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ABSTRACT

The paper discusses using of Klucel G and chitosan loaded with nano-calcium hydroxide as consolidates for
damaged Cartonnage extracted from dry excavations soil. Analytical methods used in these analyses included
scanning electron microscopy (SEM), transmission electron microscopy (TEM), attenuated total reflection Fou-
rier transform infrared (ATR-FTIR) spectroscopy and digital microscopy. The results proved the success of
Klucel G in giving better results than Chitosan, and the performance of the two materials improved by adding
nanomaterial, although the best one was Klucel G with nano-calcium hydroxide 3%.
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1. INTRODUCTION

Although dry burial environments are considered
one of the best burial environments in general for
most of discovered archaeological materials. Espe-
cially organic materials in ideal conservation condi-
tions (Peacock, 1987), the level of the air's RH is the
major affecting factors of the burial soil before ex-
tracted beside to the kind of burial environment and
the type of archaeological material itself (Chemello
and Davis, 2014; Afifi et al., 2011a). It is this which will
bring deterioration or preserves the archaeological
material; if the RH is low, organic materials are in
general well preserved. At worst, if the air in a cavity
is too dry, the damage will appear as a general weak-
ness and cracks of the painting and preparation layer.
On the other hand, in a moist environment, organic
materials have a very high probability of being at-
tacked by micro-organisms (bacteria, fungus, mould
that will usually lead to the slow destruction of the
object (Guichen,1995; Afifi et al., 2011b). As a result of
the composite structure of the Cartonnage (organic
inorganic porous materials) (see, Afifi et al., 2011a,
2020 a, b, ¢), the reactions and behaviour of each sub-
stance differ from the other, organic archaeological
materials are hygroscopic, cellular in composition,
and they increase in size or shrink according to the
level of relative humidity and the difference in tem-
perature rates. If it extracted from wet sediments it
lose their water upon detection, while those extracted
from dry sediments absorb water from the atmos-
phere when relative humidity is high and in the event
of a low level of relative humidity, the substance loses
the remaining internal content of water, leading
cracks, crumbling, wrapping or shattering and so on.
Also, organic materials like textile mainly degraded
by oxygen and microorganisms such as Aspergillus
Niger that is found in sandy burial environments
(Nord et al., 2005). Both archaeological inorganic (po-
rous) materials such as decorated surfaces are sensi-
tive to immediate damage factors upon detection and
exposure to the atmosphere, so the detection makes
them in contact with drier air and the water filling the
pores evaporates that was worked to end the stability
state and caused difference in the rates of expansion
and shrinkage of each layer. Lifting from sandy or
very dry soils can be more challenging because of the
difficulty in isolating the object from its burial context
and ensuring that fragile and fragmented artifacts
stay together (Chemello and Davis, 2014). If possible,
the excavation restorer resort to postponing the re-
sulting environmental shock by using some materials
that keep the archaeological material from deteriora-
tions, such as lifting a part of the soil and consolidate

the pieces once they are extracted using one of the ap-
propriate consolidation materials when artifacts are
too fragile to be lifted without breakage or loss, as is
often the case with severely embrittled organic mate-
rial, consolidation in situ may be necessary (Ahmed,
2015). For the success of the consolidation process, the
selected material must meet several conditions, such
as restoration and reversibility, and it in any way it
should not change the basic chemical and physical
composition of the original material. They should
provide a good aging stability, as well as being con-
sistent against insect infestation or microbiological
growth (Johnson, 2018; Afifi et al., 2011b).

