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)e present study presented an integrated analytical approach to the Qur’anic manuscript with leather binding; the multianalyses
revealed the degree of degradation for paper and leather in the current manuscript under the study, causing the mapping of
treatment. )e visual assessment detected yellowness in the internal papers, dark black spots, and advanced erosion in the leather
bind.)e result detected that this manuscript leads to yellowing and weakness in the properties of paper under the attack of acidity
where the pH of paper reached 5.5. XRD and FTIR analyses of paper illustrated a dramatic decrease of crystallinity index with a
notable increase of C�O stretching, respectively. )e sharp increase of carbonyl group can be used as evidence of oxidation. )e
microscopic examination also showed that cotton was used in the manufacturing of the paper of the current manuscript, while the
leather bind was made from goatskin. In addition, the cellulose and protein bundles were both destructive and disintegrated.

1. Introduction

Manuscripts were the main preoccupation of those inter-
ested in human heritage and history during human civili-
zation. Manuscripts contained the history of humankind
from the earliest ages. )e papyrus manuscripts appeared in
ancient Pharaonic civilization. Ancient Egypt was a source of
papyrus, which was exporting it to the rest of the world. )e
European civilization also introduced the use of animal
leathers treated with alkali materials such as lime for the
processing of so-called parchment, which recorded the finest
decorative writings. At the top of the cognitive pyramid of
manuscripts and writings was paper pulp. )e achievement
is due to the Chinese who succeeded in converting vegetable
fibers such as bamboo to an easy-to-write material called
“paper” in 105 A.D., and some recent excavations conducted

by Chinese University in Hong Kong indicted that paper was
known even before this day. )e paper lingeringly moved
through Chinese merchants to Arab countries such as Iraq,
Syria, and Egypt. We find a number of Arabic manuscripts
belonging to the 9th century written on paper [1, 2]. Euro-
peans learnt the method of papermaking almost 500 years
after it was known in Samarkand. One of the wonderful things
in paper is that it is used from centuries to the present day.
Side to side there was the leather as an external cover [3–5].

Many of the studied manuscripts have dealt with paper
and its composition, which is not new, but there is an urgent
need to explain the chemical composition of the paper and
its chemical properties to understand the nature of the
substance of the study.

Cellulose is the main component of paper, a normal
polymer of glucopyranose units (β-D), and these units are
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linked together by the association of β-glycosidic bond to be
finally a long chain and are connected with other hydrogen
bond chains which give strength to paper fibers [6].

)e cellulose molecules are arranged to be fine bundles,
which are eventually assembled to be fibers. )ere are two
systems for arranging the paper molecules: (i) areas with
specific crystalline patterns known as crystalline region
where cellulosic chains are formed parallel to each other and
(ii) areas in which the fibrous are irregular and random or
amorphous [7, 8]. )ese regions are longer than non-
crystalline regions. Cellulose is characterized by many
properties, but there are properties that are the focus of the
attention of the conservator, which explain how the
mechanism of damage and aging led to choose the possible
treatment and maintenance.

Cellulose is somewhat amorphous, so it has the X-ray
diffraction characteristic. )e advanced damage under
degrading factors can change the crystallization rate.
)erefore, the method of ray diffraction can be used to
identify the crystallized areas in the paper. In addition, the
cellulose is highly sensitive to strong alkaline solutions. )e
paper loses its strength. It is converted to alkaline cellulose,
which easily dissolves into the less stable cellulose hydrates.
)is information is important for the reagent when handling
paper with alkaline solutions such as deacidification or other
alkaline solutions during conservation. Paper shall be in safe
conditions of acidity [9, 10].

Different analytical characterization techniques such as
attenuated total reflectance Fourier transform infrared
spectroscopy (ATR FTIR) and X-ray diffraction (XRD) were
used to elucidate the cellulose’s main features, to identify the
inorganic composition of the papers, and to study the
crystallinity of the samples [11–16].

