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Synthesis of Cellulose Acetate from Rice Husk Cellulose
by Ultrasound-Assisted Acetylation

Anwar Ma’ruf,>* Agus Mulyadi Purnawanto,® and Rizka Rimatunnisa

Cellulose acetate is an important product derived from cellulose.
Cellulose acetate can be used in a variety of applications including
coatings, textile fibers, consumer goods, filtration membranes,
composites, laminates, pharmaceutical, and medical items. Rice husk is
a lignocellulosic material that contains cellulose and hemicellulose. The
aims of this study were to determine the effect of process variables on
the cellulose acetate product formation by ultrasound-assisted
acetylation using iodine as a catalyst and to characterize the cellulose
acetate product. The research was conducted through the delignification,
bleaching, acetylation, and characterization processes. The results
showed that the optimum yield of cellulose acetate was obtained at the
temperature of 60 °C, the reaction time of 50 min, the weight of the
catalyst of 10% of cellulose weight, and the ratio of cellulose and acetic
anhydride of 1:5 (w/v). The acetylation process using iodine as a catalyst
with an ultrasound-assisted method was more effective than the
conventional acetylation (acetic acid glacial and sulfuric acid as a
catalyst).
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INTRODUCTION

Indonesia is an agricultural country. Rice is one of the main agricultural products
as the staple food for Indonesian people. Such usage of rice leaves the rice husk unused.
Recently, the rice husk has not been used properly. Rice husk is a lignocellulosic material
that contains a lot of cellulose. Rice husk has cellulose and hemicellulose contents of
32.67% and 31.68%, respectively (Ma’ruf et al. 2017; Laghari et al. 2018). Cellulose and
hemicelluloses can be processed further for bio-ethanol production by hydrolyzing them
into monomeric sugar and cellulose acetate by the acetylation process (Hindi and
Abohassan 2015). One of the most significant cellulose derivatives is cellulose acetate
(CA). Cellulose acetate has been used in various products, including coatings, textile
fibers, consumer goods, filtration membranes, composites, laminates, pharmaceuticals,
and medical items.

The utilization of rice husks as a source of cellulose must begin with a
delignification process. The delignification process aims to remove lignin from rice
husks. Because rice husk also contains silica, the delignification process also removes the
silica content in rice husk (Ma’ruf et al. 2017). There are several delignification methods,
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such as acid delignification, alkali delignification, physical delignification, organic
solvent delignification, and microbial delignification (Park et al. 2015; Jung et al. 2018;
Minmunin et al. 2018; Gunam et al. 2020; Yu et al. 2022). In this research, the
delignification process was done with alkali at high temperatures using an autoclave.
Islam et al. (2017) reported that the low-pressure alkaline delignification (LPAD)
effectively removed impurities (lignin and silica) and increased the content of cellulose
from 35% to 97%.

The conventional acetylation process using acetic anhydride usually was
conducted at a temperature of 40 °C for 8 h. The time of acetylation can be reduced to 5 h
by increasing the temperature to 80 and 120 °C using an autoclave (Maryana et al. 2020).
As an effort to intensify the process, an acetylation process has been carried out using a
microwave (Li et al. 2009). The acetylation using microwave irradiation was conducted
at the power of irradiation of 300 to 800 W, a reaction time of 5 to 40 min, and a reaction
temperature of 80 to 130 °C. The acetylation using microwave heating can reduce the
energy consumption, solvent, and amount of catalyst quantities (Li et al. 2009; Eranna et
al. 2015).

The utilization of ultrasound for process intensification has been done by several
researchers. A large number of organic reactions can be carried out under ultrasonic
irradiation in high yields, short reaction times, and mild conditions (Mohamed 2016).
Truong et al. (2018) successfully synthesized furic acid from y-oryzanol by a
homogeneous reaction assisted by ultrasound. Additionally, Ratnawati et al. (2016) used
ultrasonic irradiation for the depolymerization of k-carrageenan.

This study aimed to determine the effect of process variables on cellulose acetate
formation by ultrasound-assisted acetylation and to characterize the CA product. Effects
of three process variables, the temperature, time, and weight of the catalyst, were
evaluated. The characteristics of CA are analyzed using Fourier transform infrared
(FTIR) spectrometry and scanning electron microscopy (SEM).

