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ABSTRAK 

Serat rami merupakan salah satu serat alami yang berasal dari bagian batang 

tanaman dan memiliki sifat yang unggul untuk aplikasi tekstil. Namun karena 

bersifat kaku, serat ini memerlukan perlakuan tertentu untuk mengurangi sifat 

kakunya. Berbagai metode kimia telah dikembangkan untuk menurunkan sifat kaku 

serat rami, namun masih menghasilkan cemaran lingkungan yang berbahaya. 

Dalam penelitian ini, terhadap serat rami dilakukan proses degumming 

menggunakan dua jenis cairan ionik eutektik (eutectic ionic liquid − EILs) yaitu 

kolinium klorida−asam oksalat 1:1 (CO) dan kolinium klorida−ZnCl2 1:2 (CZ). 

Karakterisasi EILs menggunakan FTIR dilakukan untuk menganalisis 

pembentukan kedua EILs yang berhasil dipreparasi; EILs yang berhasil dipreparasi 

kemudian dicampur dengan air dengan konsentrasi 50%. Degumming serat 

dilakukan selama 1 jam pada suhu 80 ℃ dengan perbandingan S:L = 1:20 untuk 

masing-masing EILs. Serat sebelum dan sesudah didegumming dikarakterisasi 

menggunakan SEM (diameter dan morfologi serat), uji tarik, dan XRD (indeks 

kristalinitas). Keberhasilan degumming ditinjau dari pengukuran softness serat yang 

dikonfirmasi dan diamati hubungannya dengan data hasil uji tarik dan indeks 

kristalinitas serat. Spektrum IR menunjukkan kedua EILs berhasil di preparasi. 

Selanjutnya softness serat yang didegumming menggunakan CZ (1260 𝑁𝑚) lebih 

tinggi dibandingkan menggunakan CO (1070 𝑁𝑚). Dalam penelitian ini, upaya 

untuk meningkatkan softness serat rami menggunakan kedua EILs berhasil; namun 

pengembangan tambahan diperlukan untuk mendekati data softness dan sifat 

mekanik yang ada dalam standar serat yang digunakan dalam industri tekstil. 

Kata kunci: degumming serat rami, eutectic ionic liquid, karakteristik EILs, 

dan softness serat 
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ABSTRACT 

Ramie fiber is a natural fiber that is taken from the stem of its plant and has superior 

properties for textile applications. Due to its rigidity, this fiber requires certain 

treatment to decrease its rigidity. Various chemical methods have been developed 

to reduce the rigidity of ramie fiber, but still produce harmful environmental 

pollutants. In this study, ramie fiber was degummed using two types of eutectic ionic 

liquids (EILs), i.e. choline chloride-oxalic acid 1:1 (CO) and choline chloride-

ZnCl2 1:2 (CZ). Characterization of EILs using FTIR was carried out to analyze 

the formation of the two EILs that were successfully prepared; both EILs that were 

successfully prepared then were mixed with water at a concentration of 50%. 

Degumming fiber was carried out for 1 hour at 80 ℃ with a ratio of S:L = 1:20 for 

each EILs. Fibers before and after degumming were characterized using SEM 

(diameter and fiber morphology), tensile test, and XRD (crystallinity index). The 

achievement of degumming is reviewed from the measurement of fiber softness 

which is confirmed and observed in relation to tensile test results data and fiber 

crystallinity index. The IR spectrum shows both EILs successfully prepared. 

Furthermore, the softness of the fiber degumming using CZ (1260 𝑁𝑚) is higher 

than using CO (1070 𝑁𝑚). In this study, attempt to enhance softness of ramie fiber 

using both EILs were successful; however additional development is required to 

approach the softness of the data and mechanical properties present in fiber 

standards used in the textile industry. 

Keywords: degumming of ramie fiber, EILs characteristics, eutectic ionic 

liquid, and softness’ fiber 

 

 

 

 

 

 

 

 

 

 

 

 



 

vii 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR ISI 

PERNYATAAN…………………………………………………………… i 

KATA PENGANTAR……………………………………………………... ii 

UCAPAN TERIMA KASIH……………………………….……………… iii 

ABSTRAK……...…………………………………………………………. v 

ABSTRACT……...…………………………………………………………. vi 

DAFTAR ISI…………………………………...………………….............. vii 

DAFTAR GAMBAR……………………………………………………… ix 

DAFTAR TABEL…………………………………………………………. xi 

DAFTAR LAMPIRAN…...……………………………………………….. xii 

DAFTAR SINGKATAN…………………………….…………………….. xiii 

BAB I PENDAHULUAN  

 1.1. Latar Belakang…………………………………………… 1 

 1.2. Rumusan Masalah………………………………………... 4 

 1.3. Tujuan Penelitian……………………………………..…... 4 

 1.4. Manfaat Penelitian…………………………………..……. 5 

 1.5. Struktur Organisasi Skripsi……………………………….. 5 

BAB II KAJIAN PUSTAKA  

 2.1. Serat Alam dan Softening Treatment Serat Alam………… 7 

 2.2. Cairan Ionik (Ionic Liquids − ILs) ………………………... 12 

 2.3. Cairan Ionik Eutektik (Eutectic Ionic Liquids − EILs) …… 16 

 2.4. Metode Pengujian ………………………………………... 23 

BAB III METODE PENELITIAN  

 3.1. Waktu dan Lokasi Penelitian……………………………... 38 

 3.2. Alat dan Bahan……………………………………….…... 38 

 3.3. Tahap Penelitian………………………………….………. 38 

BAB IV TEMUAN DAN PEMBAHASAN  

 4.1. Preparasi dan Karakterisasi EILs…………………………. 42 

 4.2. Degumming dan Karakterisasi Serat Rami……………….. 47 

BAB V SIMPULAN, IMPLIKASI, DAN REKOMENDASI  

 5.1. Simpulan…………………………………………………. 58 



 

viii 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

 5.2. Implikasi………………………………………………….. 58 

 5.3. Rekomendasi……………………………………………... 58 

DAFTAR PUSTAKA……………………………………………………... 59 

LAMPIRAN…………………………………………………….…………. 68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ix 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR GAMBAR 

Gambar 2.1. Diagram jenis-jenis degumming serat rami.……………….. 9 

Gambar 2.2. Kation dan anion yang digunakan dalam preparasi beberapa 

ILs………………………………………………………….. 