Dilute acids dissolve the cellulose and the result is the
less stable hydrocellulose of the chemical reactions. )e
cellulose formation shows hydrolysis with water release due
to the bonding between the OH group and the adjacent
hydrogen atom. )e degradation is also accompanied by the
formation of aldehyde and carboxyl groups [17, 18]. Paper is
a hygroscopic substance that absorbs water from the sur-
rounding environment, so the temperature and humidity
surrounding the paper manuscripts must be adjusted.
Cellulose does not exist alone in the composition of paper
but there is a natural lignin, which increases the rate of
cellulose decomposition especially in sunlight or industrial
light, which leads to yellowing of the paper due to the ab-
sorption of harmful UV rays [19, 20].

Despite many information on the process of the man-
uscript industry, the study of archaeological samples answers
many questions to both chemists and conservators of
manuscripts. Archaeological manuscripts are also exposed
to various causes of damage such as atmospheric gases,
where oxygen and water vapormake the atmosphere suitable
for relaxation and auto-oxidation [21–24].

Sulfur dioxide, as an air pollution gas, is absorbed
through the surfaces of manuscripts and high-porous leather
and reacts with small quantities of metal compounds, es-
pecially iron, which is attached to books, manuscripts, and
documents in the form of dust. )ere is no doubt that the

cycle of night and day as well as the succession of industrial
lighting tend to auto-oxidation and damage for the col-
lection of books and manuscripts [25, 26].

Heat also plays a vital role in the growth of microor-
ganisms. On the other hand, heat accelerates the chemical
damage of papyrus, parchment, and paper [27–29]. In ad-
dition, adhesives used to bind books and manuscripts such
as glue and flour paste lose the strength of the heat paste. In
order to understand the nature of the materials involved in
the making of manuscripts and leather covers and to de-
termine the current state of damage accurately, there must
be an effective analytical strategy based on modern methods
and methods in the field of study of manuscripts, which is
presented by the current research paper using several an-
alytical methods.

2. Materials and Methods

2.1. Description of the Manuscript. A Qur’anic manuscript
dating back to the Ottoman period—the tenth century
AH—was selected from the confines of the library of Al-
Azhar Al-Sharif based on the degree of deteriorations. )e
following archaeological manuscript was used in the present
study: the Qur’anic manuscript (the third quarter of the
Holy Quran); the special code for this manuscript is 838 and
general code is 88919.

)e Qur’anic manuscript includes 28 sheets written in
carbon ink with a leather cover in dark brown color with a
number of geometric decorations located in the center of the
lashes of the front of the manuscript. In addition to geo-
metric decoration on the four sides in the form of rectangles
intertwined within them, a vegetal motif adorns the four
sides. )e decoration is applied in a pressurized manner on
the leather, and its inner writings are framed. )e state,
engineering registration, and characterization of the man-
ifestations of damage before the restoration methods were
described [30, 31].

2.2. Documentation by Visual Assessment and Photography.
A Qur’anic manuscript from Turks Gallery at the library
of Al-Azhar, Cairo, which is part of the group “Osman
Ktekhda” as written on the first page of the manuscript,
was analyzed. )e dimension of the manuscript is
14.8 cm × 20.8 cm.

2.3.Measurement of the pH. )e pH measurements of paper
and the leather were performed using ML1010PH (Misura
Line, Romania) with the method of cold extraction, where
1 g sample of each of leather or paper was soaked in 70mL of
water for 1 h [32] as described in previous work [30].)e pH
meter with a combination electrode was calibrated between
pH� 3 and 7 at 28°C.

2.4. Scanning Electron Microscopy (SEM). )e manuscript
suffered a number of damage due to the poor storage
conditions in warehouses that are not equipped with the
means of controlling the temperature, humidity, and light,
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which were revealed through the previous stages of docu-
mentation. Scanning electron microscopy was used for
leather and paper of the manuscript to identify the internal
damage of the leather and paper. In addition, a comparison
between the archaeological samples and modern samples of
leather and paper was undertaken to identify the type of
fibers.