From this point, the researchers used this tech-
nique in conducting an experimental study of the ef-
fect of using some traditional materials alone, which
gave good results with similar materials, such as Hy-
droxypropyl cellulose (Klucel G) that was used
widely as a good consolidation material of pigment
material. Feller and Wilt (1993) study found that the
higher molecular weight grades of Klucel (such as M
and H) to be less stable than lower molecular weight
grades (G and L).Conservators have frequently used
Klucel G for the consolidation of matte paint, and
other grades have been used in poultices, inpainting
media, and infilling media.lt has also been used by
many researchers such as (Henry, Walter, et
al.1993)who state that Klucel-g can be used success-
fully in water/alcohol solutions to consolidate pig-
mented ethnographic materials which have a matte
surface quality, also it has been used in ethanol to con-
solidate darker colors like the blues and browns of
water-based paints which are sensitive(i.e. darken)
with aqueous consolidates. Mahony (2014) also refers
that it gave good results when it was used to
strengthen the organic protein substances by dissolv-
ing it in the organic solvents, it did not work to cause
a major color change and helped to preserve the nat-
ural appearance of the archaeological material. Mar-
tinez et al., (2020) reported that Klucel G at a concen-
tration of 1% gave the best results compared to other
materials such as ethyl silicate (Estel1200, BE), ethyl
silicate (Nanoestel, NE), acrylic resin (Paraloid® B72,
PAB72), polyvinyl-butyral (Mowital® B60H, MW)
and thermoplastic polymer (Aquazol®, AQ), when
used in the restoration of the painting color as azurite,
cinnabar and lead red, it gave very good results in re-
ducing the rates of color change compared to other
materials, that gave large rates of color change, Klucel
G also gave less change in shape and scale and less
effects on the color distributions of the samples and
their colors homogeneity. Abdel Kader et al., (2018)
and Hassan (2019a) also used Klucel G to consolidate
Greco-Roman organic dedicatory Panels, Klucel-G
was dissolved in 3% ethyl alcohol to consolidate the
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painting layer. Ali et al., (2016) quotes the success of
Klucel-G and Chitosan in restoring archaeological
Cartonnage in the Egyptian Museum, the consolida-
tion process start with consolidate the fragile parts,
removing the cotton bandages which was used to
maintain the shape of the mask. Japanese tissue ad-
hered with Klucel G is used to support the mask and
consolidate pigments surfaces and Linen textile rup-
tures were fixed and consolidated using Chitosan 5%.
Salem et al (2016) also mentioned its good effect in re-
storing one of the painting wooden coffins extracted
from the excavations with a concentration of 5%, as it
gave good results in binding the painting layer with
the preparation layer. Badr (2013) and Ali et al., (2016)
also used it in fixing preparation layers and pow-
dered painting and filling cracks at a concentration of
5%. Ali et al., (2016) used it to strengthen the surface
of the Cartonnage facing by applying Japanese tissue
stripes glued with Klucel G 5% in Ethyl Alcohol and
pasting ruptures in layers of linen and ground layer
using Chitosan 5% in Ethyl Alcohol. Studying its ef-
fect on organic matter that is mainly composed of cel-
lulose (Zhang et al., 2020) it proved its good effect of
using HPC in the coating treatment and could signif-
icantly and proved that HPC could enhance the photo
durability of cellulose-based materials with different
pigments under accelerated UV aging conditions.

Chitosan, another consolidation material that was
used to consolidate organic archaeological material
specifically and provided good results of protection
of the objects from microbiological damage and a
good strength and penetration. Christensen et al.,
(2015) used Chitosan in the restoration of one of the
organic materials (wood), and it was found that Chi-
tosan solution penetrated at least 1 cm along the grain
over the span of 2 weeks. Depolymerizing the Chi-
tosan only improved uptake slightly and left an open
structure.

As restoration techniques have developed, the
pure consolidation materials have been mixed with a
nanomaterial. The dispersion of nanoparticles in the
polymers used in the consolidation and protection
processes lead to a significant enhancement of their
physiochemical and mechanical properties and the
minimizing of particles size into Nano scale, which
results in better properties from the large grain size of
the materials of the same chemical composition (Elo-
riby et al., 2019). It also can solve many problems
found in the traditional interventions such as re-
sistance to biological damage or isolation of the sur-
face from external damage factors such as water and
dust (Sierra-Fernandeza et al., 2017). Mostafa et al.
(2019) presented the results of using hydroxypropyl
cellulose on the painting samples painted with hema-
tite, yellow ochre and black carbon the results showed
its success in giving acceptable color change values at

a concentration of 1% and by adding nano material
(ZnO) the color change reduce. Also it helped in im-
prove the stability and durability of the consolidation
material. Abo Elgat et al., (2020), Hassan (2020), and
Afifi et al., (2020c) mentioned the effect of mixing Chi-
tosan with nanoparticles (NPs) of Ag, ZnO, or cellu-
lose (NCL) and examined their effects on the mechan-
ical, optical, and fungal inhibition properties of cellu-
lose material (paper sheet), the tensile, tear, and burst
indices were observed. Chitosant ZnO NP (1%)
showed the highest fungal mycelial inhibition against
Aspergillusflavus and Chitosan, Ag, NP (1%) exhibited
the highest against A. terrus, Daehne and Herm
(2013) studied and tested the effect of different groups
of pure and nanoparticles calcium hydroxide dis-
persed in alcohols on the moral painting consisting of
pigments and plaster. The results indicated that pure
material is not suitable enough because of their low
viscosity and insufficient and by adding it to
Klucel (hydroxypropylcellulose) it achieved very
promising results in consolidation the pigment layers,
Reinforcement the preparing layer, filling cracks, and
detachments (Afifi et al. 2019b).

