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Abstract 

Studies on the production of cellulose fiber have attracted tremendous attention. 

However, current research on this material has been conducted only on the 

successful synthesis of cellulose fiber without further consideration of what 

products can be created during the synthesis process. This research aims to 

investigate the effect of catalyst concentration on the final product in the 

synthesis of cellulose fiber using ionic liquid through a simple, inexpensive, and 

eco-friendly method. We used banana stem gained from domestic waste and cis-

oleyl imidazolinium acetate (CoimAc) was used as a model of an ionic liquid 

catalyst. The cellulose fiber was synthesized via a conventional mixing process 

with the assistance of a microwave reactor. Interactions between the CoimAc 

catalyst and cellulose raw material are found, resulting in the possible control of 

the formation of cellulose nanoparticles in the final product. The SEM images 

show that cellulose fiber with a mean size of about 1.5 um was identified along 

with nanoparticles. The TEM images show that this cellulose has a length of ±330 

nm and a width of ±54 nm at the optimum condition with 100W power for 30 

minutes. Based on FTIR analysis, the final products contain cellulose 

components. From XRD analysis on an 8:2 ratio, there was a typical peak of 

cellulose at 2θ = 22° with a crystallinity index of 63% and crystal size 52,68 nm, 

then re-conformation of cellulose structure from cellulose type I to cellulose type 

II was detected. A decrease in thermal stability indicating an increase in surface 

area was also found according to TG-DTA analysis. Interestingly, increases in 

the CoimAc catalyst amount result in an increased number of particles with 

smaller sizes, which this information is not reported in other reports yet. 

Therefore, ideas gained from this study would be promising for bridging current 

development reports and realistic applications, especially relating to green 

engineering and technology. 

Keywords: Banana stem, Cellulose fiber, Cellulose nanoparticles, Cis-oleyl 

imidazolinium acetate, Ionic liquid, Microwave reactor.  



1210       A. Mudzakir et al. 

 
 
Journal of Engineering Science and Technology               April 2023, Vol. 18(2) 

 

1.  Introduction 

Cellulose fiber has attracted a tremendous amount of attention because of its 

potential for many applications: membrane [1-3, film [4, 5], fiber [6-11], composite 

[12, 13], and other derivative polymers [14, 15]. Some further applications of 

cellulose fiber, for example, polymer derivatives for food packaging [15], 

explosives and high-performance propellants [14]; fiber as polymer composite 

reinforcement [12, 13], adsorbent [1, 9, 11], carrier [10], triboelectric 

nanogenerators [7], and sensors [6]; films for new textile materials [5]; and 

membrane as adsorbent [3] and support for enzyme immobilization [2]. 

One of the best methods to synthesize cellulose fiber is the hydrolysis process 

[16, 17]. This method is interesting because the cellulose fiber gained in the final 

product is typically good in shape and size distribution, which this type of product 

cannot be produced using conventional physical methods [16] (high-pressure 

homogenization [18-20], cryo-crushing [21], milling [22], and grinding [23-25]. In 

this method, interaction phenomena between the catalyst and bulk cellulosic 

material involve. As a catalyst, the ionic liquid can allow easy isolation of the 

catalyst from the post-reaction mixture and obtain higher selectivity and yield. 

Ionic liquids also have a low vapor pressure and high thermal stability making them 

suitable as an alternative to classical organic solvents [26]. Hydrogen bonding 

between ionic liquids and cellulose is believed to be the determining factor in the 

hydrolysis of cellulose [27-30]. The presence of ionic liquid (e.g., BmimHSO4) will 

break the inter and intramolecular hydrogen bonds of cellulose so that hydroxyl 

groups are formed, and the cellulose macromolecular chains become swollen [28]. 

For this reason, the selection of synthesis procedure and processing condition, type 

of catalyst, and composition of reactants are important. 

Among the hydrolysis methods, the ionic liquid-assisted hydrolysis method can 

be the best alternative way to synthesize cellulose fiber. The use of ionic liquid as 

a catalyst is effective for application in green engineering, while current hydrolysis 

reports have to use either uneasy-to-handle chemicals (e.g., strong acid [31-35] or 

scarce material (e.g., enzyme [18, 36, 37] that can create conflicts for safety and 

environmental problems. Some shortcomings during the process of acid hydrolysis 

are lower yield, high-reaction time,  low thermal stability, and equipment corrosion 

[16]. The enzymatic hydrolysis process has some disadvantages such as high costs 

of the enzymes, slower process, and lower yield. To overcome the lower yield of 

the enzymatic hydrolysis, we can use residual biomass from other industries such 

as biorefineries so the profitability also may be improved, then we must also focus 

on pre-treatment improvements [36].  