Specimens from leather and paper with size of 10mm in
diameter circular shape were used for SEM examinations.
)ese samples were subjected to sputter coating (Edwards’s
model S 140A) of gold ions to have a conducting medium.
Sputter coated samples were scanned with JEOLModel JSM-
T20 SEM.

2.5. Cellulose Crystallinity Determination by X-Ray Diffrac-
tion Analysis. Crystallinity of cellulose was determined
using Compact X-ray Diffract meter System PW 1840.
Analytical Equipment (Philips, Eindhoven, the Netherlands)
(CU Ka radiation with Ni filter) was used for determining
the paper crystallinity. )e degree of crystallization of cel-
lulose (crystallinity index) was measured according to the
following equation [30, 33]:

ICrys �
I002 − Iam

I002
  × 100, (1)

where ICrys � crystallinity index, I002 � intensity at approxi-
mately 2θ� 22.6°, and Iam � intensity at approximately
2θ�19°.

2.6. FTIR Spectroscopy Analysis. )e IR spectra of samples
were measured using Nicolet380 (FTIR) spectrometer with
attenuation total reflection (ATR) mode having a zinc sel-
enide crystal, in the range of wavelength 650–4000 cm−1.)e
IR absorbance frequencies for the samples under test were
recorded with an average of 128 scans using a resolution of
approximately 4 cm−1.

3. Results and Discussion

3.1. Visual Assessment and Photography. Figure 1 illustrates
the state of manuscript before the restoration process, where
the damage symptoms are visually seen. From the figure, the
deep erosion in the outer leather cover, yellowness in the
internal papers, and dark black spots on the edges of the
manuscript paper were observed. Furthermore, erosion in
the outer cover and loss in different parts of the leather as
well as the mud smears are clearly shown on leather surface.
)ose phenomena of degradation indicate the bad condi-
tions, in which the manuscript was kept in addition to the
effects of heat, air pollution, and moisture on the paper and
leather of the manuscript. Some contaminations (Figure 1)
from stains and dusts were noticed on the surface of the
original paper. Damages caused by physical factors (such as
heat and moisture) appeared in the form of bores, and the
tearing of paper fibers and deformation of the paper ap-
pearance were also noted.

Furthermore, one of the most important types of doc-
umentation and a means to measure the damage, cracks, and

insect holes of the manuscript is drawing and documenta-
tion of the data using computer software (see Figure 2),
where the fine cracks can be easily observed. Some subtle
cracks and color changes can only be detected using these
programs, which paints an integrated picture of the nature of
the damage.

3.2. SEM Examination of Deteriorated Manuscript. SEM
images (Figures 3 and 4) showed a complete image of the
most accurate details of internal damage on the level of fiber
and the extent of the impact of various damage factors on the
leather and paper and showed the extent of disintegration
and erosion in the internal leather fibers. )e manuscript
cover was made from goatskin as was detected by com-
parison with modern sample (Figure 3(a)); the fiber bundles
of goat usually are relatively fine and interweaved compactly
at a medium angle [31]. )e fibers suffered from erosion and
separation and damage in the surface layer, in addition to the
erosion of fibers themselves (Figures 3(b)–3(e)), and that
some bundles are completely destroyed.

Figure 4 shows the SEM images of the manuscript paper.
)e image can confirm that paper is made from cotton rags
(Figure 4(a)). )e paper contains some fillers such as calcite
recovered from the calcite crystals (Figure 4(b)). Symptoms
of erosion in paper fibers, weakness, and clear damage in
mineral crystals of fillers are also shown (Figures 4(c)–4(e)).
In cultural heritage framework, CaCO3 has been widely used
as a filler in ancient paper; therefore, the conservators used it
for the deacidification of paper damaged by the presence of
iron-gall inks or by interaction with the external environ-
ment [34, 35]. Also, Figure 4(e) shows mycelium and spores
of some species of fungi. Deterioration may also be due to
the acids and enzymes produced as a metabolic activity of
microorganisms [36]. At the same time, fungi play a crucial
effect in the disintegration of stones and archaeological
materials due to their enormous enzymatic activity [37].