The idea of the present experimental investigation
came to using nanoparticles that match their nature
with the original archaeological material and work to
protect it in the future from the influence of damage
factors with possibility of deep penetrate into dam-
aged zones without limitations due to the particle
size. Thus, nano calcium hydroxide was used mixed
with HPC and Chitosan where the idea was to de-
velop and test the effect of combining that material on
the properties of the consolidation material and to
know the effect of adding them on the study archaeo-
logical materials. Finally, it is the first study using
Klucel G and chitosan loaded with Nano calcium hy-
droxide in conservation of Cartonnage, and in present
study a bridge between the conservation of pigments,
and the field of nanotechnology is discussed.

2. MATERIALS AND METHODS

2.1 PREPARATION OF EXPERIMENTAL
SAMPLES

The experimental samples were prepared with the
components and proportions of the archaeological
Cartonnage according to the analytical and examina-
tion studies in this field by Mahmoud (2010) and
Katsaros et al., (2010). The work steps were made as
follows (Fig.1):

v" linen samples measuring 5 x 5 cm were pre-
pared the weaving pattern is (1/1), they were
washed with deionized water to remove the
contaminants then the samples left to dry at
room temperature
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v the gum Arabic solution (10% w/v): 50 g. gum
Arabic was mixed with about 450 ml. water un-
til the material is completely dissolved (about
15 min.).

v' -the linen fabric was soaked with gum Arabic
solution then left to dry in a clear air.

v’ preparation layer (ground layer): 250g of cal-
cium carbonate was dissolved in aqueous solu-
tionof gum Arabic (10% w/v),the layer was ap-
plied by casting method and left to dry .

The pigment materials (Egyptian blue and red
ochre) were applied separately after dissolving it with
gum Arabic and applied using a brush, then the sam-
ples were left to dry in the room air.

r—

Figure 1. Preparation of the experimental samples. (A) the textile support, (B) the sample after application the ground
layer (Calcium carbonate), and (C) after application the pigments (Egyptian blue and red ochre).

Accelerated aging

The samples were buried in a burial environment
similar to Egyptian soil (sandy soil) then it subject to
artificial ageing at a temperature of 80 °C and 65% RH
for 264 hours (264 hours) according to the American
specification the ageing was performed in CA See
0573 Large Environmental Chamber, National Insti-
tute of Standards NIS, Egypt. (Scott et al., 2009;
Weatherhead and Buckley, 1988; AIC-BPG, 1989).

Polymers and nanoparticals

In the current study two polymers were used, Hy-
droxypropylcellulose (HPC) and Chitosan (1-4, 2-
amino-2-deoxy-B-D-glucan) The polymers were sup-
plied by Italian CTS Company.

Nanoparticles

TEM images (Fig.2) provided grain size of Nano-
calcium hydroxide with particle diameter aver-
age <50 nm between 12.09-24.25 nm, produced and
characterized by Nanografi Nanotechnology com-
pany, Ankara, Turkey and the data sheet supplied by
the company.

Figure 2. Calciumn hydroxide nanoparticles used in the
study using TEM.

2.2 PREPARATION OF THE NANO-COM-
POSITES

The preparation includes:

A. amount of 98 ml of ethyl alcohol is added to (3g)
of HPC to make concentration 3%, and 95 ml of ethyl
alcohol added to (5g) of HPC to make concentration
of 5% (5 g Klucel G) of ethyl alcohol by placing it on
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an open flame with the thermal flask used with alu-
minum foil to prevent the volatilization of the alcohol
and the heating is done at a temperature less than
40°C.

B. amount of 2 gm. dissolved in 1000ml of acetic
acid used as a solvent of Chitosan, after preparing, 98
ml of it was add to 3g of Chitosan to make 3%, and 95
ml of it was add to 5g of Chitosan to make 5%, then
the material was dissolved using an open flame with
the use of the thermal flask used with aluminium pa-
per to prevent the volatilization of the alcohol and the
heating is done At a temperature less than 40 degrees
Celsius with The obtained Nano-composites were
prepared directly by blend-mixing of dissolved poly-
mers 3%, 5% w/v, with nanoparticles 0.09, 0.25 g), To
complete dissolution, the mixture was placed in an
airtight bottle and placed in a wave machine for 5
days to ensure the completion of the of Suspend na-
noparticles on the solution.

