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Abstract

Cellulose nanofibers (CNFs) are extensively utilized as affordable, renewable materials. The
conventional technique for making CNFs is time-consuming, requires hazardous toxic
chemicals, and consumes enormous amounts of energy. CNFs from empty fruit bunches
(EFB) were produced via deep eutectic solvent (DES) and ultrasonication. The DES treatment
conditions were optimized using the central composite design (CCD) approach of response
surface methodology (RSM). Analysis of variance (ANOVA) revealed that the reaction time,
DES molar ratio, and temperature were all significant variables. The experimental results
closely correspond to the theoretical model of CNFs yield. X-ray diffraction (XRD) studies
demonstrated that the crystallinity index of the CNFs increased significantly after sonication.
It could be stated that DES treatment and ultrasonication were effective ways to successfully
generate CNFs from EFB. This study may serve as foundation for high-yield, industrial-scale
synthesis of nanocellulose using DES treatment.

1 X.J.Lee, L.Y. Lee, B.Y. Z. Hiew, S. Gan, S. Thangalazhy-Gopakumar, H. K. Ng, Mater. Sci. Energy
Technol. 2020, 3, 601-610. DOI: https://doi.org/10.1016/j.mset.2020.06.006




CAS Google Scholar

2 X.Q.Wu,P.D.Liu, Q. Liu, S. Y. Zhang, Y. C. Xu, W. R. Liu, G. D. Liu, RSC Adv. 2021, 11 (23), 14071-
14078. DOI: https://doi.org/10.1039/d1ra02259h

CAS PubMed Web of Science® Google Scholar

3 M. A F.Supian, K. N. M. Amin, S. S. Jamari, S. Mohamad, J. Environ. Chem. Eng. 2020, 8 (1), 103024.
DOI: https://doi.org/10.1016/j.jece.2019.103024

CAS Web of Science® Google Scholar

4 N.A.S. Aprilia, S. Mulyati, P. N. Alam, Karmila, A. C. Ambarita, in /OP Conf. Ser.: Mater. Sci. Eng. 2018,
345 (1), 012033. DOI: https://doi.org/10.1088/1757-899X/345/1/012033

Google Scholar

5 H.Xie, H. Du, X. Yang, C. Si, Int. J. Polym. Sci. 2018, 2018, 1-25. DOI:
https://doi.org/10.1155/2018/7923068

Google Scholar

6 H.Tibolla, F. M. Pelissari, J. T. Martins, A. A. Vicente, F. C. Menegalli, Food Hydrocoll. 2018, 75, 192—
201. DOI: https://doi.org/10.1016/j.foodhyd.2017.08.027

CAS Web of Science® Google Scholar

7 C.Orrabalis, D. Rodriguez, L. G. Pampillo, C. Londofio-Calderén, M. Trinidad, R. Martinez-Garcia,
Mater. Res. 2019, 22 (6), 1-8. DOI: https://doi.org/10.1590/1980-5373-MR-2019-0243

Google Scholar

8 C.Vilela, C. Moreirinha, E. M. Domingues, F. M. L. Figueiredo, A. Almeida, C. S. R. Freire,
Nanomaterials 2019, 9 (7), 980. DOI: https://doi.org/10.3390/nano9070980

CAS PubMed Google Scholar

9 R.Z.Khoo, W.S. Chow, H. Ismail, Cellulose 2018, 25 (8), 4303-4330. DOI:
https://doi.org/10.1007/s10570-018-1879-z




CAS Web of Science® Google Scholar

10 N.H.S.Jafri, D. N. Jimat, N. F. M. Azmin, S. Sulaiman, Y. A. Nor, in IOP Conf. Ser.: Mater. Sci. Eng.
2021,1192 (1), 012028. DOI: https://doi.org/10.1088/1757-899x/1192/1/012028

Google Scholar

11 M. A. F. Supian, K. N. M. Amin, S. S. Jamari, S. Mohamad, J. Environ. Chem. Eng. 2020, 8 (1), 103024.
DOI: https://doi.org/10.1016/j.jece.2019.103024

CAS Web of Science® Google Scholar

12 M. Thakur, A. Sharma, V. Ahlawat, M. Bhattacharya, S. Goswami, Mater. Sci. Energy Technol. 2020, 3
(1), 328-334. DOI: https://doi.org/10.1016/j.mset.2019.12.005

CAS Google Scholar

13 D.Y. Hastati, E. Hambali, K. Syamsu, E. Warsiki, J. Jon. Inst. Energy 2019, 98 (8), 194-201. DOI:
https://doi.org/10.3775/jie.98.194

CAS Web of Science® Google Scholar

14 N. L.l Zailuddin, A. F. Osman, R. Rahman, J. Eng Sci. 2020, 16 (1), 75-95. DOI:
https://doi.org/10.21315/jes2020.16.1.6

Google Scholar

15 J.Wang, J. Xu, S. Zhu, Q. Wu, J. Li, Y. Gao, B. Wang, J. Li, W. Gao, J. Zheng, K. Chen, Carbohydr. Polym.
2020, 251 (1), 117094. DOI: https://doi.org/10.1016/j.carbpol.2020.117094

