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Abstract

Ramie is one of the most important fiber resources and it needs the degumming process to produce 

fibers. The traditional manufacturing process of ramie fibers requires a large amount of alkali, 

which causes serious environmental issues. This paper provides a novel  path to manufacture ramie 

fibers without alkali. In this study, ramie bast was pretreated by steam explosion and then treated 

with deep eutectic solvent. The properties of ramie fibers prepared by the novel alkali-free method, 

including physical properties, Fourier  transform infrared (FTIR) spectroscopy, scanning electron 

microscopy (SEM) and X-ray diffraction (XRD), were compared with that produced by the 

traditional alkali process. Results showed that the fiber qualities, including residual gum content 

(4.68%), average fiber fineness (1419.99 Nm) and breaking tenacity (5.98 cN/dtex), were 

comparable with the traditional alkali process, which all meet the requirement of the relevant 

Chinese National Standards. The FTIR, SEM and XRD results all confirmed the degumming 

ability of the novel method to manufacture ramie fibers. Moreover, the novel method was proved 

to be ecofriendly. Taken together, these data indicate that the novel alkali-free method is green and 

effective in manufacturing ramie fibers.
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Ramie is one of the most traditional cellulosic crops and has been widely applied in the textile 

field.1,2 It provides the longest and strongest natural fibers, with the advantages of feeling cool 

against the body, straightness, and antistatic and antibacterial properties.3,4 However, gummy 

matters including pectin, hemicellulose and lignin in the raw ramie bast must be removed before 

ramie fibers can be used in textiles.5 Existing extraction methods for ramie fibers include physical 

methods, biological degumming and chemical processing. Among them, the alkali cooking process 

is used most commonly. The traditional alkali cooking process requires two boiling processes with 

large amounts of sodium hydroxide (NaOH), which causes serious environmental pollution.2,6 

Therefore, a new, greener manufacturing method that does not use alkali is desired.

Recently, a report employed Ionic liquids (ILs) as a degumming method to manufacture Apocynum 

venetum fibers and the results were promising.7 ILs have been increasingly applied due to their 

attractive ‘‘green’’ properties because they are recyclable and free of contamination.8,9 However, 

most ILs are very expensive, which makes their large-scale At the beginning of this century, deep 

eutectic solvents (DESs) emerged, which not only share many characteristics and properties with 

ILs, but are also application challenging. Furthermore, ILs can easily dissolve cellulose and thus 

affect the fibers’ strength.9 Hence, a cheaper alternative solvent for the manufacture of natural 

fibers is desired.

At the beginning of this century, deep eutectic solvents (DESs) emerged, which not only share 

many characteristics and properties with ILs but are also much cheaper and more biodegradable. 

In the last two decades, DESs have received considerable interest in many fields, including 

catalysis, organic synthesis, dissolution and extraction processes, and electrochemistry and 

material chemistry.10,11 Surprisingly, little attention has been devoted to the utilization of DESs in 

manufacturing natural fibers. Since ILs are capable of manufacturing natural fibers, some have 

reported that DESs could also dissolve gummy matter such as lignin and hemicellulose,12–14 thus 

it is hypothesized that DESs can be utilized in the manufacture of natural fibers. To explore this 

hypothesis, the most common DES, which is composed of chloride and carbamide, was applied to 

ramie. In order to penetrate the DES into the ramie, the environmentally friendly steam explosion 

(STEX) treatment process was used as a pretreatment. It has been reported that STEX treatment 

can break the ramie structure and thus release the DES degumming burden.15 Then, chloride and 
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carbamide were mixed to obtain a DES solution, and employed in ramie degumming before refined 

ramie fibers were obtained.

In the present work, the effects of STEX treatment followed by DES treatment on ramie 

manufacture were investigated. The physical properties, Fourier transform infrared (FTIR) spectra, 

scanning electron microscopy (SEM) morphology and X-ray diffraction (XRD) spectra of ramie 

fibers, and its waste liquid properties, were characterized to evaluate the manufacturing process. 

Experimental Methods

 Materials 

Raw ramie bast samples were obtained from the Research Center of Bast-fiber Plant in Hunan 

Province, China. Apart from spectrum-pure KBr, the other chemicals purchased were of reagent 

grade and were used as received. 

Manufacture of ramie fibers

Before treatment, all of the ramie samples were stored in a room at constant temperature and 

humidity (20-30 °C and < 50% humidity) for 1 week.

