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ABSTRACT

Using nano-materials suspension in iso-propanol in conservation field is proved its success. In this paper
three nano-materials suspension in ethanol were used to observe its influence on black and red pigments of
an Egyptian Coptic fresco model from Saint Jeremiah Monastery obtained from sixth or seventh century AD.
Scanning electron microscope (SEM), X-Ray diffraction, Fourier transform infrared and spectrophotometer
were used to determine the visual properties of the treated model. The results showed that the addition of
nano-materials an obvious change in colors was detected and the mechanical properties of the treated mod-
els was improved.
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1. INTRODUCTION

All polymers such as Paraloid B 72 - unfortunately
still used in all conservation laboratories until now.
They turn to yellow after 20 years at least. In the last
decades (Dietemann et al., 2009), in order to avoid
these disadvantages, a new way for consolidation
appeared using of nano-lime dispersions (usually 2-
propanol) has been developed by the Florence Team
at the CSGI (Center for Colloid and Surface Science)
(Baglioni et al.,, 2012). This new method has been
mainly used to support the mechanical properties. It
exhibits a good mechanical properties due to the
nano-lime accompanied with the carbon dioxide in
the surrounded air to produce new calcium car-
bonate which filled the gaps and connected the
compounds each other (Bajer, 2007) , as the follow-
ing reaction:

Ca (OH)z + CO, — CaCO; + H,O

This technique considered very useful in cases of
surface color powdering for mural paintings, consol-
idation and pre-consolidation treatments Once the
Ca(OH)2 nanoparticles penetrate easily into the po-
rous matrix, of the objects (lime stone or in mortars)
without any cares of the water content (Blee et al.,
2008). The high retention of this absorbed water fa-
vors the correct carbonation with formation of a new
CaCOs crystal network that embeds the detached
quartz grains (Baglioni et al., 2006) In the present
work the Ca(OH);, CaCO; and SiO; nano-materials
are homogeneously dispersed were studied. Scan-
ning electron microscopy (SEM) were used to char-
acterize the influences of nano-materials on pig-
ments. Application to the Coptic Monastery of St
Jeremiah in Saqqara is made (Salama et al 2017).

2. MATERIALS

All the chemicals were of analytical grade and were
used without further purification. The materials re-
quired nano calcium hydroxide, nano calcium car-
bonate and nano silicon dioxide they were pur-
chased from nano tech company Ltd.

As nano calcium hydroxide synthesis was accord-
ing to Daniel et al., (2012), the nano calcium car-
bonate synthesis according to Morsy et al.,, (2014)
and nano calcium carbonate synthesis according to
Ibrahim et al, (2010).

Water was purified by a Millipore Elix 3 appa-
ratus: the resistance of the ultra-pure water was 18
MQ.cm.

Preparation of the mixed nano-materials system
was carried out as follows. Two (2) gm of nano-
material in ethanol (initial concentration 20 g/L).
The composition and the appearance of the obtained
mixed system are listed in Table 1.

Table 1: The composition and the appearance of the obtained
mixed system

compound
Nanomaterial  SiO, CaCO;  Ca(OH):
Weight 2 2 2
Ethanol 98 98 98

3. METHODS and CHARACTERIZATION
3.1. The painting layer condition

The current fresco painting numbered 8425 is stored
in the Coptic museum and dates back to 5th century
AD (Fig. 1) The models were prepared according to the
original mural painting as follows: A first layer of tuff
layer from a mixture of hydrated lime - calcium hydroxide
and coarse sand, a second layer contains fine sand crystal
and lime, the final layer is the pigments. The pictorial
layer suffered from severe loss and color change
around the lost areas (Casadio, 2000) and the whole
fresco painting suffered from weakness from vital
cracks. The three models of Egyptian Coptic fresco
were exposed to artificial aging to create similar
conditions for the original fresco painting then they
were treated with three different system described in
Table 1. The models of Coptic fresco paintings were
treated with the previous components using brushes
through Japanese paper (Natali et al., 2014) The
models were subjected to different accelerated age-
ing test to simulate the most common outdoor herit-
age deterioration processes due to weathering agents
(Batterham,2008).

Figure 1. The original Coptic fresco painting

3.2 SEM Characterization

The morphology was examined by SEM (scanning
electron microscope) model Quanta 250 FEG Field
Emission Gun) attached with EDX Unit (Energy Dis-
persive X-ray Analyses) with accelerating voltage 30
K.V., magnification14x up to 1000000 and resolution
for Gun. In FEI Company, Netherlands. Sample
preparation consisted of application of a superficial
gold film by sputtering to prevent electro-static ef-
fects.
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3.3 Fourier transform infrared-Attenuated To-
tal Reflectance (FTIR-ATR)

Samples were analyzed with a FTIR spectrometer
(Model 6100 Jasco, Japan). Spectra were obtained in
the transmission mode with TGS detector and using
ATR crystal which represents (2mm/sec) co added
scans at spectral region ranging from 4000 to 400 cm-
1 with 4 cm™ resolution charge.

