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ABSTRACT

This paper aims to evaluate of silica and alumina nanocomposites in consolidation and protection of
archaeological glass from early Islamic period in Egypt. Archaeological glass is exposed to deterioration by
moisture, as water is considered one of the most dangerous damage factors that attack glass artifacts. This
results in many aspects of deterioration including weeping glass, cracks, dulling, formation of weathering
crusts, salt growing, and corroded surfaces. From this standpoint, materials which are used in the
consolidation and protection of those glass artifacts must have the property of hydrophobicity in order to
protect them from the harmful effects of water. In the last decade, polymer-nanoparticle composites have
attracted great interest in the field of culture heritage conservation due to their unique multifunctional
properties resulting from the high surface area and chemical activity of the nanoparticles dispersed in the
polymers. In this study, Silicon dioxide (SiO2) and alumina oxide (Al:Os) nanoparticles are added to silicon-
based polymer (poly alkyl siloxane) (Silres BS-290) in order to improve their physiochemical and mechanical
properties. This produced a significant improvement in the ability of the polymers to consolidate and protect
archaeological glass. The treated samples are exposed to artificial ageing to test the efficiency of the
consolidation materials. The properties of untreated, treated and aged glass samples were evaluated by TEM,
stereo microscope, scanning electron microscope (SEM), colormetric measurements, static water contact angle,
density and hardness tests (physical and mechanical properities). Results showed that the treated sample with
Si0,/ Al,O3/Poly siloxane nanocomposites are good candidates for consolidation and protection of glass
objects.

KEYWORDS: archaeological glass, Nanoparticles, silicon dioxide, Alumina oxide, nanocomposites, water
contact angle, consolidation, protection.
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1. INTRODUCTION

Unlike most materials, Archaeological Glass is con-
sidered a relatively stable material in the normal
preservation when compared to other materials.
However, moisture is one of the most important dam-
age factors that affect archaeological glass (Papado-
poulos and Drosou, 2012; Tournie et al., 2008;
Domenech-Carbo’, et al., 2006; kunicki-goldfinger,
2008; Davison and Newton 2003; Abd-Allah, 2007;
Majerus et al., 2020) because many pieces of glass are
sensitive to moisture. Sodium and potassium are
slightly soluble in some glass compositions. In the
presence of high relative humidity, these components
can be leached to the surface of the glass where they
are converted to carbonates (Netwon, 1974; Brill,
1975; Schreiner, 2004; Bellendorf et al., 2010). These
carbonates attract moisture and hence small droplets
of water begin to appear on the surface of glass form-
ing weeping glass. The leaching process causes tiny
cracks to appear in the glass and eventually the glass
can become opaque with small flaking surface (EI-
Shamy, 1972; Fitz, 1991; Abd-Allah, 2013; Zacharias et
al., 2020).

So Water is the main factor in deterioration of glass
when subjected to intensive corrosion and other dete-
rioration aspects such as pitting, cracking, encrusta-
tion, dulling and salt crystallization (Sterpenich and
Libourel, 2006; Abd-Allah, 2012; Panagopoulou et al.,
2018). From this point of view, the used materials in
the glass objects treatment must have the property of
hydrophobicity in order to protect them from the
harmful effects of water.

In the last few years, nanoparticles have widely
been used in the fields of restoration and conservation
of cultural heritage. The minimizing of particles size
into nanoscale, results in better properties from the
large grain size of the materials of the same chemical
composition. A dispersion of nanoparticles in the pol-
ymers used in the consolidation and protection is car-
ried out in order to significantly enhance their physi-
ochemical and mechanical properties (Manoudis et
al., 2009; Waked, 2011; Baglioni et al., 2012; Darwish,
2013; Chelazzi et al., 2013; Barberio et al., 2015; Helmi
etal., 2019).

