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Background: Locally generated biopolymers are amenable to further processing to widen their
industrial applications. The study was aimed at generating low-cost cellulose acetate from corn cob
residue and its characterizations for potential applications in biopolymer industries.

Methods: Cellulose was extracted from the corn cob residue using the sodium hydroxide method.
Acetylation of the cellulose to obtain corn cob cellulose acetate was carried out by adding appropriate
quantities of a glacial acetic and acetylating mixture of acetic anhydride and sulphuric acid. The corn
cob native cellulose and corn cob cellulose acetate were characterized using scanning electron
microscopy (SEM) to examine their morphology, Fourier-transform infrared spectroscopy (FTIR) and
powder X-ray diffraction (XRD) for structural elucidation while differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA) were employed to investigate their thermal properties.
Results: - Two corn cellulose acetate samples with degree of substitutions 1.87 and 2.65 for samples
CDA and CA respectively were obtained. They had improved solubilities in some organic solvents
compared to the corn cob cellulose. The SEM examination showed the surface of the corn cob native
cellulose (NC) was smooth and had a regular bundle-like structure while acetylation destroyed the
original cellulose structure. Cellulose acetate samples showed a cluster-like structure with different
sizes and a rough flake-like surface. FTIR and XRD studies showed that acetyl groups substituted
cellulose hydroxyl groups. While FTIR study showed that the cellulose acetates had sharp bands
between 1728 cm™ to 1733 cm” and around 1368 cm” wavenumber unlike the corn cob cellulose
sample, the data generated from XRD study indicated that acetylation of the corn cob cellulose led to
47% and 77% decrease in the crystallinity of CDA and CA samples respectively. The thermal analysis
data from DSC and TGA studies confirmed that the acetylation improved the corn cob cellulose's
thermal stability as indicated by the degradation of cellulose acetate samples at higher temperatures.
Conclusion: The study concluded that low-cost cellulose acetate generated from corn cob residue
could be potentially employed as a renewable, biodegradable, biocompatible polymer for industrial
applications

1. Introduction

Polymers have been employed in the drug delivery system
(DDS) for delivering various therapeutic agents. It can be
divided into natural, synthetic, biodegradable, and non-
degradable polymers. Natural polymers are currently
gaining attention in the drug delivery system over synthetic
polymers due to their biodegradability, renewability,
biocompatibility, relatively low cost, and low
immunogenicity, among other advantages.' The versatility
of the synthesis and formulation of biopolymers provide
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advantages in terms of their industrial applications.
Biopolymers can be easily degraded to non-toxic
substances and excreted by physiological pathways.

Cellulose acetate, a cellulose derivative, is one of the
important biopolymers obtained by the acetylation of
cellulose. It has been considered for many applications
because of its excellent physical, chemical, and biological
properties.” Cellulose which is composed of B-1,4-
anhydrous-D-glucopyranose units, has highly reactive
hydroxyl groups that acetyl groups can substitute to form
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cellulose acetate.” Cellulose is the most abundant natural
polymer, which can be found in plants, bacteria, marine
animals, algae, fungi, and minerals. The excellent
properties of this cellulose which include degradability,
scalability, biocompatibility, renewability, and profitability,
amongst others have been reported in the literature.’
However, unmodified cellulose is insoluble in common
solvents limiting its industrial applications.” Cellulose
acetate is more amenable to further processing and has
wider industrial applications, including its fabrications as
nanofibers via electrospinning techniques.’
Commercially, cellulose is mostly obtained from
hardwoods, which are more expensive than other
lignocellulosic materials. Agricultural residues are
lignocellulosic materials which are alternative sources of
cellulose. Billions of tons of these residues are produced
annually, and the current disposal system of these residues
constitutes a nuisance to the environment." Nowadays,
researchers are focusing on using abundant and
inexpensive industrial residues as sustainable industrial
feedstocks. The valorization of agricultural residues is a
major global issue.

Corn is one of the most important cereal crops with
estimated global production to reach 1,177.3 million metric
tons in 2023.” The estimated compound annual growth rate
(CAGR) is 2.14%." Corn cob is a processing residue from
corn; unlike most common agricultural residues, corn cob is
difficult to recycle as feed or fertilizer. Most often, they are
either left to dry on the farm, after which they are burnt off
or found littering everywhere.’ The composition of corn cob
fiber is similar to wood; hence it can be used as a wood
substitute.” Although an attempt is being made for the
introduction of various industrial valorization techniques
for corn cob residue, its use is still very low. Hence most of
the generated corn cob residue is disposed of.” Utilization of
this lignocellulosic residue as a source of cellulose has been

10,11,12 . .
However, there are limited

reported by several authors.
studies on the preparation and characterization of cellulose
acetate obtained from corn cob residue.

