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Abstract

There has been a growing emphasis placed on the development
of environmentally friendly methods for extracting cellulose from
natural sources over the course of the past several years. Waste
olive wood is a resource that is both abundant and sustainable, and
it has the potential to be utilized for the extraction of cellulose through
the utilization of a microwave assisted extraction (MAE) technique
that is also environmentally friendly. Obtaining cellulose from waste
olive wood in a manner that is both environmentally acceptable and
effective through the utilization of alkali as a primary component is
the purpose of this effort, which aims to develop an MAE process.
The extraction process was carried out at 90°C and 100°C for 20
minutes. Where the maximum amount of cellulose obtained yield
of 48.64% at 100°C, and the crystallinity index was found to be
62.58%. The microwave with alkali was able to successfully remove
the cellulose from waste olive wood, as demonstrated by the
scanning electron microscopy (SEM) image, the Fourier transform
infrared (FT-IR) analysis, and the thermogravimetric analysis (TGA).
In compared to more traditional extraction methods, microwave
technology has significantly reduced the amount of time required
for extraction as well as the amount of energy that is consumed. As
a result, the process has become more environmentally friendly and
efficient. The cellulose that has been extracted has the potential to
be utilized in a variety of industries, such as the textile industry, the
packaging industry, and the biomedical industry. The findings of this
study indicate that it is feasible to obtain cellulose of superior quality
from olive wood that has been discarded.
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Introduction

Cellulose is the most common biopolymer on Earth and is very
important in many industries, such as textiles, paper, medicines, and
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biofuels. Cellulose is a nearly limitless polymeric raw material since
it is the most abundant component in most plants. The availability,
renewability and biodegradability of this material, as well as its low
cost, are the major benefits, but it has two major drawbacks when
compared to synthetic polymers: high hygroscopicity, owing to
hydroxyl groups, and limited processing due to rapid disintegration
[1,2]. Cellulose can be derived from a variety of natural sources,
including wood (which is classified as lignocellulosic biomass),
agricultural trash, cotton, flax, hemp, sisal, and vegetable leftovers in
particular. Wood pulp is the most widely used raw material for the
processing of cellulose, particularly for the production of paper and
cardboard [3]. It is commonly known that cellulose, extracted from
spruce, pine, and other plants, is used to make viscose, lyocell, modal,
cellulose acetate, and cellulose triacetate. The main industrial uses of
cellulose derivatives are cellulose esters and ethers, which are used in
molding, extrusion, and films and in construction materials, food,
personal care items, paints, and pharmaceuticals. This form of cellulose
was difficult to prepare and use in biodegradable plastic sheets until
solvent methods were developed. Plasticization and mixing with other
polymers change cellulose’s mechanical and chemical properties [4].
Cellulose fibers and derivatives are utilized to manufacture biopolymer
composite fillers and matrices. Recent biocomposite research has
replaced petroleum-based polymers (PE and PP) with biopolymers
like cellulose and starch, and glass fibers with cellulose [5]. Therefore,
it became necessary to identify appropriate uses for the leftover
olive wood coming from damaged trees. Olive tree pruning (OTP)
biomass contains cellulose, hemicelluloses, lignin, extractives, and
ash like other lignocellulosic biomasses. The chemical composition
of OTP biomass depends on tree age, soil type, and climate. These
biomaterials have several uses due to their characteristics. As is
known, cellulose can be harvested and used to make biodegradable
polymers, textiles, and paper. However, current cellulose extraction
methods involve harmful chemicals and high temperatures, polluting
the environment [6].