 Ramie fibers manufactured by traditional alkali treatment. According to the description of the 

traditional method of alkali treatment in the literature,6 the raw ramie samples were boiled in NaOH 

solution at a concentration of 1% and a liquid-to-solid ratio of 20:1 (v/w). After cooking for 1 h, 

the fibers were washed with distilled water until neutrality was achieved. Then, the fibers were 

further cooked with mixed solution that contains 1% NaOH, 3% H2O2 (30%), 3% NaSiO3, 2% 

Na2SO4, 3% CN2H4O and 3% (NaPO3)n for 1 h.  The fibers were washed again with distilled water 

until neutrality was achieved. The oven-dried (GZX-9240 MBE) refined ramie fibers (sample 1) 

was stored for further analysis.  

Ramie fibers manufactured by the alkali-free method. A batch of water-presoaked ramie bast 

samples was put into the steam chamber of the equipment (BGDR-4.5H). The steam pressure was 

0.5 MPa and the steam retention time was 5 min. The STEX-treated ramie was collected and 

washed thoroughly with distilled water. The oven-dried samples were stored for further treatment 

and analysis. 
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Before the DES treatment, C5H14ClNO (choline chloride) and CN2H4O (carbamide) were mixed 

with a molar ratio of 1:2 and heated at 80 °C for 0.5 h to obtain a transparent solution. Then, the 

STEX-treated ramie fibers were added into the DES solution and stirred at 100 °C for 2 h. Then, 

refined ramie fibers (sample 2) were washed thoroughly and oven-dried for evaluation. 

Evaluation of ramie fibers

 Physical properties of ramie fibers. For textile fibers, the residual gum content, fiber fineness and 

breaking tenacity are three of the most important indexes. The residual gum content, fiber fineness 

and breaking tenacity were measured and calculated according to the Chinese National Standards 

GB 5889-86,16 GB 5884-8617 and GB 5886-86,18 respectively. The test numbers for residual gum 

content, fiber fineness and breaking tenacity were 3, 3 and 50, respectively.

FTIR of ramie fibers. The FTIR spectra of the ramie samples were collected with a Bruker 

spectrophotometer (NICOLET 5700). The transmission method with KBr discs was used in the 

test. The spectra were recorded in the wavenumber range of 500-4000 cm-1 and a resolution of 2 

cm-1 . 

Surface morphology of ramie fibers. A microscope (JSM-840) was employed for fiber surface 

morphology observation. The samples were coated with platinum and photographed under an 

operating voltage of 10 kV. 

XRD of ramie fibers. The XRD spectra were obtained with a D8 Advanced X-ray diffractometer 

(Bruker, Germany). They were scanned from  2θ = 5° to 2θ = 40° (40 kV and 50 mA). The Segal 

crystalline index of ramie fibers was calculated as equation (1), which was previously reported for 

native cellulose.19

(1)CrI = [I200 ― Iamorph

I200 ] × 100

where the I200 is the maximum intensity of the cellulose crystalline lattice (200) diffraction, which 

is usually around 22.6° for native cellulose, and Iamorph is the intensity of the amorphous phase 

taken at 2θ = 18° that represents the amorphous area in native cellulose. 

Properties of waste liquid. The properties of the waste liquid were studied to evaluate whether the 

alkali-free degumming method is environmentally friendly. 
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Figure 1 summarizes the study undertaken in this paper. 

Results and Discussion

Physical properties of ramie fibers

In order to verify that the alkali-free method could manufacture ramie fibers, the residual gum 

content, average fineness and breaking tenacities of ramie fibers were tested, which are also very 

important indexes for textile fibers. As shown in Figure 2, although the quality of the fibers 

produced by the novel alkali-free method (Figure 2(c)) was slightly poorer compared with those 

produced by the traditional alkali method (Figure 2(d)), it still meets the requirements of the 

Chinese National Standard for refined dry ramie fibers. As can be seen in Figure 2, the STEX 

treatment removed about half of the gum content (from 25.12-12.07%) from raw ramie bast and 

the DES treatment reduced the residual gum content even further. Thus, the residual gum contents 

of refined dry ramie fibers from samples 1 (2.98%) and 2 (4.68%) both meet the third class of the 

Chinese National Standard for refined ramie fibers (that is 5%),6 meaning that the novel alkali-free 

method is capable of degumming. The slightly higher residual gum content may not affect other 

fiber properties, but it is beneficial for raising fiber yield and avoiding cellulose damage. 

