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A Comparative Study to Evaluate the Effectiveness of Calcium Hydroxide
and Hydroxyapatite Nanoparticles on Improving the Properties of Acrylic
Compounds for Strengthening the Archaeological Limestone
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Abstract:
Ancient Egyptian sites and Museums contain numerous limestone monuments that suffer from
different deterioration factors and manifestations that affect the durability and strength of these

monuments. Among these unique archaeological sites built of limestone, many of their stones
suffer from severe weakness as a result of various factors of damage; The dome of Saad al-Din
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ibn Ghurab (808 AH / 1406 AD) in the Mamluk desert in Cairo. The current paper aims to find a
suitable consolidate for the archaeological limestone in this archaeological site. The study relied
on the principle of comparison between the results of the polymer Paraloid B44 in its individual
case, dissolved in acetone at a rate of 3%, and the same polymer mixed with Nano-calcium
hydroxide 5%, and again with Nano-hydroxyapatite 5%. The scientific evaluation of the results
of various consolidating processes was carried out, and the extent of improvement in the physical
and mechanical properties of the treated stone samples was measured. The study and results were
evaluated using a set of examinations, analyses and laboratory tests, such as: examination by
polarizing microscope (PLM), scanning electron microscope (SEM), transmission electron
microscope (TEM), mineralogical analysis by X-ray diffraction (XRD), and measurement of the
colorimetric change, measurement of physical properties (density, porosity, water absorption)
and mechanical properties (compressive strength). It is worth noting that the treated samples
were subjected to artificial aging with sources of moisture and salts to assess the stability of the
consolidating materials under the harsh conditions that the archaeological limestone are exposed
to, especially in the environment of archaeological sites, and perhaps in unsuitable display and
storage conditions. The results of the study reported that the addition of nanoparticles to Paraloid
B44 helped significantly in improving the physical and mechanical properties of the treated stone
samples. In general, the results of Paraloid B44/calcium hydroxide Nano composite came in the
first place in terms of success in improving the physical and mechanical properties of the studied
stone samples, while Paraloid B44/hydroxyapatite Nano composite came in the second place.
The study confirms the need to take advantage of modern technologies for the treatment and
conservation of archaeological materials, especially the use of nanomaterial and eco-friendly
materials in order not to expose the conservator and the monument to damages resulting from the
negative effects of traditional restoration materials.

Keywords: Consolidation, Limestone, Paraloid B44, Calcium hydroxide nanoparticles,
hydroxyapatite nanoparticles, Historic dome of Ibn Ghurab.
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