3.3. pHof Leather andPaper. )e pH of leather recorded was
about 4.5, while it was 5.5 for paper.)e results show that the
paper needs to be treated for acidity because the degree of
acidity of paper is ideally 7.0, and if it is lower than that, as in
the manuscript, it will lead to yellowing and weakness in the
properties of paper. )e leather degree of acidity is some-
what appropriate because the acidity of the leather must be
within 4.0–6.0, but the leather can be treated also to provide
some kind of future protection against acidity risk [15, 38].

3.4. Crystallinity Index by XRD Analysis. Fragments of
manuscript paper were analyzed to detect the crystallinity
index; the fragments were cleaned for any impurities or dust
that affects the results.)e XRD peaks are shown in Figure 5.
)e paper is a semicrystalline cellulose fiber. )erefore, a
study of its crystallinity may lead to a more detailed
knowledge of the degradation process. XRD results show
that there are noticeable differences in the amorphous and
crystalline regions in the paper under effect of damage
factors; cultural heritage objects are subject to the influence
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of environmental parameters, i.e., light, temperature, and
moisture, which cause different structural changes on the
materials. )e long-term exposure to variable conditions

changes the structure and properties of the materials. As a
result of those, the fibers become less amorphous [39]. )e
degree of crystallinity in native cellulose records about

(a) (b)

(c) (d)

(e) (f )

(g) (h)

Figure 1:)e various damage aspects of the manuscript no. 833. (a) Erosion in the outer cover and loss in different parts of the leather with
different mud smears on leather surface. (b) Corrosion in the leather. (c) Patches of soot scattered in the pages of the manuscript. (d) )e
obvious acidity on the heel of the manuscript and the color and yellowness in the internal papers. (e) )e scars in the inner paper. (f ) Dark
black spots on the edges of themanuscript paper appearing inmore than one place in the manuscript. (g) Erosion in paper from the heel area
of the manuscript, as indicated by the arrow in addition to the large erosion in the contact areas of the LT. (h))e deep erosion in the leather
and paper lining and manuscript.
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60–90% according to the type of source of cellulose where
the cotton cellulose reaches about 85% while this value
reduced in case of flax or wood. As shown in Figure 5,
ICrys � ((3.26 − 0.682)/3.26) × 100 � 79.00%, and this result
reveals a dramatic decrease in ICrys for paper. )erefore, the
rigidity of cellulose fibers increases and their flexibility
decreases with decreasing ratio of crystalline to amorphous
regions.

3.5. XRD for Ink. A preliminary chemical test was under-
taken to identify the ink type; the test showed that the ink
was not affected by 5% solution of iron and potassium
cyanide with 1% hydrochloric acid, which proves to be
carbon ink. A fraction of the paper containing ink residues
was analyzed using X-ray diffraction and showed that the
carbon ink is composed of graphite particles (Figure 6).

Loss 
Cracks 
Insect holes 

Figure 2: Documentation of the leather cover of manuscript on photoshop.

100µm

(a)

10µm

(b)

100µm

(c)

10µm

(d)

10µm

(e)

Figure 3: SEM images of leather binding. (a) )e superficial appearance of the leather, which is very similar to the surface of goat leather.
(b) Clear cracks in the surface of the leather. (c) Corrosion and insect holes. (d, e) Erosion of the surface layer and weakness of the leather
fibers in general.
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10µm

(a)

5µm

(b)

50µm

(c)

10µm

(d)

5µm

(e)

Figure 4: SEM images of surface appearance of a sample of the inner manuscript paper. (a) )e surface appearance of the paper, whose
fibers are near the pulp fibers of the cotton core. (b) )e fillers in the paper approximating the shape of the calcite crystal (calcite in the
papermaking process). (c) )e shape of a cotton fiber and its distinctive cylindrical shape. (d, e) Erosion and weakness of paper fibers with
disintegration in fibers.
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Figure 6 shows that the ink was a carbon ink (graphite).
Previously, the black pigment was almost exclusively
identified as carbon in the form of soot, charcoal, or bone
black [40–42]. )e carbon ink has many advantages such as
particles do not fade over time even when exposed to light,
chemicals, or when bleached because carbon is chemically
stable but carbon ink has a tendency to smudge in humid
environments and can fade.

