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ABSTRACT

ARTICLE INFO

The present study aims to extract cellulose fibers from the walnut shell using
dielectric barrier discharge (DBD) plasma pretreatment and to evaluate its
properties. For this purpose, powdered walnut shells were exposed to 18 and 20
kV DBD plasma for 10 min in three stages. First, before sodium hydroxide
alkaline treatment, next,before sodium chlorite bleaching treatment, and
then,before both alkaline and bleaching treatments. The extraction efficiency,
FTIR, XRD, thermal properties, FESEMand diameters of the cellulose fiber
were evaluated. Based on the results, the extraction efficiency was significantly
affected by applied voltage (p<0.05) and due to plasma destruction of
glycosidic, the efficiency was reduced. The removal of peaks related to
impurities from the walnut shell and the purity of all extracted cellulose was
confirmed with FTIR. The results showed that applying DBD plasma during
cellulose extraction did not affect its crystal structure, but the reduction of
crystallization index was observed. Furthermore,the effect of plasma on the
thermal-gravimetry of the samples was observed at temperatures below 100 °
C, and after the onset temperature of degradation, the behavior of the treated
and untreated fibers until the final thermal decomposition was not significantly
different. The microstructure of plasma-treated samples showed an increase in
cellulose fiber's roughness and swelling, followed by the transformation of
microfibrils to nanofibrils with a diameter of 80 nm at the higher voltage.In
general, the results showed that applying 20 kv DBD plasma in both stages
before the alkaline and delignification process is a more suitable treatment for
extracting cellulose and producing cellulose nanofibers.
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1. Introduction

Cellulose is the most abundant natural
biopolymer in the structure of lignocellulosic
fibers. Chemical structure of cellulose in 1920 by
Hermann Stédinger' It was found. This linear
carbohydrate is composed of repeating D-
glucopyranose units with (4—1) B glycosidic
connections. In each monopar unit in the
cellulose chain, three carbon atoms (C2-Cs3-Ce)
are attached to hydroxyl groups. The ability of
these hydroxyl groups to establish hydrogen
bonds plays an important role in controlling the
physicochemical properties and microstructure
formation of cellulose. The amount and
properties of the extracted cellulose depend on
the extraction process, origin and lifespan of the
natural source [1]. So far, cellulose has been
extracted from various lignocellulosic wastes
such as soybean husk [2], peanut shell [3], rice
straw [4], sugarcane bagasse [5], sweet corn [6]
and other agricultural residues [7]. Different
methods. To extract cellulose from biomass,
these methods include chemical treatments
including the use of acid and alkali [8], physical
treatments including steam explosion, ultrasound
[9] and extrusion [2], biological treatment
including enzymatic hydrolysis [10] and
combined processes. It includes acid-enzyme
treatment [6] and radiation-enzyme treatment [5].
Since the structure of lignocellulosic materials is
complex and the conventional methods used are
usually polluting and consume a lot of energy,
therefore it is necessary to replace these methods
with environmentally friendly methods. One of
the methods that is considered as an
environmentally friendly method today It is a
non-thermal plasma method.

Plasma is known as the fourth state of matter and
is electrically almost neutral and consists of ions,
free electrons, ultraviolet photons, radicals, atoms
and molecules at the ground or excited level
[12,11]. When the energy is transferred to neutral

1. Hermann Staudinger
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natural gases, some of the gas components turn
into charged particles to form plasma. This
energy includes electricity, heat, light (ultraviolet
light), radioactive rays (gamma rays) and
electromagnetic radiation. Plasma produced by
electric and electromagnetic fields is usually
called electric discharge [13,11]. The origin of
electric discharge production depends on the
structure of the equipment and includes various
types. Dielectric barrier discharge plasma is one
of the non-thermal atmospheric pressure plasma
production equipment, which includes two metal
electrodes made of aluminum, brass or copper,
which are flat and parallel, and at least one of
these electrodes is protected by a dielectric layer
such as ceramic, quartz, Bespar or covered with
glass. The dielectric layer as a stabilizer prevents
any displacement of the arc. This has caused
dielectric barrier discharge to be one of the safe
discharge methods [14, 12].

