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ABSTRACT: Agricultural waste is a potentially interesting resource due to the compounds present. In this study,
cellulose was extracted from corn stalks (Zea mays) and subsequently converted into cellulose acetate (CA). Before
the extraction process, the waste sample was characterized by pH, moisture, ash, protein content, total reducing sugars
(TRS), carbohydrates, cellulose, hemicellulose, and lignin. Acid and alkaline hydrolysis were performed with different
reagents, concentrations, and extraction times. Sulfuric acid (H,SO,) and acetic acid (CH;COOH) were used in the
acid hydrolysis, while sodium hydroxide (NaOH) was used in the alkaline hydrolysis. Three concentrations (0.62, 1.25,
2.5)% and two reaction times (60, 120) min were established. An ANOVA was performed on the hydrolysis results to
determine the existence of significant differences. The extracted cellulose was revalued by acetylation, and finally, the CA
was characterized by Fourier Transform Infrared Spectroscopy (FT-IR) spectroscopy. The highest cellulose extraction
yield was obtained by alkaline hydrolysis, with an extraction time of 120 min and a yield of 65%. The statistical analysis
indicated that the reagent used, its concentration, reaction time, and their interaction significantly affect the process
yield. After obtaining CA and performing an infrared analysis of the compound’s structure, it was determined that the
byproduct corresponds to CA, demonstrating the possibility of revaluing the waste through the studied process. Future
studies could improve the results obtained here to promote the development of biobased products within a circular
economy framework.
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1 Introduction

CA is the first organic ester of the cellulose family, discovered by Schutzenberger in 1865 and developed
by Franchimont and Miles in 1879 and 1903. It is synthesized industrially by mixing cellulose with acetic
anhydride and CH;COOH as solvent in the presence of H,SO, as a catalyst [1,2]. Depending on its
characteristics, it can be used as a film, membrane, or fiber [3]. It is used as a film for food packaging since it
is considered a safe material. However, it is mixed with plasticizers or some polymers to improve its physical
and mechanical characteristics related to rigidity, elasticity, stability, brightness, permeability, and barrier
properties [4].

CA is a cellulose derivative and a long-chain linear biopolymer formed by -d-glucopyranose molecules
linked by B (1—-4) glycosidic bonds. It is a polysaccharide of the cellular structure of plants, mycelium, and
some animals. It is a widely available material, constituting the most abundant biopolymer on earth [5-7].
The cellulose used at an industrial level comes from two primary sources: cotton fibers and wood pulp [8,9].
The overexploitation of wood for use as a raw material at an industrial level has contributed to the current
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deforestation problems. The incorporation of substitutes from non-wood sources to obtain cellulose could
represent a relief to the existing environmental problem [10].

Different types of cellulose can be obtained from agricultural by-products or residues, biomass waste,
and some bacteria [9]. Agricultural waste is a lignocellulosic material composed mainly of cellulose and
lignin. Being widely available, especially in countries with agricultural activity, they represent an excellent
source for extracting cellulose [11]. Among the types of wastes with cellulose in their composition are those
from corn, sugarcane, rice, wheat, pineapple, and others [8,10].

Corn is one of the most consumed cereals in the world, with production exceeding 1.2 billion tons by
2023 [12]. During the harvest and industrialization of crops, a large amount of waste. It is estimated that only
20% of the total weight of the plant corresponds to the edible part of the cereal [13]. The stubble consisting
of the stem, leaf, ears, and bracts of the cob are generated in the field after the harvest. The husk that covers
the grain and the cob, also known as corn or cob, are obtained during corn processing [14-17].

Corn residues are generally used for animal feed, as a cover for arable land, or are discarded. Occasion-
ally, they are disposed of in the open air and eliminated by open-air incineration, impacting the environment
by affecting the soil and generating greenhouse gases [13,18]. Corn cobs are one of the most frequently studied
corn residues for revaluation [19], although the rest of the residues from the cultivation or processing of this
product can also be used.

An alternative to revalue these residues is the removal of hemicellulosic sugars to obtain CA [20].
One method used for this purpose consists of extracting cellulose by alkaline hydrolysis and subsequent
acetylation with glacial CH;COOH and a mixture of (CH;CO), and H,SOy [21]. This procedure is applied
to obtain CH; COOH from other agricultural waste [22,23].