Visual assessment and photography

The authors performed visual assessment to deter-
mine the aspects of changes occurred in the samples
before and after treatment. This method is very effec-
tive because the changes can easily identifiable.

Change of colour

The colour change meter device, Shenzhen Wave
Optoelectronics Technology Co., Ltd. Co., Ltd with
the model WR-10QC was used to determine the
changes resulting the effect of consolidation process.

Digital microscope

The samples were investigated by using Dino Cap-
ture 2.0 optical portable digital microscope version
1.5.12 and were recorded with digital camera under
50-200X magnification to study their surface. LOM
can provide information of the surface stains, the de-
gree of transparency, and the material filling of the
cracks.

Scanning Electron Microscope

The surfaces were imaged with a Quanta 200 scan-
ning electron microscope manufactured by FIE and
equipped with the (EDS) decoding system Model
6587, Mag 2400, 124.4 volts, acceleration of voltage of

25 kV, and the microscope was used in the effect con-
solidation material on the Cartonnage layers and its
role in linking the granules.

ATR-FTIR

The samples were analysed using an ATR-FTIR de-
vice in the projects sector of the Ministry of Antiqui-
ties Model FT- IR- 4100 type A made by JASCO in or-
der to identify the effect of consolidates on the bind-
ing media.

3. RESULTS AND DISCUSSION
3.1 VISUAL EXAMINATION

It was noted that the treated samples with Chitosan
have had a dramatic colour change (clear yellowing)
and this effect increase by increasing the concentra-
tion, while the samples treated with Klucel at concen-
trations of 3% and 5% recorded good results in terms
of transparency compared to the control sample (aged
one). Moreover, using Chitosan with addition of
Nano-calcium hydroxide, it gave better results, but
not the best at all. Klucel gave better results in terms
of transparency and non-change of the surface ap-
pearance of the samples, which was improved by
adding nanomaterial at a concentration of 5% and a
concentration of 3%, as it is noted that they are the
closest and best treated samples in terms of surface
appearance. We can also observe that the visual color
change of the experimental samples is depended on
the pigment types.

Hence, the results of the visual examination can be
discussed according to the type of pigment s as fol-
lows: 1) red pigment: red pigment recorded a slight
change colour after treatment as compared to others
pigments especially after the addition NPS. From Fig.
3 we can observe that Concentration of 3% of Klucel
G with calcium hydroxide (NPS) gave the best results,
followed by the Chitosan at a concentration of 5%
then Klucel G at a concentration of 3% for red pig-
ment, 2) Blue pigment: we can observe that the Klucel
G at a concentration of 3% gave the best results fol-
lowed by Chitosan at a concentration of 5%, then
Klucel G 3% with NPS and finally Klucel at a concen-
tration of 5%, 3) Ground layer (white): Klucel G + NPS
at a concentration of 3% gave the best results, fol-
lowed by the use of Klucel G at a concentration of 5%
and Klucel G at a concentration of 3%.
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Burial sample

; standaord

Figure 3. Visual examination of the blue (A), white (B), red (C) samples treated with Klucel and Chitosan compared to
the extracted sample from the soil, showing the yellowing resulting from the use of Chitosan, whereas, the Klucel gave a
transparent colour appearance.

3.2 The colour change of the treated samples.
Red ocher pigment sample

Table 1 shows the effect of the used consolidates in
improving the optical properties of aged sample,
where, Klucel G / Nano calcium hydroxide at a con-
centration of 3% recorded AE = 3.07 followed by Chi-
tosan 5% (AE = 3.77), then by Chitosan at a concentra-
tion of 3% with values of (AE = 4.53), then Klucel 3%
(E = 4.73), all acceptable AE values which ranges be-
tween 3.07 and 4.73 for treated samples. While the rest
of the concentrations gave results of changing visible
to the naked eye; such as Chitosan 3% + Nano which
gave values of colour change (AE = 5.81), followed by
Klucel 5% (AE = 14.30) and Chitosan 5% + Nano (AE
=14.62), which shows the effect of those poor concen-
trations and severe distortion of the optical properties

of the sample. According to literature, the AE value
must be <5 (James et al.2001; Zou et al.1994). Accord-
ing to reported values the AE scale in color are as fol-
lows: 1) AE < 0.2: not perceptible difference, 2) 0.2 <
AE < 0.5: very small difference, 3) 0.5 < AE < 2: small
difference, 4) 2< AE < 3: fairly perceptible difference,
5) 3<AE < 6: perceptible difference, 6) 6< AE < 12:
strong difference, 7) AE > 12: different colors (Sham,
et al.,, 2004; Raghavan et al., 2008; Hassan 2019a, b).

