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Abstract
Presently, waste management is the primary focus of scientific inquiry. The recyclable and reusable organic waste are dumbed a 
lot as landfills in the environment and that could be converted into application-oriented polymer reinforcing material. Cellulose 
is a widespread biopolymer that is found in the majority of bio waste materials. The organic waste Citrus x sinensis peel (Cit-
rus × aurantium f. aurantium) is used as a raw material in this research. The waste material was utilized to extract the cellulose 
using optimum chemical conditions such as alkali treatment, acid hydrolysis, and bleaching and purification process. Fourier 
transform spectroscopy was applied to the cellulose to detect the functional groups it contained and indicated progressive removal 
of non-cellulosic constituents. The cellulose that was extracted has a yield percentage of 67.82% and a density of 1.413 g/cm3. 
The differential scanning curve analysis reveals that the temperature of degradation is 308.17 °C. Through the utilisation of ther-
mogravimetric analysis, each phase of thermal activity was studied. According to an X-ray diffraction investigation, cellulose 
has a crystalline size of 9.63 nm and a higher crystallinity index of 72.54 percent exhibiting unique physicochemical properties. 
The Scanning electron microscopy shows the different size and shape of particles oriented with rough surface. Using ImageJ 
software, the other distinguishing characteristics of surface morphology, and particle size analysis are performed. The elemental 
analysis demonstrates the cellulose's organic nature by demonstrating its higher carbon and oxygen content. On the basis of the 
physicochemical characteristics of the celluloses, it could be considered as alternative sources of cellulose for potential value-
added industrial applications and more applicable for the polymer composite reinforcement filler material.
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Introduction

Materials derived from lignocellulosic materials have gar-
nered a lot of attention in the green industry due to the 
fact that they are abundant, relatively inexpensive, and 
favourable to the environment. Agro-industries produce a 
substantial quantity of cellulosic waste; repurposing these 
cellulose-rich by-products can effectively tackle ecologi-
cal and economic issues. The most abundant polysaccha-
ride generated by bacteria and plants in nature is cellulose. 
Celluloses are predominantly derived from conventional 
sources, including wood and cotton. For many years, cellu-
lose and its derivatives have been manufactured from these 
sources for a variety of industrial purposes, including the 
pharmaceutical, textile, and paper sectors. Too much use 
of natural resources makes problems like pollution, lack 
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of water, and bad waste management even worse around 
the world [1, 2]. Due to global resource scarcity, scientists 
will exert considerable effort to develop research meth-
ods that are less detrimental to the environment. This will 
also increase demand for products made from renewable 
materials. There are many places where across the globe, 
approaches integrating 'Waste to Prosperity' and 'Zero-Waste 
Initiative' have been comparatively heavily underscored as 
solutions to the aforementioned challenges [3, 4]. Among 
other nanotechnology-focused activities, material science 
research for the new development of bio composites is at 
the front of such activities in an effort to realise a sustain-
able society [5, 6]. For the sake of sustainable development, 
numerous researchers and scientists are being encouraged 
to recycle these types of garbage in order to lessen their 
harmful effects [7, 8]. These materials possess the capacity 
to be utilized in numerous value-added products once they 
have been appropriately treated or recycled, as opposed to 
being discarded or underutilized [9, 10]. The quantities and 
characteristics of microcrystalline cellulose are depending 
upon the extraction method, the place of origin, and the lon-
gevity of the natural substance. As a biopolymer, cellulose is 
very good at absorbing metals, synthetic colours, pesticides, 
carbon dioxide, and other organic and inorganic pollutants 
because it has reactive hydroxyl groups in its structure [11, 
12]. In addition to crystalline and amorphous areas, cellu-
lose is made up of a straight line of anhydro glucose mono-
saccharide units. 1,4-βlinkages connect these parts to each 
other [13, 14]. It is very hard to get cellulose out of a plant 
cell wall that would be tightly wrapped inside the plant or 
from a different source. Mechanical and chemical processes 
are widely employed in the process of cellulose breakdown. 
Frequently, these sources consist of trace elements, cellu-
lose, hemicellulose, lignin, and extractives. The curving-
oriented cellulose serves as a reinforcing component within 
the cell walls, which are composed of a soft lignocelluloses 
and lignin matrix. Pure cellulose is produced through an 
efficient elimination procedure of hemicellulose, lignin, 
and other contaminants [15]. Environmental protection is 
promoted through the use of eco-friendly materials, which 
disintegrate rapidly in the environment [16]. As a result, the 
quantity of goods manufactured using renewable resources 
has increased significantly during the past several years. 
Different sources of cellulose have led to the creation of 
different types of cellulose particles, like micro-nano cel-
lulose and fiber. A homopolymer of carbohydrates linked 
together with both amorphous and crystallised areas like 
lignin, polysaccharide, and cellulose. An estimated one-
third of agro-industrial waste is composed of bio material, 
which is an extractive combination of hemicellulose and 
lignin [17]. Various techniques for chemical, mechanical, 
and biological isolation can induce alterations in the poly-
mer's size and shape. So, different types of the polymer can 