The use of corn waste appears to be a sustainable and effective alternative from an environmental and
economic perspective [24]. Corn residues can be used to produce carbohydrate and lignin platforms for
biofuels and bio-based chemicals production. Optimizing the production of these bioproducts is possible by
establishing the techno-economic prospects for biorefineries based on these types of residues [25]. In this
research, CA was obtained from corn stalks, thereby providing an environmental solution to the problems
caused by the accumulation of these residues at the generation site, proposing an alternative for the recovery
of a little-used agricultural residue.

This research is integrated with the green economy by using a low-value residue to obtain a product of
industrial and commercial interest, enhancing the possibilities of using specifically the corn stalk generated
in the crops while seeking to promote economic development sustainably, in addition to ensuring the efficient
use of resources [26]. It is linked to Sustainable Development Goals (SDG) 9 and 12 by promoting innovation
and responsible production through the production of a biobased product capable of competing with or
replacing synthetic products.

2 Methodology
2.1 Selection and Pretreatment of Biomass

Corn stalks (Zea Mays) were used as biomass from crop waste from a farm located in Bejuco town,
Manabi province, Ecuador. The biomass was cut into sections of approximately 10 cm and washed to remove
impurities that could affect cellulose extraction. It was placed on trays and dried in an oven at 70°C for 24 h.
The dried biomass was ground in an IKA cutting mill to obtain a particle size of 1 mm [27].
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2.2 Biomass Characterization

The biomass was characterized by pH, moisture, ash, total carbohydrates, cellulose, hemicellulose,
lignin, and total reducing sugars. A 3:1 ratio between distilled water and residue was used for the pH of the
sample. It was determined using a potentiometer by diluting the 0.05 g sample in 30 mL of distilled water [28].

Moisture content was determined gravimetrically using a BOECO Germany thermobalance, series
392292, model BMA-150. The 0.070 g sample was placed in the equipment at a predetermined temperature
and reached the final constant weight after 7 h. Moisture content is expressed as a percentage according
to Eq. (1):

Wetweightof thesample (g)
Dryweightof sample (g)

% Moisture = x 100% 1)

The amount of protein was known by the Kjeldahl method [29], using Eqs. (2) and (3). Where P is the
weight in grams of the sample, V; is the volume of HCI consumed in the titration (mL), Vj is the volume of
HCI consumed in the titration of a blank (mL), N is the normality of the HCl and F is the conversion factor,
set as 6.25.

1,4X(‘/1—V0)XN (2)
p

% Protein = % Nitrogen x F (3)

% Nitrogen =

The ash content was determined by calcination. A 2 g sample was placed in two crucibles and placed in a
muffle furnace at a temperature of 600°C-700°C for 2 h [30]. The samples were cooled to room temperature,
weighed, and the % ash was calculated using Eq. (4):

weightof the crucible with ashes —weight of the crucible

% Ash = x 100% (4)

weightof the crucible with initial sample — weight of the crucible

Total carbohydrates were determined using the phenol-sulfuric acid method [31]. A solution was
prepared with 40 mL of distilled water and 1 g of sample, homogenized, and placed in three test tubes. 2
mL of the resulting solution was placed in each tube, along with 0.5 mL of 5% phenol and 2.5 mL of H,SO,,
and then taken to a UV-VIS Genesys 180 spectrophotometer (Thermo Scientific) to take the reading at a
wavelength of 540 nm.