Plasma has been used so far to modify cellulose
or decompose compounds with cellulose. Cora et
al. (2014) investigated the effect of oxygen
atmospheric pressure plasma on the efficiency of
lignin degradation in sugarcane bagasse. The
results showed that after plasma treatment, the
efficiency of lignin removal improved by 5% and
hemicellulose was removed to a small extent. In
the samples with dimensions less than 1 mm, a
small amount of destruction in the cellulose
structure was also observed [15]. In another
study, the effect of atmospheric pressure plasma
treatment on the enzymatic hydrolysis of wheat
straw lignocellulosic particles to constituent
monosaccharides was investigated. The results
showed that the hydrolysis of carbohydrates into
glucose and xylose increased significantly in
pretreated wheat straw. Also, the amount of
lignin decreased in samples treated with plasma
[16]. However, this method has not been used to
extract cellulose. Therefore, in this research,
walnut shell was selected as lignocellulosic raw
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material, so that by wusing the special
characteristics of cold plasma, this method can be
used as a pre-treatment for cellulose extraction,
and at the same time, the effect of this treatment
on the characteristics of extracted cellulose is
investigated.

2- Materials and methods

2-1- Materials

Walnut skin was collected from the gardens of
Kurdistan. Sodium hydroxide (Dr. Majalli, Iran),
sodium chlorite (Samchun, Korea) and diethyl
ether (Pars, Iran) were purchased. Other
chemicals used in this study were obtained from
Merck, Germany.

2-2-extraction of cellulose fibers
First, walnut bark was crushed using a skl
hammer mill (Retsch, Germany) and sieved using
a 120 mesh sieve to obtain uniform powder
particles. Then, the fat powder obtained by the
Soxhlet method was removed with the help of
diethyl ether solvent. To obtain the control
sample, the sample was degreased with a fiber to
solution ratio of 50:1 with 1 M sodium hydroxide
solution in order to remove hemicellulose in a
water bath with stirring at 85 Celsius was heated
for 4 hours. Then the solution was filtered using
a filter paper and washed with distilled water until
the water leaving the filter became colorless and
neutral. This process was repeated 5 times. The
materials obtained from this step were mixed
with 1.7% (weight/volume) sodium chlorite
solution, whose pH reached 4 with acetic acid, in
a 75 degree Celsius stirring water bath for 4 hours
to remove lignin and decolorize. Then the
solution was filtered using filter paper and
washing with distilled water continued until the
output water became colorless and neutral. The
fibers obtained from this step were placed in a

22. Fourier transform infrared spectroscopy
3. Crystallinity
4. X-ray diffractometer
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moving air oven at a temperature of 80 degrees
for drying [17].
In order to apply cold plasma pretreatment, an
atmospheric pressure dielectric barrier plasma
device (Yaran Fan Poya Exploration, Iran) was
used. 2 grams of the sample was placed in a glass
petri dish. The upper electrode was brought down
until touching the petri lid, in which case the
distance between the two electrodes was 1 cm.
Plasma pretreatment was used in three stages and
at two voltages of 18 and 20 kV for 10 minutes
according to Table 1 during the cellulose
extraction process. The efficiency of cellulose
extraction was calculated using the gravimetric
method and according to equation (1) [17].
Equation (1)
100 xInitial weight of material / weight of extracted
cellulose = (%) yield
In order to identify functional groups and
investigate changes in the chemical structure of
the samples, Fourier transform infrared
spectrometer (FTIR)?Tensor 27 model (Brucker
company, USA) in the wavelength range of cm-
1400-4000 was used [17].
crystal  clear® Samples using  X-ray
diffractometer*(Philips, Netherlands)  was
determined. This means crystallinity index°Using
Segal's experimental method® et al. (1959) was
determined (Equation 2).
Equation (2) 100%/Imax IminX100 Crl% =lmax -
[max'[mi.u