be separated, such as cellulose fiber, nanocrystals cellulose, 
microcrystalline cellulose, and microbial cellulose nanocrys-
tals. Microcrystalline cellulose finds many applications in 
the paint and powder coating industry, cosmetics and tooth-
paste, food, welding electrodes, ceramics and sanitary ware, 
pill excipients, and textiles, among others, on account of its 
size and shape [18, 19]. As a reinforcing agent in composite 
materials, microcrystalline cellulose has gathered particu-
lar interest due to its potential advantages, which include 
insolubility in water, compatibility with materials, biodegra-
dability, renewability, and a large surface area that promotes 
stronger resin bonds and optical transparency [20–22]. As a 
consequence of environmental consciousness and the circu-
lar economy, certain articles have included vegetable waste 
in its whole into starch matrices in an effort to enhance the 
qualities of starch composites. Orange peel (OP) is a particu-
larly promising byproduct among whole vegetable discards, 
given that orange is the most plentiful fruit crop globally. 
Thousands of bio waste such as peels and other debris (pulp, 
seeds, damaged fruit, or fruit that does not satisfy quality 
standards) generated during the processing of citrus fruits 
and are typically classified as agro-industrial waste. Sweet 
oranges (Citrus x sinensis) comprise around 70% of the over-
all production and consumption of citrus fruits [23]. Annu-
ally, their processing generates around 16 million tonnes 
of waste, or approximately 30–40 percent of the fruit by 
weight. Sixty to sixty-five percent of this waste consists of 
peel, whereas thirty to thirty-five percent comprises pulp and 
seeds. Ignoring to treat these waste materials typically leads 
to their disposal without any practical repurposing, hence 
contributing substantially to environmental contamination. 
For this reason, the peel of the orange fruit is utilised in 
our research. The waste was enormously available and rich 
source of cellulosic material and easy to extract. Orange peel 
is formally referred to as citrus x sinensis and is classified 
within the botanical family Rutaceae [24]. Monomers from 
cellulose are the simplest natural polymers to produce. Some 
researchers used pyrolysis, thermal pre-treatment, thermal 
decomposition, ammonia fibre detonation, carbon dioxide 
eruption, and other methods to treat lignocellulosic materi-
als before they were used [25]. The cellulose content of the 
orange hybrid between pomelo (Citrus maxima) and manda-
rin (Citrus reticulata), and sweet oranges (Citrus x sinensis) 
that was isolated in this investigation through the utilisation 
of chemical processes including alkali treatment, acid treat-
ment, and bleaching. To describe the extracted cellulose in 
this study, FT-IR spectroscopy, X-ray diffraction, scanning 
electron microscopy, atomic force microscopy, particle sizer 
analysis, and UV analysis were all used. The objective of 
this study was to investigate alternative cellulose sources 
from the aforementioned plant byproducts through char-
acterization of their physicochemical properties for poten-
tial industrial applications with added value, using simple, 



Journal of Polymer Research (2024) 31:105 Page 3 of 16 105

chlorine-free, and environmentally friendly extraction meth-
ods. The objective of this study was to investigate alternative 
cellulose sources from the aforementioned fruit byproducts 
through characterization of their physicochemical proper-
ties for potential industrial applications with added value, 
using simple, chlorine-free, and environmentally friendly 
extraction methods. As far as our knowledge extends, there 
are currently no reports pertaining to the extraction of MCC 
from biomass derived from orange peel fruit waste. The pri-
mary aim of this study is to isolate and analyse the MCC 
compound present in the peel of Citrus x sinensis (CSP).

Materials and method of extraction

Materials required

The orange peel was obtained from the oranges that were 
thrown after undergoing the juicing process by an adjacent 
restaurant in Tamil Nadu, India. Orange peel was crushed 
and oven-dried for four days at 50  °C. Suja Chemicals 
Nagercoil supplied the necessary chemicals, including 
hydrogen peroxide (bleaching), hydrochloric acid (for acid 
hydrolysis), and sodium hydroxide (for delignification).

