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Abstract: To explore the feasibility of preparing cellulose acetate (CA) from reed, this study used self-made triarrhena
lutarioriparia dissolving pulp as raw material and conducts orthogonal experiments using homogeneous reaction method.
The apparent morphology, chemical and crystal structure, thermal stability of CA are measured. When acetic anhydride
dosage, reaction temperature and activation time were 60 mL, 70 °C and 40 min respectively, the performance of CA was
optimal with whiteness of 84.24, the degree of polymerization (DP) was 172, and the degree of substitution (DS) was
2.61. The hydroxyl groups in the cellulose macromolecular chain are substituted by acetyl groups, and the reaction product
exhibits typical Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), proton nuclear magnetic res-
onance spectroscopy (‘H NMR) curves of CA. The destruction of the cellulose's stable structure leads to a decrease in
the degree of crystallinity and thermal stability of CA, with the highest rate of weight loss occurring at 255 °C. The suc-
cessful preparation of reed-based CA lays a good research foundation for acetate fiber spinning.

Keywords: reed, triarrhena lutarioriparia dissolving pulp, cellulose acetate, acetylation reaction, whiteness, degree of

polymerization, degree of substitution.

Introduction

Reed is a renewable herbaceous plant that grows widely in
marshes, wetlands, lake shores, river banks, etc. In the Dong-
ting Lake region of Hunan Province, the annual production of
reed can reach more than 900000 tons, which is mostly used
in the paper industry.' However, due to environmental protec-
tion requirements, many paper mills were shut down, resulting
in large-scale abandonment of reed and causing a series of eco-
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logical, economic and livelihood issues. Therefore, it is nec-
essary to develop various ways to utilize the surplus reed
resources, such as building insulation materials,? bioethanol,?
edible mushrooms,’ industrial enzymes,’ eco-boards, biochar
etc. If reeds can be converted into high-value regenerated cel-
lulose fibers (such as modal fibers, Lyocell fibers, acetate fibers,
etc.) and textile fabrics, it will help open a new path for the
high-value and efficient utilization of reed resources.
Cellulose acetate (CA) is a cellulose derivative prepared
through the acetylation reaction of green and renewable cel-
lulose. It has extensive industrial applications due to its low
cost, non-toxicity, degradability and biocompatibility, such as
coatings, cigarette filter materials, textile fibers, filter mem-
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branes, composite materials and biomedical products.*® Ace-
tate fiber made from CA has the characteristics of non-toxicity,
strong adsorption capacity, good thermal stability and degrad-
ability.” The high-end textile fabrics woven from them have
excellent moisture absorption, good drapeability, softness and
comfort, easy dyeability, soft luster, and are similar to silk."
However, high-value-added acetate fibers have high perfor-
mance requirements for raw material dissolving pulp, with an
alpha cellulose content of more than 95%, whiteness higher than
90% and DP above 1000." In addition to high-quality wood
pulps and cotton linters, researchers have conducted extensive
related research on the preparation of CA and acetate fibers
using other biomass materials. Liu, ef al.,'* Cerqueira, et al.,"”
and Filho, et al."* used hemp, bagasse and recycled newspaper
to prepare CA and optimized the process of acetylation reac-
tion. He, et al.”® prepared CA and acetate fibers using bamboo
and comprehensively studied the pulp manufacturing process,
synthesis of CA, as well as the spinning process, structure and
properties of the acetate fibers. Hamed, ef al.'® extracted cel-
lulose powder from olive industrial solid waste and converted
it into high-value acetate fibers using pulping and multi-stage
bleaching processes. Chen, et al.'” used various cellulose raw
materials such as microcrystalline cellulose, cotton linter pulp,
wheat straw pulp, bamboo pulp, bleached softwood sulfite dis-
solving pulp and bleached hardwood kraft pulp to prepare ace-
tate fibers by transesterification method, and studied the influence
of raw material types on the properties of CA and acetate
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Figure 1. Preparation process of reed-based CA.
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fibers. Andrade, et al."® used sorghum stalk as raw material to
prepare high-purity and high-value acetate fibers by optimizing
bleaching and acetylation reaction processes. Wu, et al." used
tobacco stalk dissolving pulp to prepare CA and further pre-
pared micro/nano acetate fibers by electrostatic spinning method.
However, there is currently a lack of research on preparing CA
and acetate fibers from reed.

