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A

PAPER sheets were prepared by using different types of cellulosic fibers produced from
agricultural wastes. Chitosan solutions with different concentrations were added to the
surface of paper sheets. Mechanical properties enhanced in case of treated paper sheets with
chitosan comparing with untreated. Generally, in all cases of paper sheets prepared from
different pulps, the strength properties reached their optimum enhancement in presence of 0.5%
chitosan solution almost. Physical properties enhanced by addition of chitosan. Paper sheets
prepared from unbleached bagasse treated with chitosan gave the best results compared with
that prepared from the others. Also, paper sheets prepared from unbleached rice straw and
that prepared from unbleached mixed (rice straw and 25% bagasse) gave impressive results.
Crystallinity index from the ratio A1435cm-1/ A 900 cm-1 in Infrared spectra proved all the
above. It was observed from the morphology of fibers that fibers of the sized paper enhanced
and became tight and smooth.
Keywords: Paper sheets, Chitosan, Physical properties, Mechanical properties.

Introduction
Rice straw and bagasse considered the most
important agricultural residues that need
attention because of the resulting pollution to the
environment, so they are used in the paper industry
to take advantage of them because they exist in
abundance. They are very important for writing,
printing or for packaging [1, 2]. Sizing is used as
an adhesive to paper to add enhanced properties.
Sizing keeps the fibers from breakdown due to
oxidation. Fillers caused weakening the sheet;
sizing adds adhesive qualities and strength to
paper [3]. Different types of polymers are very
important sizes today for hand papermaking. They
have high properties and they are inexpensive.
Surface sizing agents are used to bring paper
sheets have several properties such as waterresistance and printability [4,5]. These agents are
applied to fine paper, newspaper, ink-jet printing
paper, liner board, and so on. Surface sizing
produced a film-forming material to the surface of
the sheet, subsequent to sheet formation. Starches
are the most popular Surface sizing agents used in
paper manufacture. Hydrophobic and hydrophilic
ends are involved in sizing agents. The sizing
agent adheres to substrate fibers and forms a film,
with the hydrophilic tail facing the fiber and the
hydrophobic tail facing outwards, resulting in a

smooth finish that tends to be water-repellent.
Chitosan[6,7] is a linear polysaccharide has
linear polyamine, reactive amino groups, reactive
hydroxyl groups available, and chelates many
transitional metal ions.
Biodegradable chitin[8,9] and chitosan
can strengthen recycled paper and increase the
environmental friendliness of packaging and
other products. Chitosan is already involved
in the manufacture of paper because chitosan
molecules greatly resemble those of cellulose the
main constituent of plant walls. Lastly the paper
produced with chitosan has a smoother surface
and is more resistant to moisture. Among other
things, chitosan is of great value in the production
of toilet paper and for wrapping paper and
cardboard[10, 11].
The synthesis of chitosan is done
commercially by deacetylation of chitin[12,13],
which is the structural element in the exoskeleton
of crustaceans (such as crabs and shrimp) and
cell walls of fungi. A common method for the
synthesis of chitosan [14-17] is the deacetylation
of chitin using sodium hydroxide in excess as a
reagent and water as a solvent.
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in 1% acetic acid were prepared.
Paper making
The pulps were chemically analyzed for
α-Cellulose, pentosans, lignin, and ash, according
to standard methods [21].
The paper sheets were prepared according to
the method described in our previous reports [3].
Calendaring process
The sheets before and after adding polymer
solutions on surface were subjected to calendaring process at (100 KN, 60°C, 3min) using Hydraulic Press and then to the following tests.
The chemical structures of cellulose and chitosan
are given below [18- 20]

Mechanical properties
Tensile index and burst strength had been
measured. For each test, at least five measurements were carried out [22, 23].
Physical Properties
Opacity and brightness had been measured
[22, 23]. For each test, at least five measurements
were carried out.

The aim of this work was investigating the use
of chitosan solutions with different concentrations
to enhance the mechanical and physical properties
of paper sheets. Paper sheets used here were
prepared from different pulps unbleached bagasse,
unbleached rice straw and unbleached mixed
pulps. Mechanical and Physical properties of
paper sheets were studied. Infrared spectroscopy
and scanning electron microscopy were also
investigated.
Experimental
Materials
1. Unbleached bagasse, unbleached rice straw
and unbleached mixed (rice straw and 25%bagasse) pulps were used as a base furnish to prepare papers, supplied by Edfo Paper Mill, Upper
Egypt.
2. Chitosan (highly molecular weight) was supplied by Sigma-Aldrich with 75–85% deacetylated. Different concentrations of Chitosan,%(w/v)
Egypt. J. Chem. 61, No. 1 (2018)