Imax

The Crl1% index indicates the total amount of
cellulose crystallinity, IninThe minimum intensity
measured in the angle range of 26=16°-22° and
Imax The maximum intensity measured in the angle
range of 20=22°-24°, Also, to determine the
dimensions of crystals from equation 3 known as
Scherer's equation” was used

5. Crystalline index
6. Segal
7. Scherrer
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KA
Equation (3) 0 cos B /A K L =B C058
In this equation, L is the average crystal size in
nanometers, K is Scherer's constant and is equal
to 0.94, A is the wavelength of the radiation and
is equal to 0.154 nm, B is the width in half of the
peak height® In terms of radians and 0, the
diffraction angle of the leafis [5].
In order to check the thermal stability of the
samples, from the thermal gravimeter
(TGA)(NETZSCH, Germany) was used under
nitrogen gas atmosphere from room temperature
to 600 degrees Celsius with a temperature change
rate of 10 degrees Celsius per minute and the
weight loss of the samples was plotted as a
function of temperature [18].
In order to observe the microstructure of the
samples and evaluate the size of the particles
from the field emission scanning electron
microscope (FE-SEM).X}(FEI, America) was
used [19]. The images were examined at a
magnification of 10000. Also, the average fiber
diameter was obtained by measuring the diameter
of 12 different fibers and using ImageJ software.
2-3- Statistical analysis
The statistical analysis of the obtained results was
done using the minimum significant difference
test in the form of a completely randomized
design. All the tests were performed in at least
three repetitions and the results were evaluated
using SAS software at a confidence level of 95%.

3- Results and discussion

3-1- Cellulose extraction efficiency

The results of plasma effect on cellulose
extraction efficiency are shown in Table 2. As can
be seen, the cellulose extraction efficiency was
affected by the applied voltage (p<0.05). The
maximum efficiency was observed in the control
sample and with the application of plasma

8_Full width half maximum

9. Bragg reflection angle

18

treatment, the efficiency decreased so that the
minimum efficiency with a difference of 4% from
the control sample was observed in the sample
treated with plasma at a voltage of 20 kV before
the alkaline treatment and dye removal processes.
This can be due to the destruction of the cellulosic
fiber surface (Figure 4).

Also, according to the results of the Fourier
transform infrared spectrometer, the decrease in
the yield intensity in this sample can be due to the
decomposition of the cellulose fibers, which
happened both in the glucose rings and in the
glycosidic bonds. It seems that due to the
chemical and mechanical effects of plasma, the
cellulose fibers are broken into their monomeric
units in some places and removed during various
chemical treatments and washing steps. These
results confirmed the results of the study of
Shaghaleh et al. (2019), who reported the
weakening of the connection strength in the
structure of lignocellulosic fibers of wheat stem
and the increase in the solubility of carbohydrates
due to severe plasma treatments [16].

Also, in the study of Seuza et al. (2014), the effect
of atmospheric pressure cold plasma pretreatment
on the lignocellulosic compounds of sugarcane
bagasse was investigated. Their results showed
that in fibers with dimensions less than 1 mm, due
to the greater effect of plasma and ozone
treatment on the fibers, the cellulose content of
the fibers decreased [15]. In general, the results
showed that the use of plasma treatment before
the alkaline treatment process had the least effect
on the yield, which could be due to the presence
of larger amounts of impurities and spending
plasma energy in breaking the bonds of
impurities with cellulose.

10. Thermogravimetric analysis

11 . . . .
. Field emission scanning electron microscope
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Table 1 Pre-treatment conditions applied to extract cellulose from walnut shell

Applying DBD cold plasma pretreatment Sample
Plasma treatment hour (min) Voltage (kV)
- - - Control 1
Before alkaline treatment 10 18 Al8 2
Before bleaching treatment 10 18 B18 3
Before alkaline and bleaching treatment 10 18 AB18 4
Before alkaline treatment 10 20 A20 5
Before bleaching treatment 10 20 B20 6
Before alkaline and bleaching treatment 10 20 AB20 7
Table 2 Cellulose extraction efficiency
Efficiency (%) Sample
0.31°+ 08.26 Control
0.317+ 25.91 Al8
0.42%+ 23.58 B18
0.51P+ 22,58 AB18
0.318+ 24.58 A20
0.42¢+23.41 B20
0.31P+ 22.08 AB20

Various letters in each column show significant differences among mean values (p<0.05).

