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Preparation and Characterization of Cellulose Triacetate
from Cocoa Pod Husk
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The valorisation of agricultural residues into a high value-added product is
necessary to respond to the global environmental concerns caused by the
pollution of agricultural waste. The objective of this study was to shed light
on a new value-added usage of cocoa pod husk (CPH) for the synthesis
of cellulose triacetate (CTA). Alkaline treatment with sodium hydroxide (5
wt%) followed by bleaching process with (2 wt%) hydrogen peroxide was
found effective for the extraction of cellulose from CPH. The percentage
of cellulose obtained was 80.5% with a yield of 54%. The CTA was
synthesised by a explore new way acetylation reaction in the presence of
acetic acid, acetic anhydride, and sulphuric acid. The CTA obtained had a
degree of substitution of 2.87 and a percentage of acetylated group of
43.8%, as determined by titration. The result of Fourier transform infrared
spectroscopy showed the appearance of the stretching of the ester and
the acetyl groups, indicating the formation of CTA. X-ray diffraction
showed that the crystallinity index of CPH cellulose was 38.4%, while
indicating the semi-crystalline nature of CTA produced. Scanning electron
microscopy confirmed a change in the morphology of CTA after
acetylation. X-ray energy dispersive analysis showed that the CTA was
mainly composed of carbon and oxygen.
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INTRODUCTION

The cocoa region in C6te d'lvoire is one of the largest pillars of the Ivorian
economy, accounting for 15% of the gross domestic product (GDP) (Gitonga Njeru 2021).
Ivorian cocoa production represents 40% of the world production (Statista 2022). The
cocoa beans produced are either exported or transformed into many food products
(chocolate powder, cocoa butter, chocolate bars, etc.). As for cocoa pod husk (CPH), they
are released into nature as agricultural waste. However, they represent 70% to 75% of the
weight of the whole pod (Daud et al. 2013). Their annual production in Cote d'lvoire is
estimated at more than 6.5 million tons, which explains their abundance in agricultural
areas (Ouattara et al. 2021). This abundance results in the proliferation of mosquitoes, as
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well as other harmful insects against cocoa and surrounding areas (Kouakou et al. 2018).
To find a solution to this problem, the valarization of CPH becomes necessary.

The CPH are lignocellulosic biomasses rich in several elements such as fibres
(cellulose, lignin, hemicellulose, and pectin), minerals (especially potassium), and
antioxidants (polyphenols etc.) (Kouakou et al. 2018; Lu et al. 2018). In view of these
characteristics, the valorisation of CPH has aroused the interest in many fields including
soil fertilization, food and animal chemistry, plant nutrition, treatment and disposal of
waste, and the technology for thermal energy (Ouattara et al. 2021). Most of these uses
already have been widely exploited, while others such as the production of cellulose acetate
from CPH are new and deserve special attention.

Cellulose is the most abundant material on Earth (Pinto et al. 2022), with a natural
production capacity of 10! at 102 tons every year; it is a main element of vegetable fibres,
along with hemicellulose and lignin (Motaung and Linganiso 2018; Abu Aldam et al. 2020;
Meereboer et al. 2020; Pinto et al. 2022). It is considered an almost inexhaustible source
of raw materials for the preparation of renewable and biodegradable products. Cellulose is
a highly crystalline polysaccharide and is insoluble in all common organic solvents (John
and Thomas 2008; Lee et al. 2014). With low heat treatability and poor moisture barrier
performance, its usage faces problems in food packaging and other industrial applications.
(Sazali et al. 2019). Therefore, cellulose is transformed into cellulose ester (derived from
cellulose), which is biodegradable (Vroman and Tighzert 2009).

Cellulose acetate (CA) is a transparent, flexible plastic and one of the most stable
cellulose derivatives. It is well known in the industrial world and generally used in
applications such as sheets for food packaging, coatings, absorbent products (nappies,
surgical products), membrane filters, cigarette filters, cosmetics, etc. (Cheng et al. 2010;

Nguyen et al. 2013; Hindi and Abohassan 2015). It is obtained by acetylating the hydroxyl
groups of cellulose by reacting cellulose with acetic acid and acetic anhydride in the
presence of a strong acid as a catalyst (Bikales et al. 1954). The average number of
acetylated groups per anhydroglucose unit, called the degree of substitution, ranges from
0 (in the case of cellulose) to 3 (in the case of triacetate) (Varghese et al. 2020). This data
is very important because it governs the solubility of CA and defines some of its properties.
For example, the more the DS increases, the biodegradability decreases or stops
completely. It is also mentioned in the literature that CA is soluble in certain solvents such
as acetone, methyl acetate, and the higher converted fractions are soluble in
dichloromethane for a DS between 2 and 2.5 (Abu Aldam et al. 2020). Commercial CA
production uses pure cellulose extracted from wood or cotton pulp. However, given the
many restrictions on the preservation and conservation of forest resources, their use is
becoming increasingly limited. Thus, several other sources of cellulose such as agricultural
residues continue to be studied in order to obtain adequate cellulose levels for other
purposes.