Infrared spectra
The Infrared spectra for treated and untreated
prepared papers fiber were measured via Fourier
Standardize Infrared spectrometer (FT/IR-6100,
Jasco, Japan). All spectra were recorded in the
range (4000 – 400 cm-1), the scans number was
128. The resolution was 4 cm-1 and scan speed 2
mm /s. Infrared spectra of the papers fiber were
prepared in reflection % to study the chemical
composition.
Scanning electron microscopy
Scanning electron microscopy (SEM) was
conducted on JEDL JEM-100 S electron microscope using the gold – Sputtering technique.
Results and Discussion
Table 1 shows chemical analysis of different
pulps.
Table 1. Chemical analysis of different pulps.
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Properties of treated paper sheets prepared from
different pulps

From Fig. 1,2 and 3, it was clear that addition of
chitosan solution enhanced mechanical properties
(tensile index and burst strength)for paper sheets
prepared from unbleached rice straw, unbleached
bagasse and unbleached mixed (rice straw and
25% bagasse) pulps compared with untreated.
The modification in the strength properties of
paper sheets in presence of chitosan solution is
due to the physical adsorption of chitosan solution
on the surface and among the fibers, forming films
around the fibers; these films enhanced binding of
the fibers[24]. Therefore, the drying process of
the paper sheets and calendaring process bonds
the fibers together not only via hydrogen bonding
among the fibers, but also through the formation
of fiber-polymer-fiber bonds, but further increase
in concentration of chitosan solution decreased
these properties, this may be related to the high
viscosity at higher polymer solution percentages,
this prevented the penetration of the polymer
through the fibers.
From Fig.1, 2 and 3 it was obvious that addition
of 0.5% chitosan solution gave the high results in
mechanical properties (tensile index and burst
strength) for paper sheets prepared from different
pulps. Physical properties increased by increasing
percentage of chitosan solution for paper sheets
prepared from different pulps; this was related to
physical properties of polymer [25].
Figures 1, 2 and 3 investigated that cellulosic
fibers produced from agricultural waste improved
through flocculation using chitosan. This clearly
exists in the case of paper sheets prepared from
unbleached rice straw pulp by comparing with
untreated. It was supposed that fixation of the
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chitosan onto/or within the cellulose structure
is accompanied by the formation of semi-interpenetrated network structure which results in
providing best stiffness and pilling resistance [3].
Properties of treated paper sheets prepared from
unbleached bagasse in presence of number of
layers of0.5% chitosan solution
Paper sheets prepared from unbleached
bagasse treated with 0.5% chitosan solution has
been chosen due to its presence in abundance
as agricultural residues and also observed
enhancement in the properties of the paper sheets
by comparing with untreated.
Figure 4 investigated that mechanical
properties of treated paper sheets prepared from
unbleached bagasse in presence of number of
layers of chitosan solution 0.5% increased by
increasing number of layers. This confirms that
the improvement in the strength properties of
paper sheets in presence of chitosan solution
is due to the physical adsorption of chitosan on
the surface and among the fibers, forming films
around the fibers; these films enhanced binding
of the fibers [26]. Therefore, the drying process
of the paper sheets and calendaring process bonds
the fibers together not only via hydrogen bonds
between the fibers, but also through the formation
of fiber-polymer-fiber bonds and fixation of the
chitosan onto/or within the cellulose structure
is accompanied by the formation of semi-interpenetrated network structure which results in
providing good stiffness and pilling resistance.
From Fig. 4, it was clear that opacity increased
by increasing number of layers but brightness decreased by increasing number of layers

Fig. 1. Properties of treated paper sheets prepared from unbleached bagasse pulp.
Egypt. J. Chem. 61, No.1 (2018)
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Fig . 2. Properties of treated paper sheets prepared from unbleached rice straw pulp .

Fig. 3. Properties of treated paper sheets prepared from mixed unbleached (rice straw and 25% bagasse) pulp.