The ideas for adopting ionic liquid for the synthesis of cellulose fiber arise 

because the ability of this catalyst is well-known and has been reported for 

dissolving biomass [38]. However, there is still unclear information associated with 

the current methods. Current research on the synthesis of this material has been 

conducted only on the successful synthesis of cellulose fiber with no further 

consideration of what products can be created during the synthesis process. For 

example, they put an additional purification process to the samples/products before 

analysing them. Therefore, all results showed the ideal condition, where only 

cellulose fiber was detected in the observation result. To simplify, until now, there 

is no information about the side product that exists in the final solution. 
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Various kinds of ionic liquids have been used to synthesize cellulose and many 

of them are imidazolium ionic liquids which show good cellulose extraction results 

[39-41]. Cellulose synthesis using ionic liquids can enable the formation of 

cellulose-based materials with outstanding properties (e.g., super-microfibers, 

precursors for carbon fibers, and all-cellulose composites) [42]; texture, 

morphology, and crystallinity of cellulose can also be controlled; and derivatization 

of cellulose through chemical modification [43]. 

In our previous reports [44], we reported the synthesis of nanoparticles using a 

liquid-phase synthesis method. Effects of physicochemical properties of reactants 

(e.g., surface charge, size, and composition) on the successful and unsuccessful 

synthesis process were discussed and compared with theoretical analysis. The result 

showed that by changing the physicochemical properties of reactants, nanoparticles 

with controllable outer shape, porosity, and hole cavity were created. 

Based on our previous works, the purpose of this study was to investigate the 

effect of ionic liquid concentration on what products can be produced in addition 

to the formation of cellulose fiber. In the experimental method, while other methods 

typically used laboratory-grade cellulose raw chemicals, we used banana stems 

gained from domestic waste. As a model of an ionic liquid catalyst, we used cis-

oleyl imidazolinium acetate (CoimAc). To ensure that the reaction was conducted 

properly, we used the assistance of a microwave reactor in addition to the 

conventional mixing process. Different from other papers that reported only the 

successful synthesis of cellulose fiber, the present report also investigated the 

creation of cellulose nanoparticles in addition to cellulose fiber production. We 

found that nanoparticles existed along with fibers in all positions, which this 

observation was not reported in other reports. Interestingly, the size of existing 

nanoparticles depended on the amount of catalyst used. To support our study, 

several characterizations were conducted: Scanning Electron Microscope (SEM), 

Transmission Electron Microscope (TEM), X-Ray Diffraction (XRD), Fourier 

Transform Infra-Red (FTIR), and Thermogravimetry/Differential Thermal 

Analysis (TG/DTA). In addition, the detailed investigation of the concentration of 

ionic liquid on the creation of nanoparticles under successful and unsuccessful 

conditions was also presented along with the proposal of the reaction mechanism 

during the ionic liquid treatment, in which this information is typically disregarded 

in the current cellulose fiber synthesis reports. Therefore, ideas gained from this 

study have a prospect for bridging current development reports and realistic 

applications. This raw material is also promising for green engineering and 

technology uses. 

2. Method 

Cellulose nanoparticles were prepared using the following raw materials: banana 

stem (gained from domestic waste in Bandung, Indonesia), oleic acid (Merck, 

Germany), diethylenetriamine (Sigma Aldrich, US), ethyl acetate (Bratachem, 

Indonesia), silver acetate (CV. Agung Menara, Indonesia), methyl iodide (Merck, 

Germany), methylene chloride (Bratachem, Indonesia), methanol (Bratachem, 

Indonesia). All chemicals were used without further purification. In addition, for a 

purifying product, a cellulose membrane with a mean size of 450 nm (Schleicher 

and Schuell, Germany) was used. 
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2.1. Synthesis of catalyst solution 

To synthesize the catalyst solution, three-step processes were conducted: (i) 

synthesis of fatty imidazoline, (ii) synthesis of fatty imidazolinium iodide, and (iii) 

anion exchange process.  

In the first step, 40 mmol of oleic acid was diluted with 20 mmol of 

diethylenetriamine, stirred, and heated in the microwave reactor (850 W). The 

heating process was then kept until a clear solution was obtained. The clear solution 

was then cooled to room temperature. Next, the cooled solution was diluted by ethyl 

acetate, refluxed at 70°C for 2 hours, and evaporated at 60°C. The solution was 

then cooled to room temperature. This solution was named precursor A. 

In the second step, 120 mL of methyl chloride and 1.5 mol of methyl iodide 

were added to 1 mol of precursor A. The mixture was then refluxed at 40°C for 4 

hours and evaporated. Then, the remained solution was cooled to room 

temperature. This remained solution was named precursor B. 

In the third step, precursor B was diluted into 10 mL of methanol. After the 

precursor was dissolved completely, 1 mol of silver acetate was added 

subsequently. The mixing process was then maintained for 5 hours. Finally, the 

mixed solution was filtered using a cellulose membrane to remove coagulated 

components. The filtrate solution was then used as a catalyst for the cellulose fiber 

synthesis process. 

2.2. Synthesis of cellulose fibers  

Before use, the banana stem was washed, dried, and cut into a size of about 150 

um. The cut banana stem was then put into the glass reactor containing catalyst 

solution (prepared using the above synthesis method). The mixture was then slowly 

stirred and heated at 60°C for 30 minutes using a microwave reactor (850 W). 

Subsequently, 5 mL of methanol was added to the mixture. The process was then 

vigorously stirred for several minutes. Finally, the mixture was then cooled to room 

temperature and filtered by a cellulose membrane. The mass ratio of the banana 

stem and catalyst varied in the range of 0.25 and 8.00. 

