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Abstract

As known, linen and muslin cotton fibers are used in museums and excavation areas as packaging materials for first aid of
mummies. These materials with the course of long-term exposure to improper surrounding conditions become brittle, fragile,
and very weak. The current research study aimed to evaluate the effect of guar gum with different concentrations for the
consolidation of linen and muslin cotton samples. Additionally, the work aimed also to monitor the changes in the properties
of these materials after accelerated heat aging at 100°C. The analytical techniques used for this purpose were Fourier
Transform Infrared spectroscopy (FTIR) for examining the chemical changes, the morphological structure via using scanning
electron microscope (SEM), mechanical properties (tensile strength and elongation), color and weight change for the treated
linen and muslin cotton fabrics. The findings of FTIR proved that there were low chemical changes in the aged treated
samples compared to the aged untreated samples implying that the chemical stability of the treated samples was increased
while treatment with guar gum. There was good distribution in the fiber structure of the treated samples as shown from SEM
data. The aged treated samples showed less destruction in the fiber structure compared to the aged untreated samples. The
mechanical properties were also improved. The total color differences obtained from treated and aged treated muslin cotton
samples were better than the linen samples. Moreover, the accelerated heat aging had an effect on the weight of the aged
treated samples, which were better than the aged untreated samples.

Keywords: Linen, muslin cotton, mummies, deterioration, first aid, guar gum, analytical techniques

deterioration process occurs in organic materials,
particularly mummies which can deteriorate rapidly,
and without having been treated they can disintegrate
within few hours.

Packaging is a necessary process in excavation
areas and for the storage of finds during the
excavation process, especially for fragile objects.
Artifacts should be placed in a controlled
environment as soon as possible after the excavation,

1. Introduction

Mummification is considered one of the bright
and prominent signs in the history of the ancient
Egyptian civilization [1-2]. There are lots of
mummies in different locations in Egypt (museums,
stores, and excavation areas) which date back to
different periods and are subject to different
environmental conditions. It is well known that any

buried materials for a long period of time reach a
state of natural equilibrium and with this
environment. The problem begins after extracting
these materials from the burial environment and
exposing them to a different environment.
Sometimes, the exposure to the environment is not
completely different, and thus the materials exposed
to air, pollutants, and other factors are deteriorated,
and the degree of deterioration depends on the
conditions running in this environment [3-4]. The

and not left un-protected until the end of the
excavation period [5]. Packaging is also considered
one of the most important processes as the first aids
in the excavation area.

During excavation, the unwrapped and partially
wrapped mummies need to be wrapped again with the
use of linen. In Egypt, unwrapped and partially
wrapped mummies need to be rewrapped, and linen is
often used for this purpose in order to simulate the
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wrapping used during the mummification process.
Sometimes, the linen used for the wrapped mummies
becomes weak, brittle, and needs to be strengthened,
so that the mummies can be consolidated during the
excavation season. Sometimes, cotton muslin is also
used as packing material, this is because it is cheaper
and available abundantly compared to linen material.

Muslin fabric is made of cotton. It is very fine and
delicate for handling and use. It is featured with being
of transparent look, lightweight, and has good
durability [6-14]. The chemical composition of cotton
is cellulose (88.0-96.5%), non-cellulosic constituents
(1.0-1.9%), pectin (0.4-1.2%), waxes (0.4-1.2%),
inorganics (0.7-1.6%), and other substances (0.5—
8.0%) [15-19]. Linen is considered one of the earliest
materials that have been used by the Egyptians,
because they are long and strong fibers [20]. Linen
consists of cellulose, which is the principal element,
and non-cellulose compounds such as hemicellulose,
lignin, pectin, waxes and fats, mineral salts, natural
coloring matter, and watery soluble compounds.

In museums or storages, cotton or linen fibers
used as packaging materials for mummies are
susceptible to various factors of deterioration; natural
and non-natural.

Inappropriate conditions caused by high levels of
light (natural or synthetic), fluctuations between
moisture and heat, presence of pollutants and
particulates, microorganisms, and insects may lead to
a chain of reactions that might damage these fibers.
Human factors such as mishandling, misuse, and bad
shelving may also lead to some forms of deterioration
[1, 21]. According to the deterioration process, there
would be a breaking of the macromolecular chains of
the fiber and a gradual loss of the endogenous
humidity. The fibers become less elastic, weaker, and
more fragile [22].

However, it is necessary for the dried and fragile
linen and muslin cotton to be consolidated so as to
increase their strength and durability. Over periods of
time, many supportive materials (natural or synthetic
polymers) have been used for this purpose. Guar gum
is deemed to be a natural polymer that had not been
used for consolidation purposes for the
archaeological textiles fibers, but it has been used
widely for the conservation of archaeological wood
artifacts, especially for the waterlogged wood.

Walsh et al. [23] and Broda et al. [24] reported
that there is recent research that handled the means of
consolidation to the treatment of the organic artifacts.
It has focused on the natural, bio-friendly agents
compatible with the object structure, e.g. guar gum.

Guar is a polysaccharide having one of the
highest molecular weights which contains all-natural
watery soluble polymers. Mudgil et al. [25] noted
that guar gum mainly consists of the high molecular
weight polysaccharides of galactomannans which are
linear chains of (1—4)-linked R-D-mannopyranosyl

Egypt. J. Chem. Vol. 64, No. 9 (2021)

units  with  (1—6)-linked a-D-galactopyranosyl
residue as side chains as shown in Fig. 1.