The conventional cellulose extraction procedure involves a 4--6-
hour alkaline treatment (NaOH/KOH) and a 1--2-hour bleaching
(NaCIO/NaOCl,). As hemicelluloses bound to cellulose are separated
during bleaching, the result is whiter. An alkaline procedure that
entirely breaks down lignin is usually best bleached with acidified
sodium chlorite (NaClO,) [7]. In addition to the conventional way of
heating, microwave heating is an additional method that can speed up
chemical reactions. This is achieved by the item that is being heated
by microwaves coming into direct contact with the electromagnetic
field that is being used. This results in a heating process that is
both faster and more volumetric than that of conventional heating
methods. In addition to this, it provides further advantages, such as
improved selectivity and homogeneity, while simultaneously using
less energy for the processing of biomass [8]. Microwave-assisted
alkaline action and decolorization cause cellulose to swell, as well
as the breakdown of hemicellulose, lignin, and a variety of non-
cellulosic and non-crystalline impurities that are present in olive
wood. Chemical treatments that are supported by microwaves,
such as bleaching and alkali treatment, bring about a reduction in
the quantities of hemicellulose and lignin, which ultimately leads
to an increase in crystallinity and an improvement in thermal
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properties. The utilization of microwave irradiation in conjunction
with alkali treatment has the potential to quickly accelerate the
chemical reactions that are responsible for the removal of lignin
and the degradation of hemicellulose [9]. Microwave heating raises
molecules’ temperatures quickly by electric dipole movement and
ion conductivity. Microwaving works by rapidly moving hydrophilic
molecules, which collide to generate heat. Higher power levels
increase energy and temperature, which damages fibers and degrades
lignin [10].

Due to its vast natural sources and unique microstructure and
characteristics, cellulose has great promise for food packaging.
However, the cellulose network’s complex hydrogen connections
between and within molecules make dissolving and processing
difficult. Many eco-friendly solvents have been developed to address
this issue. Cellulose-based food packaging films made with these
new solvent solutions have excellent mechanical properties and
barrier properties [11,12]. The current research was conducted with
the intention of isolating cellulose from waste olive wood tree by
means of a chemically applied microwave treatment. In addition, the
investigation encompassed the technological-functional qualities and
characterization of the recovered cellulose.

Experimental
Materials and Methods
Raw materials

The waste olive wood came from Puglia, Italy, where “Xylella”
bacterium killed olive trees.

The collected wood was initially cut into small pieces in a local
factory. The wood was ground using a milling machine (Retsch, Type
ZM 100, F.Kurt Retsch GmbH & Co. KG, Germany) to achieve a
particle size of 0.25 mm and preserve in airtight polyethylene bags at
room temperature until ready for use.

The chemicals utilized in the experiment were analytical grade
and used without undergoing any prior purification. These chemicals
include sodium hydroxide pellets (= 98.00%, Honeywell/Fluka,
Germany), sodium chlorite (80.00%, Honeywell/Fluka, Germany),
sulfuric acid (95-97%, Honeywell/Fluka, Germany), and acetic acid
(= 99.80%, Honeywell/Fluka, Germany).

Method
Alkaline treatment

The olive wood powder was first subjected to treatment in
NaOH alkaline solution (7% w/v) by using a microwave with open
vessel configuration in a round bottom flask. The waste OWP was
approximately 1.50 grams and placed into the sealed flask. The
reaction was conducted for 20 minutes at temperature of 90°C
and 100°C, where the temperature was increased in 10°C/min.
The maximum operating power of the microwave was 200 W.
The duration was constant for both extraction techniques. After
the extraction procedure, the vessel was cooled down to a lower
temperature. The extracted components were passed through a glass
microfiber filter (MFV3; filter lab) to separate the solid component.
The remaining liquid (black liquor), was further separated to collect
the lignin. The solid component underwent three rounds of washing
with distilled water in order to get a neutral pH level. The material was
thereafter subjected to dehydration in a 60°C oven for a period of 24
hours, followed by storage at room temperature for the subsequent
procedures. Figure 1 shows the Scheme for the MAE of cellulose
using alkali [Figure 1].