Moreover, several types of agricultural residues have already been used to produce
CA or CTA. Hindi and Abohassan (2015) used cellulose isolated from the date palm to
produce CTA by a heterogeneous acetylation reaction. This reaction was performed with
acetic anhydride as the acetyl donor for a DS of 2.9 and an acetyl group ratio of 43.9%
(Shaikh et al. 2022). Similarly, cellulose from sugarcane bagasse was used in a
heterogeneous acetylation reaction to synthesize CTA with a DS of 2.81 (To Nu et al.
2019). In addition, Shaikh et al. (2022), used cellulosic fibres of cotton, recycled writing
papers, recycled newspapers, and macerated woody fibres of leucocephala to produce
CTA. Its various fibres have been acetylated by heterogeneous reactions with glacial acetic

Bamba et al. (2023). “Cellulose triacetate preparation,” BioResources 18(1), 1684-1698. 1685



PEER-REVIEWED ARTICLE b | oresources.com

acid, and acetic anhydride using sulfuric acid as a catalyst. The acetylated products were
obtained in respective yields of 111%, 94%, 84%, and 73% with almost identical DS (Hindi
and Abohassan 2015).

Furthermore, there are previous studies on the extraction of cellulose from
agricultural residues of CPH. However, so far the production of cellulose acetate from CPH
still remains new and needs to be explored. Moreover, the authors wanted to emphasize the
scientific and environmental interest of the valorization of an agricultural waste that is
found in large quantities in Cote d'lvoire and in West Africa. These agricultural wastes
represent an enormous source of pollution of the agricultural spaces.

Hence, the objective of this study is to explore a new way of valuing CPH for the
synthesis of CTA.

EXPERIMENTAL

Materials

Fresh cocoa pod husks (CPH) used in this work came from Cote d'lvoire (CI).
Ethanol (C2HsOH, 96%) and sodium hydroxide (NaOH) pellets were obtained from Sigma-
Aldrich. Sulfuric acid (H2SO4, 98%) and glacial acetic acid (CH3COOH, 99%) used were
Merck brand. Acetic anhydride ((CHsCO)20, 99%) was Scharlau brand, and hydrogen
peroxide (H202) was purchased from Panreac Applichem. All chemicals and solvents used
were of analytical grade and were used without further purification.

Methods
Plant biomass: Mechanical treatment of plant biomass

The CPH were collected in a cocoa plantation in the village of Lolobo located in
the department of Yamoussoukro (region of the lakes) in the system latitude: 6.955980 and
longitude: -5.269256. The CPH samples collected were taken to the laboratory and washed
with tap water several times to remove any impurities (sand, leaf, mucilage, and other
contaminants). Then they were dried in the sun for 3 days and in an electric dryer for 24 h
at 60 °C. The dried product was ground in a cutter mill to obtain a powder with a particle
size of 200 um. Finally, the powder was stored in a sealed bottle for chemical analyses and
for the synthesis of CTA. Figure 1 shows the CPH extraction steps.

Fig. 1. Extraction steps of CPH powder: A (fresh CPH), B (sun-dried CPH), C (electrically dried
CPH), and D (CPH powder).
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Extraction of cellulose from cocoa pod husk (CPH)

The CPH powder was treated with boiled water and then dried at 105 °C in an oven
for 24 h. The dry CPH powder was then treated with a 5% (w/v) aqueous solution of NaOH
for 3 h at a temperature of 170 to 200 °C under constant mechanical stirring. The paste was
then rinsed several times with distilled water until the alkali was neutralized. The solids
were dried for 24 h. After that, the sample was bleached with 2% of hydrogen peroxide
(H202) at pH=12 (adjusted with a concentrated solution of KOH) at 70 °C for 3 h.
Subsequently, the sample was filtered, washed with distilled water to neutral pH, and dried
in an oven for 6 h at 105 °C.