Walsh et al. [26] stated that the advantages of
using natural polymers such as guar gum that
encounter some issues connected with organic
artifacts: instability on drying, and biological
degradation. Aqueous solutions of chitosan and guar,
two naturally sourced polymers, have been shown to
provide enhanced structural support and stability at
reduced concentrations [26]. Walsh et al. [26] said
that the natural polymer-based consolidation means,
particularly guar gum, would provide better structural
support for the object treated.

The artificial accelerated aging is vital in the
conservation field. It has become urgent necessarily
for experimental laboratory studies in order to
evaluate the effectiveness of conservation materials

and techniques.
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Fig. 1. Chemical structure of guar gum molecule
[Reprinted with permission from Ref. 25, copyright © 2011
Springer]

Many authors have used accelerated heat aging
[27-34]. Analysis and investigation play an important
part in the conservation field. They detect the
effectiveness of  conservation materials and
techniques used and re-veal their advantages and
disadvantages through many analytical techniques.
Differ-ent analytical techniques have been used in
this study for the evaluation process. The analytical
techniques used were change of color, mechanical
properties, SEM, FTIR, and weight. Furthermore, the
aged artificial heat was used to follow up the changes
in the study of the properties.

This study aims to evaluate guar gum at different
concentrations to finally be used as a consolidation
process. The main goal of consolidation is to unite
and hold the de-gradable and strained fibers together,
and to give strength to linen and cotton muslin fibers.

2.  Materials and methods

2.1. Materials and chemicals

Muslin cotton fibers samples without any
treatments were obtained from EIl-Alamia Company
for Medical Muslin Product at El-Qanatir El
Khayriyah, Cairo, Egypt. Meanwhile unbleached
linen fibers produced by the "Egyptian Company for
Linen and its deriv-atives”", El Gharbia, Tanta, Mit
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Hebeish El-Bahrya, Egypt. Guar gum (SLG 2035)
was purchased from Science Lab. Com, Inc. (India).

2.2. Methods

2.2.1. Preparation of guar gum solution for muslin
cotton and linen fibers treatment
Certain solutions of guar gum were obtained by

dissolving specific concentrations (0.5 g and 1 g) in
100 ml. of distilled water. The samples were
impregnated in polymer solution for 5 minutes and
left to dry naturally at room temperature.

2.2.2. Accelerated heat aging
Heat treatment was used for the accelerated ageing

process according to  Abdel-Maksoud and
Marcinkowska [27-28], at 100°C for 5 days for both
untreated and treated samples with polymer.

2.3. Characterization tools for fabric evaluation
FTIR spectra of control, aged untreated, treated

and aged treated linen and muslin cotton samples (at
1%) were obtained using Jasco FT/IR spectrometer,
Perkin Elmer. The IR spectra were scanned over the
wavenumber range of 4000400 cm—1.

The surface morphology was examined by
scanning electron microscopy (HITACHI S-3000
microscope, Czech Republic) to study the surface
characteristics of control, aged untreated, treated and
aged treated linen and muslin cotton samples.

The tensile strength and elongation of the
samples were carried out using Tinius Olsen, SDL,
UK, according to the standard method ASTM D5035
—11[35].

Color values were measured using Hunter Lab
spectrophotometer 600 with a pulsed xenon lamp
(Ultra Scan Pro, United States) associated with a 10°
viewer, d/2 geome-try, D65 illuminant, and a 2 mm
area). The color changes were recorded by the CIE
L*a*b* system, where L* represents the brightness
from 0 (black) to 100 (white), a* represents the red
(positive value) or green chromatic coordinate
(negative value), and b* represents the yellow
(positive value) for blue chromatic coordinate
(negative value). The total color change (AE*) was
calculated according to the equation:

AE* = [(AL*)2 + (Aa*)2 + (Ab*)2]1/2

Weight of the untreated and treated samples before
and after the accelerated heat ageing was measured
using a four digital sensitive balance.
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3. Results and discussion

3.1. Fourier Transform Infrared Spectroscopy
(FTIR)
The FTIR analysis is very important in the

evaluation of the conservation materials. It gives a
good indication regarding the chemical changes of
the treated samples before and after the artificial
accelerated aging. The results of FTIR analysis of the
treated linen and muslin cotton samples before and
after aging were explained as follows:

3.1.1. FTIR analysis of treated linen samples
From the data obtained (Fig. 2) it is evident that

the band at 3332 cm™* of the control sample has been
as-signed to the stretching of v(OH) vibration, which
referred to the hydroxyl group. The band of the aged
untreated sample decreased. This was due to the
accelerated heat ageing, which leads eventually to the
oxidation of some of the hydroxyl groups to carbonyl
groups. The intensity of this band for the treated and
aged treated samples was simi-lar, but their intensity
was less than the control and aged untreated sample.
This indi-cated that Guar gum gives an improvement
in the treated samples and showed a good resistance
when exposed to accelerated heat ageing. The
intensity of the band at 2899 cm™ of the control
sample assigned to the stretching vibrations of
v(CHas) and v(CHzy), which refer to methyl and ethyl
groups decreased after accelerated heat ageing due to
the oxidation of cellulose compounds. A high
reduction in the intensity of this band was obtained in
the treated sample. Less decrease of this band was
obtained for the aged treated sample. It can be said
that the percentage loss of the intensities of the aged
untreated compared to the control sample was 11%,
but the percentage loss of the aged treated sample
compared to the treated sample was 7%. The band at
1710 cm? assigned to OH bending and C=0
stretching (carbonyl band) of oxidized cellulose of
aged untreated and aged treated samples, showed a
reduction in the intensity; the aged sample recorded
an intensity of (53%), which was higher than the
intensity of the aged treated sample (22%) compared
to the control and treated samples respectively. The
band at 1428 cm! refers to CH, vibrations, HCH, and
OCH in-plane bending; intermolecular hydrogen
bonds bending. The intensity of this band decreased
in the aged untreated and aged treated samples, where
their percentage loss were 11% compared to the
control and treated samples respectively. The band at
1364 cm™ refers to COH and HCC vibrations of
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cellulose and hemicellulose. The intensity of the aged
untreated and aged treated samples decreased, but the
aged treated sample was better than the aged
untreated sample. The band at 1335 cm™ refers to OH
and CH; vibrations. The band at 1280 cm™ refers to
CH and OH vibrations. The intensity of the aged
untreated sample was higher than the aged treated
sample. The band at 1159 cm? refers to COC
asymmetric vibrations, and the band at 1110 cm™
refers to asymmetric vibrations of glucose rings. The
intensities of the two bands of the aged treated
samples were higher than the aged untreated samples.
The band at 895 cm™ refers to COC vibrations of
glycoside bonds. The intensity of the aged untreated
sample increased compared to the control sample,
and the intensity of the aged treated sample decreased
compared to the treated sample. The reduction in the
intensity of the aged untreated or aged treated
samples has been indicated on the oxidation of
cellulose, but the aged treated sample had more
resistance than the aged untreated sample at most
bands assigned and specified to cellulose. This gives
an indication that the guar gum recorded an
improvement in the chemical stability of the linen
samples.

3.1.2. FTIR analysis of the treated muslin cotton
samples
The results obtained in (Fig. 3) show the

functional groups of muslin cotton fibers treated with
guar gum at 1% before and after the artificial
accelerated heat ageing. The results showed that the
band at 3332 cm® (intra-molecular) and 3291 cm?
(inter-molecular hydrogen bonding) were determined
and assigned to v(OH) stretching vibrations of O-H
groups in cellulose. These two bands showed a
reduction in the intensity of the aged untreated and
aged treated samples compared to the controlled and
treated samples. The reduction was 69% and 70% for
the aged untreated sample, and 35% and 34% for the
aged treated sample at 3332 cm? and 3291 cm*
respectively. The band at 2899 cm™ refers to CH and
CH> bands in aliphatic groups. The aged un-treated
sample of this band decreased to 85% in its intensity,
while the aged treated samples decreased to 37%.
The band at 1636 cm™ refers to (O-H) in-plane
bending vibration of the adsorbed water, or further
can also refer to v(C=0) carbonyl group in the
samples. The reduction in the intensity of the aged
treated sample was 23% and was less than the aged
untreated sample (60%). The band at 1428 cm™ refers
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to H-C-H and O-C-H in-plane bending vibrations. It
is also characteristic of cellulose | with the band at
1103 cm™. The band at 1364 cm™ has been assigned
to COH and HCC vibrations of cellulose. The band at
1315 cm! refers to COH and HCC vibrations. The
band at 1032 cm! refers to the existence of the C-O
bridge stretching and C-O-C pyranose ring skeletal
vibration (B-glycoside linkages, cellulose
compounds). The band at 894 cm-1 refers to COC
vibrations of glycoside bonds. All bands mentioned
above are distinctive for cellulose in the muslin
cotton fibers. The intensities of the aged untreated
samples had higher re-duction more than the
intensities of the aged treated samples compared to
the con-trolled and treated samples respectively. The
results indicate that the use of guar gum at 1% gives
good resistance against the accelerated heat ageing,
and has given good chemical stability compared to
the aged untreated samples.

0.5
0.4 = Control sample
s Aged sample
Treated sample
0.3

e Aged treated sample

o
N

Absorbance

e
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3900 3400 2900 2400 1900 1400 900 400
Wavenumber cm™
Fig. 2. FTIR-ATR analysis of treated linen samples with
Guar gum at 1% before and after artificial accelerated heat
aging

These results were confirmed by some authors
[36-38] who reported that the band at 1653 cm™?
indicated the oxidation of cellulose. Hao et al. [39]
stated that the thermal ageing has affected the
chemical stability of cellulose bands. Garside and
Wyeth [40] identified the cellulose bands of cotton
and flax fibers. Smith et al. [41] said that the use of
ATR-FTIR is considered a good tool to detect the
changes in the chemical stability of cellulosic
materials. Mohapatra and Malik [42] reported that the
bands at 2850 and 2918 cm-1 are attributed to detect
the state of preservation of C-H groups in methyl and
methylene groups [CHs, CHj, CH2-OH] which are
assigned to cellulose. They also said that the band at
2900 cm-1 indicated cellulose. Some other authors
[43-45] explained the use of FTIR in the
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identification of cellulosic materials and for the
determination of the deterioration process caused by
the artificial ageing, or the efficiency of some
conservation materials used for cellulosic materials.

3.2. Investigation of the surface morphology by
scanning electron microscope

3.2.1. Investigation of the surface morphology of the
treated linen samples before and after accelerated
heat aging

It is clear from the data obtained (Fig. 4A)
regarding the control sample that the fibers are
characteristic for linen, and the fibers appeared in
good distribution. The bundles of the fibers were
strong, and although in the aged untreated sample
(Fig. 4B) the fi-bers shrunk, but they were still in a
good condition. The photo showed that the fibers
were thin compared to the control sample. Moreover,
it can be said that the linen tol-erated the aged
accelerated heat, and little changes occurred
compared to the control sample. In the sample treated
with guar gum at 1% (Fig. 4C), the fibers were coated
with the polymer giving a good coating on the
surface of the fibers and no residues of polymer were
observed. The fibers became strong and smooth. For
the aged treated sample (Fig. 4D), little changes
occurred. Some tear-like-drops were noticed in some
fibers. Some polymer gains were observed on the
fibers, which appeared due to the effect of the aged
accelerated heat process.