Egyptian blue

The results of AE of Egyptian blue showed that
Klucel 3% gave AE about 3.63 followed by the Chi-
tosan at a concentration of 5% (AE E = 4.57), then
Klucel 3%, + nanocalcium hydroxide with a value of
(AE = 4.67) and Klucel 5% with a value of (AE = 4.92),
while the rest of the concentrations for the same ma-
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terials gave results caused an increase in the AE val-
ues such as 3% Chitosan + Nano (AE = 5.28), 5% Chi-
tosan + Nano (AE = 5.42), 3% Chitosan (E = 6.37) and
Klucel 5 + calcium hydroxide which gave values of
total color change (AE). = 8.14).

Ground layer

While the results of the AE of ground layer (cal-
cium carbonate) showed that the best treatment was
Klucel / Nano calcium hydroxide with a total color

change value (AE= 3.3), followed by the use of the
pure Klucel G at a concentration of 5%, which gave
colour change values (AE = 3.4), while the rest of the
concentrations gave results ranging from satisfactory
to bad, although they did not help in reducing the val-
ues of color change resulting from the soil, because
Klucel at a concentration of 3% gave color change val-
ues (AE = 4.77). Klucel was followed by 5% calcium
hydroxide nanomaterial with colour change values
(AE = 5.48) see Table 1.

Table 1. The results of the colour change of the red (A), blue (B), and white calcite (C) consolidated samples compared to
the sample extracted from the soil (aged samples).

Sample L] Al B L] Al Bl AL] AA]  AB] AR
buried sample Consolidation samples Color changes
k31ed 49.98 5.54 6.5 8.22 7.96 3.62 2.68 1.46 4.77
k5 49.98 5.54 6.5 14.04 1325 9.32 8.5 6.75 340
3+ 49.98 5.54 6.5 7.9 7.69 1.57 236 1.19]3.03
k5+n 49.98 5.54 6.5 1133 1092 544 5791442 548
A ch3 49.98 5.54 6.5 7.19 8.83 3.52] 1.65 233 13.24
ch5 | 49.98 5.54 6.5 3.56 4.95 -2.81 -198 -1.55 11.24
ch3+n 49.98 5.54 6.5 8.75 9 4.16 321 25]13.71
chi+n 49.98 5.54 6.5 -7.07 1.7 5.63 -12.61 48 7.04
Sample L | a | B L A B AL AA AB AR
Buried samples Consolidation samples Color changes
k3 Blue 56.07 -5.22 -3.38 56.09 -8.21 =545 0.02 -2.99 =207 3.63
k5 56.07 -5.22 -3.38 57.93 -8.03 -6.97 1.86 -2.81 -3.59 4.92
k3+n 56.07 -5.22 -3.38 54.08 -7.57 -6.9 -1.99 -2.35 -3.52 4.67
k5+n 56.07 -5.22 -3.38 58.75 -9.98 -9.42 2.68 -4.76 -6.04 8.14
ch3 56.07 -5.22 -3.38 59.86 -6.35 1.62 3.79 -1.13 5 6.37
B chs 56.07 -5.22 -3.38 55.69 -743 0.61 -0.38 2221 3.99 4.57
T chitn 56.07 -5.22 -3.38 518 -S54 -0.27 -4.27 -0.22 3.11 5.28
| ch5+n 56.07 -5.22 -3.38 55.61 -7.07 1.7 -046 -1.85 5.08 542
Sample L| Al B L A B AL AA AB| AR
buried sample Consolidation samples Color changes
k3 white 84.59 1.62 11.05 80.39 216 13.25 -4.2 0.54 2.2 4.77
ks 8459 1.62 11.05 854 221 143 0.81 0591325 340
C k3+n 84.59 1.62 11.05 84.1 2.01 14.02 -0.49 0.39 2.97 3.03
k5+n 84.59 1.62 11.05 79.84 247 13.65 -4.75 0.85 2.6 548
ch3 8459 1.62 11.05 7223 2.04 158] -12.36 042 4.75 14.04
chs 84.59 1.62 11.05 80.01 24 21.29 -4.58 0.78 10.24 11.24
ch3+n 84.59 1.62 11.05 71.62 1.16 1547 -12.97 -0.46 442 13.71
chi+n 84.59 1.62 11.05 79.1 2.03 1545 -549 0.41 4.4 7.04