Based on previous research,'’ this study used self-made ace-
tified grade triarrhena lutarioriparia (a kind of reed) dissolving
pulp as raw material, concentrated sulfuric acid as catalyst and
acetic anhydride as acetylating agent to prepare reed-based CA
using the optimized process of homogeneous reaction method.
The whiteness, degree of substitution (DS), degree of polym-
erization (DP), apparent morphology, chemical structure, crys-
tal structure and thermal stability of CA were observed, tested
and analyzed. This not only laid the foundation for preparing
acetate fibers in the next step but also provided ideas for the
transformation and reuse of reed as well as the development of
high-value-added textiles.

Experimental

Materials. The experimental raw material was the self-made
acetified grade triarrhena lutarioriparia dissolving pulp (TLDP),
with an alpha cellulose content of 97.70%, whiteness of 91.42%,
DP of 1413, pentosan content of 5.76%, ash content of 0.01%
and iron content of 5.62 ppm. The chemical reagents used for
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Table 1. Ly(3*) Orthogonal Experimental Design

Three factors

Three A B C
levels  Activation time Acetic anhydride Reaction
(min) dosage (mL) temperature (°C)
1 40 50 50
2 60 60 70
3 80 70 90

the experiment were purchased from China National Pharma-
ceutical Group Corporation, including acetic anhydride (CAS
108-24-7), glacial acetic acid (CAS 64-19-7), concentrated sul-
furic acid (CAS 7664-93-9), dimethyl sulfoxide (CAS 67-68-
5), phenolphthalein (CAS 77-09-8), sodium hydroxide (CAS
1310-73-2), dichloromethane (CAS 75-09-2) and methanol (CAS
67-56-1). Methyl sulfoxide-d6 was ordered from J&K Scien-
tific (CAS 2206-27-1). Deionized water was prepared in the
laboratory.

Preparation Process and Scheme of CA. The prepara-
tion process of reed-based CA is shown in Figure 1. First 3 g of
dried dissolving pulp and 50 mL of glacial acetic acid were
placed in a beaker and activated in a water bath at 40 °C for
40-80 min. Then, 50-70 mL of acetic anhydride was added to
the beaker and stirred for 40 min before adding 2 mL of con-
centrated sulfuric acid for acetylation reaction at a water bath
temperature of 50-90 °C. After the reaction, the mixture was
naturally cooled to room temperature, then 150 mL of deionized
water was added to precipitate white solids. After filtration,
washing, and drying, CA was obtained.

An orthogonal experimental design method was used to
explore the effects of activation time, reaction temperature and
acetic anhydride dosage on the properties of CA. Table 1 shows
the Lo(3*) orthogonal experimental design table with three fac-
tors and three levels.

Performance Testing and Characterization of CA. Whiteness:
According to standard FZ/T 50013-2008, the blue light white-
ness of CA was measured using an XT-48B/BN whiteness
meter (Yante, China), with an average value obtained from five
tests. Lighting conditions: D65 light source, wavelength of 457 nm,
full width at half maximum (FWHM) of 44 nm.

DS: According to standard ISO 1597:2000, CA was dissolved
in dimethyl sulfoxide, and then NaOH aqueous solution was
added. The amount of alkali consumed during the hydrolysis
of CA was determined by a titration method to calculate the
hydrolyzed acetic acid yield, and DS was calculated using

Equation (1)."
DS =3.86Csy /(142.86— Cyy) )

where DS represents the degree of substitution; C,y represents
the hydrolyzed acetic acid yield of CA, in g.