Therefore, nanoparticles (silica and Alumina) are
added to the silicon based material (Hydrophobic
poly alkyl siloxane) (Silres BS-290) considered as sili-
con polymers which is characterized by its homoge-
neity with archaeological glass (Horie, 1987; Ershad-
Langroudi et al., 1997; Schottner, 2001; Holubova et
al., 2015). The product is obtained using the sol-gel
process to create a silica-based inorganic matrix com-
patible with the glassy substrate functionalized with
organic chains to obtain a good surface water-repel-
lency and a certain degree of elasticity of the film to

avoid the formation of cracks during the drying pro-
cess. (Dal Bianco et al, 2008, De Bardi, 2014;
Manoudis et al.,2017; Ibrahim et al., 2021). It is pro-
vided by poly alkyl siloxane, which is dissolved in
white spirit to prepare solution of 7% wt as a pure
polymer and in the presence of 2% of SiO, and AlO3
nanoparticles to prepare nanocomposite in order to
improve their properties and compose suitable nano-
composites to be used in the consolidation and pro-
tection of glass samples.

The silica nanoparticles are chosen due to the great
homogeneity between them and the components of
the glass (Wang and Luo, 2012), and the alumina na-
noparticles are characterized by their water-repellent
properties (Karapanagiotis et al., 2012). The percent-
age of NPs concentration is stated at 2% to prevent
aggregation on the surface of glass (Manoudis, 2007;
Al Bawab et al., 2018). Silica (SiO;) and alumina
(Al,O3) nanoparticles are used as additives to
roughen the surface of siloxane polymer coatings as
well as to achieve extreme wetting properties and to
achieve an enhancement of the hydrophobicity con-
tact angles up to 160~ (Chatzigrigoriou et al., 2020;
Afifi et al., 2021).

This study aims at investigating the efficiency of
selected polymeric nanocomposites in the consolida-
tion and protection of archeological glass. The ob-
tained nanocomposites are applied directly to glass
samples and tested in order to evaluate the potential
uses of silica and alumina nanoparticles in the consol-
idation and protection of archaeological glass before
and after artificial ageing. The behavior of the nano-
composites exposed to artificial ageing is thoroughly
investigated. The properties of the treated, untreated
and aged glass samples are evaluated comparatively
by using different methods such as stereo microscope,
scanning electron microscope, colorimetric measure-
ments, measuring of static contact angle, density, and
hardness. The results demonstrate that the addition of
nanoparticles into the silicon-based polymers pro-
duce a significant improvement in their efficiency to
consolidate and protect glass samples.

2.MATERIALS AND METHODS:
2.1. Materials
2.1.1. Glass samples

The experimental study is done on archaeological
fragments of glass (big fragment break down to small
fragments) excavated from the ruins of Al-Fustat Is-
lamic Site in Egypt (dated back to2"dAH/8%"AD) have
been collected, cleaned, and prepared for treatments
(Fig.1 a,b).
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Figure 1. (a) Al-Fustat excavation site, (b) sample of glass used in Experimental study

2.1.2. Preparation of Poly Siloxane and Its
Nanocomposites with Nano SiO; and Nano
AlOs

Silres BS-290, a poly alkylsiloxane produced by
Wacker. Poly alkylsiloxane (7%) is prepared by dis-
solving 7 gm of polyalkylsiloxane in 100 ml white
spirit and the mixture is sonicated for 15 min using
400 watts of ultrasonic irradiation system. Siloxane
nanocomposite solutions are prepared by the addi-
tion of 0.14 g of each of the NPs SiO; or ALOs; nano

powder < 100 nm particle size obtained from (Sigma-
Aldrich, Munich, Germany) separately into 100 ml
white spirit containing 7 gm poly alkylsiloxane or
adding 0.7 g of SiO;and 0.7 g of AlO3 into 100 ml
white spirit containing 7 gm poly alkylsiloxane. Each
solution is mixed for about 10 min. then the mixture
is sonicated for 15 min using 400 watts of ultrasonic
irradiation system. The concentration was deter-
mined based on the composition of the glass samples.
Table 2 summarizes the concentrations that were ap-
plied.