Synthesis of cellulose triacetate (CTA)

The preparation of CTA from CPH involved dissolving 1.0 g of dried CPH
cellulose in a solution of 40 mL of glacial acetic acid with a few drops of 98% sulfuric acid
as the catalyst for the reaction. The system was refluxed at a temperature of 80 to 90 °C for
30 min. After cooling, 40 mL of acetic anhydride was added to the mixture, and the system
was heated again until the fibre had completely disappeared (after 15 min). A 20% aqueous
solution of acetic acid was then added at the end of the reaction and the mixture is then
heated at 70 °C for 10 min. After cooling (after 60 min), 50 mL of hot water (approximately
100 °C) was added slowly while stirring, when CTA precipitated. It was then filtered using
Buchner funnel and the product is washed with cold water until a neutral pH. The product
obtained was dried in an oven at 90 °C to a constant mass.

Analysis of the chemical composition

The chemical composition of the CPH powder and the cellulose extract of the CPH
was carried out following the ASTM methods. The raw CPH powder first underwent
solubilization in alternating solvents, hot water and 96% ethanol, to determine the content
of extractables. Holocellulose content was determined by ASTM D1104-56 (1978),
cellulose content per ASTM D1103-60 (1978), lignin content per ASTM D1106-56 (1974),
and ash content per ASTM D1102-84 (2007). The hemicellulose content was obtained by
subtracting between the holocellulose and cellulose contents.

Determination of % acetyl and degree of substitution DS

The degree of substitution (DS) of the CTA produced was determined by the
titration method as described by Samios et al. (1997). For this purpose, 1 g of dry CTA
was accurately weighed using an electronic balance and transferred into a 250 ml
Erlenmeyer flask. Then 40 mL of a 75% (v/v) aqueous ethanol solution was added to the
previous mixture. A blank test was carried out in another 250 mL Erlenmeyer flask by
adding 40 mL of the 75% (v/v) ethanol solution and carrying out the rest of the procedure.
Hermetically sealed Erlenmeyer flasks were heated for 30 min at 60 °C. Then, 40 mL of a
solution of NaOH (0.5 N) were added to each of the Erlenmeyer flasks, and heated again
at 60 °C for 30 min. The sealed flasks were then allowed to stand at room temperature for
72 h. Excess alkali was titrated with hydrogen chloride (HCI) solution (0.5 N) using
phenolphthalein as indicator. An excess of 1.0 mL of HCI (0.5 N) was added, and the alkali
was allowed to diffuse from the regenerated cellulose overnight. The disappearance of the
pink color indicated complete neutralization of the alkali. The small excess of the acid was
then titrated with NaOH (0.5 N) to the phenolphthalein endpoint. The procedure was
performed in triplicate to determine the degree of acetylation and the DS using Eq. 1,
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(A-B)Np—(C-D)N)]x4.3

% Acetyl = [ w (1)

with:
__ (3.86x% Acetyl)

DS =
(102.4—% Acetyl)

)

where A is the amount of NaOH added to the sample (mL); B is the amount of NaOH added
to the blank (mL); Nb is the normality of the NaOH solution; C is the amount of HCI added
to the sample; D is the amount of HCI added to the blank (mL); Na is the normality of the
HCl solution; W is the sample weight (g); and 4.3 is a factor to calculate the (%) acetylation.

Characterization and Analysis Method
Fourier Transform Infrared Spectroscopy (FT-IR)

Cellulose functional groups of CPH and CTA were evaluated by Fourier transform
infrared (FTIR) spectroscopy using a Jasco Model N0.4700 Type A spectrometer (Chennai,
India). Spectra were obtained over a range of 500 to 4000 cm™ with a sweep speed of 2
mm/s. Thirty-two acquisitions were made from each spectrum at a resolution of 4 cm™ and
an incident angle of 45°.

X-ray diffraction analysis:

The X-ray diffractogram of the different samples was carried out on a Rigaku
Miniflex (I1) brand desktop diffractometer (Chennai, India) using a Ni filter (4 = 1.5418
nm) with a Cu-Ka radiation source at (35 kV and 10 mA) over an angular range between
5° and 40°. The direction-finding speed is 5°/min, and the XRD results were processed
using the Joint Committee on Powder Diffraction Standards (JCPDS) software. The
crystallinity index (Crl) was calculated from the Eqg. 3,

Ioo2—Iam
C, 1 = doz"lam) o 100 3)
002
where loo2 denotes the intensity of the maximum diffraction peaks linked to the crystalline
part of the cellulose at 26 = 22° and lam refers to the intensity of the minimum peaks related
to the amorphous region of the cellulose 26 = 18° (Segal et al. 1959; Wang et al. 2015).