In the study, we report the preparation of low-cost cellulose
acetate polymer from lignocellulosic corn cob residue The
obtained cellulose acetates were characterized using
scanning electron microscopy (SEM), Fourier-transform
infrared spectroscopy (FTIR), differential scanning
calorimetry (DSC), and thermogravimetric analysis

(TGA).

2. Materials and Methods
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2.1 Materials

Sodium hydroxide (NaOH) pellets (Analar grade 97%
MCR-21720, Molychem, Mumbai), Glacial acetic acid
(CH,COOH) (Analar grade, batch NO; 730918, Central
drug house Ltd, New Delhi, 1.7% Sodium chlorite
(NaClO,) (Analar grade 80%, MCR-20344, Molychem,
Mumbai, India), Acetic Anhydride (CH,CO),0 (Analar
grade, CAS-No;64-17-5, Merck, Germany) and
Chloroform ( Merck, Germany) were used in the study.

2.2 Methods

2.2.1 Extraction of cellulose from Corn cobs

The corn cob residues (2 kg) collected from rural farmers
were air-dried for seven days prior to oven drying at 50°C
for 24 h. The method of cellulose preparation reported in a
previous study was adopted with some modifications."” The
milled and oven-dried powdered corn residue (500 g) was
mixed with 5 L of 2% NaOH, and the mixture was heated to
100°C for 2 h. It was filtered, and the residue was mixed
with 4 L of 17.5% NaOH, heated at 100°C = 10°C for 45
min, filtered, and washed thoroughly. The cellulose was
bleached with 1 L of 6.25% Sodium hypochlorite at 80°C
for 1 h. The bleached material was washed repeatedly with
distilled water and then air-dried for seven days to obtain
the corn cob native cellulose (NC).

2.2.2 Acetylation of Corn cob cellulose

Acetylation of corn cob cellulose (NC) was carried out as
described in a previous study with few modifications."
Briefly, the modification was achieved by mixing 2 g of the
cellulosic material (NC) with 35 mL of glacial acetic acid
and heating with a Stuart heat stir machine at 55°C for 1 h.
An acetylating mixture of 10 mL of acetic anhydride and
0.4 mL concentrated sulphuric acid (catalyst) was gradually
added to the glacial acetic acid—pulp mixture. The resulting
mixture was kept in a water bath for 1 h at 55°C with
continuous stirring until a clear solution was obtained. The
mixture was divided into two equal parts; one part was
poured into 1000 mL of the distilled water with stirring. The
precipitate was filtered and thoroughly washed to obtain the
cellulose acetate sample (CA), while for the second part,
12.0 mL of acetic acid and 3.5 mL of distilled water were
added with vigorous stirring and were allowed to stand for 1
h at 55 °C. The precipitate was filtered and thoroughly
washed to obtain the cellulose acetate sample (CDA)."

2.2.3 Degree of substitution
The degree of substitution (DS) for the corn cob cellulose
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acetates (CA and CDA) was determined through a
saponification reaction described by Rodrigues ez al.”

2.2.4 pH and Solubility

The pH and solubility (water and organic solvents) of the
corn cob native cellulose, corn cob cellulose acetates and
commercial brand of cellulose acetate were evaluated. The
pH of 10% slurry of the powder samples was determined
using a pH meter (H12211 pH meter Hanna Instruments,
USA), while the solubility of the samples was determined
in water, chloroform, acetone, acetic acid, formic acid and
ethanol. 1g of powder samples was dissolved in 10 mL of
the solvent.

2.2.5 Morphological Characterization

The morphology of the powders was observed using
scanning electron microscope (SEM). The SEM
micrographs were photographed by a ZESS EVO HD 15
scanning electron microscope (Cari Zeiss NTS Ltd,
Cambridge, UK). The samples were first mounted with
Agar Scientific G3347N carbon adhesive tab on Agar
Scientific G301 0.5” aluminium specimen stub (Agar
Scientific Ltd., Stansted, UK) and photographed at a
voltage of 10.00 kV. The manual sputter coating S150B was
used for the gold sputtering of SEM samples. The thickness
of the gold coating was 15 nm. "