The ether extract was made by a Soxhlet extractor using hexane as solvent [32]. The corresponding
percentage was calculated using Eq. (5):

weightof the flaskwith fat — weightof the flask without fat

%Ether extract =
’ weight of thesample

x 100% (5)

The cellulose, hemicellulose, and lignin content were determined using the Van Soest method [33],
which allows the LDA (Lignin), NDF (Neutral Detergent Fiber), and ADF (Acid Detergent Fiber) values
to be determined from the crude fiber. The corresponding calculations were performed according to the
Egs. (6)-(8):

final weight — initial weight

%FDN = x 100% (6)

initial weight
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Hemicellulose = %FDN — %FDA (7)
Cellulose = %WFDA — %LDA (8)

Total reducing sugars were determined by the 3,5-dinitrosalicylic acid (DNS) method. For that, a
solution was prepared with 40 mL of distilled water and 1 g of sample. 2 mL of the solution was placed in a
test tube with 1 mL of DNS. The remaining solution was subjected to a thermostatic bath at 80°C-90°C for
15 min. It was cooled at room temperature and diluted with distilled water. The dilution was 99 mL of distilled
water with 1 mL of the prepared solution. Part of the sample was extracted and read on the spectrophotometer
at a wavelength of 540 nm [34].

2.3 Cellulose Extraction

Cellulose extraction (pulping) was carried out by hydrolysis, for which a mixed experimental design
was proposed (Table 1), with three factors: hydrolyzing agent (3 levels), concentration (3 levels), and reaction
time (2 levels) [27]. Acid hydrolysis was carried out at atmospheric pressure and 100°C without variation.
The procedure was carried out in a graduated flask using distilled water and the necessary hydrolyzing agent
content to reach the mentioned concentration. 1 g of the crushed sample was placed in small, pre-weighed
wool bags and taken to an ANKOM A200 crude fiber digester. Once the reaction time was over, the sample
was removed from the digester and cooled to room temperature. The sample was taken to the oven at 105°C
for 2 h to ensure the drying. The sample was then transferred to a desiccator to cool, and finally, the weight
of the extracted cellulose was recorded.

Table 1: Experimental design

Hydrolyzing agent Concentration Reaction time (min)

0.62 60

CH;COOH 1.25 120
2.50
0.62

60

H,SO4 1.25 120
2.50
0.62

NaOH 1.25 162%
2.50

To determine the cellulose yield, Eq. (9) was used based on the weight difference between the extracted
cellulose mass and the initial corn stalk sample [35]:

% Yield - Drycellulose (g)

100% 9
Residue sample (g) * ’ ®)

2.4 Whitening

The obtained cellulose was washed with distilled water until reaching a neutral pH. Cellulose was
bleached with a 10% (v/v) sodium hypochlorite solution poured into a 100 mL solution. The resulting solution
was heated in an oven for 2 h until reaching a temperature of 70°C. Once the cooking time was over, the
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sample was washed with distilled water, and the pH was measured. Finally, it was filtered and dried for 24 h
in the oven at a temperature of 35°C [36].

2.5 Cellulose Acetylation

CA was obtained by acetylation of cellulose from corn waste. In the synthesis, the main chemicals
involved were glacial CH;COOH, H,SO4 at 99% (v/v), and (CH3CO);,, reagent grade. It was subjected to a
homogeneous acetylation treatment, which resulted in hydrolysis of the acetyl group. A sample of 2.8 g of
cellulose was dissolved in 24 mL of glacial CH; COOH. The mixture was kept under constant stirring for 1 h
in an oven at 37°C. 20 mL of glacial CH; COOH and 0.04 mL of H,SO4 were added to the mixer and stirred
for 45 min. After the stirring time, the mixture was cooled to room temperature 18°C using an ice bath. 14
mL of (CH3CO), and 0.3 mL of H,SO, were added, and the mixture was heated to 32°C with stirring for 1.5
h. Finally, 5 mL of distilled water and 10 mL of glacial CH; COOH were added with stirring [36,37].

CA was characterized using infrared spectroscopy (IR) to determine the functional groups present in
the extracted cellulose and in the CA. The procedure was carried out on an Infrared Thermo Scientific™
Nicolet™ Summit™ PRO FTIR Spectrometer from USA and consisted of inciting a spectrum of infrared light
on the material at a wavelength of 4000 to 500 cm™!. A comparison was made between the cellulose pulp

extracted before and after acetylation in order to differentiate the modifications that have occurred [38].

2.6 Statistical Analysis

All experiments, except for chemical hydrolysis, were performed in triplicate. The results are reported as
the mean value with its corresponding standard deviation. An Analysis of Variance (ANOVA) was performed
on the results obtained for cellulose extraction to determine the impact of the variables on the process
studied. R Studio version 4.3.1 software was used for this purpose.