0.5
== Control sample
0:4 mss Aged sample
tod » Treated sample
E 0.3 s Aged treated sample
_
=
(=1
L 02 —Hm\ %
~«
0.1 f
0 /\ N

3900 3400 2900 2400 1900 1400 900 400
Wavenumber cm™
Fig. 3. FTIR-ATR analysis of treated muslin cotton
samples with Guar gum at 1% before and after artificial
accelerated heat ageing

3.2.2. Investigation of the surface morphology of the
treated muslin cotton samples before and after
accelerated heat ageing.

SEM photo (Fig. 5A) showed the characteristics of
the good distribution of the structure of the strong
cotton fibers which were noticed clearly. In the aged
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untreated sample (Fig. 5B), slight erosion in some
fibers was noticed, and the distance between fiber
structures became wider. The roughness of the fibers
was also noticed. However, for the treated sample
with guar gum at 1% (Fig.5C), the surface had
become smooth, but the fibers had become strong.
The distribution of the polymer on the fiber surfaces
was good, but some residues of the polymer were
noticed. As to the aged treated sample (Fig. 5D), the
fibers were still strong, smooth with the stability of
the fibers, and slight roughness of the fibers was also
noticed.

It can be argued that the samples treated with guar
gum before and after the accelerated heat ageing have
given good results, and indicated that the treated
samples re-leased/tolerated the heat ageing. Further,
one can say that 1% of guar gum has given good
distribution to the surfaces of the fibers for both the
linen and muslin cotton fibers.

These results were confirmed by Abdel-Kareem et
al. [46] who proved that the investigation of the
surface morphology by SEM of the untreated linen
sample showed gradual distribution to the linen fibrils
after the thermal ageing procedures. Naebe et al. [47],
Hung et al. [48], and Venkateshaiah [49] reported
that the surface morphology of the untreated cotton
fibers was smooth. They also confirmed that some
changes can occur when different treatments are
used.

Fig. 4. SEM photos for the surface morphology of linen
samples: (A) Control sample, (B) Aged untreated sample,
(C) Treated sample, (D) Aged treated sample
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Fig. 5. SEM photos for the surface morphology of muslin
cotton samples: (A) Control sample, (B) Aged untreated
sample, (C) Treated sample, (D) Aged treated sample

3.3. Mechanical properties (tensile strength and
elongation)
The following observations were noticed from the

data obtained (Tables 1 and 2) for tensile strength and
elongation:
- Tensile strength and elongation of the aged
untreated samples were reduced com-pared to the
control sample. The reduction was 50%, and 60% for
tensile strength and elongation of linen samples, and
79%, 25% for muslin cotton samples.
- Tensile strength of the treated linen samples
increased compared to the aged untreated sample.
The increase was 30% and 59% at 0.5% and 1% of
guar gum. The tensile strength of muslin cotton
samples also increased compared to the aged sample.
The increase was 56% and 65% at 0.5 and 1% of guar
gum respectively.
- The elongation of the treated linen and muslin
cotton samples increased compared to the aged
untreated sample at 0.5 and 1% of guar gum. The
increase was 63% and 67% for the linen samples,
44% and 32% for muslin cotton samples.
- Tensile strength and elongation of the aged treated
samples increased compared to aged untreated
sample. The increase was 63%, 53%, 33%, and 60%
for tensile strength and elongation of linen samples at
0.5 and 1% of guar gum respectively. The increase
was 46%, 61%, 25%, and 0% for tensile strength and
elongation of muslin cotton samples at 0.5 and 1% of
guar gum respectively.
It was clear that the treatment of the linen and muslin
cotton samples with guar gum had a good resistance
against accelerated heat aging process.

These results were confirmed by Abdel-Maksoud
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and Al-Saad [31], who proved that the mechanical
properties (tensile strength and elongation) increased
with the increasing concentrations of the used
supportive consolidation. They also confirmed that
the materials of consolidation had given good
resistance against the deterioration caused by the
artificial accelerated ageing. Nechyporchuk et al. [50]
reported that the treatment materials increased the
resistance of the cotton samples against the aged
accelerated heat. They also stated that the mechanical
properties of the treated samples in-creased compared
to the untreated samples. Bridarolli et al. [51]
explained that the treatment of the cotton samples
with the consolidating materials have given an
improvement to the mechanical properties of the
treated samples.

3.4. Change of color

3.4.1. Lightness (L* value)
It has become clear from the data obtained (Tables

3 and 4) that there were some changes in the L* value
among all the samples which have been studied. The
reduction in the L* value was 5.19%, 9.22%, 9.34%,
9.91%, and 10.88% for the aged untreated, and the
aged treated linen samples at 0.5% and 1% of guar
gum respectively. For muslin cotton samples, the
reduction in L* value was 3.475, 5.90%, 6.63%,
6.92%, and 10.61% for the aged untreated, treated,
and aged treated linen samples at 0.5% and 1% of
guar gum respectively. The data showed that the
treated and aged treated samples gave a higher
decrease in the L* value than the aged untreated sam-
ple. It was also noticed the reduction in the L* value
of the treated and aged treated linen samples was
higher than the treated and aged treated muslin cotton
samples.