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18
kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment
before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline
treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching treatment, AB20: Cellulose
extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment
2-3- Fourier transform infrared 1. pass band in the range of cm wave number
spectrometer 13300-3500 is related tq the stretc_hing vibration

. . of free OH groups and intra- and intermolecular
The curves obtained from the infrared

spectrometer of the samples are shown in Figure hydrogen bonds [17].

1.25

12

AB20
B20

- A20
Los ABI8
B18
, Al8
Control
o095

wSs

Transmittance (a.u.)

Wavenumber (cm'!)

Fig 1 FTIR spectra of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment,
B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by
18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma
pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching
treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and
WS: walnut shell.

Band available in cm wave number12850-2900 range of cm™1636 is identified, which is related

indicates C-H symmetric stretching vibration. to the bending vibration of O-H groups of

The presence of water by the band placed in the cellulose [20]. Passing band in the region of cm-
21
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11429 in the spectroscopic curve related to CH
bending vibration,Symmetrical at carbon 6 (Ce)
that this band is known as crystal band. Also, the
C-H bending vibrations in the plane cause a band
in the range of cm?It will be 1375 [5]. Band
observed in cm region®1161 is related to the
symmetric stretching vibration of C-O and C-C
functional groups and the band in the region of
cm?® 1110 is caused by C-O-C symmetric
stretching [21]. Absorption bands in cm™1030-
1060 and cm™ 896 also indicate the stretching
vibration of C-O in the pyranose ring and the
bending vibration of B-glycosidic bonds in the
structure of the cellulose molecule [22]. In the
curve of untreated walnut skin, there is a band in
cm™1739 is related to the stretching vibration of
C=0 carbonyl groups and indicates aldehyde,
ketone or carboxylic acids in hemicellulose. The
band seen in the region of cm™11245 indicates the
stretching vibration of the C-O bond in the
benzene ring of lignin and xylan hemicellulose
molecules [23,5]. cm band 1512 is also related to
the stretching vibration of the C=C aromatic ring
in lignin [24]. Removing these three bands in the
curveThe data related to the control sample and
the samples treated with plasma confirm the
effective removal of hemicellulose and lignin
during the treatments and the production of
cellulosic samples free of impurities. The
removal of the peaks related to the functional
groups of lignin and hemicellulose was in
accordance with the results of the study by Harini
et al. (2020) [30].

Band displacement cm™ 2900 is the higher wave
number related to the stretching vibration of C-H
groups, and a sharp decrease in the intensity of
this band can confirm the presence of non-
crystalline cellulose in the samples, which was in
accordance with the results of the study of non-
crystalline cellulose by Ciolako et al. (25) [25] .
In the samples treated with cold plasma at a
voltage of 20 kV and the sample treated before
the alkaline and dye removal stage at a voltage of
18 kV in the region of cm™2850 new bands were
created, which cannot be observed in the infrared
spectrum of untreated and treated cellulose
samples with an intensity of less than 18 kV. This
band is related to CH-groupss is [26] and its
observation after the application of 20 kV
treatment and more intense treatment of 18 kV
dielectric barrier plasma may be due to the

18

decomposition of cellulose and ultimately the
production of -CH groupssbe The decrease in the
intensity of cellulose efficiency in these
treatments (Table 2) can also be due to the
decomposition of cellulose fibers.
3-3- Investigating the
structure

All samples showed peaks at 16.49, 22.61, and
34.67 angles at 20 angles, which indicate the type
I cellulose crystal structure (Figure 2). The results
show that the crystalline structure of cellulose
was preserved in all samples and there was no
change in the peak angles. Therefore, it can be
said that chemical treatments and cold plasma
treatment did not change the strength and
cohesion of the primary cellulose crystal,
however, the crystallinity index changed in the
samples.