EXPERIMENTAL

Materials

Rice husk was purchased from a local rice milling factory at Banyumas (Jawa
Tengah, Indonesia). Hydrogen peroxide solution (30%), acetic anhydride, iodine, sodium
thiosulfate pentahydrate, and sodium hydroxide were obtained from Merck (Darmstadt,
Germany). Ethanol (70%) was obtained from Bratachem (Purwokerto, Indonesia).
Demineralized water was produced by Elva-Veolia Technology (Celle, Germany).

Delignification

The alkali delignification process of rice husk was conducted using 1.0 M sodium
hydroxide solution. The ratio of the weight of the rice husk to the volume of solution was
1:10. Delignification was completed using an autoclave at the temperature of 121 °C and
15 min. After the delignification process, the rice husk was washed using demineralized
water until a pH of 7 and then dried at a temperature of 105 °C for 6 h in the oven.

Bleaching
After the delignification process, the crude rice husk cellulose obtained was
bleached using a hydrogen peroxide solution of 2%. The bleaching process was
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completed at the temperature of 40 °C for 2 h. After the bleaching process, the rice husk
cellulose was washed using demineralized water until a pH of 7 and then dried at a
temperature of 105 °C for 6 h in the oven.

The rice husk cellulose was crushed after bleaching and sieved until the particle
size of 40 to 60 mesh was achieved.

Acetylation

Acetylation of rice husk cellulose was done using an ultrasound bath (Fig. 1).
About 2 g of rice husk cellulose was dissolved in 10 mL of acetic anhydride. lodine as a
catalyst was added with an amount of 0.2 g. The acetylation process was conducted at a
temperature of 50 °C for 30 min. The experimental design can be seen in Table 1.
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Fig. 1. Ultrasound bath used for the acetylation process

After acetylation was completed, the mixture was cooled until room temperature
was achieved. The mixture was then mixed with 5 mL of sodium thiosulphate solution
and stirred until the color of the iodine disappeared. About 30 mL of 70% ethanol was
added to the reaction mixture and stirred for 30 min. The mixture was then filtered using
filter paper. The CA produced was then washed using water and dried at the temperature
of 60 °C for 6 h. The dried CA was weighed, and its yield was calculated using Eqg. 1,

Yield = wi/wo x 100% 1)
where w1 (g) is the dry weight of CA and wo (g) is the dry weight of rice husk cellulose.

Table 1. Experimental Design of Acetylation Process

Variables Range
Temperature (°C) 40 50 60 70
Time (min) 30 40 50 60
Weight of catalyst (g) 0.1 0.2 0.3 0.4

Characterization

The cellulose and CA were analyzed using Fourier transform infrared (FTIR,
(Shimadzu, Kyoto, Japan)) spectroscopy. FTIR analysis used a KBr pellet. The KBr
pellets consisted of 300 mg KBr and 0.1 mg fine powder of sample. Scans were recorded
from 400 to 4000 cm™ at a resolution of 16 cm™. The morphology of CA was examined
using the scanning electron microscope (SEM, (JEOL, Tokyo, Japan). The magnification
of SEM analysis was 5000x.
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RESULTS AND DISCUSSION

Characteristics of Rice Husk Cellulose

Rice husk is a lignocellulosic material that contains the three main chemical
components—Ilignin, cellulose, and hemicellulose. To isolate the cellulose, the
delignification process must be done. Alkali delignification at high temperature (121 °C)
is effective for eliminating lignin. At the temperature of 121 °C, 15 min, and using 1:10
ratio of rice husk weight to NaOH (1 M) volume, the yield of cellulose obtained was
84.8%. The amount of lignin eliminated reached 15.2%. Based on previous research
(Ma’ruf et al. 2017), the content of lignin was 18.8%, and the percentage of lignin
removed was 81.0%. This result is higher than that obtained by Minmunin et al. (2018) in
the delignification process of bana grass using sodium hydroxide and ozone, which only
reached 63.4%. Meanwhile, Jung et al. (2018) in the delignification process of
switchgrass using microbial delignification process achieved 84.3%.