Also, both the refined ramie fibers produced by the alkali-free method (1419.99 Nm) and the 

traditional alkali method (1532.03 Nm) achieved the second class of the Chinese National Standard 

requirement for refined ramie fibers (1400 Nm),6 indicating the excellent separation ability of 

combining STEX and DES treatment. In terms of breaking tenacity, refined dry ramie fibers from 

both samples 1 (6.03 cN/dtex) and 2 (5.98 cN/dtex) exceeded the third class of the Chinese 

National Standard requirement for refined ramie fibers (4.5 cN/dtex).6 These data suggest that the 

novel alkali-free method can manufacture ramie fibers with satisfactory quality. However, specific 

parameters should be optimized for better fiber quality in future studies. 

FTIR of ramie fibers

The chemical components of ramie fibers were next characterized through FTIR analysis. As 

illustrated in Figure 3, the representative peaks at 3425 cm-1 (O-H stretching), 1058 cm-1 (C-O 

stretching) and 896 cm-1 (β-(1, 4) glycosidic linkage)20 were still strong after treatment, meaning 
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that cellulose is firmly retained during the manufacturing processes. In contrast, the hemicellulose 

characteristic peaks at 1726 cm-1 (C = O stretching) were significantly reduced and even 

disappeared after treatment, indicating the complete removal of hemicellulose during the 

manufacturing process.21 The characteristic peaks at 1643 (C = C stretching) and 1240 cm-1 (C-O 

stretching), which contribute to the lignin in ramie, were also weakened after treatment, confirming 

the decrease of lignin during the manufacturing stages.22,23 The weakness of 1372 cm-1 (C = C 

bending) for pectin arose from the extraction of pectin by the manufacturing processes.5 The 

removal of the gummy matters, including lignin, hemicellulose and pectin, by the alkali-free 

method was achieved as follows. During STEX treatment, parts of the gummy matters were broken 

or removed, yielding fiber bundles with less gummy matter and a porous internal structure.24 The 

porous internal structure enables the DES to penetrate into the fibers where it reacts with or 

dissolves the gummy matters.25 In addition to this, the carbamide used in the DES also swells the 

fiber bundles,24 which also contributes to the removal of the gummy matters. In conclusion, the 

FTIR spectra made it clear that both the traditional alkali and novel alkali-free methods were able 

to significantly remove gummy matters from ramie bast.

SEM of ramie fibers

 The SEM images of ramie fibers were further analyzed and are displayed in Figure 4 to 

demonstrate the manufacturing process. As can be seen in Figure 4(a), the raw ramie bast contains 

a large amount of gummy matter that binds the single fibers together. After STEX treatment, the 

sample surface (Figure 4(b)) becomes clear and fiber bundles can be clearly seen, which is 

attributed to the removal of the gummy matters. The refined dry fibers produced by further DES 

treatment (Figure 4(c)) exhibit single fibers that are similar to the refined dry fibers prepared by 

traditional alkali treatment (Figure 4(d)), suggesting that the gummy matters can be further 

extracted by DES treatment. These results are consistent with the FTIR analysis results.

XRD of ramie fibers

 It has been reported that the Segal crystalline index influences the fibers’ properties, including 

their strength and molus.5 Thus, XRD information for the ramie fibers was characterized and 

compared. As can be seen in Figure 5, the ramie cellulose has a cellulose I pattern, with peaks at 

14.8°, 16.4°, 22.6° and 34.6° that attribute it to cellulose Iβ for the 101, 101, 200 and 040 phases, 

respectively.26,27 Overall, both the novel alkali-free and traditional alkali treatment methods did 
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not change the cellulose crystalline pattern. However, the crystalline peak at 22.6° became 

narrower and sharper after treatment. This means when the gummy matters were removed, which 

are amorphous in nature, the Segal crystalline index increased. The Segal crystalline index was 

calculated and confirmed to rise from 63.33% to 78.94 and 76.65% for sample 1 and 2 refined dry 

ramie fibers, respectively, as shown in Table 1. These data also make us conclude that the novel 

alkali-free method is effective for the manufacture of ramie fibers. 

Properties of waste liquid

 According to the literatures (see Table 2), the traditional alkali treatment method requires various 

chemical reagents that can cause serious pollution; moreover, after degumming the liquid cannot 

be recycled. In contrast, the novel alkali-free method only requires two biofriendly reagents, which 

can both be recycled. Choline is produced in large quantities for chicken feed and carbamide is the 

main nitrogen-containing end product of protein metabolism decomposition in mammals.25 Our 

analysis proves that the alkali-free method for the manufacture of ramie fibers is significantly 

‘‘greener’’ compared to the traditional alkali process. In addition, choline and carbamide are both 

very cheap and common reagents. The reutilization of DESs in the manufacture of natural fibers 

should be investigated in subsequent studies. Once DESs can be reused on an industrial scale, the 

cost of this novel method will be much lower.