2.2.6 Structural Characterization

The FTIR spectra of the solid samples were measured using
an ALPHA interferometer (Bruker UK Limited, Coventry,
UK) equipped with a horizontal universal attenuated total
reflectance (ATR) accessory. For each sample, an average
of 30 scans was collected per spectrum with a resolution of
2 cm’ in the spectral region of 400 to 4000 cm” using the
OPUS software at room temperature.'°

Powder X-ray diffraction patterns of solids were recorded
from a range of 2 - 80° (20) at a scanning rate of 0.4° (20)
min" by a D2 PHASER diffractometer equipped with
LYNXEYE XE-T detector (Bruker UK Limited, Coventry,
UK). Cu-Ko radiation was used with a voltage of 30 kV and
a current of 10 mA.'° The measurements from the machine
were analysed using Diffraction Eva software.

2.2.7 Thermal Properties

A NETZSCH DSC 214 Polyma (NETZSCH instrument,
Wolverhampton, UK) operated under a nitrogen
atmosphere measured the DSC analysis of solids. The
instrument was calibrated using indium metal. A 4 — 8§ mg
sample was analysed in an aluminium pan with a pierced
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pinhole lid. Measurements were carried out at a heating rate
0f20°C/min with a temperature range of 40 to 400°C."

The TGA analysis was carried out at a heating rate of
20°C/min from 30 to 700°C using thermogravimetry
NETZSCH TG 209 F3 Tarsus (NETZSCH instrument,
Wolverhampton, UK).

2.3 Statistical Analysis

The mean comparison of the test samples with the standard
was evaluated using a one-way analysis of variance. The
Tukey test determined significant differences (P < 0.05).
OriginPro” 8.5 software (OriginLab® Corporation
Northampton, MA 01060 USA) was employed for
statistical evaluation.

3. Results

The percentage yields of corn cob cellulose, cellulose
acetates CA and CDA were 25 %w/w, 40.4 %w/w and 29.4
%w/w with respect to the corn cob residue. Degree of
substitutions (DS) of the corn cob cellulose acetates CA and
CDA were 2.65 + 0.41 and 1.86 = 0.17, respectively. The
cellulose powders were either white or yellowish white
granules in appearance. The pH and solubility of the corn
cob native cellulose (NC), the corn cob cellulose acetates
(CA, CDA) and commercial cellulose acetate (CCA) were
evaluated. The pH for NC, CA, CDA and CCA were
5.0+0.5, 3.6+0.5, 3.7+0.8 and 4.3+0.5 respectively. All the
cellulose samples were practically insoluble in water and
ethanol, while the acetylated cellulose samples were
slightly soluble or soluble in some organic solvents (acetic
acid, formic acid, acetone, and chloroform) used.

3.1 Morphological Characterization

The SEM micrographs of the corn cob native cellulose and
cellulose acetate samples are shown in Figure 1.
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Figure 1 SEM images (magnification 5.00KX) of A, Corn cob native cellulose (NC), B. Corn cob cellulose acetate (CA), C,

Corn cob cellulose acetate (CDA) and D, Commercial brand of cellulose acetate (CCA)

3.2 Structural Characterization

Fourier Transform Infrared Spectroscopy (FTIR) and powder X-ray diffraction (PXRD) were employed for the structural
characterization of the cellulose samples. The FTIR spectra for the cellulose samples are shown in Figure. 2, while their
PXRD diffractograms are in Figure. 3. The proportion of the crystalline and amorphous parts of the cellulose samples was

generated from the PXRD diffractograms using Diffrac Suite Eva software and results presented in Table 1.
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Figure 2. Normalized FTIR spectra of native corn cob cellulose (NC), corn cob cellulose acetates (CA. CDA) and
commercial brand cellulose acetate (CCA) powders.
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Figure 3. XRD diffractograms of native corn cob cellulose (NC), corn cob cellulose acetates (CA, CDA) and commercial
brands of cellulose acetate (CCA)

Table 1 Degree of Crystallinity generated from the XRD diffractograms

Sample Code Crystallinity (%) Amorphous (%)
NC 42.8 57.2
CA 29.3 70.7
CDA 224 77.6
CCA 10.0 90.0

native corn cob cellulose (NC), corn cob cellulose acetates (CA, CDA) and commercial brand of cellulose acetate (CCA)