12 

Gambar 2.3. Generasi ILs. ………………………………………………. 14 

Gambar 2.4. Rute preparasi a) IL aprotik (1-etil-3-metilimidazolium 

tetrafluoroborat) dan b) IL protik (etil amonium nitrat)….. 

15 

Gambar 2.5. Skema pembentukan EILs…………………………………. 18 

Gambar 2.6. Contoh HBA dan HBD untuk membentuk EILs…………… 19 

Gambar 2.7. Struktur kolinium klorida, asam oksalat, dan ZnCl2……….. 23 

Gambar 2.8. Daerah spektrum IR tengah………………………………... 24 

Gambar 2.9. Jenis vibrasi molekul. ……………………………………… 25 

Gambar 2.10. Analogi prinsip kerja FTIR………………………………… 26 

Gambar 2.11. Interaksi berkas elektron dengan sampel dan sinyal yang 

dipancarkan dari sampel…………………………………… 

29 

Gambar 2.12. Komponen-komponen dalam SEM………………………... 29 

Gambar 2.13. Kondisi difraksi persamaan Bragg………………………… 31 

Gambar 2.14. Susunan instrumen difraktometer sinar-X…………………. 32 

Gambar 2.15. Komponen dalam mikroskop optik………………………… 33 

Gambar 3.1. Skema 11 titik yang diukur diameternya untuk mengukur 

diameter serat rata-rata…………………………………….. 

39 

Gambar 3.2. Bagan alir penelitian……………………………………….. 41 

Gambar 4.1. a) CO 1:1 dan b) CZ 1:2 hasil preparasi…………………… 43 

Gambar 4.2. a) CZ 1:1 hasil preparasi dan b) CZ 1:1 yang menjadi padat 

bila suhunya hampir sama dengan suhu ruangan…………... 

43 

Gambar 4.3. Spektrum IR ChCl, asam oksalat, dan EIL CO.…………… 44 

Gambar 4.4. Spektrum IR ChCl, ZnCl2, dan EIL CZ.…………………… 45 

Gambar 4.5. Interaksi yang terjadi dalam EIL CO……………………….. 46 

Gambar 4.6. Interaksi yang terjadi dalam EIL CZ……………………….. 46 

Gambar 4.7. Data diameter dan softness serat dengan EILs yang 

berbeda……………………………………………………... 

47 



 

x 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Gambar 4.8. Gambar SEM dari a) RF, b) RFCZ, dan c) RFCO. ………… 48 

Gambar 4.9. Mikrograf dari a) RF, b) RFCZ, dan c) RFCO……………… 49 

Gambar 4.10. Ikatan hidrogen dalam struktur selulosa……………………. 50 

Gambar 4.11. Difraktogram serat rami sebelum dan sesudah 

degumming………………………………………………… 

55 

Gambar 4.12. Indeks kristalinitas dari serat rami sebelum dan sesudah 

degumming ………………………………………............... 

56 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xi 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR TABEL 

Tabel 1.1. Kandungan dalam batang rami.……………………………...… 1 

Tabel 2.1. Sifat fisik serat rami sebelum didegumming…...…….………… 8 

Tabel 2.2. Sejumlah penelitian (2013-2023) yang telah dilakukan untuk 

degumming serat rami menggunakan bahan kimia…….……… 

11 

Tabel 2.3. Perbedaan ILs dan EILs……………………………………… 17 

Tabel 2.4. Klasifikasi EILs. ……………………………………………… 20 

Tabel 2.5. Penelitian yang telah dilakukan untuk sampel serat alami 

menggunakan EILs berbasis kolinium klorida. ………………... 

22 

Tabel 4.1. Softness berbagai serat tekstil……………………………….. 51 

Tabel 4.2. Sifat mekanik serat sebelum dan sesudah didegumming…..…... 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xii 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR LAMPIRAN 

Lampiran 1. Spektrum Hasil Analisis FTIR………………………………. 68 

Lampiran 2. Gambar Hasil Analisis SEM………………………………… 70 

Lampiran 3. Mikrograf Hasil Analisis Mikroskop Optik………………… 72 

Lampiran 4. Difraktogram Hasil Analisis XRD…………………………... 73 

Lampiran 5. Grafik Stress vs Strain Hasil Analisis Uji Tarik……………... 75 

Lampiran 6. Perhitungan Massa HBA dan HBD untuk Preparasi EILs…… 76 

Lampiran 7. Dokumentasi………………………………………………… 77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xiii 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

DAFTAR SINGKATAN 

[BMIM]OAc : 1-Butil-3-metilimidazolium asetat 

CO : EIL kolinium klorida−asam oksalat (ChCl-oxalic acid) 

CZ : EIL kolinium klorida−ZnCl2 (ChCl-ZnCl2) 

DBA : Dibenzilideneaseton 

EG : Etilen glikol 

[EMIM]OAc : 1-Etil-3-metilimidazolium asetat 

gly : Gliserol  

HFIF : Heksafluoro-2-propanol 

imH : Imidazol 

LA : Lactic acid 

Nm : No metrik 

OA : Oxalic acid 

PTSA : p-Toluenesulfonic acid 

RF : Serat rami mentah atau sebelum didegumming 

RFCO : Serat rami yang didegumming menggunakan CO 

RFCZ : Serat rami yang didegumming menggunakan CZ 

SB : Sorbitol 

TOPO : Trioctylphosphine oxide 

 

 

 

 

 

 

 

 



59 
Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

 

DAFTAR PUSTAKA 

 

Abranches, D. O., & Coutinho, J. A. (2022). Type V deep eutectic solvents: Design 

and applications. Current Opinion in Green and Sustainable Chemistry, 35, 

100612. 