Method of extraction

The extraction procedure of orange peel cellulose was 
illustrated in Fig. 1. The orange peel that was gathered 
was rinsed with water before being exposed to sunlight 
for a duration of 12 h in order to eliminate any residual 
moisture [26]. About 50 g of the de moisturized peel were 
placed in a 250 ml beaker and subjected to 6 h of heating 

at the rate of 50 °C with 40% 1:5 (w/v) sodium hydroxide. 
After allowing the solution to cool, any surplus lignin or 
amylopectin was eliminated by filtering the liquor. Fol-
lowing filtration, the remaining bulk residue was acid 
hydrolysed with 50% 1:3 (v/v) hydrochloric acid that was 
extremely potent for 2 h. The solution containing non cel-
lulosic components were filtered and separated. Follow-
ing this, the filtered residue obtained was washed with 
water to remove the acid content. The acquired mass was 
subsequently bleached with a mildly hazardous bleach-
ing chemical known as 40% hydrogen peroxide [27]. The 
final product, cellulose with a white kind, was then dried 
in an oven preheated to 60 °C for an hour after a thorough 
rinsing with water. After being powdered with a ball mill, 
the dried cellulose was thereafter placed in a desiccator to 
avoid impurity and moisture contractions.

Characterization of cellulose

FT‑IR analysis

In order to do FTIR analysis, the measurements were exe-
cuted using a Nicolet 6700 spectrometer in wavelength 
region, with a fine resolution 4  cm−1.The spectrometer 
has a range of 500 to 4000  cm−1, at a resolution of 4  cm−1. 
FTIR spectra were obtained following the process of pel-
letizing with KBr so as to illuminate the modifications that 
took place in the functional groups [28, 29]. The vibra-
tional peaks observed in the ensuing spectra are attribut-
able to the stretching of various chemical bonds associated 
with particular functional groups.

Fig. 1  Extraction of cellulose 
from citrus x sinensis peel cel-
lulose
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Physical and chemical analysis

It was possible to figure out the density, weight reduction %, 
and yield proportion of the cellulose samples [30]. The follow-
ing formula was used to sort out the weight loss percent for the 
chemically processed CSPC:

where  X1 = initial weight of orange peel and  X2 = The ulti-
mate mass of the treated CSPC generated subsequent to the 
finish line of all phases. Additionally, the cellulose percent-
age of the CSPC that was separated following chemical 
treatment was documented as a crucial organic property. 
The percentage of yield was computed utilising the below 
equation:

where  W2 and  W1 are the weight of CSP cellulose and 
weight of orange peel respectively [31].

X‑Ray diffraction analysis

A study was undertaken to ascertain the degree of crystal-
linity shown by cellulose by the utilisation of X-ray diffrac-
tion (XRD). This analysis was carried out with a PW3040/60 
X'Pert analyser (United Kingdom) with CU-Kα radiation 
(λ = 0.154056 nm). The current passing through the filament 
was 30 mA, while the voltage at which it operated was 40 kV. 
Using a step size of 0.02°, the samples were tested in the inter-
val of 5° to 30° of 2θ [32]. In the subsequent step, the crys-
tallinity index was determined by employing the origin pro 
software. In a similar manner, the measurement of crystallite 
size was carried out by means of Scherer's Eq. (4), wherein 
the symbol CS represents the size of the crystallite in nano-
metres, K represents Scherer's constant, which is 0.89, λ and 
β represent the wavelength and full-width at half-maximum of 
peak, and θ represents Bragg's inclination (o). The crystalline 
peak area value that was received from the Origin Pro 2021 
programme was utilised in the calculation of the crystallinity 
index of the sample [33].

The average crystallite size (nm) in the plane perpendicu-
lar to the lattice plane was calculated utilising the Scherrer 
equation.

(1)Weight loss % =
X
1
− X

2

X
2

× 100

(2)Yield % =
W

2

W
1

× 100

(3)

Crystallinity index % =
crystalline peak

crystalline peak + amorphous area
× 100

(4)Crystalline size (CS) =
k�

�cos�

Surface morphology, elemental analysis, 
and particle size analysis

The CSPC scanning electron microscopy (SEM) and 
energy dispersive x-rays (EDX) procedures were executed 
utilising a Hitachi S-3400N SEM that had EDX capabili-
ties. An accelerating voltage of 15 kV was utilised for 
either procedure. Before the specimen was analysed, the 
sputtering gold coating was applied to it in place to avert 
charging from occurring [34]. The exterior properties 
as roughness/smoothness, existence of voids, and other 
unwanted particles were examined to illuminate the adhe-
sion and interfacial bonding property of the CSP MCC. 
EDX analysis, which was carried out at a magnification of 
one thousand times, was utilised in order to ascertain the 
element composition of the samples. The determination 
of the size of particles of CSP cellulose was eventually 
accomplished by the usage of the ImageJ software [35].