3 Results and Discussion
3.1 Characterization of the Waste

The results obtained for each variable analyzed in the characterization of the corn stalk are presented
in Table 2.

Table 2: Characterization of the corn stalk

Variable Xzto
pH 738 £ 0.21
Moisture, (%) 8.69 + 0.01
Protein, (%) 1.97 + 0.18
Ash, (%) 5.49 + 0.31
Total carbohydrates, (ug/L)  43.29 + 0.13
Cellulose, (%) 13.38 + 1.09
Hemicellulose, (%) 78.92 + 1.44
Lignin, (%) 5.23 +1.42

Total reducing sugars, (ug/L)  0.53 + 0.00

The pH of the corn stalk was 7.38, close to neutral. pH is highly dependent on pre-harvest soil treatment,
asitinfluences the availability of plant nutrients. The optimal pH for high yields should range between 6.5 and
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7.0 [39]. The origin of the biomass and the pH are values that can subsequently affect the cellulose extraction
process [40].

The moisture content of the corn stalk was 8.69%, lower than the 10.50% reported for this agricultural
residue in another study [38]. There may be variations in this variable, depending on the maturity at which
the stalk is extracted. Likewise, the amount of water in the raw material to be used can affect the hydrolysis
processes, generating unwanted exothermic reactions and interfering with cellulose extraction [41].

The protein percentage was 1.97%, and as reported in previous research, the crude protein content in
the stem is 18% in the first 50 days, decreases to 11% at 80 days, and in the remaining days remains around
6.5% or lower value [42]. Based on the above, it can be inferred that the stem used in this research has an
average age of 3 months.

The ash content in the corn stalk was 5.49%, lower than the 6.74% reported in another study. The
difference may be due to the conditions under which the stalks were dried since temperature and drying
time are determining variables. The drying time in that study was 4 h at 550°C, while in this study, a drying
time of 2 h at 650°C was used [43].

The total carbohydrate concentration was 43.29 ug/L, while a previous study that characterized stem,
leaves, and roots from native corn recorded a content of 65.28, 20.5, and 237.99 mg/kg. Carbohydrates,
specifically sugars and polysaccharides, are an important component of plants. According to previous
reports, residual biomass from native corn showed a lower monosaccharide content than that recorded after
hydrolysis [44].

The cellulose, hemicellulose, and lignin percentages in this research differ from those reported in other
investigations, with values of lignin 11.58%, hemicellulose 20%, and cellulose 50%. The state of maturity from
which the raw material is extracted determines the content of cellulose, hemicellulose, and lignin [43,45].
Wood is the raw material par excellence from which cellulose is extracted. The hemicellulose and a-cellulose
content in the wood forms the majority of its composition (on average 65%-75%) [46]. In this research,
the hemicellulose and cellulose content exceeds 70% between both, representing a possibility of use as raw
material. Corn stalks have a chemical composition different from conventional sources used for cellulose
production. Concert to cellulose content (the component of interest in this research) is lower compared to
softwoods, hardwoods, cotton, almond trees, and olive trees, with a value close to 40% [47,48]. It is also lower
compared to the amount of cellulose present in native or silane-treated isinglass palm fibers, which report
values greater than 60% and less than 70% [49].

The total reducing sugars for this research were 0.53 ug/L. This result is lower than that reported in
studies where wheat straw was hydrolyzed with 2% H,SO,, obtaining 2.0 g/L of reducing sugars [45] and
when applying different hydrolysis methods with corn stalk where 7 g/L of total reducing sugars were
obtained. These differences may be due to the concentrations of the reagent used, reaction times and
temperatures, as well as the maturation state of the raw material used [50]. Total reducing sugars are an
indicator used to analyze the subsequent conversion of biomass into biofuels and value-added chemicals [51].