Aissaoui, T. (2015). Novel contribution to the chemical structure of choline chloride 

based deep eutectic solvents. Pharm Anal Acta, 6, 11. 
Akhtar, K., Khan, S. A., Khan, S. B., & Asiri, A. M. (2018). Scanning electron 

microscopy: Principle and applications in nanomaterials 

characterization. Handbook of materials characterization, 113-145. 
Amiralian, N., Annamalai, P. K., Memmott, P., & Martin, D. J. (2015). Isolation of 

cellulose nanofibrils from Triodia pungens via different mechanical 

methods. Cellulose, 22, 2483-2498. 

Bajpai, P. (2021). Deep eutectic solvents for pretreatment of lignocellulosic 

biomass. Springer. 

Bancroft, J. D. (2019). Light microscopy. Bancroft’s Theory and Practice of 

Histological Techniques, 25–39. doi:10.1016/b978-0-7020-6864-5.00003-7 

Benaimeche, O., Seghir, N. T., Sadowski, Ł., & Mellas, M. (2020). The utilization 

of vegetable fibers in cementitious materials. 

Benedetto, A. (2017). Room-temperature ionic liquids meet bio-membranes: the 

state-of-the-art. Biophysical reviews, 9(4), 309-320. 

Bunsell, A. R. (Ed.). (2018). Handbook of properties of textile and technical fibres. 

Woodhead Publishing. 
Cai, C., Yu, W., Wang, C., Liu, L., Li, F., & Tan, Z. (2019). Green extraction of 

cannabidiol from industrial hemp (Cannabis sativa L.) using deep eutectic 

solvents coupled with further enrichment and recovery by macroporous 

resin. Journal of Molecular Liquids, 287, 110957. 

Callister, W. D., & Rethwisch, D. G. (2018). Materials science and engineering: an 

introduction (Vol. 9, pp. 96-98). 

Can, A., Özlüsoylu, İ., Antov, P., & Lee, S. H. (2023). Choline Chloride-Based 

Deep Eutectic Solvent-Treated Wood. Forests, 14(3), 569. 

Chares Subash, M., & Muthiah, P. (2021). Eco-friendly degumming of natural 

fibers for textile applications: A comprehensive review. Cleaner 

Engineering and Technology, 5, 100304. 
Chen, H., Wang, A., Yan, C., Liu, S., Li, L., Wu, Q., ... & Yu, H. (2023). Study on 

the Solubility of Industrial Lignin in Choline Chloride-Based Deep Eutectic 

Solvents. Sustainability, 15(9), 7118. 

Chen, J. (2015). Synthetic textile fibers: regenerated cellulose fibers. In Textiles and 

fashion (pp. 79-95). Woodhead Publishing.  
Chen, Y. L., Zhang, X., You, T. T., & Xu, F. (2019). Deep eutectic solvents (DESs) 

for cellulose dissolution: A mini-review. Cellulose, 26, 205-213. 

Cheng, L., Duan, S., Feng, X., Zheng, K., Yang, Q., Xu, H., ... & Peng, Y. (2020). 

Ramie-degumming methodologies: A short review. Journal of Engineered 

Fibers and Fabrics, 15, 1558925020940105. 

Cheng, L., Duan, S., Zheng, K., Feng, X., Yang, Q., Liu, Z., ... & Peng, Y. (2019). 

An alkaline pectate lyase D from Dickeya dadantii DCE-01: clone, 



60 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

expression, characterization, and potential application in ramie bio-

degumming. Textile Research Journal, 89(11), 2075-2083. 

Cheng, L., Wang, Q., Feng, X., Duan, S., Yang, Q., Zheng, K., ... & Peng, Y. 

(2018). Screening a bacterium and its effect on the biological degumming 

of ramie and kenaf. Scientia Agricola, 75, 375-380. 

Chiliveri, S. R., Koti, S., & Linga, V. R. (2016). Retting and degumming of natural 

fibers by pectinolytic enzymes produced from Bacillus tequilensis SV11-

UV37 using solid state fermentation. Springerplus, 5(1), 1-17.  

Corrente, G. A., Scarpelli, F., Caputo, P., Rossi, C. O., Crispini, A., Chidichimo, 

G., & Beneduci, A. (2021). Chemical–physical and dynamical–mechanical 

characterization on Spartium junceum L. cellulosic fiber treated with 

softener agents: a preliminary investigation. Scientific Reports, 11(1), 35. 

Cui, Y., Jia, M., Liu, L., Zhang, R., Cheng, L., & Yu, J. (2018). Research on the 

character and degumming process of different parts of ramie fiber. Textile 

Research Journal, 88(17), 2013-2023. 

Damghani, F. K., Kiyani, H., & Pourmousavi, S. A. (2020). Green three-component 

synthesis of merocyanin dyes based on 4-arylideneisoxazol-5 (4H)-

ones. Current Green Chemistry, 7(2), 217-225. 

Delhom, C. D., Hequet, E. F., Kelly, B., Abidi, N., & Martin, V. B. (2020). 