Thermal analysis

Using a TGA (Diamond TGA/DTA Perkin Elmer) instru-
ment, the measurement of the cellulose sample was per-
formed at a heating rate of 10 °C/min under a nitrogen 
atmosphere (20 ml/min) [36]. After obtaining a sample 
weight of 9.833 mg, the sample was stored in a desiccator 
until it was weighed. The cellulose sample was subjected 
to TGA analysis in order to study the characteristics of 
degradation that were present in the sample. First, the 
sample was maintained at a temperature of 40 °C. It was 
then heated at a rate of ten degrees Celsius per minute, 
with temperatures ranging from four hundred to one thou-
sand degrees Celsius. In order to obtain a more precise 
temperature data from the thermostat and to gain an even 
more precise result from the thermocouple, a progressive 
heating rate was chosen as the method of heating [37].

UV analysis

The UV–vis analyzer (V-530, Jusco, Japan) data was utilised 
in order to ascertain the UV absorption patterns of the cel-
lulose. The experiment was carried out with temperatures 
ranging from 30 to 320 degrees Celsius, 350 watts of electric-
ity, and an amplitude of 60 Hz. For the purpose of powering 
the machine, a frequency of 20,000 Hz was utilised. In order 
to produce a liquid sample, two grammes of CSPC are dis-
solved in a suitable solvent at a weight-to-volume ratio of 1:3. 
The components that have not yet dissolved are filtered, and 
the liquid that is produced as a result is placed in the sample 
container so that the values can be measured [38].
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Atomic force microscopic analysis

The surface adhesion properties were assessed using scan-
ning electron microscopy (SEM); yet, atomic force micros-
copy provides more accurate findings, especially in the 
absence of topographical investigation (AFM). In the course 
of this research, high-resolution observations were carried 
out in 2D and 3D at a granularity of 0.1 nm utilising a Park 
XE-100 atomic force microscope [39]. This study identi-
fied the important roughness characteristics, including the 
root mean square roughness  (Rrms), average surface rough-
ness  (Ra), roughness skewness  (Rsk), and roughness kurtosis 
 (Rku), as well as the 10-point average surface roughness  (Rz) 
and maximum peak-to-valley height  (Rt).

Result and discussion

FT‑IR spectroscopy analysis

A presentation of the findings obtained from the Fourier 
transform spectroscopy can be described in Fig.  2. On 
the basis of the results, the functional groups contained 
in CSP cellulose may be identified. The band that may be 
found at 3332.09  cm−1 is caused by the presence of OH 
stretching [40]. In order to determine whether or not phe-
nols, alcohols, and polysaccharides are present, hydroxyl 
groups might be utilised as a stand-in for these substances. 
C-H stretching is responsible for the tiny peak that can 
be found at 2892.34  cm−1 [41]. The weak band observed 
at a wavenumber of 2892.34  cm−1 can be ascribed to the 
asymmetric stretching vibration of CH present in lignin, 
hemicellulose, and every glucose unit of cellulose. At a 
frequency of 1618.35  cm−1, a significant peak is produced 

by the C = C vibrations of alkenes. In the frequency range 
of 1029.69  cm−1, the high and abrupt peak is the result of 
C–O–C stretching [38]. The stretching frequency of the 
 CH2 group is responsible for the peak that can be found 
at 1385.74  cm−1. Additionally, this is a result of the CH 
and C-O groups of the pyranose ring in cellulose undergo-
ing in-plane bending vibrations. The absorbance bands at 
1032.81  cm−1 and 3332.09  cm−1 are attributable, respec-
tively, to the C–O–C stretching brought about by the pyra-
nose ring and the O–H straining brought about by the 
hydroxyl groups [42]. The elongation of cellulose signifies 
the presence of a pyranose ring and C–O–C bonds, which 
contribute to its structural integrity [43]. The observed 
increase in peak intensity at 1032.81  cm−1 indicates that the 
chemical treatments have led to a corresponding rise in the 
cellulose content of the material. The structure of cellulose 
can be understood through the utilisation of these functional 
characteristics. It was not possible to identify the functional 
groups of hemicellulose (esteric) and lignin (C = O) in the 
CSP cellulose examination results. The result of the chemi-
cal separation was cellulose in its purest form. Different 
studies also reported similar findings, demonstrating that 
non-cellulosic components might be removed under various 
treatment conditions.