3.4.2. Hue green-red (CIE*a)
The data obtained (Tables 3 and 4) showed that

the control, aged untreated, treated and the aged
treated linen samples were more green in color. It
was noticed that the treated and the aged treated
samples gave more green color than the aged
untreated linen samples especially with 0.5% of guar
gum. For muslin cotton samples, the data obtained
from a* value were redder except the treated sample
at a the concentration of 0.5% and the aged treated
sample at the concentration of 1%. The high red color
was obtained from the treated sample at 0.5% of guar
gum, and the less red color was obtained from the
aged treated sample.
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Table 1. Mechanical properties of linen samples treated
with guar gum at different concentrations

linen samples treated with Guar gum at 0.5%

Samples Tensile Strength (Kg)  Elongation (%)
Control sample 14.0 25.0
Aged sample 7.0 10.0
Treated sample 20.0 21.0
Aged treated 19.0 15.0
sample

linen samples treated with Guar gum at 1%

Samples Tensile Strength (Kg) ~ Elongation (m)
Control sample 14.0 25.0
Aged sample 7.0 10.0
Treated sample 17.0 30.0
Aged treated 15.0 250
sample

Table 2: Mechanical properties of muslin cotton samples
treated with guar gum at different concentrations

Muslin cotton samples treated with Guar gum at 0.5%

Samples Tensile Strength (Kg) ~ Elongation (%)
Control sample 17.0 20.0
Aged sample 35 15.0
Treated sample 8.0 27.0
Aged treated 65 250

sample

Muslin cotton samples treated with Guar gum at 1%

Samples Tensile Strength (Kg) ~ Elongation (m)
Control sample 17.0 20.0
Aged sample 35 15.0
Treated sample 10.0 22.0
Aged treated 9.0 15.0

sample

3.4.3. Hue blue-yellow (CIE*b)
The data obtained (Tables 3 and 4) showed that

the control, aged untreated, treated, and aged treated
linen and muslin samples were more yellow. There
was a reduction in the b* value of aged untreated
(19%) and treated (0.0%) linen samples at 0.5% and

The treated samples (10%) at 1% of guar gum.
There was an increase in the b* value of the aged
treated linen samples at 0.5% and 1%. The reduction
was 9% and 17% respectively. For muslin cotton
samples, the yellow color obtained from b* value for
the aged untreated, treated, and aged treated samples
has been reduced compared to the control samples.
The reduction was 8% for the aged untreated sample,
30%,9%, 32%, and 3% for the treated and aged
treated samples at 0.5% and 1% of guar gum
respectively. The higher reduction was obtained from
the treated muslin cotton samples.
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3.4.4. Total color differences (4E)
The data obtained (Tables 3 and 4) showed that

there were some changes in the total color
differences. The fewer changes in AE were obtained
from the aged linen (2.95) and muslin cotton (3.17)
untreated samples. The higher changes were obtained
from the treated and aged treated linen and muslin
cotton samples. It was also noticed that the changes
in AE of the treated and aged treated muslin cotton
samples were higher than linen samples. The results
obtained proved that the use of guar gum at 0.5 and
1% leads to changing the color of the samples. These
changes in the color can happen due to the natural
color of guar gum which tends to be whitish and
yellowish. The artificial accelerated heat ageing
played an important role in the change of color.

These results were confirmed by Chowdhury et al.
[52] who reported that the heat ageing leads to
changing of the color. They noted that the color can
change from red to red-yellowish color by increasing
temperature. Abdel-Maksoud and Al-Saad [31]
mentioned that the accelerated heat ageing through
different methods can cause the change of the color
of the cellulosic materials such as paper. The more
the ageing time increases, the more the change of
color increases.

Table 3: Change of color of treated muslin cotton samples
with guar gum at different concentrations before and after
accelerated heat ageing

Guar gum 0.5%
Total color
Samples Color value differences
L* ax b AE
Control Sample 8353 082  6.13 0.00
Aged Sample 80.63 119 567 2.95
Treated Sample  78.61  -091  4.29 6.90
Aged treated 77.99 0.94 557 557
Sample
Guar gum 1%
Total color
Samples Color value differences
L* a* b* AE
Control Sample 8353 082  6.13 0.00
Aged Sample 80.63 119 567 2.95
Treated Sample 7775 137 4.8 6.12
Agedtreated 7,67 33 597 8.87
Sample
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Table 4: Change of color of treated linen samples with guar
gum at different concentrations before and after accelerated
heat ageing

Guar gum 0.5%

samples Color value difterences
L* a* b* AE
Control Sample 59.74 -0.04 348 0.00
Aged Sample 56.64 014 282 3.17
Treated Sample ~ 54.23 015 348 5.51
Aged treated 54.16 0.22 3.83 5.59
Sample
Guar gum 1%
Total color
Samples Color value differences
L* a* b* AE
Control Sample 59.74 -0.04 348 0.00
Aged Sample 56.64 014 282 3.17
Treated Sample 53.82 -0.16  3.14 5.96
£9ed treated 5324 -015 417 6.54
ample
3.5. Weight

It was clear from the data (Table 5 and 6) that the
weight of the aged untreated samples have been
reduced compared to the controlled samples. The
reduction was 12% for linen and 21% for muslin
cotton samples. The results showed that the weight
in-creased after the application of guar gum at 0.5%
and 1% compared to the control sample. The increase
was 5%, and 27% for the treated linen samples, while
the in-crease was 24% and 28% for the treated muslin
cotton samples. There were reductions in the aged
treated samples of linen and muslin cotton samples.

These reductions were 50%, 56%, 43%, and 33%
for linen and muslin cotton samples at 0.5% and 1%
of guar gum respectively. The reductions in the aged
untreated and the aged treated samples may have
occurred due to the evaporation of water from linen
and muslin cot-ton samples and evaporation of water
as a solvent used for guar gum. It can also be
supposed that the deterioration of the polymer used
may cause loss of weight.