Calibration of HVI cotton elongation measurements. Journal of Cotton 

Research, 3(1), 1-10. 

de Menezes, A. J., Longo, E., Leite, F. L., & Dufresne, A. (2014). Characterization 

of cellulose nanocrystals grafted with organic acid chloride of different 

sizes. Journal of Renewable Materials, 2(4), 306-313. 

Deng, L., Jing, Y., Sun, J., Ma, J., Yue, D., & Wang, H. (2012). Preparation and 

properties of a moisture-stable ionic liquid ChCl–ZnCl2–

MgCl2·2CH3COOCH2CH3·2H2O. Journal of Molecular Liquids, 170, 45-

50. 

De Prez, J., Van Vuure, A. W., Ivens, J., Aerts, G., & Van de Voorde, I. (2020). Flax 

treatment with strategic enzyme combinations: effect on fiber fineness and 

mechanical properties of composites. Journal of Reinforced Plastics and 

Composites, 39(5-6), 231-245. 

Di Gianfrancesco, A. (2017). Technologies for chemical analyses, microstructural 

and inspection investigations. In Materials for ultra-supercritical and 

advanced ultra-supercritical power plants (pp. 197-245). Woodhead 

Publishing. 

Dołżonek, J., D. Kowalska, J. Maculewicz, and P. Stepnowski. (2020). 

Regeneration, recovery, and removal of ionic liquids. Encyclopedia of Ionic 

Liquids. 1–9.  

Dunne, R., Desai, D., Sadiku, R., & Jayaramudu, J. (2016). A review of natural 

fibres, their sustainability and automotive applications. Journal of 

Reinforced Plastics and Composites, 35(13), 1041-1050. 

El Achkar, T., Greige-Gerges, H., & Fourmentin, S. (2021). Basics and properties 

of deep eutectic solvents: a review. Environmental chemistry letters, 19, 

3397-3408. 

Elmogahzy, Y. E. (2020). Textile engineering as a scientific discipline. Engineering 

Textiles, 1-13. 



61 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Elmogahzy, Y., & Farag, R. (2018). Tensile properties of cotton fibers: importance, 

research, and limitations. In Handbook of properties of textile and technical 

fibres (pp. 223-273). Woodhead Publishing. 
Gholampour, A., & Ozbakkaloglu, T. (2020). A review of natural fiber composites: 

Properties, modification and processing techniques, characterization, 

applications. Journal of Materials Science, 55(3), 829-892. 

Gomez, F. J., Espino, M., Fernández, M. A., & Silva, M. F. (2018). A greener 

approach to prepare natural deep eutectic solvents. ChemistrySelect, 3(22), 

6122-6125. 

Hansen, B. B., Spittle, S., Chen, B., Poe, D., Zhang, Y., Klein, J. M., ... & Sangoro, 

J. R. (2020). Deep eutectic solvents: A review of fundamentals and 

applications. Chemical reviews, 121(3), 1232-1285. 

Hao, L. C., Sapuan, S. M., Hassan, M. R., & Sheltami, R. M. (2018). Natural fiber 

reinforced vinyl polymer composites. In Natural fibre reinforced vinyl ester 

and vinyl polymer composites (pp. 27-70). Woodhead Publishing.  

He, B. B. (2018). Two-dimensional X-ray Diffraction. John Wiley & Sons. 

He, K., Chen, N., Wang, C., Wei, L., & Chen, J. (2018). Method for determining 

crystal grain size by x‐ray diffraction. Crystal Research and 

Technology, 53(2), 1700157. 

Homma, H. (2018, February). Identification of tensile strength properties of abaca 

fiber by weakest-linkage approach-statistic property of fiber diameter. 

In IOP Conference Series: Materials Science and Engineering (Vol. 308, 

No. 1, p. 012037). IOP Publishing. 
Hong, S., Lian, H., Sun, X., Pan, D., Carranza, A., Pojman, J. A., & Mota-Morales, 

J. D. (2016). Zinc-based deep eutectic solvent-mediated hydroxylation and 

demethoxylation of lignin for the production of wood adhesive. RSC 

advances, 6(92), 89599-89608. 

Hou, X. D., Li, A. L., Lin, K. P., Wang, Y. Y., Kuang, Z. Y., & Cao, S. L. (2018). 

Insight into the structure-function relationships of deep eutectic solvents 

during rice straw pretreatment. Bioresource technology, 249, 261-267. 
Huang, H., Tang, Q., Lin, G., Yu, C., Wang, H., & Li, Z. (2021). High-efficiency 

and recyclable ramie cellulose fiber degumming enabled by deep eutectic 

solvent. Industrial Crops and Products, 171, 113879. 

Jančíková, V., & Jablonský, M. (2022). The role of deep eutectic solvents in the 

production of cellulose nanomaterials from biomass. Acta Chimica 

Slovaca, 15(1), 61-71. 

Jiang, J., Zhu, Y., & Jiang, F. (2021). Sustainable isolation of nanocellulose from 

cellulose and lignocellulosic feedstocks: Recent progress and 

perspectives. Carbohydrate polymers, 267, 118188. 

Jiang, W., Song, Y., Liu, S., Ben, H., Zhang, Y., Zhou, C., ... & Ragauskas, A. J. 

(2018). A green degumming process of ramie. Industrial crops and 

products, 120, 131-134. 

Jones, D. R. H., & Ashby, M. F. (2019). Elastic moduli. Engineering Materials, 1, 

31-47. 

Kalita, B. B., Gogoi, N., & Kalita, S. (2013). Properties of ramie and its blends. Int. 