Physical and chemical analysis

CSP cellulose obtained from the plant byproducts was odour-
less and white in appearance. A density of 1.413 g/cm3 was 
discovered for the CSP cellulose. According to the results of 
the calculation using Eq. (1), the cellulose yield is 67.82%. 
Then, there is responsible weight loss occur due to the elimi-
nation of lignin (12.8%), wax, and minerals (4.2%), and 
bleaching process residue(13.5%) [44]. A tabular representa-
tion of the yield percentage and density of microcrystalline 
cellulose can be seen in Table 1. According to the table, the 
literature on cellulose recovered from tea trash only produced 
30.54% cellulose, and the density was found to be 1.324 g/
cm3 [45]. The yield percentage in our study is notably high 
in comparison to other resources, including cotton (80.08%), 
banana peel cellulose (59.18%), borrasus flabellifer flower 
cellulose (59.1%), and pineapple leaf (70.9%) [46]. The use of 
such a high proportion of waste material is mostly for applica-
tion purposes. The chemdraw programme was employed to 
depict the cellulose structure, which is seen in Fig. 3. The 
structure exhibits the presence of 1,4 β- glucopyranose links 
and an excessive number of OH groups.

X‑ray diffraction analysis

Figure 4 depicts the outcomes derived from the X-ray analy-
sis results of the CSP cellulose sample. The process of cellu-
lose crystallisation is promoted by intramolecular hydrogen Fig. 2  FT-IR analysis of CSP cellulose
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bonds maintained in place by a weak Vander Waals force 
[63]. Variable-intensity diffractograms were discernible 
within the angles 2θ = 15°–30°. A significant number of 
ranges characterised by intense peaks also possess a high 
crystallinity index. Crystallinity of the sample was deter-
mined by the crystalline peaks at 15.01 and 22.06, which 
corresponded to lattice planes of 1 1 0 and 2 0 0, respectively 
[64]. In the interplane space of the cellulose lattice is the 
amorphous area [65]. Numerous investigations have estab-
lished that the majority of cellulose materials exhibit a sim-
ple three crystalline peaks. The determination of the crys-
tallinity index of the cellulose is accomplished by the peak 

technique. The origin programme was utilised to record the 
overall area and the area of crystalline peaks [66]. Equation 
(3) was employed to determine the crystallinity index, which 
yielded a value of 72.54%. The crystalline size of 9.63 nm 
was calculated using Eq. (4). Table 2 presents the crystal-
linity index of a selection of cellulose materials. Compared 
to other celluloses, corn cob cellulose has a lower crystal-
linity index (49.58%), as indicated in the table of literature 
[67]. The crystallinity index of the cellulose extracted from 
brown algae (74.23%), sugarcane baggase (70.64%), olive 
fibre (74.2%), manau rattan (72.42%), saccharum sponta-
neum (74.06%), and alfa fibre(73.63%) is average with the 

Table 1  Density and yield % of 
cellulose samples from various 
sources

Sl. No. Sources Yield
(wt.%)

Density
(g/cm3)

Cellulose (%) Reference

Sugarcane bagasse 39.05 - 77.16 [47]
Borassus flabellifer flower
flower

59% 0.36 73.2 [48]

TSMCC 44.15 1.561 90.57 [49]
Azadirachta indica A. Juss 68.73 ± 1.13 1.59 96.53 [50]
Saccharum spontaneum 83 - 83.33 ± 0.47 [51]
Date palm seeds - - 97.3 [52]
Coffee hull 35.05 - 79.9 ± 0.46 [34]
Soybean hulls - - 83.78 ± 1.90 [53]
Pineapple leaf 70.9–81 - 85.53 ± 2.3 [54]
Millet 65–70 - 85.2 ± 1.9 [55]
Peanut oil cake - 1.58 82.3 [56]
Rice straw 66.2–64.7 71.2 [57]
Rice husks 86 - 91.92 [58]
Walnut shell 35.36 ± 1.14 - 79.24 ± 2.51 [59]
Napier grass 52 - 93.5 [60]
Ficus leaf 55 - 90.6 [61]
Corncob 27.24 ± 2.63 - 83.13 ± 2.63 [62]
Citrus x sinensis 67.82 1.413 70 This study

Fig. 3  Chemical structure of 
CSP cellulose
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cellulose extracted from orange peel. The crystallinity index 
is high for the tea waste (81%), rice straw (82.4%), waste 
cotton fabrics (85.32%), and fodder grass (80%). The higher 
crystallinity index may be due to the type of acid used for the 
microcrystalline cellulose extraction process. In a literature 
of waste cotton fabric, the acid utilised is nitric acid and 
hence the crystallinity is higher than others that are extracted 
using mild acids such as hydrochloric acid and acetic acid. In 
our study hydrochloric acid is used however, the crystallinity 