PubMed Google Scholar

16 C. Narita, Y. Okahisa, K. Yamada, J. Cleaner Prod. 2019, 234, 200-207. DOI:
https://doi.org/10.1016/j.jclepro.2019.06.215

CAS Web of Science® Google Scholar

17 K. Plermjai, K. Boonyarattanakalin, W. Mekprasart, S. Pavasupree, W. Phoohinkong, W. Pecharapa,
in AIP Conf. Proc., American Institute of Physics Inc., 2018. DOI: https://doi.org/10.1063/1.5053181




Google Scholar

18 A. A. Septevani, D. Burhani, Y. Sampora, Y. A. Devy, G. N. Ariani, S. Sudirman, D. Sondari, K. N. M.
Amin, J. Kim. Ter. Indones. 2019, 21 (1), 31-37. DOI: https://doi.org/10.14203/jkti.v21i1.416

CAS Google Scholar

19 A. Satlewal, R. Agrawal, S. Bhagia, J. Sangoro, A. J. Ragauskas, Biotechnol. Adv. 2018, 36 (8), 2032—
2050. DOI: https://doi.org/10.1016/j.biotechadv.2018.08.009

CAS PubMed Web of Science® Google Scholar

20 J.Wang, Q. Wang, Y. Wu, F. Bai, H. Wang, S. Si, Y. Lu, X. Li, S. Wang, Nanomaterials 2020, 10 (11), 1-
15. DOI: https://doi.org/10.3390/nano10112227

CAS Google Scholar

21 A.lbrahim, M. F. Abdullah, S. T. Sam, in /OP Conf. Ser. Mater.: Sci. Eng. 2018, 429 (1), 012059. DOI:
https://doi.org/10.1088/1757-899X/429/1/012059

Google Scholar

22 Y. Ma, Q. Xia, Y. Liu, W. Chen, S. Liu, Q. Wang, Y. Liu, J. Li, H. Yu, ACS Omega 2019, 4 (5), 8539-8547.
DOI: https://doi.org/10.1021/acsomega.9b00519

CAS PubMed Web of Science® Google Scholar

23 R.Roy, M. S. Rahman, D. E. Raynie, Curr. Res. Green Sustainable Chem. 2020, 3, 100035. DOI:
https://doi.org/10.1016/j.crgsc.2020.100035

Google Scholar

24 M. N. A. Yaakob, R. Roslan, Curr. Sci. Technol. 2021, 1 (2), 18-25. DOI:
https://doi.org/10.15282/cst.v1i2.6708

Google Scholar

25 A.H.lbrahim, M. F. Abdullah, S. T. Sam, in IOP Conf. Ser. Earth Environ. Sci. 2020, 616 (1), 012033.
DOI: https://doi.org/10.1088/1755-1315/616/1/012033




Google Scholar

26 A. A.Shamsuri, S. N. A. Siti Nurul, K. Abdan, Front. Mater. 2022, 9 (1), 1-12. DOI:
https://doi.org/10.3389/fmats.2022.919918

Google Scholar

27 A.P.Abbott, D. Boothby, G. Capper, D. L. Davies, R. K. Rasheed, J. Am. Chem. Soc. 2004, 126 (29),
9142-9147. DOI: https://doi.org/10.1021/ja048266j

CAS PubMed Web of Science® Google Scholar

28 S.Butyling, S. Geng, K. Laatikainen, K. Oksman, Front. Chem. 2020, 8, 655. DOI:
https://doi.org/10.3389/fchem.2020.00655

CAS PubMed Web of Science® Google Scholar

29 W.Yu, C. Wang, Y.Yi, H. Wang, Y. Yang, L. Zheng, Z. Tan, Cellulose 2021, 28 (1), 175-188. DOI:
https://doi.org/10.1007/s10570-020-03538-3

CAS Web of Science® Google Scholar

30 T.Suopajarvi, J. A. Sirvid, H. Liimatainen, Carbohydr. Polym. 2017, 169, 167-175. DOI:
https://doi.org/10.1016/j.carbpol.2017.04.009

CAS PubMed Web of Science® Google Scholar

31 H.Wang,]J. Li, X. Zheng, X. Tang, Y. Sun, T. Lei, L. Lin, Cellulose 2020, 27 (3), 1301-1314. DOI:
https://doi.org/10.1007/s10570-019-02867-2

CAS Web of Science® Google Scholar

32 Z.L.Low,D.Y.S. Low, S.Y.Tang, S. Manickam, K. W. Tan, Z. H. Ban, Ultrason. Sonochem. 2022, 90,
106176. DOI: https://doi.org/10.1016/j.ultsonch.2022.106176

PubMed Google Scholar

33 M. Asem, D. N. Jimat, N. H. S. Jafri, W. M. F. Wan Nawawi, N. F. M. Azmin, M. F. Abd Wahab, J. King
Saud Univ. Eng. Sci. 2021, 35 (1), 24-31. DOI: https://doi.org/10.1016/j.jksues.2021.03.003