Conclusion

 The alkali-free STEX-DES process effectively removed gummy matters from ramie bast and 

produced ramie fibers that were comparable with fibers produced by the traditional alkali process, 

which both meet the Chinese National Standard. Compared to the traditional alkali method, our 

novel alkali-free process is more ecofriendly. The reagents used are all biodegradable and reusable, 

which will cause less pollution. In conclusion, our study offers a novel environmentally friendly 

strategy for ramie manufacture that could potentially be applied on an industrial scale.

Acknowledgements

 This work was supported by the key research and development program of Shandong Province 
(2016ZDJS08A04 and 2016GSF117008), the Program for Scientific Research Innovation Teams 



8

in the Colleges and Universities of Shandong Province, the Research on Application Postdoctoral 
program of Qingdao (2016011), the National Science Foundation of China (51706044), the 
Natural Science Foundation of Jiangsu Province of China (BK20170666) and the Recruitment 
Program for Young

Declaration of Conflicting Interests

 The authors declared no potential conflicts of interest with respect to the research, authorship 
and/or publication of this article.

Funding

 The author(s) disclosed receipt of the following financial support for the research, authorship, 
and/or publication of this article: This work was supported by the key research and development 
program of Shandong Province (2016ZDJS08A04 and 2016GSF117008), the Program for 
Scientific Research Innovation Teams in the Colleges and Universities of Shandong Province, the 
Research on Application Postdoctoral program of Qingdao (2016011), the National Science 
Foundation of China (51706044), the Natural Science Foundation of Jiangsu Province of China 
(BK20170666) and the Recruitment Program for Young Professionals in China.

References

 1. Liu Z, Duan S, Sun Q, et al. A rapid process of ramie biodegumming by Pectobacterium sp. 
CXJZU-120. Text Res J 2012; 82: 1553–1559. 

2. Fan X-S, Liu Z-W, Liu Z-T, et al. A novel chemical degumming process for ramie bast fiber. 
Text Res J 2010; 80: 2046–2051. 

3. Hu R, Zhao Z, Zhou J, et al. Surface micro-dissolution of ramie fabrics with NaOH/urea to 
eliminate hairiness. Cellulose 2017; 24: 5251–5259. 

4. Zhou J, Li Z and Yu C. Property of ramie fiber degummed with Fenton reagent. Fiber Polym 
2017; 18: 1891–1897. 

5. Song Y, Han G, Li M, et al. Performance analysis of kudzu fiber prepared by using combined 
steam explosion and chemical degumming. J Nat Fibers 2017; 14: 759–768. 

6. Jiang W, Song Y, Liu S, et al. A green degumming process of ramie. Ind Crop Prod 2018; 
120: 131–134. 

7. Yang F, Ma Y, Qian Y, et al. A novel ionic liquid degumming process for Apocynum 
venetum. J Text I 2015; 107: 1450–1455. 



9

8. Lan W, Liu C-F and Sun R-C. Fractionation of bagasse into cellulose, hemicelluloses, and 
lignin with ionic liquid treatment followed by alkaline extraction. J Agric Food Chem 2011; 59: 
8691–8701. 

9. Mohd N, Draman SFS, Salleh MSN, et al. Dissolution of cellulose in ionic liquid: A review. 
AIP Conf Proc 2017; 1809: 020035. 

10. Ge X, Gu C, Wang X, et al. Deep eutectic solvents (DESs)-derived advanced functional 
materials for energy and environmental applications: Challenges, opportunities, and future 
vision. J Mater Chem A 2017; 5: 8209–8229. 

11. Zhang Q, De Oliveira Vigier K, Royer S, et al. Deep eutectic solvents: Syntheses, properties 
and applications. Chem Soc Rev 2012; 41: 7108–7146. 

12. Chen Z and Wan C. Ultrafast fractionation of lignocellulosic biomass by microwave-assisted 
deep eutectic solvent pretreatment. Bioresour Technol 2018; 250: 532–537. 

13. Sirvio¨ JA, Visanko M and Liimatainen H. Deep eutectic solvent system based on choline 
chloride-urea as a pretreatment for nanofibrillation of wood cellulose. Green Chem 2015; 17: 
3401–3406. 