DP: According to standard ASTM D871-96, CA was dis-
solved in a mixed solvent of dichloromethane/methanol (9:1
w/w), and the intrinsic viscosity of the CA solution was mea-
sured using a Ubbelohde viscometer. The DP of CA was cal-

culated using Equation (2)."**

DP =147n'? )

where DP represents the degree of polymerization; 7 represents
the intrinsic viscosity of CA, in dL/g.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis:
The FTIR spectra of TLDP and CA were recorded on a spec-
trometer model Tensor 27 (Bruker, Germany) by KBr pellet
transmission method in the range of 4000~400 cm™.

X-ray diffraction (XRD) Analysis: The crystal structures of
TLDP and CA were determined using an Aeris desktop X-ray
diffractometer (Panalytical, Netherlands) with Cuk, radiation,
voltage of 40 kV, current of 200 mA, scanning rate of 2°/min,
step size of 0.02°, scanning range of 5°-90°.

Thermogravimetric Analysis - Derivative Thermogravimetri
(TG-DTG) Analysis: The thermal stability of TLDP and CA
was tested using a Mettler TGA/DSC 3+ thermogravimetric
analyzer (Mettler Toledo, Switzerland) with nitrogen flow rate
of 50 mL/min, temperature range of 30-600 °C, heating rate of
10 °C/min.

Apparent Morphology: The apparent morphology of TLDP
and CA were observed using a TM4000 scanning electron
microscope (Hitachi, Japan). The backscattered electron mode
was used for observing images with an acceleration voltage of
10 kV.

Nuclear Magnetic Resonance ('H NMR) Analysis: 'H
NMR spectrum of CA was measured by Routine NMR model
Avance NEO 400 MHz (Brucker, Germany) with dimethyl sulf-
oxide-d; (DMSO-d;) as solvent. All 'H NMR experiments are
reported in O units.

Results and Discussion

Orthogonal Experimental Analysis. CA was prepared accord-
ing to the Lo(3*) orthogonal experimental design. Its whiteness,
DS and DP are shown in Table 2, and the range analysis results
for each property are shown in Figure 2. Higher performance

Polym. Korea, Vol. 50, No. 5, 2026
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Table 2. Orthogonal Experimental Results

No. ActivationAtime (min) Acetic anhydri?e dosage (mL) Reaction terr?perature (°C) Whiteness DS bp
1 40 50 50 83.14 2.53 162
2 40 60 70 84.24 2.61 172
3 40 70 90 81.28 2.47 156
4 60 60 90 80.92 2.55 159
5 60 70 50 82.63 2.51 161
6 60 50 70 84.67 2.57 165
7 80 70 70 81.96 2.49 158
8 80 50 90 80.86 242 154
9 80 60 50 85.15 2.56 168
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Factor level Factor level Factor level
Figure 2. Range analysis of whiteness, DS and DP of CA.
Table 3. ANOVA of Whiteness
Source Sum of squares df Mean square F p Sig.
A 2.71 2 1.335 3.30 0.233
B 19.47 2 9.735 23.70 0.040 *
C 10.37 2 5.185 12.65 0.073 *)
Error 0.82 2 0.410
Total 33.37 8
Table 4. ANOVA of DS
Source Sum of squares df Mean square F p Sig.
A 0.005 2 0.003 10.00 0.106
B 0.012 2 0.006 20.00 0.049 *
C 0.009 2 0.005 16.67 0.061 *)
Error 0.0006 2 0.0003
Total 0.0266 8

is more conducive to meet the spinning requirements of acetate
fiber. Considering comprehensively, the order of importance of
the three factors and their optimal combination are B2C2A1,

Zan, 45048 A55, 2026\

which means that acetic anhydride dosage is 60 mL, reaction

temperature is 70 °C and activation time is 40 min.
The analysis of variance (ANOVA) results for the effects of
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Table 5. ANOVA of DP

Source Sum of squares df Mean Square F P Sig.
A 16.67 2 8.335
B 104.00 2 52.000 5.89 0.064 *)
C 130.67 2 65.335 7.40 0.045 *
Error 18.67 2 9.335
Error (A, ¢) 35.34 4 8.835
Total 270.01 8