4.  Conclusion

The study of the chemical changes of linen and
muslin cotton fibers by FTIR for all bands has proved
that there are high reductions in the aged untreated
samples com-pared to the control samples (before
aging), and this may be due to the oxidation pro-cess
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of cellulose. There was also a low reduction in the
aged treated samples compared to the treated sample.
The results have proved that the use of guar gum has
caused an increase in the chemical stability of the
linen and muslin cotton samples and increased their
resistance against thermal aging. For the surface
morphology, the treated samples at 1% (linen and
muslin cotton fibers) gave good distribution on the
surfaces of the fibers. The fibers have become clear
and strong after treatment.No residues of polymer
with linen have been found but little residues were
obtained with muslin cotton fibers. The treated
samples with guar gum at 0.5% and 1% gave an
improvement in the mechanical properties studied.
The mechanical properties of treated and aged treated
samples were better than the mechanical properties of
aged untreated samples. There were some little
changes in the color values and total color difference
with treated and aged treated linen and muslin cotton
samples. The changes in muslin cotton samples were
higher than the changes in linen samples at 0.5% and
1% of guar gum. There was an increase in the weight
of the treated samples with guar gum at the
concentrations used. There were also reductions in
the aged and the aged treated sam-ples, which may
due to the accelerated heat ageing, which lead to the
loss of water from the linen and muslin cotton fibers.
Moreover, the reductions in weight of the aged
treated linen samples were higher than the muslin
cotton samples.

Table 5: Weight of the linen samples treated with guar gum
at different concentrations before and after accelerated heat
ageing

Guar gum 0.5%

Samples Weight (@)
Control Sample 1.078
Aged Sample 0.945
Treated Sample 1.35
Aged treated Sample 0.540
Guar gum 1%
Samples Weight (@)
Control Sample 1.078
Aged Sample 0.945
Treated Sample 1.48
Aged treated Sample 0.475
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Table 6: Weight of muslin cotton samples treated with guar
gum at different concentrations before and after accelerated

heat ageing
Guar gum 0.5%
Samples Weight (9)
Control Sample 1.078
Aged Sample 0.945
Treated Sample 1.35
0.540

Aged treated Sample

Samples

Guar gum 1%

Weight (g)
Control Sample 0.407
Aged Sample 0.322
Treated Sample 0.566
0.274

Aged treated Sample

5.

References

Abdel-Maksoud, G., Abdel-Hamied, M., EI-Shemy, H.
A. 2021. Analytical techniques used for condition
assessment of a late period mummy, J. Cult. Herit. 48:
83-92.

Abdel-Maksoud, G., Abdel-Hamied, M., Abou-Elella,
F., EI-Shemy, H.A. 2021. Detection of deterioration for
biochemical substances used with Late Period mummy
by GC-MS, Archaeological and Anthropological
Sciences, 13, No. 51: 1-10. (doi:10.1007/s12520-021-
01299-7)

3.Sease, C. 1995. First aid treatment for excavated finds,

In: Conserv. archaeol excav. ICCROM, Rome: pp. 29-
46.

Fouda, A., Abdel-Maksoud, G., Saad, H. A., Gobouri,
A. A., Mohammedsaleh, Z. M., El-Sadany,M.A. 2021.
The efficacy of silver nitrate (AgNO3) as a coating
agent for protecting papers against high deteriorating
microbes. Catalysts, 11, 310.
(https://doi.org/10.3390/catal11030310).

UKIC - Archaeology Section. 1995. Packaging and
storage of freshly excavated artefacts from
archaeological sites, In: Conserv. Archaeol. Excav.
ICCROM, Rome: 47-50.

Samanta, A. K., Mukhopadhyay, A., Bhagwat, M. M.,
Kar, T. R. 2015. Application of polyethylene glycol,
cetrimide, chitosan and their mixtures on cotton muslin
fabric to improve rot resistance, antimicrobial property
and its salt-free reactive dyeing, J. Text. Inst. 1-21.
Saleh. S. M. Heba A. Mahmod, H. A. 2020. Flame
resistance of cotton fabrics and their natural dyeing
using plant waste of banana pseudostem (BPS), Egypt.
J. Chem.63, No. 9: 3355-3366.

Hassabo, A.G., Sharaawy, S., Mohamed, A. L. 2019.
Unsaturated fatty acids-based materials as auxiliaries
for printing and finishing of cellulosic fabrics,
Biointerface Res. Appl. Chem. 9, No.5: 4284-4291.

Egypt. J. Chem. Vol. 64, No. 9 (2021)

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ahmed, N. S. E. 2020. Color data and antibacterial
properties of smart ag/polypyrrole-nanocoated cotton
fabric, Egypt. J. Chem. 63, N0.9: 3547-3555.

Ahmed, H., Khattab, T. A, Mashaly, H. M., El-
Halwagy, A. A., Rehan, M. 2020. Plasma activation
toward multi-stimuli responsive cotton fabric via in situ
development of polyaniline derivatives and silver
nanoparticles. Cellulose, 27:2913-29

Mohamed, A. L., Hassabo, A. G. 2018. Composite
material based on pullulan/silane/ZnO-NPs as pH,
thermo-sensitiveand antibacterial agent for cellulosic
fabrics. Adv. Nat. Sci.: Nanosci. Nanotechnol. 9, No.4:
045005.
Aldalbahi, A,
Abdelrahman,

El-Naggar, M., Khattab, T,
M., Rahaman,M., Alrehaili, A., EI-
Newehy, M. 2020. Development of green and
sustainable cellulose acetate/graphene oxide
nanocomposite films as e cient adsorbents for
wastewater treatment, Polymers, 12:2501.