J. Eng. Res. Gen. Sci, 1(2), 1-6. 



62 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Kannan, M. (2018). Scanning electron microscopy: Principle, components and 

applications. A textbook on fundamentals and applications of 

nanotechnology, 81-92. 

Karimah, A., Ridho, M. R., Munawar, S. S., Adi, D. S., Damayanti, R., Subiyanto, 

B., ... & Fudholi, A. (2021). A review on natural fibers for development of 

eco-friendly bio-composite: characteristics, and utilizations. Journal of 

materials research and technology, 13, 2442-2458. 

Karthi, N., Kumaresan, K., Sathish, S., Gokulkumar, S., Prabhu, L., & 

Vigneshkumar, N. (2020). An overview: Natural fiber reinforced hybrid 

composites, chemical treatments and application areas. Materials today: 

proceedings, 27, 2828-2834. 

Khan, M. M. R., Chen, Y., Belsham, T., Laguë, C., Landry, H., Peng, Q., & Zhong, 

W. (2011). Fineness and tensile properties of hemp (Cannabis sativa L.) 

fibres. Biosystems Engineering, 108(1), 9-17. 

Lara-Serrano, M., Sboiu, D. M., Morales-delaRosa, S., & Campos-Martin, J. M. 

(2023). Selective Fragmentation of Lignocellulosic Biomass with 

ZnCl2·4H2O Using a Dissolution/Precipitation Method. Applied 

Sciences, 13(5), 2953. 

Leng, Yang. (2013). Materials Characterization: Introduction to Microscopic and 

Spectroscopic Methods, 2nd Edition. ISBN: 978-3-527-33463-6 

Li, C., Huang, C., Zhao, Y., Zheng, C., Su, H., Zhang, L., ... & Huang, L. J. (2021). 

Effect of choline-based deep eutectic solvent pretreatment on the structure 

of cellulose and lignin in bagasse. Processes, 9(2), 384.  
Li, P., Wang, Y., Hou, Q., Liu, H., Lei, H., Jian, B., & Li, X. (2020). Preparation of 

cellulose nanofibrils from okara by high pressure homogenization method 

using deep eutectic solvents. Cellulose, 27, 2511-2520. 

Li, T. T., J. F. Huang, and J. Z. Shao. (2015). Anti-prickle finishing of ramie fabrics 

with cellulase and polyurethane in combination. Journal of Textile Research 

36 (3):76–82.  

Li, X., Lin, J., Huang, R., Huang, X., Liang, Z., Xiao, W., ... & Liu, Z. (2022). 

Evaluation of Aqueous Ammonia-Ethanol Degumming of Ramie 

Fiber. World Scientific Research Journal, 8(6), 303-312. 

Li, Z., Chen, J., Zhou, J., Zheng, L., Pradel, K. C., Fan, X., ... & Wang, Z. L. (2016). 

High-efficiency ramie fiber degumming and self-powered degumming 

wastewater treatment using triboelectric nanogenerator. Nano Energy, 22, 

548-557. 

Li, Z., Meng, C., Zhou, J., Li, Z., Ding, J., Liu, F., & Yu, C. (2017). Characterization 

and control of oxidized cellulose in ramie fibers during oxidative 

degumming. Textile Research Journal, 87(15), 1828-1840. 

Li, Z., Meng, C., & Yu, C. (2015). Analysis of oxidized cellulose introduced into 

ramie fiber by oxidation degumming. Textile Research Journal, 85(20), 

2125-2135. 

Listiana, S., Bahua, H., Utami, I. D., Rahayu, M. D., Alifah, I., & Kusumaningrum, 

S. (2023, June). Deep eutectic solvent as an eco-friendly catalyst for the 

synthesis of hydroxyphenylglycine methyl ester. In IOP Conference Series: 

Earth and Environmental Science (Vol. 1201, No. 1, p. 012099). IOP 

Publishing. 



63 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Liu, G., Tian, D., Zhou, B., Zhang, Y., Xu, T., Zhao, H., & Wang, C. (2019). Green 

degumming process of ramie fiber thermal effect and optimization. Thermal 

Science, 23(4), 2447-2451. 

Liu, Y., Chen, W., Xia, Q., Guo, B., Wang, Q., Liu, S., ... & Yu, H. (2017). Efficient 

cleavage of lignin–carbohydrate complexes and ultrafast extraction of lignin 

oligomers from wood biomass by microwave‐assisted treatment with deep 

eutectic solvent. ChemSusChem, 10(8), 1692-1700. 

Liu, Y., Friesen, J. B., McAlpine, J. B., Lankin, D. C., Chen, S. N., & Pauli, G. F. 

(2018). Natural deep eutectic solvents: properties, applications, and 

perspectives. Journal of natural products, 81(3), 679-690. 

Liu, Y., Guo, B., Xia, Q., Meng, J., Chen, W., Liu, S., ... & Yu, H. (2017). Efficient 

cleavage of strong hydrogen bonds in cotton by deep eutectic solvents and 

facile fabrication of cellulose nanocrystals in high yields. ACS Sustainable 

Chemistry & Engineering, 5(9), 7623-7631. 

Liu, Y., Thibodeaux, D., & Rodgers, J. (2014). Preliminary study of linear density, 

tenacity, and crystallinity of cotton fibers. Fibers, 2(3), 211-220. 
Lv, W., Nie, K., Song, Y., Li, C., Ben, H., Zhang, Y., ... & Jiang, W. (2022). 

Improving ramie fibers softness using ionic liquid treatment. Journal of 

Natural Fibers, 1-8.  
Lynam, J. G., Kumar, N., & Wong, M. J. (2017). Deep eutectic solvents’ ability to 

solubilize lignin, cellulose, and hemicellulose; thermal stability; and 

density. Bioresource technology, 238, 684-689. 