Note: *Indicates a significant influence (P <0.05), (*) indicates a certain influence (0.05 <P <0.10).

the three factors on whiteness, DS and DP of CA are shown in
Table 3, Table 4 and Table 5, respectively. From the tables,
Factor B has a significant influence on the whiteness and DS
of CA and a certain influence on the DP. Factor C has a sig-
nificant influence on the DP and a certain influence on the
whiteness and DS. Factor A has no significant influence on
DS, whiteness, or DP. Considering comprehensively, the order
of importance of the three factors in influencing the three prop-
erties of CA is consistent with the range analysis results, which
is B2C2A1. The final prepared CA sample exhibited perfor-
mance parameters of whiteness 84.24, DP 172, and DS 2.61.
In comparison with the CA extracted from waste newspapers
by Filho, et al.™* (DS 2.79) and the CA prepared from ramie
fibers by Liu, e al.”” (DS 2.5), the results of this study fall within
a reasonable range, thereby adequately validating the feasibil-

ity of the process route.

Apparent Morphology. The apparent morphology of TLDP
and CA are shown in Figure 3. As can be seen from Figure
3(a) and 3(b), the cellulose fibers in TLDP are long cylinders,
covered with numerous grooves, holes and fine filaments, as
shown by the red arrow in the figure. The uneven surface and
holes increase the specific surface area of the pulp, facilitating
the removal of lignin and hemicellulose, as well as the contact
and reaction with acetylation reagents.”' In addition, the pulp
also contains some flattened wall cells with elliptical-shaped
end. CA in Figure 3(c) has a rough surface and a high specific
surface area, which is similar to the CA prepared by ramie fiber,
sorghum straw and bamboo."'"* Figure 3(d) shows the com-
mercially available wood-based CA with uneven surface and
stringy filaments, which is different from the reed-based CA.

Figure 3. Apparent morphology of TLDP and CA: (a) cellulose fibers in TLDP with fine filaments; (b) cellulose fibers in TLDP with holes
and grooves; (c) reed-based CA; (d) commercially available wood-based CA; (e) reed-based CA with honeycomb-like porous structure; (f)

reed-based CA with smooth surface.

Polym. Korea, Vol. 50, No. 5, 2026



668 C. Wang et al.

Triarrhena lutarioriparia dissolving pulp

= Cellulose acetate

Transmittance (%)

F

a7
3416 L

130

1 1 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 4. FTIR of TLDP and CA.

In addition, CA in Figure 3(e) and 3(f) presents a relatively
smooth surface and exhibits a partially honeycomb-like porous
structure with varying sizes and uneven distribution, as shown
by the red arrow in the figure.

Fourier Transform Infrared Spectroscopy (FTIR). Figure
4 shows the FTIR spectra of TLDP and CA. From Figure 4, it
can be observed that TLDP exhibits typical peaks character-
istic of cellulose, where 1051 cm™ is the stretching vibration
peak of C-O in the cellulose pyranose ring, 1368 cm™ is the C-
H bending vibration peak,'®'? 1435 cm™ is the bending vibra-
tion peak of -CH,, 1642 cm’ is attributed to the bending vibra-
tion peak of adsorbed water in the sample, 2897 cm™ is the
stretching vibration peak of methylene -CH,, and 3432 cm™ is
the stretching vibration peak of hydroxyl group -OH.*>** Acetyl-
ated TLDP exhibits typical peaks characteristic of CA, where
1751 cm™ is the stretching vibration peak of C=0, confirming
the presence of ester groups. The stretching vibration peak of
-CO- in the acetyl group at 1237 cm™ further indicates the occur-
rence of acetylation reaction. The decreased absorption intensity
of -OH in the range of 3416 to 3474 cm™ suggests that most
of the -OH groups on the cellulose macromolecular chain have
been replaced by acetyl groups.”*