Scanning electron microscope (SEM):

The surface morphologies of CPH cellulose before and after acetylation were
observed by a TESCAN field emission scanning electron microscope, CLARA model
combined with EDAX (Chennai, India). The excitation energy was set at 10 KeV with a
magnification of 5.00 kx.

RESULTS AND DISCUSSION

Lignocellulosic Composition of Cocoa Pod Husk and Cellulose Obtained
from CPH
Cocoa pod husk

The lignocellulosic composition of CPH obtained from this study is summarized in
Table 1. This table also includes results from previous studies for comparison purposes.
There was heterogeneity between the results obtained and those observed in the literature
(Table 1). Indeed, according to Leygnima et al. (2021) and Sandesh et al. (2020), these
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disparities between the results could be attributed to environmental factors, varieties of
biomass, different analytical methods or the solvents used, and to the location of the
materials collected.

It is also notable that the values of cellulose during this characterization were close
to the results of certain authors mentioned in Table 1. On the other hand, the cellulose data
were lower than the values reported by Daud et al. (2013) and Nazir et al. (2016). It should
be noted that cellulose is very important because it represents the main structural
component of a plant fibre. In addition, it gives strength and stability to the cell walls of
the plant (Anjum et al. 2016).

The hemicellulose content of the CPH obtained was identical to that reported by
Nazir et al. (2016) and Titiloye et al. (2013), but much lower than the data found by Asiedu
et al. (2019) and Daud et al. (2013). Hemicelluloses hydrolyse more easily to sugar than
cellulose and therefore fibres containing a high level of hemicellulose would be excellent
for the production of fuels such as ethanol (Reddy and Yang 2005).

Regarding the lignin content in this work, it was relatively low compared to that
reported by Nazir et al. (2016) and Titiloye et al. (2013), but it was high compared to the
values obtained by Asiedu et al. (2019) and Daud et al. (2013). Hence the need to provide
a pre-treatment in order to release the fermentable sugars (Leygnima et al. 2021) is evident
here.

Table 1. Lignocellulosic Composition of CPH and the Results of Some Previous
Studies

Cellulose Hemicellulose Lignin Extractables Reference
(%) (%) (%) (%)

30.23 12.58 20.58 21.43 This work
31.68 16.97 25.62 21.57 (Leygnima et al. 2021)
30.41 11.97 33.96 23.66 (Titiloye et al. 2013)
28.25 16.75 24.16 - (Sandesh et al. 2020)
23.04 38.08 18.19 - (Asiedu et al. 2019)
44.69 11.15 34.82 - (Nazir et al. 2016)
35.40 37.0 14.7 - (Daud et al. 2013)

Cellulose isolated from cocoa pod husk

The results of the lignocellulosic composition of the cellulose isolated from CPH
(CPH-Cellulose) are summarized in Table 2 and is compared to that of the raw CPH.

After extracting the cellulose, it was noted that the product obtained had a high
purity in which the cellulose content had increased from 30.23% to 80.5% compared to the
raw CPH. Also, it can be observed that the contents of hemicellulose and lignin had
considerably decreased. This could be explained by their solubilizations during the
bleaching process.

With a low concentration of H202 (2%) at pH = 12 and in the presence of NaOH,
good removal of the lignin content was observed during the bleaching process. These
results confirm the results of Shaikh et al. (2022), who showed that lignin removal was
effective at low concentrations of H202 (2%) at pH = 12 (To Nu et al. 2019).

In this study, the yield of the CPH-cellulose obtained after the extraction process
was 54%.
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Table 2. Lignocellulosic Composition of Extracted Cellulose from CPH

Samples Cellulose Extraction Result
(Treatment)
NaOH [H202] t (h) Weight C Hc L
(%; wiv) (%; viv) (a,b) (9) wt (%) wt (%) wt (%)
CPH- 5 2 3 5.4 (b) 80.50 7.57 5.70
Cellulose
CPH - - - 10 (a) 30.23 12.58 20.58
Weight@P): 2 (initial weight of CPH), ® (final weight of extracted cellulose); C (cellulose); Hc
(hemicellulose); L (lignin)

Percentage of acetyl groups and degree of substitution (DS)

The production of CTA in this study was carried out in several stages namely:
activation, acetylation, hydrolysis, and drying. As a matter of fact, the activation step
occurs well before acetylation in order to enlarge the surface of cellulosic fibres and reduce
intermolecular hydrogen bonds (Bahmid et al. 2013). This facilitates the process of
acetylation with acetic anhydride.