Among the variables analyzed in corn stalks, moisture content, cellulose, hemicellulose, and lignin
are key components prior to cellulose extraction. Lignocellulosic biomass tends to absorb moisture, and at
the industrial level, high moisture contents indicate a high presence of water, which can influence waste
deterioration [13,41]. The properties of cellulose are closely linked to its molecular structure, which is affected
by water. Its interaction with moisture is a complex process that depends on the highly differentiated structure
of cellulose. Moisture in contact with cellulose causes water molecules to diffuse into non-crystalline
domains, swelling the structure and forming new hydrogen bonds. Water bridges can also be created in
place of the hydrogen bonds present in dry cellulose. Greater water mobility facilitates the reorganization of
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amorphous cellulose into a more ordered alignment. In the crystalline structure, water adsorption indirectly
causes lateral contraction of cellulose crystals [52,53].

Moisture content influences process performance, reagent dosage, and extraction efficiency. Moisture
concentrations above 15% could increase the concentration of the reagent used in subsequent hydrolysis. In
related research, biomass moisture is maintained at around 10% (BS) when subjected to chemical cellulose
extraction processes and subsequent characterization applications [54,55].

The cellulose, hemicellulose, and lignin content are crucial for process efficiency. The higher the
native cellulose content relative to the other components, the greater the expected amount of cellulose
recovered. During the extraction of cellulose from any plant biomass, delignification and the removal of
hemicellulose are required. The complex composition of biomass, especially the binding of lignin to other
cell wall components, is an obstacle to efficient conversion. Biomass composition directs pretreatment
efforts to optimize separation and conversion processes. Based on this, the type of pretreatment to be used
(acid-alkaline, salts, ionic liquids, enzymatic, integrated strategies) can be established for effective lignin
removal, efficient cellulose recovery, and viable optimization of biomass conversion processes into specific
products [56,57].

3.2 Cellulose Extraction Yield

Table 3 presents the yield obtained for cellulose extraction after hydrolysis of the residue. Table 4 shows
the statistical analysis performed on the experimental design proposed for hydrolysis.

Table 3: Yield of extracted cellulose pulp

Hydrolyzing agent Concentration (%) Reaction time (min) Yield (%), (X + 0)

60 1517 + 0.41
0.62 120 17.83 + 2.14

60 14.17 £ 0.75

CH;COOH 1.25 120 1717 + 1.94
- 60 14.50 + 0.84

: 120 15.33 + 1.63

60 8.20 + 0.84

0.62 120 28.80 = 130

60 12.50 + 0.55

H,S0,4 125 120 33.40 + 1.14
. 60 34.20 +1.79

: 120 36.33 £ 0.52

60 46.17 + 2.26

0.62 120 4817 £0.75

60 49.40 + 1.52

NaOH 1.25 120 54.67 + 0.52
- 60 56.20 +1.10

120 65.00 £1.90
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Table 4: Statistical analysis performed on the hydrolysis process

Variable Sum Sq  F Value Pr (>F) Significance
Concentration 2105.80  1028.24 <2.2x107'® i
Agent 20,068.40 9799.43 <2.2x 10716 ot
Time 35780 17473 <22x107'6 ot
Concentration: Agent ~ 416.70 20349 <2.2x107'® i
Concentration: Time 61.40 30.00 127 x107'6 ok
Agent: Time 7.80 3.79 0.06

Note: ***p < 0.001, Highly significant.

The highest cellulose extraction yield was obtained with alkaline hydrolysis, reaching 65% at a concen-
tration of 2.5% in a reaction time of 120 min. In acid hydrolysis, the highest yields reported were 17.83% and
36.33%, working with CH;COOH and H,SO, at concentrations of 0.62% and 2.50%, respectively, both in a
reaction time of 120 min.

In an investigation where alkaline hydrolysis was performed on corn cob waste, yields from 52.19% to
78.185% were reached when working with NaOH from 0.50% to 4.00%, with reaction times of 30, 60, 90, and
120 min, autoclaving at 121°C [58]. In contrast, acid hydrolysis gave better results when working with H,SO,4
instead of CH; COOH. H,SO, has advantages over other acids because the reaction rate is higher, providing
solubility in cellulose and other sugars more quickly and effectively [59]. The yield results in acid hydrolysis
with H,SO, are compared with studies where cellulose was extracted from corn stalk with acid hydrolysis,
in which using a concentration of 2% and 5%, a yield of 30.07% and 34.19% was obtained, respectively [60].