Bleaching Treatment

The alkaline treated samples were subjected to bleaching using
1.5% (w/v) sodium chlorite and 0.5% (w/v) acetic acid in a microwave.
The pH of the solution was adjusted to a range 4-5 by using acetic
acid. The reaction mixture was exposed to microwave irradiation at
70°C for 15 min, using a maximum power of 200 W. At the end of

Microwave closed vessel

Raw powder

Carbohydrate rich content

Bleaching

Cellulose

Filter

Figure 1: Scheme for the MAE process for cellulose using alkali.
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the irradiation, the resultant solid material was filtered under vacuum
and then washed three times with distilled water until it reached a
neutral pH. The cellulose product was then dried and stored for the
further steps.

Characterization
Scanning electron microscopy (SEM)

The surface profiles of extracted cellulose were assessed using
a JEOL JSM-840 scanning electron microscope (Peabody, MA,
USA) at an acceleration voltage of 5.00 kV. Prior to assessment, the
samples were coated with a coating of gold to enhance their electrical
conductivity. This was achieved using a SCD 004 Balzers sputter
coater (manufactured by Bal Tec. AG, Firstentum, Lichtenstein)
in a vacuum environment. The other samples including lignin were
analyzed by using Zeiss E Evo 40 (Oberkochen, Germany). The
images were recorded at a magnification of 100x.

Fourier transform infra-red (FTIR)

The extracted cellulose and lignin samples were analyzed using a
Bruker Analitik IFS 66 FTIR spectrometer (Ettlingen, Germany) with
an ATR adapter to get ATR-FTIR spectra. The spectra were obtained
by measuring absorbance mode from 4000 to 500 cm’!, using 64 scans
and a resolution of 4 cm™.

X-ray diffraction (XRD)

The X-ray diffraction (XRD) patterns of the extracted cellulose
were determined by using a Bruker (Billerica, MA, USA) D8-Advance
diffractometer. The diffractometer was fitted with a Goebel mirror to
handle samples that are not flat, a high-temperature chamber capable
of achieving temperatures of up to 900°C, a KRISTALLOFLEX K760-
80F X-ray generator with a power output of 3000 W, a voltage range
of 20-60 kV, and a current range of 5-80 mA. The arrangement used
an X-ray tube with a copper anode. The data were collected using Cu-
Ka radiation with a wavelength of 1.5406 A at room temperature. The
scattering angles (20) ranged from 2.5° to 80°, with a step size of 0.05°
per minute. The crystallinity index of cellulose was calculated using
the Segal technique by the following equation:

Crystallinity index (CrI)= I":'TA X 100%

00

Where I, represent the highest intensity of the X-ray diffraction
peak at an angle of 20 = 22-23°,and I represent the lowest intensity
of the peak at an angle of 20 = 18°, which indicates the presence of the

amorphous area.
Thermogravimetric analysis

The TGA/SDTA 851 Mettler Toledo equipment was used to
conduct thermogravimetric analysis (TGA). The dynamic tests were
conducted across a temperature range of 25 to 700°C, with a heating

rate of 10°C/min. Experiments were conducted under nitrogen
atmosphere with a flow rate 50 ml/min. Approximately 3 mg of
sample were used to measure.

Results and Discussion

Cellulose content

The microwave extraction process was carried out at two different
temperatures: 90°C and 100°C. At these temperatures, the yield of
cellulose was obtained 37.34% and 42.36% respectively. The fact that
this is the case shows that there is a positive connection between
temperature and cellulose yield, which means that the quantity of
cellulose yield increases in proportion to the temperature that was
being raised. Following the extraction of cellulose, it was subjected
to bleaching using sodium chlorite at a constant temperature of
70°C for all the samples. The cellulose yield after bleaching was
34.23% and 40.16% at temperatures of 90°C and 100°C, respectively.
There was a little reduction in the quantity of cellulose recovered
post-bleaching, in comparison to the amount collected during the
extraction procedure. One possible explanation for the drop in yield
is that the bleaching process, which involves removing color, residual
lignin and impurities from the extracted cellulose, is responsible for
the reduction in yield [13] [Table 1].