Table 2. Concentrations of used consolidation materials

Sample The materials used for consolidation
code
A Untreated sample
B Silres BS-290 at 7%
C Nano Silica at 2% with Silres B5-290 at 7%
D Nano Alumina at 2% with Silres BS-290 at 7%
E Mixture of Nano Alumina and Nano silica 2% with Silres B5-290 at 7%
F Silres BS-290 at 7% after artificial ageing
G Nano Silica at 2% with Silres BS-290 at 7% after ageing
H Nano Alumina at 2% with Silres BS-290 at 7% after ageing
I Mixture of Nano Alumina and Nano silica 2% with Silres BS-290 at 7% after ageing

2.1.3. Procedures of protection

Different consolidation and protections materials
are applied by brushing, and this process was re-
peated three times within two hours between each ap-
plication. Then the samples were left to dry for one
month at room temperature and controlled RH 50%
to allow the polymerization process to take place (Al-
dosari et al., 2019).

2.1.4. Artificial ageing

Thermal ageing is applied to the treated glass sam-
ples for 100 hours at a temperature of 100 °C and rel-
ative humidity of 60% (Ibrahim et al., 2020). The light
ageing test is also performed for 100 hours by (268
UVA Optimized / low profile sensor heads) using a
UV lamp. The lamp is in the following condition:
(power: 600 w, wave-length of radiation: 400 nanome-
ters, distance between samples and lamp: 17 cm) (De
Ferri et al., 2013).

2.2. Methods

Various methods and techniques are used for the
present investigation.

2.2.1. Energy Dispersive X-ray Analyses (EDX)

An Energy Dispersive X-ray instrument, with ac-
celerating voltage 30 K.V. was used to determine the
chemical composition of archaeological of glass
which excavated from Al-Fustat ruins. This method
was the most precise for determining the elemental
composition and concentration of elements in a sam-
ple. It was preferred because it required only a small
amount of sample, which suited small glass samples
and falling glass crusts Analysis with energy disper-
sive is used for the samples.

2.2.2. Transmission Electron Microscope (TEM)

The examination of nanocomposites materials is
carried out using transmission electron microscopy
(TEM) to ascertain the size of the nanoparticles The
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TEM images are obtained by a JEM-1230 electron mi-
croscope operated at 60 KV (JEOL Ltd., Tokyo, Japan).
Prior to examination, the sample is diluted at least 10
times by water. After that, a drop of well-dispersed
diluted sample was placed onto a copper grid (200-
mesh and covered with a carbon membrane) and
dried at room temperature. This procedure is carried
out at the National Research Centre in Dokki District,
Cairo, Egypt

2.2.3. Stereo Microscope

It is used to study some aspects that are difficult to
see with the unaided eye, using a binocular micro-
scope which gives a stereoscopic image of three di-
mensions (Davison, 2006). The sample is placed on a
holder of translucent glass with a light source behind
it. The examination is carried out using a Leica MZ6
stereo zoom microscope that is a modular common
main objective stereo microscope with a zoom range
of 6.3x - 40x with 10x eyepieces. This method is car-
ried out at the General Authority for Mineral Re-
sources in Dokki District, Cairo, Egypt.

2.2.4. Morphological Characterization by SEM

SEM observation of uncoated, coated, and coated
aged glass samples is performed through scanning
electron, Philips (XL30). SEM operated in Backscat-
tered mode (BS) to investigate the compositional
structure and accurately determine the crystalline
phases present. Furthermore, the characterization is
performed to evaluate the distribution behavior of
coating materials on glass surfaces and surface mor-
phology. The examination is carried out in SEM lab,
Housing and Building National Research Center,
Cairo, Egypt).

2.2.5. Static Water Contact angle

Contact angle measurements are carried out in or-
der to determine the wettability by means of custom
apparatus made in compliance with standard UNI
EN15802 - 2010 (Helmi and Hefni, 2016). This test is
performed on the glass samples before and after coat-
ing. A high-resolution Canon camera with 18-55 lens
is used to take the images, then a dedicated software
program is used to calculate the contact angles values

of water droplets on the glass surface. The test is con-
ducted at the National Research Centre in Dokki Dis-
trict, Cairo.