XRD. Figure 5 shows the XRD patterns of the TLDP and CA.
TLDP exhibits typical diffraction peaks of cellulose I, with
characteristic peaks at 16.7°, 22.3° and 34.4°, consistent with
the XRD curve of cotton fibers.”” The high temperature and
chemical agents during the pulping process disrupt the stable
lignin-carbohydrate composite (LCC) structure in the raw
material, causing degradation of cellulose and a corresponding
decrease of its DP, which increases the accessibility of chem-

Zan, 45048 A55, 2026\
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Figure 5. XRD curves of TLDP and CA.

ical agents to the pulp, thus facilitating the subsequent acetyla-
tion reaction. The acetylated TLDP not only changed the chemical
composition, but also changed the crystal structure, and exhib-
ited a typical diffraction curve of CA, with characteristic peaks
at 8.5°, 10.6°, 13°, 18°, and 22.28°. The intensity of the diffraction
peaks of CA is relatively weak, indicating a lower degree of
crystallinity. This is because during the acetylation reaction,
most of the hydroxyl groups on the cellulose macromolecular
chains are substituted by larger acetyl groups, increasing the
distance between macromolecular chains and breaking the
intermolecular and intramolecular hydrogen bonds, resulting in
the destruction of the stable structure of cellulose.'™*®
TG-DTG. Figure 6 shows the TG-DTG curves of TLDP and
CA. TLDP lost 8.4% of its mass between 30 °C and 130 °C

Weight percentage (%)
DTG (mg-min")

20 -
15
255°C

{} f=——=Cellulose acctate -6
Triarrhena lutarioriparia dissolving pulp
1 1 1 L L

100 200 300 400 500 600

Temperature (°C)
Figure 6. TG-DTG curves of TLDP and CA.
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Figure 7. '"H NMR of CA.

due to moisture evaporation. In the range of 130 °C to 600 °C,
thermal decomposition became the main stage, with a mass
loss of up to 85.97%, reaching its maximum at 350 °C. The
residual carbon content after 600 °C was 6%. The mass of CA
remained basically unchanged before 180 °C. The main stage
of thermal decomposition of CA occurred between 180 °C and
450 °C, with a mass loss of 98.3%, reaching its maximum at
255 °C. During the period from 180 °C to 600 °C, the crystalline
region of CA was completely destroyed and decomposed.”*
After the acetylation reaction, the hydroxyl groups in the cel-
lulose macromolecular chain of TLDP were replaced by acetyl
groups, reducing the crystallinity of CA and weakening its
resistance.

"H NMR. '"H NMR of CA is shown in Figure 7. Signals at
0 of 1.83 to 2.12 ppm belonging to three methyl protons of acetyl
group appeared, confirming the hydroxyl groups were acetyl-
ated successfully and the formation of target CA as designed.
Chemical shifts in the range of 3.40 to 5.50 belonging to seven
protons of anhydro-glucose unit. Chemical shifts and integra-
tion of the seven protons and the methyl protons are consistent
with those reported in the literature.**> '"H NMR (400 MHz,
(CD;),S0, d(ppm)): 1.83-2.12(t, 9H), 3.40-4.08(t, 3H), 4.11-
4.36(s, 1H), 4.39-4.82(d, 2H), 4.91-5.50(s, 1H).

Conclusion

Based on the self-made acetified grade TLDP, this study
used an orthogonal experimental design to prepare CA in a
glacial acetic acid/acetic anhydride/concentrated sulfuric acid
reaction system. The optimal properties of CA were achieved
when the acetic anhydride dosage was 60 mL, the reaction

temperature was 70 °C and the activation time was 40 min,
with a whiteness of 84.24, a DP of 172 and a DS of 2.61. After
the acetylation reaction, the hydroxyl groups in the cellulose
macromolecular chains were substituted by acetyl groups,
resulting in the destruction of the stable structure of cellulose.
Compared to TLDP, CA had a lower degree of crystallinity
and weaker resistance to thermal decomposition. The success-
ful preparation of reed-based CA with excellent properties not
only laid the foundation for the next step of preparing acetate
fibers but also provided insights for the transformation and
reuse of reed as well as the development of high-value-added
textiles.
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