3.4 X-ray diffraction (XRD)

The X-ray diffraction patterns of the Coptic fresco
painting were obtained using a diffract meter
(Philips PW 1840), operated at 40 kV and 25 maA,
using Cu Ka radiation and a receiving slit of 0.2 mm.
The measurements were made at room temperature.
Preparation of each sample consisted of grinding it

4. RESULTS AND DISCUSSION

The colors which were used in the painting are
among the most common and available pigments in
the surrounded environment (Buxbaum, 2005). The
red color is Hematite, the yellow color is Goethite,
the green color is the Malachite, and the black color
is the Perollosite.

Those nano materials were mixed with ethanol af-
ter testing the color changing after the treatment
with isopropanol and ethanol. the isopropanol
proved it's succeed as it's not cause any color chang-
ing on other hand the ethanol caused a little light-
ness for colors can be ignored and the evaporation
speed of the both are similar but the isopropanol
took longer time than ethanol almost 0.001/second
but isopropanol took 0.001-0.002/second. The appli-
cation of the three nano-materials caused changes in
the visual properties, such as changes in due to the
treated models which can be tested by using spec-

in the dry form, by using a mortar and pestle to ob-
tain a fine powder.

3.5 Colorimetric measurements

Color changes induced by protective products and
samples degradation were evaluated by spectropho-
tometer Optimatch 3100® from the SDL Company.
The dimension of the measured area of each sample
equals to (1X1) cm?2. The colors are given in CIE Lab
coordinates, L* corresponding to the brightness (100
= white, 0 = black), a* to the red-green coordinate
(positive sign = red, negative sign = green), and b* to
the yellow-blue coordinate (positive sign = yellow,
negative sign = blue). The total color difference AE*
between two color stimuli AE* = {(AL*)2+ (Aa*)2 +
(Ab*)2} (Darwish, 2014).

trophotometer. On other hand, the nano-materials
improved the mechanical properties of the treated
models, as the nano-materials increase the models
strength to the exogenous factors as the mechanical
properties were tested using the hardness tester and
the bursting strength detector .

4.1. The visual properties and the changes of colors
after treatment

The purpose of comparison the changes of visual
colors before (2A) and after treatment (2B-C) to de-
tect the change of brightness caused by treatment.
The pigments after treatment with nano-materials
appeared with an opaque layers on them as shown
in Figure 2(B-C). the change in red and black color in
case of application with nano calcium hydroxide in
figure (2B) can be ignored. On other hand in cases of
nano calcium carbonate and nano silica Fig. 2 (C,D).

Figure 2: A) Untreated model and the red and black colors after treatment with B) nano-calcium hydroxide C) nano-silica D) nano-
calcium carbonate.

4.2. SEM

Fig.3 (A-H) revealed the red pigment before
treatment with nano materials. The red pigments
particles appeared non-homogenous but after
treatment with nano calcium hydroxide the inte-
rior structure combined together. But in case of

nano calcium carbonate and nano silica it is ap-
peared as filler inside the structure of red pig-
ment.

All the same above changes appeared with the
black pigment.
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Figure 3: SEM images of pigment red A)untreated pigment red appeared with less cohesion B) Ca(OH): during the carbonation pro-
cess and combining the interior structure, C) nano-silica filling the gaps , D) nano-calcium carbonate filling the gaps and SEM im-
ages of pigment Black , E)untreated pigment black appeared with less cohesion, F) Ca(OH): during the carbonation process and
combining the interior structure, G) nano-silica appeared filling gaps, H) nano-calcium carbonate appeared filling gaps (circle re-
vealed the presence of nanomaterial in the interior structure.)

4.3 FTIR

Fig. 4A-H shows FTIR spectra of A) untreated pigment red B) Ca (OH),, C) nano-silica, D) nano-calcium car-
bonate, and (E) untreated pigment black F) Ca (OH)», G) nano-silica, H) nano-calcium carbonate. The FTIR of
untreated pigment (Fig. 4A) revealed that at least one strong absorption band from C-O stretching at 1415
cm! calcite, the band is smooth, symmetrical, and broad. Carbonate bending vibrations produce sharp bands
in the region of 900-650 cm- . These bands show measurable frequency deviations corresponding to the at-
tached cation. For example, the out-of-plane bending vibration for calcium carbonate (calcite) occurs at 873
cm?, SO, bending and stretching band at 667, 1107cm-, anti-symmetric and symmetric O-H stretching bands
of gypsum at 3522, 3399 cm™. And the major distinguished Fe-O for Hematite for red pigment appeared on
449 cm Fig. 4 (B-C)after application with three nano-materials there are no any changes happened in the
color as it is still appeared in 450 cml. According to Fig. 4-E black pigment appeared with calcium carbonate
and gypsum and the black color appeared as Mn-O for Perollosite at 720cm. Fig. 4 (F-H) shows that, after
the application of three nano-materials, there is no change took place in the color due to the stretching area
for Mn-O 720 cm™ was appeared.
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Figure 4A-H: FTIR spectra of A) untreated pigment red B) Ca (OH), C) nano-silica, D) nano -calcium carbonate, and (E) untreated
pigment black F) Ca (OH)2, G) nano-silica, H) nano-calcium carbonate.
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Figure 5: X-ray Diffraction (XRD) of the red and black pigments before and after treatment with three nano materials A) untreated
pigment red with Hematite appeared on 2.5190 D value B) Ca (OH), C) nano-silica, D) nano -calcium carbonate, and (E) untreated
pigment black Perollosite appeared on D value 2.440 F) Ca (OH)2, G) nano-silica, H) nano-calcium carbonate.
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4.4 XRD