Fig. 4. Properties of treated paper sheets prepared from unbleached bagasse pulp at different chitosan layers.
Infrared spectra

Table 2 shows the ratio A 1435 cm-1/ A900
cm-1 which represents the crystallinity index
for paper sheets prepared from different pulps.
Crystallinity index increased in case of treated
paper sheets prepared from unbleached rice straw,
unbleached bagasse and unbleached mixed (rice
straw and 25% bagasse) pulp compared with
untreated, indicating that treated paper sheets
Egypt. J. Chem. 61, No. 1 (2018)

contain more hydrogen bonds among the hydroxyl
groups in cellulosic chain and polymers.
In Table 2 and Fig. 5,6 it was clear that
Crystallinity index increased in case of treated
paper sheets prepared from unbleached bagasse
pulp treated with different numbers of layers of
chitosan as the number of layers increased.
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TABLE 2. The ratio A1435 cm-1/ A 900 cm-1 which represents the crystallinity indexes for paper sheets.

Fig. 5. FT-IR characterization for untreated paper sheets obtained from unbleached bagasse pulp(a), bagasse
treated with 0.5% chitosan (b), untreated mixed pulp(c), treated mixed pulp (d ), untreated rice straw
(e), treated rice straw (f).
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Fig. 6. FT-IR characterization for untreated paper sheets obtained from unbleached bagasse pulp(a), bagasse
pulp treated with 0.5% chitosan, one layer(b), two layers(c), three layers(d), four layers (e).

Scanning electron microscopy
It was obvious from Photographs of Fig.7
comparing with that in Fig. 8 that paper sheets
prepared from unbleached rice straw, unbleached
bagasse, and unbleached mixed (rice straw
and 25% bagasse) pulps treated with chitosan
solution, presented certain adhesion among the
fibers, and had more compact structure than
untreated sheets, showing a clearer pulp with
no fibrillation or filaments among the fibers, no
cracks or voids, thus the crack does not have a
straight path because it has to move around the
fiber cells and ultimately stops[1].
Also from Fig. 7, 8, it was clear that the fibers
of the sized paper were tight and smooth. These
proved that the sizing emulsion permeated into
(a)
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the paper fibers and interacted with the paper
fibers by physical and chemical effects, which
strengthened the binding force and bond energy
among the fibers, thus enhancing the physical
strength of the paper. From the morphology of the
fibers at the surface of the paper, it can be seen
that surface of sized papers looks very smooth and
glossy in the micrograph whereas the surface of
unsized papers was rather crude and unpolished
[27].
Figure 9 represented photographs of treated
paper sheets prepared from unbleached bagasse
pulp treated with different numbers of layers of
0.5% chitosan. From Fig. 9(a-d), it was obvious
that as the number of layers increases, the sized
paper became more tight.
(b)
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(c)

Fig. 7. Photographs of untreated paper sheets obtained from unbleached bagasse pulp(a), unbleached rice
straw pulp(b), unbleached (rice straw and 25% bagasse) pulp(c).
(a)

(b)

(c)

Fig. 8. Photographs of treated paper sheets obtained from unbleached bagasse pulp treated with 0.5%
chitosan (a), treated rice straw pulp (b), treated mixed (rice straw and 25% bagasse) pulp (c).
(a)

(b)
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(d)

Fig. 9. Photographs of treated paper sheets obtained from unbleached bagasse pulp treated with 0.5% chitosan,
(a) one layer, (b) two layers, (c) three layers, (d) four layers.

Conclusion
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تعزيز جودة األلياف السليلوزية المنتجة من المخلفات الزراعية من خالل التلبد باستخدام الكيتوزان
سمر حنفي محمد  ,مني عبد الصبور أحمد  ,زينات اديب نجيب
شعبة الصناعات الكيميائية ,قسم السليلوز والورق ,المركز القومي للبحوث ش البحوث  1262الدقي ,الجيزة –
مصر.
تم تحضير عينات الورق باستخدام أنواع مختلفة من األلياف السليلوزية المنتجة من المخلفات الزراعية ومنها مصاصة
القصب وقش االرز وخليط من  %25مصاصة قصب وقش االرز .وتم استخدام تركيزات مختلفة من محلول الكيتوزان
لتضاف إلى سطح الورق .وجد تحسن في الخواص الميكانيكية لعينات الورق المضاف اليها الكيتوزان مقارنة بالعينات
الغير معالجة بالكيتوزان وذلك في جميع عينات الورق التي أعدت من أنواع لب مختلفة وكانت افضل النتائج في وجود
 ٪0.5محلول الكيتوزان.
اضافة الكيتوزان حسن من الخواص الفيزيائية لجميع عينات الورق وخاصة عينات الورق المحضرة من مصاصة
القصب .وقد لوحظ من دراسة عامل التبلور وهي النسبة من  1- cm 900 A 1- cm/A1435في أطياف األشعة
تحت الحمراء تحسن في شكل اال لياف التي اصبحت محكمة وناعمة.
.
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