2.2.6. Colorimetric tests

Colorimetric measurements of uncoated and
coated glass samples are carried out using An Opti-
match 3100® from the SDL Company to measure the
change of color. This process is carried out at the Na-
tional Institute of Standards, Al-Haram District, Giza,
Egypt. Measurements are performed on the same
points before and after coating.

2.2.7. Measurement of Physical Properties

Density measurement is one of the most important
physical properties of glass samples. The density is
calculated as follows:

Bulk Density (d) in g/cm3 is defined in the follow-
ing equation:

D=W/V

Where: W is the original weight in g and V is the
volume in cm3 (El-Badry and El-Betal, 1973). The den-
sity is determined for treated and untreated glass. The
test is measured at the Housing and Building Na-
tional Research Centre in Cairo (HBRC)

2.2.8. Measurement of Mechanical Properties

Micro hardness test determines the material's abil-
ity to withstand scratching (Malzbender, 2002). It has
been measured for samples treated with selected na-
nomaterials and untreated ones in order to identify
the efficiency and ability of these materials to im-
prove the mechanical properties and to know the ex-
tent of the success of the treated nanomaterials in re-
sisting scratching of the surface. The test is conducted
at the National Research Centre (NRC).

3. RESULTS AND DISCUSSION
3.1. Energy Dispersive X-ray Analyses (EDX)

Analytical results given in table (1) indicate that the
major components of the glass samples are silica
(S5102=63.22%), soda (Nax0=3.91%), lime
(Ca0=2.64%), and alumina (Al,03=7.15%) and mag-
nesia (MgO =4.75%).

Table 1. Chemical Composition of Archaeological Glass Sample Used in Experimental Study

Oxides Si02 A1203 NaZO

CaO

MgO MnO CO, Total

Weight% 63.22 7.15 3.91

2.64

4.75 1.98 16.35 100

3.2. Transmission Electron Microscope (TEM)

Fig. 2 shows how TEM micrographs of the obtained
nanocomposites are used to evaluate the combination
process between SiO, and Al;Os; nanoparticles. The
characterization by TEM show that the nanoparticles

are homogenously dispersed and interacted in the
nanocomposites without aggregates of nanoparticles
in polymer matrix. Investigation size of nanoparticles
SiO,/Poly siloxane after the mixing process indicate
that the nanoparticles diameter lies in the range 56 to
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77 nm with a spherical morphology (Fig.2b). In addi-
tion, the particle size of ALO3 / Poly siloxane nano-
composite ranges between 61 to 64nm (Fig.2c). The

particle size of a mixture of Nano AlOs; and Nano
5i0,/Poly siloxane, on the other hand, extends from
32 to 73 nm (Fig.2d).

Figure 2. TEM micrographs nanocomposites polymer after the synthesis process. (a) Silres BS-290 at 7%, (b) Nano Silica
at 2% with Silres BS-290 at 7%, (c) Nano Alumina at 2% with Silres BS-290 at 7%, (d) Mixture of Nano Alumina and
Nano silica 2% with Silres BS-290 at 7%

3.3. Stereo Microscope

Stereo microscope was considered one of the devel-
oped techniques that was used for studying and doc-
umenting different features of archaeological sur-
faces. Therefore, it was used to study the surface of
untreated, treated, and aged glass samples.

(Fig.3a) indicates the untreated glass sample which
shows the presence of pitting, cracking, and the phe-
nomenon of iridescence. Sample was treated with
polysiloxane (Fig.3b) shows the effectiveness of the
treatment material in filling the voids (gap filling) on
the surface and superficial homogeneity. Further-
more, this material was caused in darkening the iri-
descence zones. Sample C was treated with nano sil-
ica/polymer nanocomposites (Fig.3c) shows the ho-
mogenous diffusion and well covering the surface but
this consolidated material led to the occurrence of
complete opacity of the phenomenon of iridescence.
Sample D was treated with Alumina/polymer nano-
composites (Fig.3d) shows homogeneous coating and
a uniform distribution of the spread of the treatment
material with the granules of glass. Additionally, the
glass surface retaining part of the iridescence. Sample