All samples showed higher crystallinity index
and crystal size than raw walnut skin (Table 3),
which is the result of removing non-crystalline
parts (lignin and hemicellulose) from them and
increasing the cellulose content of these samples
[27]. These observations were consistent with the
results ~of  Fourier transform  infrared
spectroscopy.

After treating the samples with cold plasma, the
crystallinity index and also the size of the crystals
decreased slightly. This decrease after cold
plasma treatment is due to the destruction of
crystalline areas as a result of the radicals created
during the treatment or decomposition due to the
mechanism of scratching and breaking by plasma
reactive species. As Gaoli et al. (2015) reported
that hydroxyl radicals can effectively break
hydrogen bonds and the crystal structure of
cellulose [28]. In a study conducted by Vaneste et
al. (2017) in investigating the effect of plasma
treatment on lignocellulosic materials, they stated
that ozone created by plasma in small amounts
does not change the crystallinity index of
cellulose, but with increasing treatment intensity
and as a result removing lignin, the order The
structure of lignocellulose is disturbed and causes
the cellulose to become amorphous, and this
crystallinity change can be reversed after the
washing and drying process due to partial
recrystallization [29].

crystal
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Fig 2 X-ray diffractograms of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline
treatment, B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose
extracted by 18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV
plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before
bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching
treatment, and WS: walnut shell.

Table 3 Percentage of crystallization and crystal size of walnut shell and cellulose extracted by plasma

treatment

Crl (%) L ('n) b Sample
34.9 1.14 7.36 WS
59.8 2.63 3.20 Control
53.1 2.52 3.35 Al8
51.6 2.58 3.26 B18
53.8 2.57 3.28 AB18
54.1 2.51 3.35 A20
53.1 2.59 3.25 B20
55.7 2.58 3.26 AB20

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18
kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment
before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline
treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching treatment, AB20: Cellulose
extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and WS: walnut shell.

3-4- Evaluation of thermal

properties

In the comparison of thermogravimetric curves
(Figure 3), three degradation stages were
observed during the analysis of cellulose
samples. Initial weight loss was observed for all
samples at less than 150 degrees Celsius. This
initial weight loss is related to the evaporation of
moisture caused by the absorbed water in the
samples [30]. This stage is a small peak on the left
side of the differential thermogravimetric (DTG)

12. Differential thermogravimetric

23

curve.’It is seen (Figure B3). Also, observing
this peak in the DTG curves with the results of
the presence of absorbed water in the region of
cm? 1641 FTIR curves are consistent. In the
range of 30-100 degrees Celsius, which is related
to the loss of moisture, the difference observed in
the sample not treated with plasma and the treated
sample is most likely related to free oxygen and
weak hydrogen bonds in the fibers treated with
plasma, compared to cellulose. Untreated, they
react faster [20].
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Fig 3 (A) TGA and (B) DTG of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline
treatment, B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose
extracted by 18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV
plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before
bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching
treatment, and WS: walnut shell

The main weight loss in the samples occurred in
the temperature range of 250 to 370 degrees
Celsius. In this stage, decarboxylation,
depolymerization and destruction of cellulose
units occur along with the formation of charcoal
[31]. As can be seen, after the temperature of the
start of destruction in this stage (Tonset), the
behavior of treated and untreated fibers was not
significantly different until the final thermal
decomposition, because the part under the
influence of plasma, which includes free oxygen
on the surface of the fibers, reacts faster than the
cellulose structure, therefore, the thermal
decomposition behavior is higher than the
temperature Tonset It remains unchanged [20].