3.3 Thermal characterization

The thermal characteristics of the cellulose samples were determined using the Differential Scanning Calorimetry (DSC)
analysis and Thermogravimetric analysis (TGA). The DSC and TGA thermograms are presented in Figures 4 and 5
respectively.
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Figure 4. DSC thermograms of native corn cob cellulose (NC), corn cob cellulose acetates (CA, CDA) and commercial
brand of cellulose acetate (CCA)
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Figure 5. TGA thermograms of native corn cob cellulose (NC), corn cob cellulose acetates (CA, CDA) and commercial
brand of cellulose acetate (CCA)
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4. Discussion

4.1 Degree of Substitution

The degree of substitution of CDA was 1.86 + 0.17,
characterizing it as a cellulose diacetate while DS for CA
was 2.65 + 0.41, characterizing it as a cellulose triacetate."
During acetylation reaction, the hydroxyl groups are
partially replaced by acetyl groups, the more effective the
acetylation process, the more the DS."

4.2 pH and Solubility

The pH of extracted corn cob native cellulose was in line
with pharmacopeia standards pH (5.0-7.5) which is pH of
5.0." Anacidic pH observed for the cellulose acetates might
be attributed to the acetic acid employed in the preparation.
Acetylation is a cellulose derivatization process that greatly
improves the solubility of cellulose. This is due to the
replacement of the hydroxyl groups with acetyl groups,
thereby disrupting the strong H-bond network.” The
solubility of the native corn cob cellulose was improved on
acetylation. Unmodified cellulose has limited applications
due to its insolubility in water and common organic
solvents and its solubilisation is achieved only by complex
solvent systems. It was reported that cellulose acetate's
solubility depends on the degree of substitution and its wide
range of solubility indicates a high degree of substitution
and lower crystallinity. This improved solubility indicates
that cellulose acetate is amenable for further processing in
biomedical and industrial applications for example, it could
be employed as an electrospinning polymer for nanofibers
production.

4.3 Morphological Characterization

The morphology of the samples was characterized by SEM.
As shown in Figure 1, the surface of the corn cob native
cellulose (NC) was smooth and had a regular bundle-like
structure. This may be attributed to the aligning of the
several micro-fibrils of the cellulose.” The SEM of the
cellulose acetate samples show rough surface with loose
particles like flakes or pellet-like structures, in a cluster of
different sizes. The original structure of the cellulose was
destroyed from a compact structure to a loose structure. The
highly ordered compact structure of the cellulose makes it
difficult to dissolve in organic solvents; the disruption of
this structure on acetylation allows for more free energy for
reaction hence this is in line with the solubility data.

4.4 Structural Characterization
The FTIR study was conducted to characterize the presence
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of specific functional groups in the samples. The FTIR
spectra of the native corn cob cellulose (NC) and cellulose
acetate samples (CA, CDA and CCA) are presented in
Figure 2. The four spectra (NC, CA, CDA and CCA)
showed characteristic bands and peaks of a cellulosic
substance. The absorption peaks at 3326 cm”, 3400 cm”,
3485 c¢cm’ and 3472 c¢cm’ for NC, CA, CDA and CCA
respectively might be attributed to the O-H stretching and it
appears smaller for the cellulose acetates compared to the
same peak in the spectrum for the corn cob cellulose. The
high intensity of the hydroxyl groups of the corn cob
cellulose sample could be associated with its high cellulose
content after alkali and bleaching treatments. Similarly,
strong bands around 2850-3100 cm™ and 897-1165 cm’
correspond to C-H stretch and designated C-O-C stretching
at the B-(1, 4) glycosidic linkage characteristic of cellulosic
materials.”” However, there were some noticeable
differences between the spectra of the corn cob cellulose
and the three cellulose acetate samples. Unlike in the NC
spectrum, there were sharp bands between 1728 cm’ to
1733 cm for the cellulose acetate samples, which can be
attributed to the stretching of ester carbonyl of cellulose
acetate. The appearance of this peak is a main indication
that cellulose has been acetylated. The stronger band in this
region for CA sample than in CDA sample is an indication
that a higher degree of acetylation took place for CA than
CDA sample. Secondly, sharp peak around 1368 cm’
wavenumber, was observed in the spectra of the cellulose
acetate samples only, it is attributed to vibration of C-H
bond, which is a band characteristic of the acetyl groups.
Thirdly, the strong narrow band at 1217 cm” observed for
cellulose acetate samples is characteristic of a C-O-C bond
vibration.