The results of the percentage of acetylated groups and the DS are summarized in
Table 3. The values for the percentage of acetyl groups and the DS were 43.75% and 2.87,
respectively. These results were close to the values obtained by Shaikh et al. (2022) and
To Nu et al. (2019).

The DS (2.87) obtained in this study by the titration method indicates that the
product obtained is cellulose triacetate (Silva et al. 2017; Malucelli et al. 2019; Shaikh et
al. 2022). Also, note that the data presented in Table 3 indicate that the acetyl group (%)
and DS value increased depending on the purity of the extracted cellulose.

Table 3. Percentage Acetyl Content and DS of Prepared Cellulose Acetate

Samples % Acetyl DS Yield Reference
CTA 43.75 2.87 62.96 This work
CTA-2 43.51 2.85 94.5 (Shaikh et al. 2022)
CA-1 41.68 2.65 45 (To Nu et al. 2019)
CA-2 43.05 2.80 51 (To Nu et al. 2019)
CA24 42.1 2.79 - (Rodrigues Filho et al. 2008)

Fourier transform infrared (FTIR) spectroscopy

The FTIR spectra of CPH cellulose and CTA extracted from CPH are shown in Fig.
2. In the CPH cellulose spectrum, the maximum absorption band found at 3343 cm™ has
been attributed to the stretching of hydroxyl groups (-OH) bonded to hydrogen (Poletto et
al. 2011; Egot and Alguno 2018; Jimat et al. 2019; Shaikh et al. 2022).

The intensity of the bands at 2907 and 1368 cm™ could be attributed to stretching
and straining vibrations of the (C-H) group in glucose units (Jimat et al. 2019). However,
these inter- and intra-molecular hydrogen bonds in cellulose have a strong influence on the
physical and mechanical properties of cellulose (Samuel and Adefusika 2019).

According to Poletto et al. (2011), the bands at 1426, 1320, and 1030 cm™ can
correspond respectively to the group (CHz2), to the motion of (CH2), and to (C-O-) a group
of secondary functions of alcohol and ether in the cellulosic base chain. In addition, those
at 1106 cm*and 1158 cm! may be associated with anhydro-glucose ring and asymmetric
bridge stretching of C-O-C group (Tserki et al. 2005; Poletto et al. 2011).
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Fig. 2. FTIR spectra of CPH cellulose and cellulose triacetate

The last transmission peak observed at 895 cm™ was attributed to symmetric
stretching (C-O-C) of the B (1—4) glycosidic linkage. In the spectrum of cellulose isolated
from CPH, the peak located in the area of 1700 cm™ characteristic of the carbonyl group
in hemicelluloses was absent, as well as the absence of peaks that would have indicated the
presence of lignin units (1600 and 3070 cm™Y).

In the spectrum of CTA, the functional group (-OH) at 3416 cm™ had been perfectly
acetylated because it has a high value of transmission compared to that of CPH cellulose
(Tristantini Budi and Yunan 2018).

Indeed, the formation of CTA could be confirmed by the peaks 1744 cm™and 1225
cmt, which correspond respectively to the stretching of the ester (C=0) and the stretching
(C-0) of the acetyl group (Egot and Alguno 2018; Shaikh et al. 2022). Also, the bending
vibrations of the methyl (C-H) in the acetate were observed at 1368 cm™. The absence of
the bands at 1760,1840, and 1700 cm™ showed cellulose acetate to be free of acetic
anhydride and acetic acid (Heinze and Liebert 2012; Shaikh et al. 2022).

The presence of its four functional groups: (OH), (C=0), (C-0O), and (C-H) showed
that CTA produced from CPH cellulose was successfully formed in this work.