Fig. 4  X-Ray diffraction analysis of CSP cellulose

Table 2  Crystallinity index and crystallite size comparison with other 
sources

Sl. No Source of MCC Crystallinity 
index (%)

Crystallite 
size(nm)

Reference

1. Brown algae 74.23 - [68]
2. Sugarcane bagasse 70.64 4.42 [47]
3. Waste cotton 

fabrics
85.32 4.65 [69]

4. Borassus flabel-
lifer flower

69.81 44.28 [48]

5. Soybean hull 70 - [70]
6. Neem oil cake 70 - [71]
7. Saccharum spon-

taneum
74.06 - [51]

8. Tea waste 81 2.09 [72]
9. Commercial MCC 74–80.60 - [73]
10. Alfa fiber 73.62 3.68 [74]
11. Rice straw 82.4 3.97 [57]
12. Corncob 49.58 210.36 [62]
13. Manau rattan 72.42 - [75]
14. Olive fiber 74.2 - [76]
15. Fodder grass 80 2.45 [77]
16. Citrus x sinensis 72.54 9.63 This study Fig. 5  Scanning electron microscopy analysis of CSP cellulose
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index is similar to the most of the cellulose resources shown 
in the Table 2. The relationship between crystalline size and 
crystallinity index is inversely proportional; as the crystal-
linity index rises, crystalline size decreases progressively. 
During the chemical treatment, some crystalline components 
may be introduced, which raises the crystallinity index but 
reduces the crystalline size.

SEM analysis

The investigation includes SEM graphs of the cellulose sam-
ple extracted from the peel of Citrus x sinensis. Typically, 
natural plant fibres are composed of a number of overlapping 
elementary fibres (also known as ultimate fibres or cells) that 
are securely held together along their length by pectin and 
other non-cellulosic substances that provide the bundle with 
its overall strength. As seen in Fig. 5(a), the acid degraded 
bleached cellulose-containing fiber-like substance possesses 
a rod-shaped morphology. The chemical treatments that were 
implemented enabled the elimination of surface contaminants 
and non-cellulosic fractions that were found in the CSPC. 
Alongside its minuscule spherical morphology, cellulose 
exhibits a rough exoskeleton, as seen in Fig. 5(b). The pho-
tographs presented are comparable in nature to the cellulose 
that is extracted from the fine pith core of cotton stalks [78]. 
Numerous filaments of cellulosic microfibers were identi-
fied in Fig. 5(c) and (d). Figure 5(c) illustrates how the con-
centration and clearance of metallic particles resulted in the 
formation of the pits. A chemical process has produced the 
filler debris's abrasive surface. Several investigations have 

documented the elimination of non-cellulosic and cementi-
tious substances, including wax, lignin, and hemicelluloses, 
while extracting isolated microcrystalline cellulose from lig-
nocellulosic materials using various chemicals. It was deter-
mined that the lowest and maximum lengths of the extracted 
celluloses were considerably reduced (0.066 and 0.408 μm, 
respectively), with an average length of 0.137 μm. These 
results suggest that the treatment conditions effectively elimi-
nated non-cellulosic components.

TGA analysis

The thermal degradation characteristics of CSPC are repre-
sented in Fig. 6 via TGA curves. The mass of CSPC remains 
constant at temperatures below 50 °C. With a determined 
mass change of 0.52 mg, the early phase degradation com-
mences at temperatures surpassing 50 °C and persists until 
150 °C. In this process, the moisture and volatile compounds 
included in the cellulose are removed [79]. The degrada-
tion is particularly severe during the second period. During 
this phase (200–350 °C), a mass change of 2.770 mg was 
detected. During this phase, significant cellulose compo-
nents may undergo disintegration of smaller molecules and 
opening of the pyranose ring. Sugarcane bagasse MCC lost 
75% of its weight from 263 to 378 °C while NCCF lost 
68% at 150–568 °C [80]. A marginal alteration in mass is 
observed solely above 450 °C, which signifies that lignin 
has been entirely removed through chemical treatment. The 
ultimate deterioration process persists until 800 °C, yield-
ing a mere 3.70 mg of remaining mass [81]. The highest 