The thermal degradation of the samples
continued with a slight slope after 400 degrees
Celsius and only a little thermal decomposition
was observed after this temperature, which can be
due to the higher carbonization of the
polysaccharide chains produced by the breaking
of C-H and C-C bonds and the breaking of the
remaining coal into gaseous compounds. with
low molecular weight [32,30]. This stage
progressed faster in the control cellulose sample
than in other samples, which seems to be related
to the remaining impurities such as hemicellulose
and lignin in this sample compared to other
samples [33]. The thermal behavior of
hemicellulose, cellulose and lignin  was
investigated in studies and it was stated that the
thermal degradation of hemicellulose, cellulose
and lignin occurs in the temperature range of 210-
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325, 310-400 and 160-900 degrees Celsius
respectively [34]. As can be seen in the DTG
curves (Figure B3), in the extracted samples, the
degradation occurred in only one step from the
temperature of 250 degrees Celsius to 370
degrees Celsius, and the maximum weight loss
was observed at the temperature of 335 degrees.
This temperature range is within the reported
degradation temperature range. It is the
destruction of cellulose that has been reported in
other studies [35].

5-3- Investigating the
microstructure of extracted
cellulose

In order to better understand the effect of plasma
treatment on the samples, the images obtained
from the scanning electron microscope are shown
in Figure 4 with a magnification of 10000. As can
be seen in the figure, walnut bark shows a
compact and lumpy structure, which indicates
fibrous bundles together with non-fibrous
compounds (hemicellulose and lignin) and waxes
and  other  protective  compounds in
lignocellulosic materials that form a thick outer
layer [27 , 36].

Based on Figure 4, the cellulose fibers were well
separated from the compressed structure of the
walnut skin before being affected by cold plasma,
and the surface of these cellulose fibers after
removing the impurities shows a smooth structure
without unevenness. After the plasma treatment,
the samples first swelled, then holes were created
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on the surface of the fibers and unevenness was
created in some parts of the fiber, and the number
of these holes increased by increasing the plasma
voltage from 18 kV to 20 kV and increasing the
number of times of plasma treatment. These
chemical engravings are due to the collision of
reactive species created in the plasma, which
causes more hydrogen bonds to break in the
cellulose fiber structure and destroy the cellulose
structure, and also causes more impurities to be
removed [37, 38]. The sample treated with 18 kV
plasma before the alkaline treatment stage did not
have severe changes compared to the control
sample, and only some fiber swelling and
WS o

Y e

roughness can be seen on the surface of the fibers.
According to Table 4, the average diameter of the
fibers was affected by the applied treatment (p <
0.05) and the average diameter of the fibers in the
sample treated with 18 kV plasma before the
alkaline stage increased compared to the control
sample. This increase in diameter can be due to
swelling of fibers. The changes in the sample
treated under 18 kV plasma before the dyeing
stage were more severe, so that the fibers became
more swollen and some cracks and layering were
observed on the surface of some fibers in the

cellulose microfibers.

Fig 4 FE-SEM images of Control, A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment,
B18: Cellulose extracted by 18 kV plasma pretreatment before bleaching treatment, AB18: Cellulose extracted by
18 kV plasma pretreatment before alkaline and bleaching treatment, A20: Cellulose extracted by 20 kV plasma
pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV plasma pretreatment before bleaching
treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and bleaching treatment, and
WS: walnut shell.
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This cracking and layering caused the average
diameter of the fibers to decrease to 0.52 + 0.11
micrometers. Observing these changes in the
sample treated before dyeing compared to the
sample treated before alkaline treatment is
probably due to the fact that in this sample the
impurities were removed before plasma treatment
and as a result the plasma reactive species had a
more direct effect on cellulose fibers. . After
applying two stages of 18 kV plasma treatment
during extraction, the degree of layering and
separation of the strands from each other

increased and as shown in Figure 4, the level of
unevenness on the fiber surface decreased, which
could be due to the separation of strands and
layers from the surface. fiber, and the average
diameter of fibers showed a significant decrease
t0 0.34 = 0.17 micrometers (Table 4).

In the samples treated with 18 kV, carvings are
observed in their surface layers, which appear as
flaking at first, and with an increase in voltage
and the number of times of exposure to plasma,
the layers are almost completely removed due to
more breakage in the bonds. be.