SEM analysis

The SEM micrographs reveal substantial morphological
alterations between the raw olive wood powder and the cellulose
derived from microwave-assisted alkali treatment. Figure (a) shows
that the untreated olive powder has a compact, irregular, and stiff
structure with a reasonably smooth and dense surface. This means
that the cellulose fibers are tightly embedded in the lignin and
hemicellulose matrix of the lignocellulosic biomass. Because of this
continuous matrix, it’s harder to see individual fibrils, and the shape
is less porous [14,15]. In contrast, Figure (b) demonstrates a more
fibrillated, rough, and porous structure after microwave-assisted
alkaline extraction. The breakdown of the compact structure and the
formation oflong fiber bundles and visible microfibrils show thatlignin
and hemicellulose have been effectively removed [16]. Heating with
a microwave makes it easier for alkali to get into the biomass, which
breaks down the cell walls and makes it easier to separate the cellulose
fibers. Similar morphological changes have been documented in the
literature after the alkaline pretreatment of lignocellulosic biomass,
wherein the elimination of non-cellulosic components results in the
exposure of cellulose fibrils and an enhancement of surface roughness
[17]. These changes in structure show that cellulose was successfully
taken out of olive wood powder using microwave-assisted alkaline
treatment [Figure 2].

FTIR analysis

The FTIR spectra of raw olive wood powder and cellulose extracted

Table 1: Cellulose content by using MAE with alkali.

Microwave Extraction Alkali Concentration

Yield (%)

Temp. 90°C
Time: 20 min

Ratio: 1:20
Ramp: 10 min
Temp. 100°C
Time: 20 min

Ratio: 1:20
Ramp: 10 min

7 wt% NaOH (w/v) 37.34

7 wt% NaOH (wiv) 42.36

Solid residue (Cellulose)

Bleaching Cellulose (%)

34.23
Sodium Chlorite: 1.5%
Temp. 70°C
Time: 15 min
40.16
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Figure 2: SEM images of raw powder (a) and MAE cellulose with alkali at 100°C (b).

using microwaves exhibit distinct chemical changes that suggest that
non-cellulosic parts have been removed. The wide absorption band
at 3325 cm™’ is due to the O-H stretching vibration of hydroxyl
groups in cellulose, hemicellulose, and lignin [18,19]. This band gets
a little sharper in the cellulose that was taken out, which means that
the hydrogen bonds in the cellulose structure are stronger after the
surrounding matrix elements have been taken away [20]. The peak
around 2888 cm™ is due to C-H stretching vibrations of aliphatic
groups in polysaccharides [21]. In the raw powder, there is a clear
peak around 1725 cm™. This peak is linked to the C=0O stretching
of acetyl and uronic ester groups found in hemicellulose and the
ester linkages of lignin. The fact that this peak is lower or gone in the
treated sample suggests that hemicellulose was effectively removed
during alkaline microwave treatment [6]. The band at 1590 cm™ is
due to aromatic skeletal vibrations of lignin. Its lower intensity in the
extracted cellulose shows that some of the lignin has been removed
[22,19]. The strong peak at 1025 cm™ is due to the C-O-C and
C-O stretching vibrations of the p-1,4-glycosidic bonds in cellulose
[23,24]. This peak gets stronger following extraction, which shows
that cellulose has been enriched. The band about 889 cm™!, which is
typical of B-glycosidic connections in cellulose, further supports the
idea that the structure of cellulose is still there after treatment [25]
[Figure 3].