3.3 THE OPTICAL AND MICROSCOPIC EX-
AMINATION BEFORE AND AFTER
TREATMENT

Klucel G (3%, 5%) with nano calcium hydroxide

The optical microscope showed good effect of
Klucel (3% and 5%) on the surface appearance of
treated samples (Figs.4-7) no yellowing of the surface
of the treated sample was observed as compared to
the sample extracted from the soil. The red pigment

layer showed a brightness on the surface of the con-
solidation sample compared to the sample extracted
from the soil, and the image of the treated blue sam-
ples showed a slight glossiness compared to the aged
control one, but the treatment did not help in filling
the cracks. The image of the textile sample showed
good result on the surface appearance of the sample,
also it did not result in surface shine compared to the
sample extracted from the soil. After adding nano cal-
cium hydroxide; the examination revealed that the
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surface became shinier, especially the linen sample
furthermore the cracks have disappeared.

From SEM photomicrographs (see Figs 8-11), it is
clear that the untreated samples are completely sepa-
rated from each other, whereas in case of polymer
treated samples, full pores can be noticed which may
be due to the formation of the hydrogen ponds be-
tween pigments structure and polymer matrix. Also,

some aggregates of the polymer can be noticed on
treated samples which is a good evidence for the suc-
cess of the polymer treatment process. Furthermore,
SEM images, reported in Figs 5 &7, clearly indicate
that the nanocomposite treatment is homogenously
distributed over the samples surfaces. The adhesion
of small clusters of nano calcium hydroxideto cellu-
lose fibers in linen textile is clearly seen.

Figure 4. Optical microscopy images of samples before and after cosolidation process using klucel G 3% , A-C blue
pigment, D—F red pigment, G-I ground layer and J-L textile layer. Dramatic shine was observed in the treated samples.

SCIENTIFIC CULTURE, Vol. 7, No 2, (2021), pp. 49-68
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Figure 5. Optical microgrphs of samples (red ,blue, ground layer and textilesupport before and after cosolidation
process using klucel G 3%+ nano calcium hudroxide.

Figure 6. optical microscopy micrographes of samples before and after cosolidation process using Klucel g 5%.

SCIENTIFIC CULTURE, Vol. 7, No 2, (2021), pp. 49-68
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Figure 7. Optical microscopy micrographes of samples before and after cosolidation process using klucel g 5%/ nano
calcium hydroxide, the reult showed that it gave better results in reducing the gloss resulting from the consolidation
material and also helped in fillingthhe cracks.

Figure 8. SEM photomicrographs of samples before and after cosolidation process using klucel G 3%, (A) control, (B)
blue pigment, (C) red pigment, (D) ground layer, and (E) textile layer. The results verify a homogeneous between
consiobate and sturcture of Cartonnage.
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Figure 9. SEM photomicrographsof samples before and after cosolidation process using klucel 3%/ nano calcium
hydroxide, (A) control, (B) blue pigment, (C) red pigment, (D) ground layer, and (E) textile layer. It proves the good
diffusion of the nanomaterial and its formation of a cohesive layer with the consolidation material.

Figure 10. SEM photomicrographsof samples before and after cosolidation process using klucel G 5%, (A) control, (B)
blue pigment, (C) red pigment, (D) ground layer, and (E) textile layer. The results verified the fine spread of the
consolidation material and its penetration and homogeneity to obtain a homogeneous and orderly distributed layer

Figure 11. SEM photomicrographs of samples before and after cosolidation process using klucel G 5%/ nano calcium
hydroxide,(A) control, (B) blue pigment, (C) red pigment (D), ground layer, and (E) & (H) textile layer. The data justify
the good result of the consolidation spread. Howeuver, it is noticed that some lumps appear with nano material.
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Chitosan 3%, 5% and 3,5% with Nano calcium
hydroxide

Figs 12- 15 confirmed that Chitosan 3% and 5%
caused yellowing on the surface of treated samples
therefore, with the addition of Nano calcium hydrox-
ide, the yellowing significantly decreased further-
more, some stains on the surface was observed as
compared to the sample extracted from the soil (aged
sample). We noticed the difference in the degree of
yellowing according to the nature of the pigments, as
chitosan recorded the lowest yellowing value with
the red pigment. Furthermore, we can observed that

in spite of the reduced yellowing, the samples treated
with nano-calcium hydroxide were covered with a
white semi-transparent layer on the surface, which
gave a slight change in the brightness of the samples.