Fig. 6  TGA analysis of CSP 
cellulose
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breakdown temperature of cellulose is detailed in Table 3. 
In comparison to the other types of cellulose shown in the 
table, the breakdown temperature of CSP cellulose is higher. 
The resources such as neem oil cake (300 °C), brown algae 
(302.69 °C), saccharum spontaneum (338 °C) are having 
highest withstanding temperature that is above 300 °C. The 
remaining cellulosic resources listed in the table are showing 
lower degradation temperature below 280 °C. The cellulose 
with higher withstanding temperature is preferable for the 

polymer composite reinforcement applications. Three phase 
shifts are shown in the DTA curve analysis, and each dete-
rioration temperature is roughly equivalent to the analytical 
data from the TGA. The deterioration cellulose moiety is 
responsible for a little phase shift peak at 252.50 °C. The 
breakdown of the cellulose molecule into smaller parts is 
the cause of the substantial rate of degradation at 308.17 °C, 
which is also the highest temperature at which CSP cellulose 
degrades [82].

EDX analysis

The energy-dispersive analytical results accumulate in 
Fig. 7. Primary components of the organic compound 
cellulose are carbon, hydrogen, and oxygen. Elements 
may undergo modifications as a result of the chemi-
cal treatment. The atoms carbon and oxygen have the 
highest abundances in the dataset, accounting for 35.5% 
and 42.6% by wt.%, respectively. The insignificance of 
the existence of additional elements, including nitro-
gen (4.8%), sodium (3.4%), chlorine (3.1%), and sili-
con (10.45%), is attributed to impurities introduced by 
chemical processes including alkali treatment, solvent 
treatment, and slow pyrolysis [89]. Other studies also 
reported the presence of organic compounds in the cel-
lulose extraction process.

Particle size analysis

Using ImageJ software, the size of the cellulose particle is 
found out from SEM pictures. Each particles have differ-
ent size and shape which is explicit in SEM image. About 

Table 3  Thermal degradation behaviour of some cellulose from vari-
ous sources

Sl. No Source of MCC Thermal 
resistance (oC)

Reference

1. Commercial MCC 220–300 [24]
2. Oil palm biomass 250 [83]
3. Neem oil cake 300 [71]
4. Borassus flabellifer flower 208 [84]
5. Soybean hull 250 [70]
6. Waste cotton fabrics 250 [69]
7. Brown algae 302.69 [85]
8. Tamarind seed MCC 230 [86]
9. Saccharum spontaneum 338 [51]
10. A Sugarcane bagasse 264.15 [87]
11. Cotton stalk 289.7 [83]
12. Fodder grass 286 [77]
13. Tea waste 230 [88]
14. Olive fiber 286.1 [39]
15. Walnut shell 260.96 [38]
16. Citrus x sinensis 308.17 This study

Fig. 7  EDX analysis of CSP cellulose
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25 places are selected and measured the length, mean and 
standard deviation data using ImageJ software. The soft-
ware read the size of the particle at each phase with differ-
ent numerals. The average of 25 particles gives the proper 
particle size of the CSP cellulose. The histogram was plotted 
using the data obtained from 25 places and standard devia-
tion of the particles also found. The findings of ImageJ, 
the data, the threshold image, and the histogram are illus-
trated in Fig. 8(a)–(d), respectively. The particle counts are 

utilised to determine their micrometre size. Greater quanti-
ties of 0.05–0.15 µm-sized particles are detected in 25 of 
the samples. The remaining particles have dimensions of 
0.40–0.45 µm (1 counts) and 0.15–0.20 µm (4 counts). The 
particle has a mean size of 0.137 µm, with a correspond-
ing standard deviation of 0.072. Particle size is entirely 
determined by the physical and chemical treatments of  
cellulose [90]. There exists variation in the orientations of 
particles across different locations. Agglomerate particles 

Fig. 8  Particle size analysis of CSP cellulose
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are identified in specific geographical areas, characterised 
by their larger particle size compared to freely available 
particles [91]. Their length is evidently not significantly 
greater than their respective diameters. We anticipate that, 
in addition to functioning as filtering medium and sorbents, 
the CSPC will be useful for the production of regenerated 
cellulose films utilising water as the coagulant and an ionic 
liquid as the solvent.

UV analysis

The Fig.  9 depicts the ultraviolet–visible spectros-
copy investigation of CSPC. The cellulose incorporates 
UV active functionals that demonstrate absorption at 
283.54 nm [92]. The region of investigation was identi-
fied using a pink shading. The complete determinant of 

Fig. 9  UV analysis of CSP cellulose

Fig. 10  Atomic force micro-
scopic analysis of CSP cellulose
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cellulose transparency is its crystalline structure. A cel-
lulose material with a higher crystallinity index exhibits 
the ability to absorb an excessive quantity of UV radiation 
[93]. The UV absorption capabilities of cellulose render it 
a viable candidate for implementation as a bio composite 
reinforcement [94]. There is potential for the UV barrier 
properties of the cellulose filler to augment the barrier 
properties of the biofilm material.