The PXRD analysis was also employed in characterisation
of the cellulose acetate samples. It is used to determine the
crystalline nature of materials. The NC's XRD pattern
showed a diffractogram consistent with cellulose I." The
strong diffraction peaks of the characteristic cellulose
crystal planes at 20 values of 15.8°, 22.7° and 35. 8°
observed in NC justified the typical cellulose crystalline
form. The cellulose acetates diffractograms displayed loss
of peaks to very weak peaks which is indicative of a low
degree of crystallinity. This low degree of crystallinity
compared with that of the original cellulose might be
attributed to the substitution of the hydroxyl groups by
acetyl groups. The data generated from the diffractograms
showed that the amorphous region of the corn cob cellulose
was increased to 70.7 and 77.6 for CA and CDA
respectively upon acetylation. The peak at 28: 8.4 in CA
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and CDA is associated with semi-crystalline acetylated
cellulose derivatives. Other weak intensity peaks were
detected at 20 values of 10.7, 13.8, 19.5 and 23 and a
maximum at 27°, indicating the presence of a semi-
crystalline behaviour suggesting the cellulose triacetate
structure. These peaks are caused by an increase in the inter-
fibrillar distance induced by the presence of acetyl groups
along with cellulose chains. This further explains the
increased solubility as an increase in amorphous parts
improves the solubility due to the increased free energy.
The amorphous state of the cellulose acetate exhibits a
disordered structure compared to its more crystalline state
in the native cellulose hence enhanced solubility and this is
in line with the SEM images that showed a disordered
structure of the cellulose acetate and the native cellulose
which had a compact structure.

4.5 Thermal Analysis

Differential scanning calorimetry was used to characterize
the thermal property of the samples. The broad endothermic
peak observed between 32.6 to 137.6 °C in native cellulose
samples can be ascribed to the glass transition (Tg) and
water desorption to a lesser extent. Similarly, Tg was also
observed in CCA, CDA and CA around 48.9 to 144.7 °C,
which indicates the transition from a rigid to a more flexible
state of an amorphous material. The endothermic event
agrees with the thermogravimetric curve (Figure. 5) of the
cellulose samples measured, with weight loss observed
within the temperatures of 150 to 220°C. The endothermic
peak suggesting the melting process of the crystalline
regions of CA and CDA is 208.2°C, and 230.2°C closely
related to CCA 220.0°C. This is consistent with literature of
a melting point of 230-300°C,” slight variations can be
because of the difference in the degree of acetylation and
molecular weight. The melting peak in the NC (312.3 °C)
appears to be higher than CA, CDA and CCA. Although not
always the case, a decrease in melting point could suggest
improved solubility, hence the better solubility observed
upon acetylation of the native cellulose. Degradation of
cellulose acetate samples occurred at higher temperatures
above the melting point, which was around 300-400°C,
which is characteristic of thermal degradation of cellulose
acetate.” The broad exothermic peak around 330°C can be
attributed to the partial pyrolysis due to the fragmentation
of carbonyl and carboxylic bonds from anhydrous glucose
units giving carbon or monoxide carbon. The exothermic
reaction during degradation might be associated with the
dissociation of glycosidic bonds from the cellulosic chains
and the degradation of the cycloglucose units.
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The TGA thermogram (Figure 5) shows the thermal
behaviour of the cellulose samples, NC had about 4.05%
weight loss at around 150 °C while CA, CDA and CCA
show 4.68, 5.19 and 3.60% weight loss, respectively around
the temperature range of 150 to 200 °C. The weight loss in
NC could be attributed to a dehydration reaction or
impurities, while weight loss in CA, CDA and CCA could
be attributed to the release of carbon dioxide, acetic acid,
and other volatile compounds from the cellulose acetates.
Further heating of the cellulose samples at higher
temperatures shows a marked weight loss in the samples
demonstrating the decomposition: For CA, a significant
weight loss was observed at nearly 300 °C, which implies a
degradation of the cellulose backbone of the polymer. This
is characteristic of the thermal degradation of cellulose
acetate. There was an increase in the thermal degradation
temperature, which indicates increased thermal stability of
the cellulose after acetylation,” and it is due to the
replacement of OH groups with acetyl groups.

5. Conclusion

Cellulose extracted from corn cob residue was successfully
acetylated under two different conditions to obtain two
cellulose acetates with different degrees of substitutions
(CA;2.65 and CDA; 1.87). CDA showed characteristics of
cellulose diacetate while CA showed characteristics of
cellulose triacetate. The cellulose acetates had improved
solubilities in some organic solvents and were amorphous
in nature. Hence, low-cost corn cob-based cellulose acetate,
which could be utilized as a polymer matrix for cellulose-
based composite applications can be generated from corn
cobresidues.
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