As the examination shows, there are compounds that
give important information about the manuscript, including
calcium carbonate (chalk), which is used as a filler, which
helps in weighting the paper and protects it from the effects
of acidity [43]. Hematite impurities usually exist with fillers

and have been shown in a number of archaeological spec-
imens that are analyzed [44].

3.6. FTIR Spectra of Paper and Leather. Figure 7 shows the
results of paper analysis using FTIR. )e analysis was used
for the paper and leather sample of the manuscript to
identify the nature of the damage and compare their results
with modern samples on the level of paper [45, 46]. Paper is
also characterized by a number of groups, including hy-
droxyl absorption group of CH2-OH stretching in area at
3300–3400 cm−1 [47, 48]. )ere is a large ethereal group of
C-O stretching group in the region of 1000–1300 cm−1, while
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Figure 6: XRD pattern of ink confirmed that ink composed the graphite particles.
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a spectrum of the archaeological paper shows a change in the
chemical composition of cellulose through an increase in
some absorption areas of its characteristic groups and a
decrease in other areas and formation of new groups [12, 49].

)ere is a significant lack of hydroxyl absorption group
CH2-OH Stretching at wavelength 3400 cm−1. )ere is also a
significant decrease in the C-O stretching group in the re-
gion 1300-1200-1100 cm−1 which disappeared sometimes.
Also, there is more than a strong carbonic absorption area
C�O stretching at the region 1600–1575 cm−1, which can
prove that cellulose of paper suffers from oxidation [47].

)e leather was analyzed on a sample of the external
binding and compared with a modern leather sample
(Figure 8). )e changes in the functional groups were
characterized by the protein and appeared clearly in the
samples of modern leather. )is was not damaged as the
standard sample was characterized by the presence of a
number of functional groups of leather protein and the most
important was N-H stretching band at wavelength
3200–3400 cm−1 [15, 37, 50]. C=O stretching band at
wavelength 2800–3100 cm−1, C-N-H bending band at
wavelength 1500–1565 cm−1, and C-H bending at wave-
length 1300–1480 cm−1 were found.

)ere have been changes in these groups in the ar-
chaeological sample, where there has been a lack of ab-
sorption of a large number of groups such as N-H stretching
band at a wavelength of 3404 cm−1, C-N-H bending band at
a wavelength of 1553 cm−1, and C=O stretching band at
wavelength 2930 cm−1. )ese changes indicate the role of
damage and the disappearance of bonds in the peptide chain
and the occurrence of rupturing in the hydrogen bonds that
connect the secondary structure of the leather. Heat, as a
damage factor, increases the movement of molecules,
resulting in the increase of the absorption peak, and shifted

to the right in the chart until it was completely disappeared
because of breaking the bond [51].

4. Conclusions

In the present study, different spectroscopic analyses were
used to investigate and characterize the archaeological
manuscript of a Qur’anic manuscript dating back to the
Ottoman period—the tenth century AH. Visual observation
showed various damage aspects of erosion found in the
bookbinding leather of manuscript as well as inside the
papers of the manuscript. SEM images of the manuscript
paper showed the symptoms of erosion in paper fibers,
weakness, and clear damage in the paper board. )e XRD
peaks confirmed the sharp decrease in the crystallization
values of paper under effect of damage factors; furthermore,
the Arabian artists used calcite which was mixed with iron
impurities as a filler material for Arabic paper. FTIR spectra
characterized the leather by the presence of a number of
functional groups of leather protein which were affected
notably under effect of damage.
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