XRD analysis

The X-ray diffraction (XRD) pattern reveals clear peaks at 20
values of 16.02°, 22.46°, and 34.84°. These peaks are typical of the
crystalline regions of cellulose I, which is the native crystalline form
of cellulose found in plants [26]. The prominent peak at 22.46°,
which corresponds to the (200) plane, shows that the sample is quite
crystalline. The peaks at 16.02° and 34.84°, on the other hand, relate
to the (110) and (004) planes, respectively [27]. The crystallinity index
was obtained by MAE using the alkali is 62.58%. This effect can be
caused by the greater structural changes caused by microwaves during
cellulose extraction, joined to the presence of some amounts of lignin
and hemicellulose in the cellulose structure, resulting in overall lower
crystallinity [28]. Moreover, microwave with alkali treatment can lead
to the breakage of ester linkage bonds between lignin and polyuronic,
resulting in partial dissolution of the binding material. This process
enhances the exposure of cellulose, subsequently promoting the
crystallization of the treated fibers [29]. The fact that these peaks
are there and crisp means that the cellulose has been successfully
extracted and purified, with most of the amorphous parts, including

—— MW Extracted Cellulose
—— Raw Powder

Absorbance (%)
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Figure 3: FTIR analysis of raw powder and MW extracted cellulose at 100°C.

lignin and hemicellulose, being eliminated during processing. This
XRD pattern matches what has been reported in the literature for
cellulose I, which shows that the extraction and purification process
used worked [30] [Figure 4].

Thermal analysis

The TGA curve shows a minor loss of mass at temperatures
below about 100-120°C. This is because the physically adsorbed
moisture and bound water molecules in the cellulose structure are
evaporating [31]. After this point, the curve stays relatively constant
until about 260-280°C. This means that the cellulose that was taken
out is thermally stable in this range [32]. The principal degradation
stage starts at about 280°C, when the mass drops quickly and sharply.
This continues until about 360-380 °C [33]. This stage is the heat
depolymerization of cellulose, which breaks B-1,4-glycosidic bonds,
causes dehydration processes, and makes volatile compounds such
levoglucosan. The DTA curve has a clear peak at about 340-350°C,
which is the maximum decomposition temperature (Tmax) and
demonstrates the fastest rate of thermal breakdown of the cellulose
backbone [34]. When the temperature goes beyond 400°C, the rate
of weight loss slows down, which means that carbonization and
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Figure 5: TGA (a) and DTG curves (b) of MW extracted cellulose with at 100°C.

the generation of char residue are happening slowly. At 700°C, a
significant portion of residual mass persists, likely due to carbonaceous
char and potential inorganic or mineral residues either from the alkali
extraction process or the initial biomass [35]. In general, the fact that
there is only one primary degradation peak and one distinct main
decomposition zone shows that the sample is mostly cellulose with
little hemicellulose and lignin [26] [Figure 5].

Conclusion

Microwave assisted alkali extraction is a very efficient method for
isolating and improving the quality of cellulose extracted from waste
olive wood powder. In the raw material, the structure was dense and
uneven; however, following extraction, the cellulose fibers were well
separated and fibrillar. This transformation is revealed by the SEM
photographs. The elimination of non-cellulosic components, such
as lignin and hemicellulose, as well as the enrichment of cellulose-
specific functional groups, are both confirmed by FTIR spectra.
Further evidence that these findings are accurate comes from X-ray
diffraction examination, which reveals unique crystalline peaks that

are characteristic of cellulose I and indicate great crystallinity and
purity. Thermal analysis using TGA and DTA demonstrates that
the extracted cellulose is thermally stable. The extracted cellulose
has a sharp breakdown profile, which is typical of purified cellulose,
and extremely little residue, which indicates that there are no
contaminants present. These data, taken as a whole, provide evidence
that the microwave-assisted alkali technique is capable of producing
cellulose that is of a high purity, crystallinity, and thermal stability,
which makes it appropriate for a variety of advanced applications.

Microwave assisted extraction has downsides despite its efficacy.
Uneven heating throughout the sample can reduce extraction
effectiveness and degrade sensitive chemicals. Microwave penetration
depth and the necessity for specialized equipment make scaling MAE
for industrial applications difficult. MAE solvents and reagents may
not work with microwave energy, limiting extraction conditions. The
rapid and intense heating might also produce undesirable byproducts
or partially degrade the target material. These characteristics
emphasize the need of optimizing MAE for cellulose extraction and
other processes.
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