(E) was treated with silica/ Alumina/ polymer nano-
composite shows that the surface of the glass retains
the iridescence phenomenon unchanged with the reg-
ular penetration of the treatment material into the
depths of the corrosion layers and filling the wide
pores between the granules besides good distribution
and superficial homogeneity. A stereo microscope
was used after artificial ageing to determine the oc-
curred changes in the protected materials. Sample (F)
shows a slight opacity on the surface of the treated
glass after artificial ageing (Fig.3f). In sample (G), it is
observed that the phenomenon of iridescence is rela-
tively retained with a heterogeneous diffusion of the
treated material. Sample (H) shows the transfor-
mation of the surface to opacity. It leads to distort the
external surface and change the visual appearance.
Sample (I) shows that the treatment is effective, no
changes were observed on the sample appearance in
addition to the homogeneity and stability of the
treated material on the surface. Furthermore, retain-
ing the phenomenon of iridescence clear. Conse-
quently, it is preferable to use this material in the con-
solidation of the archaeological glass.
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Figure 3. Stereomicroscope images showing the effect of applying the consolidation materials on glass samples before
and after artificial ageing at 0,02mm. (a) Untreated sample, (b) Silres BS-290 at 7% , (c) Nano Silica at 2% with Silres
BS-290 at 7%, (d) Nano Alumina at 2% with Silres BS-290 at 7% , (e) Mixture of Nano Alumina and Nano silica 2%
with Silres BS-290 at 7% , (f) Silres BS-290 at 7% after artificial ageing, (g) Nano Silica at 2% with Silres BS-290 at 7%
after ageing, (h) Nano Alumina at 2% with Silres BS-290 at 7% after ageing, (I) Mixture of Nano Alumina and Nano sil-
ica 2% with Silres BS-290 at 7% after ageing.

3.4. Scanning Electron Microscope (SEM)

Scanning electron microscope was used on the
glass samples before and after treatment and after
thermal ageing to examine the surface of samples as
well as the distribution of the consolidation materials.
The SEM micrographs of an untreated glass sample
(Fig.4a) appeared to be very fragile has many cracks,
weakness, lack of cohesion of granules, and suffered
from granular disintegration. (Fig.4b) shows sample
was treated with pure poly siloxane. It appeared that
the consolidation material was not well distributed
over the sample surface. The polymer does not able to
cover the whole surface and leads to the formation of
small aggregates. The samples were treated with
nanocomposites materials (Fig. 4c, d, e) showed a
more homogenous appearance. It was found that the
addition of nanoparticles to the polymers improve
their interaction with the glass grains in addition to
increasing their ability to fill the big pores between

the grains. After applying artificial ageing, some
changes were observed in samples treated with both
products SEM micrograph of the sample microscope
was used to identify the capability of the consolida-
tion materials to resist various environmental condi-
tions (Fig.4f) showed sample treated with poly silox-
ane, exposing cracks of the resins. There was an ap-
pearance of many cracks on the surface of the poly-
mer after the artificial ageing in addition to the lack of
the polymer distribution uniformity on the surface.
(Fig. 4g) the samples were treated with nano sil-
ica/polymer nanocomposites showed small aggrega-
tion of polymer with some pores on the surface of
glass. (Fig.4h) showed sample was treated with Alu-
mina /polymer nanocomposites small fine cracks
were observed on the coating film but without any
side effects on the film uniform and homogeneity.
(Fig. 4i) showed sample was treated with silica/ Alu-
mina/ polymer nanocomposite that improve the sta-
bility of the consolidation compound microstructure
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under the influence of artificial ageing. According to
the SEM results, SiO; / Al;Os nanoparticles appeared
to be the best nanomaterial on glass surface. They fill

the polymer matrix, increase the ability of the poly-
mer to penetrate the glass pores and form a homoge-
neous coating.