Fig. 5 A-H shows the x-ray Diffraction (XRD) of the
treated pigments (red and black) with the three
nano- materials The XRD data revealed that the cal-
cite and gypsum are more major components with
Hematite in D value 2.5190 in case of red pigment
and Perollosite in D value 2.440 in case of black pig-
ment treated with three nano-material. From Fig.
5A-H it was noticed that the intensities of calcium
carbonate XRD peaks which converted from calcium
hydroxide are higher than the intensities of the
nano-calcuim carbonate (Fig. 5B) which means the
size are increased of as seen in SEM image Fig. 3B.
On the other hand, it was observed that the samples
treated with nano-silica (Fig. 5D) revealed that the
intensities of original calcium carbonate of the model
sample are less than other nano-carbonate sample.

After all, the comparison between prior and later
stage of the two pigments the red and black color
appears on the same area like the nano-materials
never affect the nature of pigments.

4.5 Spectrophotometer

Table 2 shows the color variation promoted on the
models after treatment with nano-lime, nano-silica
and nano-calcium carbonate AL* is the variation in
luminosity, Aa* is the variation in the red-green pa-
rameter, Ab* is the variation in the blue-yellow pa-
rameter and AE* is the total color difference. It dis-
plays the color variations of the treated models for
the tested treatments, the most important contribu-
tion came from L* a* b* where L* represents light-
ness (0% black, 100% white), a* redness-greenness,
and b* yellow-blueness. For this work the values of
a* > 0 and b* > 0 which represent the colors red and
yellow, respectively. The yellow color of untreated
models falls within the range: L* -9.88, a* 3.24 and b*
0.062. In general, treatments of nano-material led to
a darkening of the models surfaces. For nano-
calcium hydroxide for example, the L* dropped by -
10.37.

Table 2: Coordinates of color obtained by using spectrophotometer

Color AL* Aa* Ab* AE* Observations

Black untreated -0.76 -0.08 222 2.35 10>AE>5

Red untreated 1.60 0.87 1.09 212 InOtheOuntreated samples.
Black Ca(OH)2 10.55 0.05 0.39 10.56 AE values indicated that this
Red Ca(OH)2 8.09 0.56 10.46 13.24 variation is the same of the
Black SiO» -16.88 1.15 -4.47 17.50 treatments

Red SiO» -38.78 -0.17 -8.08 39.61

Black CaCOs -1.58 0.21 -10.09 3.99

Red CaCOs3 -3.26 1.67 6.47 7.43

The color of models treated with nano-materials
were observed to alter slightly after the treatment,
AE scale in stone materials conservation for consoli-
dation or for preventing microbial growth (Fatma M.
Helmi, et al, 2007) is as follow:

e AE <0.2: not perceptible difference

e 0.2 <AE <0.5: very small difference

e 0.5 <AE < 2: small difference

e 2<AE <3: fairly perceptible difference
e 3<AE < 6: perceptible difference

e 6<AE <12: strong difference

e AE >12: different colors

In this respect red and black colors in the treated
models with nano-materials before and after aging
have no acceptable AE values where it ranges be-
tween 2.12 and 10.42. Other colored samples treated
with nano-materials were not fitting in these limits
i.e., have AE values between 44.63 and 5.42 depend-
ing on their chemical composition. The completed
data are listed in Table 2, a clear change in surface

color was observed visually. The average b* and a*
values increased and the models appears red-orange
colored after the treatment. This discoloration very
probably results from the accumulation of nano-
materials on the surfaces (X-rite, 2007)

5. CONCLUSION

This study focused on the interactions between nano
calcium hydroxide, nano-silica and nano and calci-
um carbonate applied on the St Jeremiah Coptic
Monastery in Saqqara wall paintings. The nano-
calcium hydroxide turned into calcium carbonate as
the known carbonation process and Both nano sili-
con Nano silica and nano-calcium carbonate used as
filler as they filled the gaps inside the structures of
the red and black pigment as SEM images showed.
The application of those Nano-materials on the con-
solidation of pigments caused a visual difference in
colours compared with untreated ones as detected
by the spectrophotometer.
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