Ma, Y., Xia, Q., Liu, Y., Chen, W., Liu, S., Wang, Q., ... & Yu, H. (2019). 

Production of nanocellulose using hydrated deep eutectic solvent combined 

with ultrasonic treatment. Acs Omega, 4(5), 8539-8547. 
MacFarlane, D. R., Kar, M., & Pringle, J. M. (2017). Fundamentals of ionic liquids: 

from chemistry to applications. John Wiley & Sons. 
Malaeke, H., Housaindokht, M. R., Monhemi, H., & Izadyar, M. (2018). Deep 

eutectic solvent as an efficient molecular liquid for lignin solubilization and 

wood delignification. Journal of molecular liquids, 263, 193-199. 

Mannu, A., Blangetti, M., Baldino, S., & Prandi, C. (2021). Promising 

technological and industrial applications of deep eutectic 

systems. Materials, 14(10), 2494. 

Manurung, R., Syahputra, A., Alhamdi, M. A., Satria, W., Barus, E. M., Hasibuan, 

R., & Siswarni, M. Z. (2018, February). Delignification and Hydrolysis 

Lignocellulosic of Bagasse in Choline Chloride System. In IOP Conference 

Series: Earth and Environmental Science (Vol. 122, No. 1, p. 012092). IOP 

Publishing. 

Meng, C., Hu, J., Yu, C., & Sun, F. (2019). Evaluation of the mild Mg (OH)2-AQ 

aided alkaline oxidation degumming process of ramie fiber at an industrial 

scale. Industrial Crops and Products, 137, 694-701. 

Meng, C., Yang, J., Zhang, B., & Yu, C. (2018). Rapid and energy-saving 

preparation of ramie fiber in TEMPO-mediated selective oxidation 

system. Industrial Crops and Products, 126, 143-150. 

Meng, C., Li, Z., Wang, C., & Yu, C. (2017). Sustained-release alkali source used 

in the oxidation degumming of ramie. Textile Research Journal, 87(10), 

1155-1164. 



64 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Meng, C., Liu, F., Li, Z., & Yu, C. (2016). The cellulose protection agent used in 

the oxidation degumming of ramie. Textile Research Journal, 86(10), 1109-

1118. 

Meng, C. R., & Yu, C. W. (2014). Study on the oxidation degumming of ramie 

fiber. In Advanced Materials Research (Vol. 881, pp. 1497-1500). Trans 

Tech Publications Ltd. 

Mishra, L., Das, R., Mustafa, I., Basu, G., & Gogoi, N. (2021). A novel approach 

of low alkali degumming of ramie. Journal of Natural Fibers, 18(6), 857-

866. 

Mohamed, M. A., Jaafar, J., Ismail, A. F., Othman, M. H. D., & Rahman, M. A. 

(2017). Fourier transform infrared (FTIR) spectroscopy. In Membrane 

characterization (pp. 3-29). Elsevier. 

Mohammed, A., & Abdullah, A. (2018, November). Scanning electron microscopy 

(SEM): A review. In Proceedings of the 2018 International Conference on 

Hydraulics and Pneumatics—HERVEX, Băile Govora, Romania (Vol. 

2018, pp. 7-9). 

Mohd, N., Draman, S. F. S., Salleh, M. S. N., & Yusof, N. B. (2017). Dissolution of 

cellulose in ionic liquid: A review. In AIP conference proceedings (Vol. 

1809, No. 1). AIP Publishing. 
Mohd Pisal, M. H., Osman, A. F., Jin, T. S., Rahman, R. A., Alrashdi, A. A., & Masa, 

A. (2021). The Role of Zinc Chloride in Enhancing Mechanical, Thermal 

and Electrical Performance of Ethylene Vinyl Acetate/Carbonized Wood 

Fiber Conductive Composite. Polymers, 13(4), 600. 
Morton, M. D., & Hamer, C. K. (2018). Ionic liquids–The beginning of the end or 

the end of the beginning?–A look at the life of ionic liquids through patent 

claims. Separation and purification Technology, 196, 3-9. 

Murugan, S. S. (2020). Mechanical properties of materials: definition, testing and 

application. Int. J. Mod. Stud. Mech. Eng, 6(2), 28-38. 

Nandiyanto, A. B. D., Oktiani, R., & Ragadhita, R. (2019). How to read and 

interpret FTIR spectroscope of organic material. Indonesian Journal of 

Science and Technology, 4(1), 97-118. 
Ngatcha, A. D. P., Zhao, A., Zhang, S., Xiong, W., Sarker, M., Xu, J., & Alam, M. 

A. (2023). Determination of active sites on the synthesis of novel Lewis 

acidic deep eutectic solvent catalysts and kinetic studies in microalgal 

biodiesel production. RSC advances, 13(15), 10110-10122. 

Nie, K., Liu, B., Zhao, T., Wang, H., Song, Y., Ben, H., ... & Jiang, W. (2022). A 

facile degumming method of kenaf fibers using deep eutectic 

solution. Journal of natural fibers, 19(3), 1115-1125. 

Patel, J. P., & Parsania, P. H. (2018). Characterization, testing, and reinforcing 

materials of biodegradable composites. Biodegradable and biocompatible 

polymer composites, 55-79. 

Peña-Solórzano, D., Kouznetsov, V. V., & Ochoa-Puentes, C. (2020). 

Physicochemical properties of a urea/zinc chloride eutectic mixture and its 

improved effect on the fast and high yield synthesis of indeno [2, 1-c] 

quinolines. New Journal of Chemistry, 44(19), 7987-7997. 

Petroudy, S. D. (2017). Physical and mechanical properties of natural fibers. 