By examining by SEM (Figs.16-19) we note an ir-
regular surface in some region of the textile layer. Fur-
thermore, the preparation layer have shown the poor
distribution and irregularity of the material, where
some granules appeared with wide intermediate dis-
tances, while not performing their role in binding, as
micrographs reveal the deep cracks occurred in all
samples.

Figure 12. Optical microscopy photo of samples before and after cosolidation process using chitosan 3%. The results
have shown that it caused severe yellowing with its deposition on the surface, and severe surface stains on the surface.
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Figure 13. Optical micrographs of samples before and after cosolidation process using chitosan 3%/ nano calcium
hydroxide. The results have shown that it caused severe yellowing, brightness and surface stains.

Figure 14. Optical microscopy photo of samples before and after cosolidation process using chitosan5%. The result
revealed that it caused severe yellowing, brightness and surface stains.
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Figure 15. Optical micrographes of samples before and after cosolidation process using chitosan/ nano calcium
hydroxide, the results have shown that it caused severe yellowing, brightness and surface stains.

Figure 16. Scanning microscopy photo of samples before and after cosolidation process using chitosan 3%.(A) control
(B) blue pigment, (C) red pigment, (D) ground layer, and (E) textile layer. It gave an irregular surface, which indicates its
bad effect on strengthening the material under study.
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Figure 17. Micrographs of samples before and after cosolidation process using chitosan3%/ nano calcium hydroxide, (A)
blue pigmment, (B) red pigment, (C) ground layerand, (D) textile .

Figure 18. Scanning microscopy photo of samples before and after cosolidation process using Chitosan5%, (A) control,
(B) blue pigment, (C) red pigment, (D) ground layer and (E) textile layer. The examination revealed the formation of an
irregular layer with many cracks.
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Figure 19. Scanning microscopy photo of samples before and after cosolidation process using chitosan 5% / nano
calcium hydroxide, (A) control, (B) blue pigment, (C) red pigment, (D) ground layer and (E, F) textile layer. The
examination revealed the formation of an irregular layer with many cracks.

3.4 FTIR
KLUCEL G

The results (Figs. 20-22) show the success of Klucel
G and Klucel G with calcium hydroxide (NP) in pre-
serving the properties of the binding media (Arabic
gum) without changing them. After treatment with
Klucel G 5% and 3%, a dramatic increase in bands
around 1416 and 1320 cm™! are assigned to -CH2 scis-
soring and -OH bending vibration, respectively. The
band at 1043 cm™ is due to OCH-O-CH 2 stretching
(Hassan, 2021), and GA 3321 cm? O-H stretching,
characteristic of glucosidic ring, 1605cm? COO-sym-
metric stretching, 1437 cm™ COO-asymmetric stretch-
ing, 1200-900 cm™ fingerprint of carbohydrates. Also,
the short peaks around 2900 cm! are due C-H stretch-
ing of aliphatic group. Furthermore, the carbonyl
groups that may be formed because of further oxida-
tion of C-OH groups of carbohydrates decrease.

CHITOSAN

FTIR spectra show sharp peaks at 564 cm™ (out-of-
plane bending NH, out-of-plane bending C-O), 711
cm! (out-of-plane bending NH), 1174 cm! (C-O-C
stretching), 2865 cm-! (CH2 stretching), and 3594 cm-
1 which attributed to chitosan components. Further-
more, hydroxyl groups are centered at about 3400 cm-
T which can be assigned to the stretching vibrations of
bonded acid OH groups and the decreasing of the in-
tensity and broadening of the carbonyl peak (1733cm-
1) on both sides resulting from the generation of ke-
tone and acid groups. In addition we observe the dis-
appearance of the band at 1080cm corresponding to
C-O vibration with growing of a small absorption at
ca. 1547cm!. These changes may result from bond
scission of main-chain and elimination of side groups.
The results proved that concentration 3% of Klucel G
and Chitosan gave the best results as compared to the
standard sample and these results dramatic increase
by adding Nano calcium hydroxide.
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Figure 20. FTIR results of the consolidated blue samples comparing to the sample extracted from the soil.
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Figure 21. FTIR results of the consolidated red samples (A) chitosan, and (B) Klucel G compared to the
sample extracted from the soil.
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Figure 22. FTIR results of the consolidated white samples (A) compared to the sample extracted from the
soil (B).
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3. DISCUSSION