Acid-base hydrolysis is the most widely used method to extract cellulose from corn stalks, as it is a simple
extraction process, highly efficient, with good thermal stability, good crystallinity, easy control of reaction
conditions, and low cost. These advantages facilitate large-scale industrial production with a wide range of
development [61]. Alkaline hydrolysis increases the porosity and accessibility of cellulose by removing lignin
through the cleavage of ether bonds and solubilizing hemicellulose by saponifying the intermolecular ester
bonds between hemicellulose and lignin [62]. Alkalization with NaOH is one of the chemical treatments
commonly used to remove amorphous portions or modify the surface of natural fibers in biomass. The
effectiveness of alkaline hydrolysis may have been due to the elimination of the amorphous portion of the
fibers present in biomass, enabling its use [63].

In general, it was observed that all three variables analyzed in hydrolysis influenced the cellulose yield.
In all cases, regardless of the type of hydrolyzing agent, higher yields were obtained with increasing reaction
time. In acid hydrolysis with CH;COOH, although higher yields were achieved with longer reaction times,
the yield trend was downward with an increase in the concentration of the hydrolyzing agent. This also
occurred when using H,SOy, where the highest yields were reported for longer reaction times. When using
CH;COOH, the yield increased with increasing acid concentration. In alkaline hydrolysis, the extraction
yield was directly proportional to both the concentration of the agent and the reaction time.

The yield obtained in cellulose and nanocellulose crystal extraction processes depends on factors such
as time, concentration, and the isolation method used. Depending on the operating parameters established
for the hydrolysis process used, it is possible to control the yield, among other aspects, which allows
obtaining materials with properties for several applications [64]. The reaction time affects the elimination
of hemicellulose. Longer reaction times and higher alkali concentrations increase the yield of cellulose
extraction [65]. The hydrolyzing agent used also influences the pH of the extraction process. pH adjustment
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in an alkaline medium is usually carried out with NaOH, and increasing its concentration along with
temperature can favor the optimization of yield [66]. Cellulose is more stable at neutral to slightly alkaline
pH, and its degradation is accelerated under acidic or highly alkaline conditions. Lignin and hemicelluloses
are solubilized in alkaline solutions, but under strong alkaline conditions, the degree of cellulose removal
can be significantly lower [67]. At acidic pH < 4, lignin dissolution and degradation also occur. In the acid
hydrolysis of cellulose, the glycosidic bonds of hemicellulose are broken in an acidic medium, leading to the
degradation of hemicellulose [68].

Statistical analysis indicated that Concentration, Agent, Reaction Time, and the Concentration-Agent
and Concentration-Time interactions, with p-values < 0.05, had a significant impact on hydrolysis yield.
To determine the normality of the data, the normality test Shapiro-Wilk was performed, with a p-value of
0.3871 > 0.05, thus failing to reject the null hypothesis, indicating that the data analyzed exhibited normal or
parametric behavior. De Medeiros Souza et al. [65], when studying the influence of KOH concentration as
alkali and reaction time on the extraction of cellulose from plant fibers, determined that time was the factor
with the greatest impact on alpha-cellulose yield compared to others evaluated. The effect of concentration
was significant, being equally important in the studied response, while the concentration-time interaction
was not significant.

In this regard, the conditions under which alkaline hydrolysis is carried out, such as alkali concentration,
treatment time, and temperature, affect subsequent yields, which are also influenced by biomass composition.
In the statistical analysis of a previous study where cellulose was extracted from corn cobs, it was found
that NaOH concentration is the most significant factor in the entire reaction, playing a fundamental role in
removing impurities from the corn cob to isolate cellulose. The removal of these impurities increases with
increasing alkali concentration and reaction time. Hydrolysis may even require a longer reaction time to
allow for the cleavage of the a-ether bonds of hemicelluloses and lignin by NaOH [19].

The physical appearance of the extracted cellulose was light brown with a soft texture. There was no
variation in its appearance concerning the extraction variables. The shade of the extracted cellulose depends
on the raw material used and the pH at which the hydrolysis was performed [69]. Although bleaching time
was not considered a variable of interest, the findings of other researchers reported that H,O, concentration
and bleaching time were substantial factors when the biomass was bleached without alkaline treatment [19].