In Advanced high strength natural fibre composites in construction (pp. 59-

83). Woodhead Publishing. 



65 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Płotka-Wasylka, J., De la Guardia, M., Andruch, V., & Vilková, M. (2020). Deep 

eutectic solvents vs ionic liquids: Similarities and 

differences. Microchemical journal, 159, 105539. 

Qi, H., Chen, H., Mao, K., Qiu, Z., Zhang, L., & Zhou, J. (2019). Investigation of 

the structure of ramie fibers by enzymatic peeling. Cellulose, 26(5), 2955-

2968. 

Qu, Y., Li, M., Xu, Y., Zhang, R., Qin, Z., Liu, L., & Yu, J. (2021). Evaluation of 

recycling degumming and solvent recovery of ramie with high-boiling 

glycol solvent. Industrial Crops and Products, 159, 113056. 
Qu, Y., Qin, Z., Zhang, R., Wu, D., Ji, F., Shi, Z., ... & Yu, J. (2020). High-

efficiency and recyclability of ramie degumming catalyzed by FeCl3 in 

organic solvent. Carbohydrate polymers, 239, 116250. 

Qu, Y., Yin, W., Zhang, R., Zhao, S., Liu, L., & Yu, J. (2020). Isolation and 

characterization of cellulosic fibers from ramie using organosolv 

degumming process. Cellulose, 27, 1225-1237. 

Qu, Y., Zhao, S., Shi, Z., Zhang, R., Liu, L., Ji, F., & Yu, J. (2020). High-efficiency 

organosolv degumming of ramie fiber by autocatalysis of high-boiling 

alcohols: an evaluation study of solvents. Cellulose, 27, 4271-4285. 

Ramamoorthy, S. K., Skrifvars, M., & Persson, A. (2015). A review of natural fibers 

used in biocomposites: Plant, animal and regenerated cellulose 

fibers. Polymer reviews, 55(1), 107-162.  

Ramesh, R., Nair, A., Jayavel, A., Sathiasivan, K., Rajesh, M., Ramaswamy, S., & 

Tamilarasan, K. (2020). Choline chloride-based deep eutectic solvents for 

efficient delignification of Bambusa bambos in bio-refinery 

applications. Chemical Papers, 74, 4533-4545. 

Rehman, M., Gang, D., Liu, Q., Chen, Y., Wang, B., Peng, D., & Liu, L. (2019). 

Ramie, a multipurpose crop: potential applications, constraints and 

improvement strategies. Industrial Crops and Products, 137, 300-307. 
Saba, N., Jawaid, M., & Sultan, M. T. H. (2019). An overview of mechanical and 

physical testing of composite materials. Mechanical and physical testing of 

biocomposites, fibre-reinforced composites and hybrid composites, 1-12. 

Sadasivuni, K. K., Saha, P., Adhikari, J., Deshmukh, K., Ahamed, M. B., & 

Cabibihan, J. J. (2020). Recent advances in mechanical properties of 

biopolymer composites: A review. Polymer Composites, 41(1), 32-59. 

Sadrmanesh, V., & Chen, Y. (2022). Selected Properties of Two Alternative Plant 

Fibers: Canola and Sweet Clover Fibers. Materials, 15(22), 7877. 

Santana, A. P., Mora-Vargas, J. A., Guimaraes, T. G., Amaral, C. D., Oliveira, A., 

& Gonzalez, M. H. (2019). Sustainable synthesis of natural deep eutectic 

solvents (NADES) by different methods. Journal of Molecular 

Liquids, 293, 111452. 

Shuvo, I. I. (2020). Fibre attributes and mapping the cultivar influence of different 

industrial cellulosic crops (cotton, hemp, flax, and canola) on textile 

properties. Bioresources and Bioprocessing, 7, 1-28. 

Silva, W., Zanatta, M., Ferreira, A. S., Corvo, M. C., & Cabrita, E. J. (2020). 

Revisiting ionic liquid structure-property relationship: A critical 

analysis. International journal of molecular sciences, 21(20), 7745. 

Singh, A., Varghese, L. M., Battan, B., Patra, A. K., Mandhan, R. P., & Mahajan, 

R. (2020). Eco-friendly scouring of ramie fibers using crude xylano-



66 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

pectinolytic enzymes for textile purpose. Environmental Science and 

Pollution Research, 27(6), 6701-6710. 

Singh, A. K. (2016). Experimental Methodologies for the Characterization of 

Nanoparticles. Engineered Nanoparticles, 125–170. doi:10.1016/b978-0-

12-801406-6.00004-2  

Singh, S. K., & Savoy, A. W. (2020). Ionic liquids synthesis and applications: An 

overview. Journal of Molecular Liquids, 297, 112038. 

Skoog, D. A., Holler, F. J., & Crouch, S. R. (2017). Principles of instrumental 

analysis. Cengage learning. 
Soares, B., da Costa Lopes, A. M., Silvestre, A. J., Pinto, P. C. R., Freire, C. S., & 

Coutinho, J. A. (2021). Wood delignification with aqueous solutions of deep 

eutectic solvents. Industrial Crops and Products, 160, 113128. 

Song, K. (2017). Micro-and nano-fillers used in the rubber industry. In Progress in 

Rubber Nanocomposites (pp. 41-80). Woodhead Publishing. 

Song, L., Wang, R., Jiang, J., Xu, J., & Gou, J. (2020). Stepwise separation of poplar 

wood in oxalic acid/water and γ-valerolactone/water systems. RSC 

advances, 10(19), 11188-11199. 

Song, Y., Jiang, W., Nie, K., Zhang, Y., Ben, H., Han, G., & Ragauskas, A. J. 