Google Scholar

34 K. M. Lee,].Y.Hong, W. Y. Tey, Cellulose 2021, 28 (3), 1513-1526. DOI:
https://doi.org/10.1007/s10570-020-03598-5

CAS Web of Science® Google Scholar

35 M. Szymanska-Chargot, J. Ciesla, M. Chylinska, K. Gdula, P. M. Pieczywek, A. Koziol, K. J. Cieslak, A.
Zdunek, Cellulose 2018, 25 (8), 4603-4621. DOI: https://doi.org/10.1007/s10570-018-1900-6

CAS Web of Science® Google Scholar

36 H.Malaeke, M. R. Housaindokht, H. Monhemi, M. Izadyar, J. Mol. Lig. 2018, 263, 193-199. DOI:
https://doi.org/10.1016/j.molliq.2018.05.001

CAS Web of Science® Google Scholar

37 P.Phanthong, S. Karnjanakom, P. Reubroycharoen, X. Hao, A. Abudula, G. Guan, Cellulose 2017, 24
(5), 2083-2093. DOI: https://doi.org/10.1007/s10570-017-1238-5

CAS Web of Science® Google Scholar

38 E. G.Bacha, South Afr. J. Chem. Eng. 2022, 40, 176-185. DOI:
https://doi.org/10.1016/j.sajce.2022.03.003

Google Scholar

39 N.A.N.Mohamad, ). Jai, Heliyon 2022, 8 (3), 09114. DOI:
https://doi.org/10.1016/j.heliyon.2022.e09114

CAS PubMed Google Scholar

40 E. G. Bacha, South Afr. J. Chem. Eng. 2022, 40, 176-185. DOI:
https://doi.org/10.1016/j.sajce.2022.03.003

Google Scholar

41 H.Xue, J. Tan, Q. Li,J. Tang, X. Cai, Foods 2020, 9 (10), 1369-1386. DOI:
https://doi.org/10.3390/foods9101409




PubMed Google Scholar

42 |. A. Sirvid, M. Visanko, H. Liimatainen, Biomacromolecules 2016, 17 (9), 3025-3032. DOI:
https://doi.org/10.1021/acs.biomac.6b00910

CAS PubMed Web of Science® Google Scholar

43 Y. Liu, B. Guo, Q. Xia, J. Meng, W. Chen, S. Liu, Q. Wang, Y. Liu, J. Li, H. Yu, ACS Sustainable Chem. Eng.
2017,5(9), 7623-7631. DOI: https://doi.org/10.1021/acssuschemeng.7b00954

CAS Web of Science® Google Scholar

44 L. Douard, J. Bras, T. Encinas, M. N. Belgacem, Carbohydr. Polym. 2021, 252, 117136. DOI:
https://doi.org/10.1016/j.carbpol.2020.117136

CAS PubMed Web of Science® Google Scholar

45 Z.Ling, ). V. Edward, Z. Guo, N. T. Prevost, S. Nam, Q. Wu, A. D. French, F. Xu, Cellulose 2019, 26 (2),
861-876. DOI: https://doi.org/10.1007/s10570-018-2092-9

CAS Web of Science® Google Scholar

46 X.Yang, H. Xie, H. Du, X. Zhang, Z. Zhou, Y. Zou, W. Liu, X. Zhang, C. Si, ACS Sustainable Chem. Eng.
2019, 7 (7), 7200-7208. DOI: https://doi.org/10.1021/acssuschemeng.9b00209

CAS Web of Science® Google Scholar

47 Y. H.Hsieh, Y. Li, Z. Pan, Z. Chen, J. Lu, J. Yuan, Z. Zhu, J. Zhang, Ultrason. Sonochem. 2020, 63,
104915. DOI: https://doi.org/10.1016/j.ultsonch.2019.104915

CAS PubMed Web of Science® Google Scholar

48 P.Huang, C. Wang, Y. Huang, M. Wu, in Nanocellulose: Synthesis, Structure, Properties and
Applications (Eds: G. Yang, M. W. Ullah, Z. Shi), World Scientific, Hadensack, NJ 2021, 65-92. DOI:
https://doi.org/10.1142/9781786349477_0003

Google Scholar




49 M. N. Atigah, D. A. Gopakumar, O. F. A. T., Y. B. Pottathara, S. Rizal, N. A. Sri Aprilia, D. Hermawan,
M. T. T. Paridah, S. Thomas, A. K. H. P. S., Polymers 2019, 11 (11), 1813. DOI:
https://doi.org/10.3390/polym11111813

CAS PubMed Google Scholar

50 M. A. Abdullah, M. S. Nazir, M. R. Raza, B. A. Wahjoedi, A. W. Yussof, J. Cleaner Prod. 2016, 126, 686—
697. DOI: https://doi.org/10.1016/j.jclepro.2016.03.107

CAS Web of Science® Google Scholar

51 Y.Ma, Q. Xia, Y. Liu, W. Chen, S. Liu, Q. Wang, Y. Liu, J. Li, H. Yu, ACS Omega 2019, 4 (5), 8539-8547.
DOI: https://doi.org/10.1021/acsomega.9b00519

CAS PubMed Web of Science® Google Scholar

Download PDF



Copyright © 1999-2024 John Wiley & Sons, Inc. All rights reserved