Figure 4. SEM micrographs of the untreated and treated glass samples and after artificial ageing at 1000x. (a) Untreated
sample, (b) Silres BS-290 at 7% , (c) Nano Silica at 2% with Silres BS-290 at 7%, (d) Nano Alumina at 2% with Silres
BS-290 at 7% , (e) Mixture of Nano Alumina and Nano silica 2% with Silres BS-290 at 7%, (f) Silres BS-290 at 7% after
artificial ageing, (g) Nano Silica at 2% with Silres BS-290 at 7% after ageing, (h) Nano Alumina at 2% with Silres BS-
290 at 7% after ageing, (I) Mixture of Nano Alumina and Nano silica 2% with Silres BS-290 at 7% after ageing.

3.5. Static Water Contact Angle

The results of the contact angle test (table 3) (figure.
5) were revealed that nanoparticles improved the hy-
drophobicity of polysiloxane. The Pure poly al-
kylsiloxane treatment had the ability to repel water,
but it was found to be less hydrophobic than poly-
alkylsiloxane added to nanoparticles. Moreover, after
treatment and artificial ageing SiO, /Al,Os; polymer
nanocomposite attained the best contact angle values
which give (130 °, 105°) before and after ageing. The
maximum hydrophobic activity was determined by

the chemical and physical characteristics of the poly-
mer as well as the nanoscale roughness of the surface,
which causes air to be trapped between the water
droplet and the rough surface (Bico et al., 2002; De
Ferri et al., 2011; Goswami et al,. 2011). Furthermore,
the extremely low porosity of glass surface contrib-
uted to the surface being inherently more hydropho-
bic. Although nanoparticles help increase the hydro-
phobic character of the coating and also play an effec-
tive role in enhancing the polymer with self-protec-
tion properties, the hydrophobic action was primarily
attributed to the polymer, not nanoparticles (Kumar,
2014).
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Table 3. Values of the Static Con-
tact Angle (SCA) of the Studied

Samples
Sample SCA (°)
code
A 12°
B 82°
C 100°
D 110°
E 130°
F 70°
G 86°
H 95°
I 105°

Figure 5. Static contact angle measurement of untreated glass samples, treated samples and after artificial ageing.

(a) Untreated sample, (b) Silres BS-290 at 7% , (c) Nano Silica at 2% with Silres BS-290 at 7%, (d) Nano Alumina at 2%
with Silres BS-290 at 7% , (e) Mixture of Nano Alumina and Nano silica 2% with Silres BS-290 at 7% , (f) Silres BS-290 at
7% after artificial ageing, (g) Nano Silica at 2% with Silres BS-290 at 7% after ageing, (h) Nano Alumina at 2% with Silres

BS-290 at 7% after ageing, (I) Mixture of Nano Alumina and Nano silica 2% with Silres BS-290 at 7% after ageing.

3.6. Colorimetric Measurements

As esthetics and historic values are very important
issues in conservation science, the color variations
were measured before and after the application of the
coatings to evaluate their aesthetic impact. Color al-
terations were expressed by the AE parameter which
indicated the difference between each chromatic co-
ordinate (AL*, Aa*, and Ab*). The color Differences
AE, calculated by comparing the coated and the un-
coated samples, were reported in Table 4. No signifi-
cant changes are produced by the coatings for all the
selected treatment materials, being AE <4 a value nor-
mally accepted as a limit for the visual impact of sur-
face treatments (European Environmental Agency,
2011; De Ferri et al., 2013).

Before and after exposure to artificial ageing, the
covered glass samples are characterized by colorimet-
ric measurements to assess any color changes pro-
duced by the ageing process. The sample treated with
polysiloxane after ageing increase color change to (AE
= 4.96) which indicates change in the naked eye. On
the other hand, samples treated with nanocomposite
treatment do not vary significantly after ageing and
the AE values always remain < 4. The results show
that the sample treated with silica / alumina /poly-
mer nanocomposite give the best results after ageing
(AE = 2.01). It is considered a very slight color change
and the change is unclear to the unaided eye.