14. Odorico FH, Morandim-Giannetti AdA, Lucarini AC, et al. Pretreatment of Guinea grass 
(Panicum maximum) with the ionic liquid 1-ethyl-3-methyl imidazolium acetate for efficient 
hydrolysis and bioethanol production. Cellulose 2018; 25: 2997–3009. 

15. Song Y, Han G and Jiang W. Comparison of the performance of kenaf fiber using different 
reagents presoak combined with steam explosion treatment. J Text I 2017; 108: 1762–1767. 

16. Jiang F and Shao K. Quantative analysis of ramie chemical composition, GB 5884-86. 
Beijing: China Standard Press, 1986. 

17. Jiang F and Shao K. Count testing of ramie fiber, GB-5884-86. Beijing: China Standard 
Press, 1986. 

18. Jiang F and Shao K. Testing method of breaking strength of ramie fiber, GB 5886-86. 
Beijing: China Standard Press, 1986. 

19. Dai H, Ou S, Huang Y, et al. Utilization of pineapple peel for production of nanocellulose 
and film application. Cellulose 2018; 25: 1743–1756.

20. Song Y, Jiang W, Zhang Y, et al. Isolation and characterization of cellulosic fibers from 
kenaf bast using steam explosion and Fenton oxidation treatment. Cellulose 2018; 25: 4979–
4992. 

21. Jiang W, Han G, Zhang Y, et al. Monitoring chemical changes on the surface of kenaf fiber 
during degumming process using infrared microspectroscopy. Sci Rep 2017; 7: 1240. 

22. Wang L, Han G and Zhang Y. Comparative study of composition, structure and properties of 
Apocynum venetum fibers under different pretreatments. Carbohydr Polym 2007; 69: 391–397.

23. Mohaiyiddin MS, Lin OH, Owi WT, et al. Characterization of nanocellulose recovery from 
Elaeis guineensis frond for sustainable development. Clean Technol Envir 2016; 18: 2503–2512. 



10

24. Rabemanolontsoa H and Saka S. Various pretreatments of lignocellulosics. Bioresour 
Technol 2016; 199: 83–91. 

25. Lynam JG, Kumar N and Wong MJ. Deep eutectic solvents’ ability to solubilize lignin, 
cellulose, and hemicellulose; Thermal stability and density. Bioresour Technol 2017; 238: 684–
689. 

26. French AD and Santiago Cintro´n M. Cellulose polymorphy #crystallite |size, and the Segal 
Crystallinity Index. Cellulose 2014; 20: 583–588. 

27. French AD. Idealized powder diffraction patterns for cellulose polymorphs. Cellulose 2013; 
21: 885–896. 

28. Tang X, Zuo M, Li Z, et al. Green processing of lignocellulosic biomass and its derivatives in 
deep eutectic solvents. ChemSusChem 2017; 10: 2696–2706.



11

Figure 1. Schematic diagram for the experiment. DES: deep eutectic solvents; FTIR: Fourier 
transform infrared; SEM: scanning electron microscopy; XRD: X-ray diffraction.

Figure 2. Physical properties of ramie fibers. (a) Raw ramie bast, (b) steam-exploded ramie fibers, 
(c) ramie fibers produced via the alkali-free method and (d) ramie fibers produced by the traditional 
alkali method.
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Figure 3. Fourier transform infrared spectroscopy of ramie fibers. (a) Raw ramie bast, (b) steam-
exploded ramie fibers, (c) ramie fibers produced by the alkali-free method and (d) ramie fibers 
produced by the traditional alkali method.

Figure 4. Scanning electron microscopy of ramie fibers. (a) Raw ramie bast, (b) steam-exploded 
ramie fibers, (c) ramie fibers produced by the alkali-free method and (d) ramie fibers produced by 
the traditional alkali method.
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Figure 5. X-ray diffraction of ramie fibers. (a) raw ramie bast, (b) steam-exploded ramie fibers, 
(c) ramie fibers produced by the alkali-free method and (D) ramie fibers produced by the traditional 
alkali method.

Table 1. Segal crystalline index of ramie fibers

Samples A B C D
Crystalline index 63.33% 66.19% 76.65% 78.94%

A: raw ramie bast; B: steam-exploded ramie fibers; C: ramie fibers produced by the alkali-free 
method; D: ramie fibers produced by the traditional alkali method.

Table 2. Properties of waste liquids

Traditional alkali treatment Alkali-free treatment
Reagents Polluted6 Recyclable6 Reagents Polluted28 Recyclable11

NaOH Yes No CN2H4O No Yes
H2O2 C5H14ClNO
NaSiO3

Na2SO4

CN2H4O
(NaPO3)n