(2019). An alkali-free method to manufacture ramie fiber. Textile Research 

Journal, 89(17), 3653-3659. 

Suopajärvi, T., Ricci, P., Karvonen, V., Ottolina, G., & Liimatainen, H. (2020). 

Acidic and alkaline deep eutectic solvents in delignification and 

nanofibrillation of corn stalk, wheat straw, and rapeseed stem 

residues. Industrial crops and products, 145, 111956. 

Tamanna, T. A., Belal, S. A., Shibly, M. A. H., & Khan, A. N. (2021). 

Characterization of a new natural fiber extracted from Corypha taliera 

fruit. Scientific reports, 11(1), 7622. 

Thompson, J. M. (2018). Infrared spectroscopy. CRC Press. 

Tomé, L. I., Baião, V., da Silva, W., & Brett, C. M. (2018). Deep eutectic solvents 

for the production and application of new materials. Applied Materials 

Today, 10, 30-50. 

Ul-Hamid, A. (2018). A beginners' guide to scanning electron microscopy (Vol. 1, 

p. 402). Cham, Switzerland: Springer International Publishing. 
Vijay, R., Vinod, A., Singaravelu, D. L., Sanjay, M. R., & Siengchin, S. (2021). 

Characterization of chemical treated and untreated natural fibers from 

Pennisetum orientale grass-A potential reinforcement for lightweight 

polymeric applications. International Journal of Lightweight Materials and 

Manufacture, 4(1), 43-49. 

Wang, C., Bai, S., Yue, X., Long, B., & Choo-Smith, L. P. I. (2016). Relationship 

between chemical composition, crystallinity, orientation and tensile strength 

of kenaf fiber. Fibers and Polymers, 17, 1757-1764. 

Wang, H., Liu, S., Zhao, Y., Wang, J., & Yu, Z. (2019). Insights into the hydrogen 

bond interactions in deep eutectic solvents composed of choline chloride 

and polyols. ACS Sustainable Chemistry & Engineering, 7(8), 7760-7767. 
Wang, R., Liu, Z., Cheng, L., Duan, S., Feng, X., Zheng, K., ... & Zeng, J. (2019). 

A novel endo-β-1, 4-xylanase GH30 from Dickeya dadantii DCE-01: clone, 

expression, characterization, and ramie biological degumming 

function. Textile Research Journal, 89(4), 463-472. 



67 
 

Tabita Dwi Vena, 2023 
UPAYA MENINGKATKAN SOFTNESS SERAT RAMI MENGGUNAKAN CAIRAN IONIK EUTEKTIK 
BERBASIS KOLINIUM KLORIDA 
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu 

Welton, T. (2018). Ionic liquids: a brief history. Biophysical reviews, 10(3), 691-

706. 

Wu, X. Q., Liu, P. D., Liu, Q., Xu, S. Y., Zhang, Y. C., Xu, W. R., & Liu, G. D. 

(2021). Production of cellulose nanofibrils and films from elephant grass 

using deep eutectic solvents and a solid acid catalyst. RSC advances, 11(23), 

14071-14078. 

Wulandari, A. P., Awis, V. P. D., Budiono, R., Kusmoro, J., Hidayat, S. S., 

Masruchin, N., ... & Rachmawati, U. (2023). Tensile Strength 

Improvements of Ramie Fiber Threads through Combination of Citric Acid 

and Sodium Hypophosphite Cross-Linking. Materials, 16(13), 4758. 

Yang, S., & Gordon, S. (2016, March). A study on cotton fibre elongation 

measurement. In 33rd International Cotton Conference, Bremen, Germany. 

Yu, C. (2015). Natural textile fibres: vegetable fibres. In Textiles and fashion (pp. 

29-56). Woodhead Publishing. 
Yu, W., Wang, C., Yi, Y., Wang, H., Zeng, L., Li, M., ... & Tan, Z. (2020). 

Comparison of deep eutectic solvents on pretreatment of raw ramie fibers 

for cellulose nanofibril production. ACS omega, 5(10), 5580-5588. 
Yuan, J., Yu, Y., Wang, Q., Fan, X., Chen, S., & Wang, P. (2013). Modification of 

ramie with 1-butyl-3-methylimidazolium chloride ionic liquid. Fibers and 

Polymers, 14, 1254-1260.  
Zdanowicz, M., Wilpiszewska, K., & Spychaj, T. (2018). Deep eutectic solvents 

for polysaccharides processing. A review. Carbohydrate polymers, 200, 

361-380. 

Zhang, H., Lang, J., Lan, P., Yang, H., Lu, J., & Wang, Z. (2020). Study on the 

dissolution mechanism of cellulose by ChCl-based deep eutectic 

solvents. Materials, 13(2), 278. 

Zhou, C., Xue, Y., & Ma, Y. (2017). Characterization and overproduction of a 

thermo-alkaline pectate lyase from alkaliphilic Bacillus licheniformis with 

potential in ramie degumming. Process Biochemistry, 54, 49-58. 

Zhou, C., Xue, Y., & Ma, Y. (2017). Cloning, evaluation, and high-level expression 

of a thermo-alkaline pectate lyase from alkaliphilic Bacillus clausii with 

potential in ramie degumming. Applied microbiology and 

biotechnology, 101(9), 3663-3676. 

Zhou, J., Li, Z., & Yu, C. (2017). Property of ramie fiber degummed with Fenton 

reagent. Fibers and Polymers, 18(10), 1891-1897. 

Zhu, X., Peng, C., Chen, H., Chen, Q., Zhao, Z. K., Zheng, Q., & Xie, H. (2018). 

Opportunities of ionic liquids for lignin utilization from biorefinery. 

ChemistrySelect 3: 7945–7962.