The functional groups of rice husk cellulose were analyzed using FTIR. Figure 2
shows the FTIR spectra of rice husk cellulose. The peak at 1153.4 cm™ shows the
antisymmetric stretching of the C-O group in cellulose. The peak of 1029.99 cm™ shows
the C-O-C pyranose ring skeletal vibration. The peak at 898.8 cm™ shows the C-H
rocking vibration (Reddy et al. 2012). The peak of 3336.8 cm™ and 2892.4 cm™ show the
stretchings of H-bonded —OH groups and methyl and methylene units. Rice husk has a
high content of silica, but the wavenumber of 722 cm™ and 817 cm™ (Si-C bond) are not
found, the cellulose obtained had no content of silica (Omar et al. 2012)

- _W

Transmittance (%)

| 1153.4

! 1029.99 !
80 —| L1

17 L T T T [—— T U | 7
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Wavenumber (cm-)

Fig. 2. FTIR spectra of rice husk cellulose

Figure 3 shows the morphology of rice husk cellulose. Natural cellulose fibers are
multicellular, according to Reddy et al. (2012), where lignin and hemicellulose bind as a
bundle of different cells. The majority of the lignin and hemicellulose were eliminated
following the chemical processing, and the raw fiber's cellulose microfibrils were then
dispersed to create fibrils. The recovered cellulose contains ribbon-shaped, short fiber
strands with diameters ranging from 3 to 12 pum that are organized in irregular pieces and
network form.
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Fig. 3. Morphology of cellulose from rice husk

Effect of Temperature
Figure 4 shows the yield of CA obtained at various temperatures. The yield

ranged from 55% to 95% based on the weight of the cellulose reacted. In general, it can
be said that the yield of CA will increase at a higher temperature. However, there was a
temperature limitation at 70 °C, according to the equipment used. Hindi and Abohassan
(2015) on the production of cellulose triacetate from cotton fibers reported that the yield
of acylated products reached 112% (glacial acetic acid activation, H2SO4 catalyst).
Furthermore, it can be seen that the type of cellulose raw material and acetylation process
will affect the yield of CA obtained. The maximum yield of the acylated product by
ultrasound assisted-acetylation was larger than that obtained from glacial acetic acid
activation.
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Fig. 4. The yield of cellulose acetate at various temperature (time 30 min, catalyst 0.2 g)
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Effect of Time of Reaction

Figure 5 shows the yield of CA obtained at various reaction times. The yield
ranged from 85% to 125% based on the weight of the cellulose reacted. In the time of 30
to 50 min, the yield increase was quite high (23.5% from 30 to 40 min, 14.3% from 40 to
50 min), but at 50 to 60 min, the CA yield increase was relatively small (4.2%). The time
of reaction with the ultrasound-assisted method was reduced because of the cavitation
energy during the reaction process. Figure 6 shows the mechanism of cavitation energy
formation. Every cycle begins with the formation of bubbles with a diameter of 25 um,
the bubbles will grow, and at a diameter of 150 um, the bubbles will burst. This cycle
will repeat quickly, resulting in a large cavitation energy, which causes the frequency of
collisions between cellulose and acetic anhydride to increase (Gharat and Rathod 2020).
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Fig. 5. The yield of cellulose acetate at various reaction time (temperature 60 min, catalyst 0.2 g)
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Fig. 6. Cavitation energy during the ultrasound-assisted reaction (Reprinted from Gharat and
Rathod 2020 with permission from Elsevier)
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Effect of Catalyst Weight

Figure 7 shows the yield of CA obtained using various weights of catalyst. The
yield ranged from 105% to 125% based on the weight of the cellulose reacted. The
optimum weight of the iodine catalyst was 0.2 g (10% of cellulose weight) at the ratio of
cellulose and acetic anhydride was 1:5 (w/v). The yield of CA raised the optimum value

of 120%.
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Fig. 7. The yield of cellulose acetate at various catalyst weight (temperature 60 min, time 50 min)