AFM analysis

Conducting a surface roughness analysis on a 6 × 6 square 
centimetre region, as depicted in Fig.  10. Skewness, 
maximum length, minimum size, and mean size, kur-
tosis, average surface roughness, root mean square sur-
face roughness, and ten-point average surface roughnes 
are parameters of surface roughness that are tabulated in 
two separate ways: one for horizontal surfaces and one 
for vertical surfaces [95]. When the split is done verti-
cally, the roughness skew value is higher than when it is 
done horizontally. In the horizontal direction, the aver-
age surface value  (Ra = 29.079 nm) is lower than vertical 
direction  (Ra = 55.578 nm). These statistics vary according 
to the geographical area under investigation [96]. Signifi-
cantly influencing the morphology surface dimension of 
the final product are the chemical circumstances and vari-
ables under which cellulose are produced. The profile of 

roughness measurement is illustrated in Fig. 10(c) and (d). 
The optical technique is utilised to ascertain the average 
particle roughness of the cellulose. The surface of a CSPC 
particle exhibited the least variation in roughness. The hor-
izontal position has a considerably smoother surface than 
the vertical position. Additionally, the root mean square 
surface roughness  (Rq = 36.801 nm, 78.721 nm), peak val-
ley height surface roughness  (Rpv = 166.024,605.298) and 
10-point average surface roughness  (Rz = 109.904 nm, 
372.97 nm) are other suitable surface roughness values 
of the cellulose. The values of kurtosis, skewness, high-
est, lowest, mid, and mean roughness are illustrated in 
Fig. 6, as an illustration (e & f). The feasibility of defin-
ing the CSPC particle with additional properties, includ-
ing skewness and kurtosis, was investigated. Skewness 
(0.938,0.481) is greater than zero for both horizontal and 
vertical direction due to the absence of fractures [97]. A 
positive value of kurtosis (3.506,6.944) signifies that the 
surface has an average peak and possesses a good surface.

Roughness analysis

The surface roughness of CSP cellulose was resulted in the 
Fig. 11. The thresholding of sem image and the graphical 
representation is shown in Fig. 11(a) and (b). The surface 
activity and the parameters such as skewness, kurtosis, area 

Fig. 11  Surface roughness of CSP cellulose
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of surface roughness, vertical surface roughness and ten 
point average surface roughness are tabulated in Fig. 11(d). 
The average surface roghness of the cellulose is found to be 
 Ra = 35.3678 µm. The skewness value  (Rsk = 0.594) is less 
than three and the surface is minimally peaked [98]. The posi-
tive kurtosis  (Rku = 0.6787) show there is minimum surface 
break present. The CSP particles are had higher tenpoint 
average surface roughness  (Rt = 245.5978 µm). On seeing 
every section of particle the average, maximum, minimum 
surface roughness is unique and there is no surface tension 
present in the particles with various size [99]. The surface of 
cellulose is allowable and smooth, fracture less surface is vis-
ible. Thus, the chemical treatments was not affect the surface 
of CSP cellulose. In addition, the authors want to increase the 
utility of CSPC as a raw material for cellulose films.

Conclusions

The cellulose was isolated ecofriendly from citrus and char-
acterized the useful parameters. In this study, food waste 
material is optimally utilised and cellulose is extracted from 
citrus x sinensis peels through the excellent application of 
chemical procedures such alkalization, acid hydrolysis, and 
bleaching. The functional characteristics of extracted cel-
lulose, such as surface form, density, particle size, transpar-
ency, and crystallinity, have been extensively studied. FT-IR 
was utilised by researchers to identify cellulose glycosidic 
connections and examine the arrangement of the structure. 
The density of cellulose is found to be 1.413 g/cm3 and the 
yield % is noted as 67.82%. Scanning electron microscopy 
images show an abrasive structure that look like a cylin-
der shape. The crystallite size and crystallinity index were 
found to be 9.63 nm and 72.54%, respectively, using X-ray 
diffraction examination. The maximum rate of decompo-
sition for the isolated cellulose, according to the thermal 
investigation using DTG curves, is 308.17 °C. When the 
particle sizes were examined with ImageJ software, most of 
them had diameters less than 100 µm. The cellulose that was 
removed might be more beneficial in the polymer composite 
filler reinforcement application. It's clear from the above 
that the byproducts may be valuable sources of cellulose 
for a variety of high-value industrial uses.
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