It's clear
that pore space and pre-rift (connected pore space) were
partially filled by Nano Calcium Carbonate particles.
The comparison between porous and gaps for
samples uncoated, samples coated with 15% Nano
Calcium Carbonate, and samples coated with 30% Nano
Calcium Carbonate it is clear that porous filled more
where using more percent of Nano Calcium Carbonate
that means where increasing nanoparticles, pore space
more filled.
Figure 6 SEM Coated Samples with nano Calcium
Hydroxide in two scales which show development filling
process from no treatment case to treated with 15% and
30% Nano Calcium Hydroxide. It's clear that pore space
and pre-rift (connected pore space) were partially filled
by nano Calcium Hydroxide particles but more than using
Nano Calcium Carbonate. The comparison between porous
and gaps for samples uncoated, samples coated with 15%
Nano Calcium Hydroxide, and samples coated with 30%
Nano Calcium Hydroxide it is clear that porous filled more
where using more percent of Nano Calcium Hydroxide that
means where increasing nanoparticles, pore space more
filled.

Figure 4. SEM Coated Samples with Nano Calcium Carbonate a) Nano Calcium Carbonate Powder, b) Fresh Samples of Old Thebes Limestone
Quarry, c) Coated Samples with 15% Calcium Carbonate, d) Coated Samples with 30% Nano Calcium Carbonate
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Figure 5. SEM Coated Samples with Nano calcium hydroxides) Nano calcium hydroxide Powder, b) Fresh Samples of Old Thebes Limestone Quarry,
c) Coated Samples with 15% calcium hydroxide, d) Coated Samples with 30% Nano calcium hydroxide

Figure 6. SEM Coated Samples with mortar, a) mortar of 15% Nano Calcium Carbonate, b) mortar of 30% Nano Calcium Carbonate, c) mortar of 15%
Nano Calcium Hydroxide, d) mortar of 30% Nano Calcium Hydroxide
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Figure 7. Samples of Thebes limestone (a) Cubic samples (b) Elongated fractured samples

2.5. Mechanical Testing
Compression test
The as-received limestone of (30 mm ×30 mm ×30 mm)
is tested in compassion using the computerized universal
testing machine (model WDW-100) at 1mm/min crosshead
speed. The compression test is carried out according to
ASTM D2938-95 [16] and [17]. The 5 samples of each
coated limestone are tested until cracks appeared then the
machine is stopped. Dry conditions platens are used.
Samples from old Thebes limestone quarry at Gabel Al
Quran near the valley of the kingdom were cut as cubic
shape and Parallel rectangles shape for suitable deferent
purpose. These samples are previously treated with the
previous Nano-fillers material as shown in Figure 7 (a)
Cubic shape for the coated treatment process and
compressive strength test, (b) Fracture parallel rectangles
shape for (Three-Point Bending Single-Edge Notched
Fracture Test).
Single edge notch bending

Figure 8. The single edge notch bending specimen (SENB)

The single edge notch bending test is performed to
evaluate the bonding strength between crack faces
(see Figure 8). Different nanomaterials mix with distal
water to make fluid past. Sample Cracks make by small
saw and fillers by nanomaterials paste using a very thin

needle. Logically inside every mortar of real particle size,
there is a real portion of pore space which disadvantage
mortar by weak and easier to restart cracks and rifts again
as described hold zero-point theory.

3. Results and Discussion
Figure 9 shows diagram stress/strain for the result of
the compressive test for samples of mortar from Calcium
Carbonate mixed with a deferent portion from Nano
Thebes Calcium Carbonate, or Nano Calcium Carbonate.
whereas samples of mortar from calcium hydroxide with
15% Nano Calcium Hydroxide and 30% Nano Calcium
Hydroxide were tested in the second diagram. The first
samples of mortar are from quarried Thebes Calcium
Carbonate mortar without and with a portion of Nano
Thebes Calcium Carbonate. This sample was not solid due
to the presence of impurities from clay minerals and
others as an interpretation of the chemical analysis.
Whereas, the stress/strain diagram for compressed cubic
mortar of Calcium Carbonate without and with 15% Nano
Calcium Carbonate and with 30% Nano Calcium
Carbonate tests. Diagram illustrates the result of the
compressive test for mortar of calcium carbonate less than
0.05 Mega Pascale. The carve of the compressed test
result of mortar from calcium carbonate with 15% move
in the same path of the carve for of compressed test result
of mortar from calcium carbonate only but with the bigger
result which reaches to 0.2 mega Pascale. But the carve
motion for the result of compressed mortar of Calcium
Carbonate with 30% of Nano Calcium Carbonate is less
result than before case. Instead of that third stress/strain
diagram for compressed cubic mortar of Calcium
hydroxide without and with 15% and 30% Nano Calcium
Hydroxide show triple result compared with Calcium
Carbonate mortar case. Carve of Calcium Hydroxide
mortar is more strain due to the presence of pore space
and voids between Calcium Hydroxide particles. Whereas
stress carves for Calcium Hydroxide mortar with 15% and
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30% Nano Calcium Hydroxide is more than without Nano
Calcium Hydroxide and increase with increasing Nano
Calcium Hydroxide concentration. This three diagrams for
mortar of Thebes Calcium Carbonate, Calcium Carbonate
with and without Nano Calcium Carbonate and Calcium
Hydroxide with and without Nano Calcium Hydroxide
illustrate that mortar from Calcium Hydroxide with
Nano 30% Nano Calcium Hydroxide is more efficient
and appropriate mortar for complete and restoration
application in Thebes limestone heritage buildings.
It is clear that all results for samples notched fracture
and treated by filling by Nano Calcium Hydroxide or
Nano Calcium Carbonate was good, but results for
samples notched fracture and treated by filling by Nano
Calcium Hydroxide are better than results for samples
notched fracture and treated by filling by nano Calcium
Carbonate. It is shown in Figure 10 that CiCp and CiHp
give a similar result and best result for samples notched
fracture and treated by filling by Nano Calcium Hydroxide.
Whereas carve of CiCa and carve of CiHa give a similar
result and less in consolidate than the result for samples
notched fracture and treated by filling by Nano Calcium.

The fracture toughness calculated using the following
equation [18,19,20] is listed in Table 2.

KI = Y

4P π
B w

Where
1/2

a
Y = 1.63  
 w

3

5

 a 2
 a 2
− 2.6   + 12.3  
w
 
 w
7

 a 2
a
− 21.3   + 21.9  
 w
 w

9/2

and a, b and w specimen geometry are shown in Figure 7.
Table 2. Fracture Toughness of tested material
material
Ca (OH)2
CaCo3
Thebes CaCo3
Free fracture

Figure 9. Stress-Strain diagram for treatable limestone

Figure 10. Stress-Strain diagram for treatable limestone

Fracture toughness 𝑲𝑲𝑰𝑰 𝑴𝑴𝑴𝑴√𝒎𝒎
3.7
3.61
2.71
2.44
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4. Conclusion
[7]

Three materials had synthesis from Thebes Limestone
from nature, CaCO3 after treatment and purification
Chemically. And Calcium Hydroxide after ignition and
hydration chemically. The clay minerals present in Gebel
Al Qurna clay fraction were montmorillonite as a major
constituent, as well as kaolinite and hillite as minor
constituents. The compressive strength of treatable limestone
is enhancement well and the debonding strength between
the nanomaterial and the limestone is well and the CaCO3
Nano powder gives an increasing and better results,
nanomaterials are more suitable for holding the (Rift Zero
Point) therefore, it is recommended in the heritage and
limestones maintenances applications.
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