Khattab, T. A., Mohamed, A. L., Hassabo, A. G. 2020.
Development of durable uperhydrophobic cotton
fabrics coated with silicone/stearic acid using different
cross-linkers, Mater. Chem. Phys. 249: 122981.

Nada, A.A., Hassabo, A. G., Mohamed, A. L.
Zaghlou, S. 2016. Encapsulation of nicotinamide into
cellulose based electrospun fibers. J. Appl. Pharm. Sci.
6, No. 08: 013-021.

Hsieh, Y. L. 2007. Chemical structure and properties
of cotton. In: Gordon S, Hsieh Y-L (eds) Cotton:

science and technology. Woodhead Publishing,
Cambridge: 3-34.
Liu, Y. 2018. Chemical Composition

and Characterization of Cotton Fibers, In: Cott. Fiber
Physics. Chem. Biol., Springer: 74-94.

Sharaf, S. EI-Naggar, M. E. 2019. Wound dressing
properties of cationized cotton fabric treated with
carrageenan/cyclodextrin hydrogel loaded with honey
bee propolis extract, Int. J. Biol. Macromol. 133,583-
591. https://doi.org/10.1016/j.ijbiomac.2019.04.065.
Hassabo, A. G., EI-Naggar, M.E., Mohamed, A. L,
Hebeish, A. A. 2019. Development of multifunctional

modified  cotton  fabric  with  tri-component
nanoparticles of silver, copper and zinc oxide,
Carbohydr. Polym. 210, 144-156.

https://doi.org/10.1016/j.carbpol.2019.01.066.
El-Naggar, M. E., Shaarawy, S., Hebeish, A. A. 2018.
Bactericidal finishing of loomstate, scoured and
bleached cotton fibres via sustainable in-situ synthesis
of silver nanoparticles, Int. J. Biol. Macromol. 106,
1192-1202.
https://doi.org/10.1016/j.ijbiomac.2017.08.127.

Akin, D. E. 2013. Linen Most Useful: Perspectives on
Structure, Chemistry, and Enzymes for Retting Flax,
ISRN Biotechnology: 1-24.

Saada, N. S., Abdel-Maksoud, G., Abdel El Aziz, M.
S., Youssef, A. M. 2021. Green synthesis of silver
nanoparticles, characterization, and use for sustainable


https://doi.org/10.1016/j.ijbiomac.2019.04.065
https://doi.org/10.1016/j.carbpol.2019.01.066
https://doi.org/10.1016/j.ijbiomac.2017.08.127
https://www.sciencedirect.com/science/article/abs/pii/S187881812100044X#!

5212

G. Abdel-Maksoud et.al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

preservation of historical parchment against microbial
biodegradation, Biocatal Agric Biotechnol, 32: 101948
(https://doi.org/10.1016/j.bcab.2021.101948)
Karagiannidou, E. G. 2017. Synthetic polymers in the
conservation of historic textiles, Chemica
Chronica/Association of Greek Chemist.

Walsh, Z., Janecek, E. R., Jones, M., Scherman, O. A.
2017. Natural polymers as alternative consolidants for
the preservation of waterlogged archaeological wood.
Stud Conserv. 63, No. 3: 173-183.

Broda, M., Dabek, 1., Dutkiewicz, A., Dutkiewicz, M.,
Popescu, C., Mazela, B., Maciejewski, H. 2020.
Organosilicons of diferent molecular size and chemical
structure  as  consolidants  for  waterlogged
archaeological wood — a new reversible and retreatable
method, Sci. Rep. 10, No. 2: 188.

Mudgil, D., Barak, S., Khatkar, B. S. 2011. Guar gum:
processing, properties and food applications—A
Review, J. Food Sci. Technol. (DOI 10.1007/s13197-
011-0522-x).

Walsh, Z., , Janecek, E-R., Hodgkinson, J. T.,
SedImair, J., Koutsioubas, A., Spring, D. R., Welch,
M., Hirschmug, C. J., Toprakcioglu, C., Nitschke, J. R.,
Jones, M., Scherman, O. A. 2014. Multifunctional
supramolecular polymer networks as next-generation
consolidants for archaeological wood conservation,
PNAS, 111, No.50: 17743-17748.

Abdel-Maksoud, G., Marcinkowska, E. 2000. Changes
in some properties of aged and historical parchment,
Restaurator, 138-157.

Abdel-Maksoud, G., Marcinkowska, E. 2000. Effect of
artificial heat ageing on the humidity sorption of
parchment and leathers compared with archaeological
samples, J SOC LEATH TECH CH, 84: 219-222.
Abdel-Maksoud, G. 2006. Evaluation of wax or
oil/fungicide ~ formulations for preservation of
vegetable-tanned leather artifacts, J SOC LEATH
TECH CH, 90, No. 2: 58-67.

Abdel-Maksoud, G. 2009. Artificial Accelerated
Ageing and Investigation Methods used for the
evaluation of the effectiveness of polyurethane applied
for consolidating Paper, JFAC, XIV: 83-105.
Abdel-Maksoud, G., Al-Saad, Z. 2009. Evaluation of
cellulose acetate and chitosan used for the treatment of
historical papers, Mediterr. Archaeol. Archaeom, 9, No.
1: 69-87.