Table 4 Average diameter of walnut shell fibers and cellulose extracted by plasma pretreatment

The average diameter of fibers (um) Sample
3.38+1.154 WS
0.81+0.10 B¢ Control
0.98+0.25°8 Al8
0.52+0.11¢P B18
0.34+0.17 °F AB18
0.41+0.09 °F A20
0.26 +0.10 °F B20

0.08 £ 0.01 AND AB20

Various letters in each column show significant differences among mean values (p<0.05).

A18: Cellulose extracted by 18 kV plasma pretreatment before alkaline treatment, B18: Cellulose extracted by 18 kV plasma
pretreatment before bleaching treatment, AB18: Cellulose extracted by 18 kV plasma pretreatment before alkaline and bleaching
treatment, A20: Cellulose extracted by 20 kV plasma pretreatment before alkaline treatment, B20: Cellulose extracted by 20 kV

plasma pretreatment before bleaching treatment, AB20: Cellulose extracted by 20 kV plasma pretreatment before alkaline and

bleaching treatment, and WS: walnut shell.

In the sample treated under 20 kV plasma before
the dyeing stage, holes are created on the surface
of the fibers and the separation of fibers and the
failure of the bonds are clear in this sample. In the
sample that was subjected to two stages of 20 kV
treatment, the separation of the connections and
the failure of the connections caused the complete
breakdown of the cellulose microfibrils into the
nanocellulosic strands that make up them. As can
be seen in Table 4, two stages of 20 kV treatment
resulted in fibers with an average diameter of 80
+ 0.01 nm. The results show that increasing the
voltage from 18 to 20 kV has a great effect on the
microstructure of the surface and the voltage
change in a certain range is very sensitive. These
results confirmed the results of Defaris et al.
(2017) in investigating the effect of plasma on
coconut fiber [38]. In the study of Bundelska et
al. (2014) in the treatment of sugarcane bagasse
fibers under the effect of microwave plasma in a
period of 2 minutes, it was observed that the
surface of the treated samples cracked
significantly due to the effects of active species
from the plasma and holes appeared on the
surface. By increasing the treatment time to 5

18

minutes, layering and tearing of fibers were
observed [39].

4 - Conclusion

In this study, the effect of non-thermal plasma
pretreatment on the efficiency of cellulose
extraction and the characteristics of cellulose
extracted from walnut bark was investigated.
Based on the obtained results, atmospheric cold
plasma, as a process with partially ionized gas
phase, creates a chemically rich environment that
causes chemical and physical changes in the
structure of lignocellulose. The results showed
that the plasma treatment is able to break the
connections and bonds in the lignocellulosic
structures, and this facilitates the dyeing and de-
lignin reactions, and therefore has the ability to
increase the purity of cellulose. The change in the
intensity of the bands related to FTIR along with
the analysis of the chemical composition of
cellulose showed that the use of cold plasma in
combination with alkaline chemical treatments
and dyeing not only effectively reduced the
amount of hemicellulose and lignin impurities.
Electron microscope images showed that due to
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surface bombardment by reactive species
resulting from plasma and surface wear
mechanism, at lower voltage (18 kV) and less
number of plasma treatments, swelling, scratches
and unevenness were created on the surface of the
fibers and with increasing voltage At 20 kV and
increasing the number of times of plasma
treatment, the amount of scratches and
unevenness increased and ultimately led to more
breakage of connections and cellulose fiber
decomposition,  reducing the  extraction
efficiency. Also, plasma treatment decreased the
crystallinity of the samples. The results of this
study showed that increasing the voltage from 18
to 20 kV has a great effect on the characteristics
of extracted cellulose, so that by increasing the
plasma voltage to 20 kV and applying it in both
stages before alkaline treatment and before
dyeing, nanofibers Cellulose with a diameter of
80 nm was obtained. Since a combination of
chemical acid treatments with other mechanical
treatments is used to prepare cellulose nanofibers,
and in this study, cellulose nanofibers were
obtained without using acidic chemicals and only
by non-thermal plasma treatment, so it can be said
that this process is a method It is effective and
environmentally friendly in the preparation of
cellulose nanofibers.
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