X-ray diffraction

The XRD analysis was performed to observe a change in the cellulose structure of
CPH before and after acetylation, as shown in Fig. 3. Three peaks were observed on the
CPH cellulose diffractogram at 26 = 15.4°; 22.1°; and 34.5°. Its peaks are characteristic of
the crystal structure of type | cellulose, as already mentioned by several authors
(Matsumura et al. 2000; Poletto et al. 2011; Malucelli et al. 2019). After acetylation of the
CPH cellulose, the three initial peaks almost disappeared on the CTA diffractogram and
new maximum peaks appeared respectively at 20 = 8.5°; 10.5°; 13.4°; 17.6; 18.3; and
21.1°. This change was due to the diffraction pattern indicating the substitution of hydroxyl
groups by acetyl groups which have a larger volume along the axes (Malucelli et al. 2019;
Morsy et al. 2022).
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Fig. 3. X-ray diffraction patterns of cellulose extracted from CPH and cellulose triacetate (CTA)

According to previous studies (Rodrigues Filho et al. 2000; Yang et al. 2014;
Malucelli et al. 2019), the main peak located at about 8° recorded for CTA is characteristic
of semi-crystalline acetylated cellulose. At this peak, there is a generation of disorders
caused by the substituent groups, resulting in an increased interfibrillar distance and a
degradation of the micro fibrillar structures (Maheswari et al. 2012; Malucelli et al. 2019).
The disappearance of the various peaks after the acetylation reaction would indicate the
loss of crystallinity in the acetylated sample.

The crystallinity index (Crl) of CPH cellulose was calculated using Segal's equation
to be 38.4%. This result is lower than that reported by others (Maheswari et al. 2012;
Akinjokun et al. 2021). This difference was attributed to the presence of residual
hemicelluloses after the bleaching process, which could influence the low crystallinity of
the final sample (Malucelli et al. 2019).

Scanning electron microscopy with energy dispersive X-ray analysis

Figure 4 shows SEM images of cellulose isolated from CPH and CTA. A difference
is observed in the morphology of the two samples. The micrograph of the cellulose
extracted from the CPH showed a compact surface morphology with a fairly smooth
surface.

After the acetylation process, the SEM image obtained for CTA (Fig. 4b) exhibited
small and large rough particles in the form of a spongy structure. This can be seen as a
degradation of the structure of the cellulose triacetate sample. This deterioration could be
caused by the dissolution of the CPH cellulose in the acetic anhydride. Similar micrographs
have also been observed by some authors (Hamed et al. 2015; Hu et al. 2015). Moreover,
Fig. 4b clearly indicates its non-fibrous nature and exhibits a morphology similar to the
structure of a cellulose triacetate.
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Fig. 4. SEM micrographs of (a) extracted cellulose of CPH (b) cellulose triacetate (CTA)

Energy dispersive X-ray analysis (EDAX) was used to determine the composition
of chemical elements in CTA from a randomly selected point represented by a red square
on the sample. The EDAX scatter spectrum of CTA is presented at Fig. 5 shows the
presence of carbon (C) 87% and oxygen (O) 13%. These various results indicate that the
CTA obtained represents an organic compound.
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Fig. 5. EDAX of CTA sample elemental mapping

CONCLUSIONS

1. Alkaline pre-treatment of cocoa pod husk (CPH) with NaOH (5 wt%) followed by
bleaching sequence with H202 (2% v/v) showed a strong improvement in the extraction
of cellulose content (30.2 to 80.5%) and considerable decrease in lignin (20.6 to 5.7%)
and hemicellulose (12.6 to 7.6%)
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2.

The cellulose extracted from CPH was modified by an acetylation reaction using acetic
acid and acetic anhydride in the presence of sulfuric acid. The yield of the product
obtained was 63.0% with a degree of substitution of 2.87, indicating that the product
synthesized was cellulose triacetate (CTA).

The Fourier transform infrared (FTIR) spectrum of CPH cellulose showed an absence
of the characteristic peaks of hemicelluloses at 1700 cm* and lignin at 1600 and 3070
cmt. After acetylation, the spectrum confirmed the formation of CTA through the
peaks 1744 and 1225 cm™ corresponding to the ester (C=0) and the acetyl (C-O)
stretching.

The peaks in the X-ray diffraction (XRD) diffractogram of CPH cellulose were
characteristic of the crystal structure of type I cellulose, while the resulting CTA had a
semi-crystalline structure.

Scanning electron microscopy (SEM) analysis showed a change in the morphology of
CPH cellulose after acetylation. The micrograph before acetylation had a compact
structure and a smooth surface, whereas the one after acetylation showed small and
medium sized particles in a rough and spongy form.
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