When photographing the surfaces of the treated
samples using the optical microscope, the photos
showed the effect of the previous materials on the sur-
face appearance of the samples, Klucel G with the ad-
dition of nanomaterial at a concentration of 3% gave
the best results when photographing all the experi-
mental samples and did not cause yellowing or
brightness of the surface, followed by the use of the
same concentration of Klucel without the presence.
The nanomaterial did not cause yellowing of the sur-
face, followed by Klucel at a concentration of 5%, and
Klucel at a concentration of 5%, and the addition of
Nano-calcium hydroxide, which gave acceptable re-
sults but caused the surface to shine. Also, the results
of examining the materials treated with the selected
using a scanning electronic microscope proved that
Chitosan was not given in its different concentrations
good results, it's appeared in the form of clusters with
higher concentrations, as well as cracking appears in
many samples, while the Klucel material with all its
concentrations gave very good results in terms of dis-
tribution and giving a surface. The level and non-
cracking of all samples, in addition to the above, the
results of the study of the physical properties of the
samples treated with Chitosan showed that they did
not achieve good results compared to Klucel, which
gave better results when adding to the nanomaterial.
From this standpoint, Klucel has proven its success in
preserving the surface appearance of the samples, as
it gave very good results in terms of the degree of
transparency and also gave good results when meas-
uring the amount of the resulting color change, which
is the most important characteristic of any strength-
ening material used to strengthen the colored materi-
als. The microscopic examination also proved well its
success in encapsulating the color granules, but it is
noticed that some flashing occurs when photo-
graphing samples with a higher concentration, which
did not happen in samples with a lower concentra-
tion, which gave very good results in all tests. Espe-
cially when adding nanocalcium hydroxide at a con-
centration of 3%, this gave both a good degree of en-
capsulation for the color grains and also a good en-
capsulation of the tissue wafers. Without the occur-
rence of Nano composition in one of the regions,
which filters it, it is the best concentrations for use in
cases similar to the materials used in the present
study.

4. CONCLUSION

The experimental study for consolidation of ar-
chaeological cartonnage using Klucel G and chitosan,
with nano-calcium hydroxide have shown that the
buried object suffered from severe deterioration phe-
nomena, including dust, stains, cracks, macro-cracks,
ruptures, missing parts in the painting and the
ground layers, as well as fragility, brittleness and in-
correct treatments. These are attributed to main three
deterioration factors and related mechanisms: the
first one is fluctuations in temperature and humidity
due to the lack of environmental systems control; the
second factor is dust from the burial soil; the third fac-
tor is attributed to the structure of Cartonnage (com-
posite material). This composite structure usually
leads to variation in the ratio of extension and shrink-
age of all mentioned components. Furthermore, these
variants exhibited cracks, macro-cracks, cleavage,
flaking, separation of layer and the missing parts in
both the paint and ground layers.

The archaeological cartonnage samples were
treated with pure polymers and Nano- particles/pol-
ymer. The methodology has proved that the addition
of nanoparticles to the acrylic-based polymers im-
proved the ability of polymers to consolidate and pro-
tect the samples that were tested under artificial ag-
ing. The experimental section asserted that Klucel G
with Nano calcium hydroxide is more suitable than
Chitosan in the conservation of our samples. The Chi-
tosan was not acceptable when applied in all concen-
trations used in the study, it gave bad results when
applied to all pigments, which worsened by increas-
ing the concentration, and decreased by the addition
of nanoparticles, but it did not give the required re-
sults compared to Klucel. It appears in the form of
clumps on the surface and gave unorganized surfaces
containing many cracks when examined using SEM.
To the contrary the Klucel G achieved good results in
causing unnoticeable color changes, which were im-
proved by adding nanomaterial, especially at a con-
centration of 3%, and did not cause clumps. The con-
centration also helped to give good strength and
bonding, and by adding nanomaterial, the cohesion
between the color layer and the layer was restored,
giving also good results when evaluated using SEM.

The methodological investigation has been satis-
factory, but the monitoring is essential to secure if
other changes occur to the rest of the archaeological
materials and the strengthening materials used to
treat them, because any treatment needs to be further
verified to offer a possible basis for future research in
this area.
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