Table 4. Color change values of a treated sample before and after ageing

Applied Treatment Materials AE*5p
Before ageing
Silres BS-290 0.98
Silres BS-290 +SiO; Nano particles 1.98
Silres BS-290 +Al,O3 Nano particles 217
Silres BS-290 +Al,O5 SiO, +Nano particles 0.85
After ageing
Silres BS-290 4.96
Silres BS-290 +SiO, Nano particles 3.29
Silres BS-290 +Al,O3 Nano particles 3.59
Silres BS-290 +Al,O3 SiO, +Nano particles 2.01
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3.6. Measurement of Physical Properties
Density

Itis clear from (table 5) that the nano-strengthening
and protection compounds have improved the den-
sity values of the glass samples where the polysilox-
ane compound with nano-silica and nano-alumina
give the highest density value of (3.52-3.49 g/cm?) be-
fore and after ageing. This can be attributed to the fact
that the nanoparticles filled the voids and pores in the
surface of the glass. so the improvement in density
values appeared.

3.7. Measurement of Mechanical Properties
Micro Hardness Test

The hardness test determines the extent of the ma-
terial's ability to withstand scratching. The hardness
is measured for untreated, treated and exposed glass
samples with the aim of identifying the efficiency and
ability of nanomaterials to improve mechanical prop-
erties and to determine the success of treated nano-
materials in resisting scratching of the surface. As
shown in (table 5) The treated sample with silica /
alumina /polymer nanocomposite is given the high-
est value (375-360 kg/mm?) before and after ageing
respectively, while the sample treated with polysilox-
ane with nano-silica gives a value of (364-352
kg/mm?) on the other hand, the sample treated with
polysiloxane with nano-Alumina gives a value of
(354-334 kg/mm?).

Table 5. Physical and Mechanical Properties of the Glass Samples
before ageing (A) un treated sample, (B) silres BS-290 at 7%, (C) Nano silica at 2% with silres BS-290 at 7%, (D) Nano
Alumina at 2% with silres BS-290 at 7%, (E) Mixture of Nano Alumina and Nano Silica 2% with silres BS-290 at 7%
and after Ageing (F) Silres BS-290 at 7%, (G) Nano Silica at 2% with silres BS-290 at 7%, (H) Nano Alumina at 2% with
Silres BS-290 at 7%, (I) Mixture of Nano Alumina and Nano Silica 2% with Silres BS-290 at 7%.

Sample code Density Hardness (HV)
(g/cm?) (kg/mm?)
A 2.39 256
B 244 337
C 2.89 364
D 2.74 354
E 3.52 375
F 242 300
G 2.76 352
H 2.61 334
I 3.49 360

4. CONCLUSIONS

Silicon dioxide (SiO,) and alumina oxide (AlOs)
nano particles are added to poly(alkyl siloxane) (Sil-
res BS-290) to improve its physiochemical and me-
chanical properties and determine comparatively
what the best materials are to use in the consolidation
and protection of the archaeological glass. Samples
treated with pure polymer and nanoparticles/poly-
mer nanocomposites are tested under artificial age-
ing. The results show that the addition of nanoparti-
cles to the silicon -based polymers improve the ability
of polymers to consolidate and protect glass samples.

The results obtained by stereo and SEM micro-
scopic investigation indicated that the mixture (SiOy)
and (ALOs) nanoparticles is the best nanomaterial
which fills the polymer matrix, increases the polymer

ability to penetrate into glass surface and form a ho-
mogeneous coating. The samples treated with SiO, /
AlLOs / polymer nanocomposites show hydrophobic
properties better than the samples treated with nano
particles of silica and alumina individually with pol-
ymer. However, the hydrophobicity of samples
mainly depends on the nature and chemical composi-
tion of polymers. It can be enhanced by the addition
of nanoparticles. The results obtained by hydropho-
bic measurements and color change test show that the
treatment by SiO, / AlOs/ polymer achieves the high-
est values. Physical properties for sample treated with
Si0,/ Al,O3/ polymer nanocomposite gives the best
results in improving the property of density. Further-
more, the hardness test of sample (E) is given the
highest results before and after ageing. Thus, this
composition is considered the best consolidator mate-
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rial for glass objects. The study demonstrates that Sil-  enhancing polymers employed in the consolidation
ica and Alumina nanoparticles are suitable choices for ~and protection of glass artefacts.
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