Figure 8 shows the mechanism of the reaction between cellulose and acetic
anhydride with iodine as a catalyst with cavitation energy (CE)-assisted. In the first step,
the iodine ion will break the carbonyl bond (C=0) in acetic anhydride. In the next step,
the unstable C-O bonds will bind with O-H in cellulose to form cellulose acetate. The
cavitation energy of the ultrasound bath helps to weaken the carbonyl bond so that the
yield of CA can increase relatively high.
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Fig. 8. Mechanism of acetylation using iodine as a catalyst with cavitation energy (CE)-assisted
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The acetylation process using an iodine catalyst with an ultrasound-assisted
method was found to be more effective than the conventional acetylation process (using
glacial acetic acid activation and sulfuric acid as a catalyst). Table 3 shows the yield of

CA obtained from different raw materials and processes.

Table 3. Cellulose Acetate Yield using Various Raw Materials and Processes

Raw Material Acetylation Process Conditions Yield (%) Reference
Cotton fibers _Gla_lcial acetic acid T=55°C Hindi and
activation, H2SO4 catalyst t=1h 112.18 Abohassan 2015
Recycled Glacial acetic acid T=55°C Hindi and
writing papers activation, H.SO4 catalyst t=1h 94.43 Abohassan 2015
Recycled Glacial acetic acid T=55°C Hindi and
newspapers activation, H.SO4 catalyst t=1h 84.37 Abohassan 2015
Barley straw _Gla}cial acetic acid T=40°C Jo et al. 2016
activation, H.SO4 catalyst t=3h 88.4
Rice straw 'Gla.\cial acetic acid T=40°C Jo et al. 2016
activation, H.SO4 catalyst t=3h 88.1
Oak wood 'Gla.lcial acetic acid T=40°C Jo et al. 2016
activation, H.SO4 catalyst t=3h 151.7
Palm trees 'Gla.lcial acetic acid T=30°C Saikh et al. 2022
activation, H.SO4 catalyst t 18 h 94.5
Rice husk lodine catalyst T=80°C 66 Das etal. 2014
Commercial lodine catalyst, T=130°C Li et al. 2009
cellulose microwave irradiation 46

Characterization of Cellulose Acetate

Figure 9 shows the FTIR spectra of CA from rice husk cellulose. The peak at
1728 to 1743 cm* indicates the C=0 stretching of the carbonyl ester bond (Reddy et al.
2012). The peak of C=0 stretching of CA was found at 1732 cm™. The peak of 1635 to
1651 cm™ indicates the adsorbed water band.
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Fig. 9. FTIR spectra of cellulose acetate

The peak height ratio of the carbonyl functional group to the adsorbed water band
(1735/1651) shows the substitution degree of acetylation (Maryana et al. 2020). Table 4
shows the value of the intensity of peaks at 1735 and 1651 cm™ based on FTIR analysis.
Table 4 indicates that the degree of substitution was 1.01.
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Table 4. The intensity of Peak of FTIR Analysis

Peak (cm™) Intensity (a.u) Ratio
1735 90.41 1.01
1651 89.26

Figure 10 shows the morphology of CA obtained from rice husk. Figure 10 shows
the similarity with the CA obtained from recycled writing papers (Hindi and Abohassan
2015). The two images show a large similarity even though from different raw materials.

Fig. 10. Morphology of cellulose acetate from rice husk cellulose

CONCLUSIONS

1. Ultrasound-assisted acetylation of rice husk cellulose was successfully carried out.
The acetylation process with an iodine catalyst using an ultrasound-assisted process
was more effective than the conventional acetylation process (using glacial acetic
acid activation and sulfuric acid as a catalyst).

2. The optimum yield of cellulose acetate obtained was 120%, and the process condition
for maximum yield was a temperature of 60 °C, a reaction time of 50 min, and a
catalyst weight of 10% of cellulose weight.

3. The characteristics of Fourier transfor infrared (FTIR) spectrum and morphology of
the cellulose acetate obtained were similar to those of cellulose acetate from other
cellulose sources and the value DS of 1.01.

Ma’ruf et al. (2023). “Synthesis of cellulose acetate,” BioResources 18(3), 4688-4698. 4696



PEER-REVIEWED ARTICLE b | oresources.com

ACKNOWLEDGEMENTS

This work was supported and partially by Majelis Pendidikan Tinggi Penelitian
dan Pengembangan Pimpinan Pusat Muhammadiyah with contract number: 0842.262/
PT/1.3/C/2021.