The yield of extracted cellulose can also vary depending on the reagent used during the bleaching
process. A reduction in cellulose yield of 5%-7% can occur when hydrogen peroxide is used instead of
sodium hypochlorite. Likewise, the concentrations of these reagents can influence the final quality [70].

3.3 Characterization of CA

Wet crystalline cellulose was obtained after the acetylation process. The mass yield of CA relative to
the initial cellulose mass varies depending on the degree of substitution and the process efficiency. Without
biomass pretreatment, CA conversions from corn fiber are typically low compared to other starting materials
since the amount of cellulose present is less than 15%. In acetylation of untreated corn fibers, a yield of 1.8%
was obtained by acetylating the cellulose, and after chemical hydrolysis pretreatment, the conversion rate
increased to about 24% by weight [20].

Fig. 1 shows the IR spectrum of untreated corn stalk cellulose, showing some characteristic groups of
cellulose before the acetylation process. The band recorded at 3400 cm™ indicates the presence of hydroxyl
groups linked by hydrogen bonds with intermolecular bonds in its structure, and a wide signal is maintained
due to the tension produced. The signal recorded at 2900 cm™ is related to the C-H group, saturated
in cellulose and hemicellulose. The typical bands of pure cellulose are those recorded at 1050, 1160 and
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1320 cm™!. There are also several bands with symmetric and asymmetric stretching due to the presence of
the bonds C-H [19,71].

30+
25

20

Transmittance %
o
1

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (1/cm)

Figure 1: Infrared IR spectrum of cellulose

Fig. 2 shows the IR spectrum of the obtained CA. It shows the presence of the acetate functional group
(C=0) in the band near 1700 cm™! corresponds to the presence of the carboxylic group. The bands at 1400,
1050, and 1600 cm™! are attributed to CH,, CO stretching, and the C=C group. The band near 3450 cm™!

represents the formation of CA. The results indicate that the substitution of the OH group by the acetate
group has occurred correctly.

30
25-
20-
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Figure 2: Infrared IR spectrum of CA

When comparing the FTIR of cellulose with CA, the structural transformation is evident. In cellulose-
to-CA, the intense bands at 3400 and 1050 cm™! are attributed to the stretching of -OH and the activity
of C-O-C in anhydroglucose units. In comparison, the spectrum of acetylated cellulose (Fig. 1) shows the
presence of three vibrations of the acetyl group at 1700, 1400 and 1050 cm ™ attributable to the species (nC]O),
(n-CH3) and (nC-0), respectively. Furthermore, the reduced intensity of the hydroxyls (-OH) at 3450 cm'
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is characteristic of acetylation. Another observable difference between the spectra is the slight shift towards
the hydroxyl groups of cellulose about CA, which can be attributed to the large number of hydrogen bonds
present in cellulose that are destroyed by the acetylation reaction [72].

The cellulose acetylation process presented the desired results, by what is observed in the compounds
reported in the infrared and what has been reported in other investigations, where it shows the acetate group
in the 1715 cm™! signal [73], also coinciding with the characteristic signal of the acetate group in the 1753
cm™! band [74].

4 Conclusion

Plant cellulose was obtained from corn stalk residue by acid-base hydrolysis, with higher cellulose yields
achieved with alkaline hydrolysis. This cellulose pulp was revalued into CA and characterized by infrared
spectroscopy, which displayed similar behavior to commercial cellulose about spectral signals and compound
structures. Although the primary raw material for obtaining cellulose is wood, the use of agricultural waste
represents a potential option for exploitation under a biorefinery approach to produce various products.
Cellulose is a platform molecule that can be transformed into diverse bioproducts, including CA. The
obtained AC can be used as a raw material for the chemical industry in the manufacture of paints, textiles,
or packaging materials. The results obtained are a precedent for the development of research focused on the
design of biorefineries under a cascade economy model, which allows the use not only of cellulose but also
of other compounds present in biomass, such as xylose and arabinose, which are high-value pentoses used
in the production of products such as xylitol and furfural.
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