Song, L., Li, J. 2012. Effects of Heat Accelerated
Aging on Tensile Strength of Three Dimensional
Braided/Epoxy Resin Composites, Polym. Compos.
1635-1643

Abdel-Maksoud, G., Sobh, R., Tarek, A., Samaha, S.
H. 2018. Evaluation of some pastes used for gap filling
of archaeological bones, Meas. 128: 284-294.
Abdel-Maksoud, G., Sobh, R. A., Tarek, A., Samaha,
S. H. 2020. Evaluation of montmorillonite
(mmt)/polymer nanocomposite in gap filling of
archaeological bones, Egypt. J. Chem. 63, No. 5: 1585

Egypt. J. Chem. Vol. 64, No. 9 (2021)

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

—1603.

ASTMD 3822-2007, Standard Test Method for
Breaking Force and Elongation of Textile Fabrics (Strip
Method).

Hebeish, A., ElI-Rafie, M. H., Rabie, A.M., El-Sheikh,
M. A., El-Naggar, M. E. 2014. Ultra-microstructural
features of perborate oxidized starch, J. Appl. Polym.
Sci. 131. https://doi.org/10.1002/app.40170.

Hebeish, A., EI-Naggar, M. E., Tawfik, S., Zaghloul,
S., Sharaf, S. 2019. Hyperbranched polymer—silver
nanohybrid induce super antibacterial activity and high
performance to cotton fabric, Cellulose. 26, 3543-
3555.

Abdel-Kareem, O., EI-Nagar, K. 2005. Non-destructive
methods to investigate the deterioration extent of
Coptic Egyptian textiles, J. Text. Appar. Technol.
Manag. 4, No. 4: 1-15.

Hao, Y., Pan, Y., Du, R., Wang, Y., Chen, Z., Zhang,
X., Wang, X. 2018. The influence of a thermal
treatment on the decay resistance of wood via FTIR
analysis, Adv. Mater. Sci. Eng. 2018, Article ID
8461407: 1-7.

Garside, P., Wyeth, P. 2013. Identification of cellulosic
fibres by FTIR Spectroscopy: Thread and single fibre
analysis by attenuated total reflectance, Stud. Conserv.
48: 269-275.

Smith, M., Thompson, K., Lennard, F. 2017. A
literature review of analytical techniques for materials
characterisation ~ of  painted textiles—Part  2:
spectroscopic  and  chromatographic  analytical
instrumentation, J. Inst. Conserv. 40, No. 3: 252-266.
Mohapatra, H. S., Malik, R. K. 2015. Effect of
Microorganism on Flax and Linen, J. Text. Sci. Eng. 6,
No. 1: 1000229, 1-4.

Margariti, C. 2019. The application of FTIR
microspectroscopy in a non-invasive and non-
destructive ~ way tothestudy  and conservation

of mineralised excavated textiles, Herit. Sci. 7, No. 63:
1-14.

Boukir, A., Hajji, L., Zghari, B., 2018. Effect of Moist
and Dry Heat Weathering Conditions on Cellulose
Degradation of Historical Manuscripts exposed to
Accelerated Ageing: 13C NMR and FTIR
Spectroscopy as a non-Invasive Monitoring Approach,
J. Mater. Environ. Sci. 9, No. 2: 641-654.

Song, X., Cvelbar, U., Strazar, P., Vossebein, L., Zille,
A. 2019. Chemical, thermo-mechanical and
antimicrobial properties of DBD plasma treated

disinfectant-impregnated
Polymers, 11, 1769: 1-23.
Abdel-Kareem, O., Abdel-Rahim, H., Ezzat, |., Essad,
D. M. 2014. Evaluating the use of chitosan coated Ag
nano-SeO2 composite in consolidation of Funeral
Shroud from the Egyptian Museum of Cairo, J. Cult.
Herit. (http://dx.doi.org/10.1016/j.culher.2014.09.016).
Naebe, M., Li, Q., Onur,A., Denning, R. 2016.
Investigation of chitosan adsorption onto cotton fabric

wipes during  storage,


https://doi.org/10.1016/j.bcab.2021.101948
https://doi.org/10.1002/app.40170
http://dx.doi.org/10.1016/j.culher.2014.09.016

EVALUATION OF GUAR GUM FOR THE CONSOLIDATION OF SOME CELLULOSIC

5213

48.

49.

50.

with atmospheric helium/oxygen plasma pre-treatment,
Cellulose, 23, 2129-2142.

Hung, O., Chan, C., Kan, C., Yuen, C. M. 2017.
Microscopic study of the surface morphology of CO2
laser-treated cotton and cotton/polyester blended fabric,
Text. Res. J. 87, No. 9: 1107-1120.

Venkateshaiah, A., Padil, V. V.T. 2020.
Nagalakshmaiah, M.,  Waclawek,S., Cernik, M.,
Varma,R.S. 2020. Microscopic techniques for the
analysis of micro and nanostructures of biopolymers
and their derivatives, Polymers, 12, No. 512: 1-34.
Nechyporchuk, O., Kolman, K., Oriolab, M., Persson,
M., Holmberg, K., Bordes,R. 2017. Accelerated ageing

Egypt. J. Chem. Vol. 64, No. 9 (2021)

51.

52.

of cotton canvas as a model for further consolidation
practices, J. Cult. Herit. 28, 183-187.

Bridarolli, A., Odlyha, M., Nechyporchuk, O.,,
Holmberg, K., Ruiz-Recasens, C., Bordes, R., Bozec,
L. 2018. Evaluation of the adhesion and performance of
natural consolidants for cotton canvas conservation,
Appl. Mater. 10: 33652-33661.

Chowdhury, M. A., Butola, B. S., Joshi, M. 2015.
Application of thermochromic colorants on textiles:
temperature dependence of colorimetric properties, J.
Soc. Dye. Colour. Technol. 129, 2015. 232-237. (doi:
10.1111/cote.12015).