REFERENCES CITED

Das, A. M., Ali, A. A., and Hazarika, M. P. (2014). “Synthesis and characterization of
cellulose acetate from rice husk: Eco-friendly condition,” Carbohydrate Polymers
112(4), 342-349. DOI: 10.1016/j.carbpol.2014.06.006

Eranna, P. B., Krishna, K., Pandey, K. K., and Nagarajappa, G. B. (2015). ““A note on the
effect of microwave heating on iodine-catalyzed acetylation of wood,” Journal of
Wood Chemistry and Technology 36(3), 205-210.

DOI: 10.1080/02773813.2015.1112405

Gharat, N. N., and Rathod, V. K. (2020). “Ultrasound-assisted organic synthesis,” in:
Green Sustainable Process for Chemical and Environmental Engineering and
Science, Sonochemical Organic Synthesis, Elsevier, Amsterdam, Netherlands, pp. 1-
41. DOI: 10.1016/B978-0-12-819540-6.00001-2

Gunam, I. B. W., Setiyo, Y., Antara, N. S., Wijaya, I. M. M., Arnata, I. W., and Putra, .
W. W. P. (2020). “Enhanced delignification of corn straw with alkaline pretreatment
at mild temperature,” Rasayan 13(2), 1022-1029. DOI: 10.31788/RJC.2020.1325573.

Hindi, S. S. Z. and Abohassan, R. A. (2015). “Cellulose triacetate synthesis from
cellulosic wastes by heterogeneous reactions,” BioResources 10(3), 5030-5048. DOI:
10.15376/biores.10.3.5030-5048

Islam, M. S., Kao, N., Bhattacharya, S. N., Gupta, R., and Bhattacharjee, P. K. (2017).

“Effect of low pressure alkaline delignification process on the production of
nanocrystalline cellulose from rice husk,” Journal of The Taiwan Institute of
Chemical Engineer 80, 820-834. DOI: 10.1016/j.jtice.2017.06.042

Jung, W., Savithri, D., Sharma-Shivappa, R., and Kolar, P. (2018). “Changes in lignin
chemistry of switchgrass due to delignification by sodium hydroxide pretreatment,”
Energies 11, 376. DOI: 10.3390/en11020376

Jo, J. S. Jung, J. Y., Byung, J. H., Lim, B. K., and Yang, J. K. (2016). “Preparation of
cellulose acetate produced from lignocellulosic biomass,” Journal of the Korean
Wood Science and Technology 44(2), 241-252. DOI: 10.5658/W00D.2016.44.2.241

Laghari, S. M., Tunio, M. M., Laghari, A. Q., Laghari, A. J., and Ali, Z. M. (2018).
“Delignification of rice husk by microwave assisted chemical pretreatment,”
Engineering, Technology & Applied Science Research 8(3), 3084-3087.

Li, J., Zhang, L. P., Peng, F., Bian, J., Yuan, T. Q., Xu., F., and Sun, R. C. (2009).
“Microwave-assisted solvent-free acetylation of cellulose with acetic anhydride in the
presence of iodine as a catalyst,” Molecules 14, 3551-3566. DOI:
10.3390/molecules14093551

Ma’ruf, A., Pramudono, B., and Aryanti, N. (2017). “Lignin isolation process from rice
husk by alkaline hydrogen peroxide: Lignin and silica extracted,” AIP Conference
Proceedings 1823, article 020013, 2017. DOI: 10.1063/1.4978086

Ma’ruf et al. (2023). “Synthesis of cellulose acetate,” BioResources 18(3), 4688-4698. 4697


https://doi.org/10.1016/j.carbpol.2014.06.006
https://doi.org/10.1080/02773813.2015.1112405
https://www.sciencedirect.com/science/book/9780128195406
https://www.sciencedirect.com/science/book/9780128195406
https://doi.org/10.1016/B978-0-12-819540-6.00001-2
https://doi.org/10.1016/j.jtice.2017.06.042
https://doi.org/10.3390/en11020376
https://doi.org/10.1063/1.4978086

PEER-REVIEWED ARTICLE b | oresources.com

Maryana, R., Anwar, M., Suwanto, A., Hasanah, S. U., and Fitriana, E. (2020).
“Comparison study of various cellulose acetylation methods from its IR spectra and
morphological pattern of cellulose acetate as a biomass valorization,” Nature
Environment and Pollution Technology 19(2), 669-675. DOI:
10.46488/NEPT.2020.v19i02.021

Minmunin, J., Limpitipanich, P., and Promwungkwa, A. (2018). “Delignification of bana
grass using sodium hydroxide and ozone,” Waste and Biomass Valorization 9, 2099-
2105. DOI:10.1007/s12649-017-0002-2

Mohamed, M. A. (2016). “Sonochemistry (Applications of ultrasound in chemical
synthesis and reactions): A review, part 1,” Al-Azhar Jurnal of Pharmaceutical
Sciences 53, 108-122.

Omar, M. F., Ismail, A. K., Sumpomo, I., Alim, E. A., Nawi, M. N., Mukri, M. A-R.,
Othaman, Z., and Sakrani, S. (2012). “FTIR Spectroscopy characterization of Si-C
bonding in SiC thin film prepared at room temperature by conventional 13.56MHz
RF PECVD,” Malaysian Journal of Fundamental & Applied Sciences 8(5), 242-
244. DOI: 10.11113/mjfas.v8n4.156

Park, J, Shin, H., Yoo, S., Zoppe, J. O., and Park, S. (2015). “Delignification of
lignocellulosic biomass and its effect on subsequent enzymatic hydrolysis,”
BioResources 10(2), 2732-2743. DOI: 10.15376/biores.10.2.2732-2743

Ratnawati, R., Prasetyaningrum, A., and Wardhani, D.H. (2016). “Kinetics and
thermodynamics of ultrasound-assisted depolymerization of k-carrageenan,” Bulletin
of Chemical Reaction Engineering & Catalysis 11(1), 48-58.

DOI: 10.9767/bcrec.11.1.415.48-58

Reddy, K. O., Maheswari, C. U., and Shukla, M. (2012). “Physico-chemical
characterization of cellulose extracted from ficus leaves,” Journal of Biobased
Materials and Bioenergy 6, 1- 4. DOI: 10.1166/jbmb.2012.1342

Shaikh, H. M., Anis, A., Paulose, A. M., Al-Zahrani, S. M., Madhar, N. A., Alhamidi, A.,
Aldeligan, S. H., and Alsubaie, F. S. (2022). “Synthesis and characterization of
cellulose triacetate obtained from date palm (Phoenix dactylifera L.) trunk mesh-
derived cellulose,” Molecules, 27. DOI: 10.3390/molecules27041434

Truong, H. T., Do, M. V., Huynh, L. D., Nguyen, L. T., Do, A.T., Le, T. T. X., Duong,
H. P., Takenaka, N., Imamura, K., and Maeda, Y. (2018). “Ultrasound-assisted, base-
catalyzed, homogeneous reaction for ferulic acid production from y-oryzanol,”
Journal of Chemistry, 2018. DOI: 10.1155/2018/3132747

Yu, H., Gui, C., Ji, Y., Li, X,, Rao, F., Huan, W., and Li, L. (2022). “Changes in
chemical and thermal properties of bamboo after delignification treatment,” Polymers
14, 2573. DOI: 10.3390/polym14132573

Article submitted: January 10, 2023; Peer review completed: February 4, 2023; Revised
version received: February 9, 2023; Accepted: May 3, 2023; Published: May 18, 2023.
DOI: 10.15376/biores.18.3.4688-4698

Ma’ruf et al. (2023). “Synthesis of cellulose acetate,” BioResources 18(3), 4688-4698. 4698


https://link.springer.com/article/10.1007/s12649-017-0002-2#auth-Jurarut-Minmunin
https://link.springer.com/article/10.1007/s12649-017-0002-2#auth-Paiboon-Limpitipanich
https://link.springer.com/journal/12649
https://link.springer.com/article/10.1007/s12649-017-0002-2
http://dx.doi.org/10.3390/polym14132573