2.3. Characterization  

The prepared materials were characterized using SEM (JEOL JSM-6360 LA, 

JEOL, Japan) and TEM to examine the particle size, shape, and morphology. To 

analyse chemical and material compositions in the prepared materials, an FTIR 

(FTIR-8400, Shimadzu, Japan) and an XRD (PANalytical X’Pert PRO 

PW3040/x0, PANalytical, the Netherlands) were used. TG/DTA was used to 

examine the thermal properties of the prepared materials. Detailed information for 

the analysis of SEM, XRD, and FTIR, as well as TG-DTA are explained in previous 

studies [45-48]. 

3. Results and Discussion 

SEM images of cellulose material after adding the catalyst are shown in Fig. 1. To 

confirm what kinds of morphologies were created, we directly characterized the as-

prepared solution without any purification. Fiber with a mean size of about 1.5 um 

was identified (Fig. 1 (a)). In addition to fiber, interesting phenomena were 
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observed. Nanoparticles were detected in addition to fiber. The high magnification 

of the SEM image in Fig. 1 (b) shows that a fiber with a smooth surface can be 

created using the present method. We also found some fragmented fibers (as shown 

in Fig. 1 (c)). High magnification of SEM images of the fragmented fiber in Fig. 1 

(d) shows that aggregated particle-like exist in the cracked position of fiber. 

From the SEM images, we conclude that the additional catalyst to the banana 

stem leads to the formation of fiber, which this result was in good correlation with 

other results elsewhere [38]. However, different from other reports that typically 

showed the cellulose fiber only, we found nanoparticles in the solution. This 

observation is typically disregarded in the commonly published papers because 

most reports typically add a purification process to the samples before analysing. 

We also believe that the existing nanoparticles are from the decomposition of 

cellulose nanoparticles, clarified by the observation of cracked fibers and the 

aggregated particle-like in the cracked position of fiber. 

 

Fig. 1. SEM images of banana stem after being treated with ionic liquid. (a) 

and (b) are SEM images of uncracked cellulose fiber, whereas (c) and (d) are 

SEM images of cracked cellulose fiber. In Figure (d), the right image is the 

high-magnified SEM image of the cracked position shown in the left image. 

Analysis of the physicochemical structure of the sample during the ionic liquid 

treatment process is shown in Fig. 2. Several samples were characterized: banana 

stem (before additional catalyst), catalyst solution, residue (filtered product), and 

the filtrate (passed solution through membrane filter). For the case of the filtrate 

sample, the solution was centrifuged, and the suspended solution was collected and 

used for further characterizations. 

From FTIR analysis results (Fig. 2 (a)), several peaks were detected. We found 

that all samples except the catalyst solution have the same basic structure (peaks at 

the band of between 1000 and 1700 cm-1). This result confirms that the final 

products (i.e., filtrate and residue samples) contain cellulose components. Peaks in 

the catalyst solution showed the existence of CoimAc, and these peaks were also 

detected in the filtrate sample, informing the CoimAc component associated with 

the produced nanoparticles. 
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In the XRD analysis, we compared two types of samples (Fig. 2 (b)): "banana 

stem" and "filtrate". The XRD analysis results showed that two kinds of XRD 

patterns were detected. For the case of the banana stem sample, strong peaks at 22, 

36, 38, 41, and 47° were detected. For the case of filtrate solution, an amorphous-

like structure with a maximum peak at 22° was observed, indicating that the filtrate 

contained cellulose. The Segal analysis resulted that the crystallinity of banana 

stem and filtrate samples being 69 and 63%, respectively. Decreases in the 

crystallinity index confirm that the CoimAc catalyst can isolate cellulose structure. 

In addition, the main peak shifted from 21.80 (in the banana stem sample) to 22.16 

(in the filtrate), which was possibly due to the re-conformation of cellulose 

structure from cellulose type I to cellulose type II. 

The SEM images of the suspended solution are shown in Fig. 2 (c). The image 

shows that the morphology and dimensions of all nanoparticles are similar, 

informing that the process is reliable concerning the quality of the product. 

 

Fig. 2. Physicochemical analysis of the samples. (a) and (b) are the FTIR and 

the XRD analysis results, respectively. (c) are the SEM images of filtrate, in 

which the left and right images are low and high-magnification images, 

respectively. Scale bars are 300 nm. 

The effect of catalyst concentration on the formation of nanoparticles from the 

banana stem is shown in Fig. 3. A strong relationship between the concentration of 

catalyst and particle size was revealed. When using less amount of ionic liquid, 

aggregated particles were obtained (Figs. 3 (a) and (b)). The nanoparticles did not 

separate well from their major fiber. Adding the ratio of about 1.00, particles with 

sizes of about 40 nm were identified (Fig. 3 (c)). Further increases in the catalyst 

amount allowed the appearance of smaller particle sizes (Figs. 3 (d) and (e)). In the 

present investigation, the results provide direction for the control of nanoparticle 

sizes by changing the concentration of the CoimAc catalyst. The summary of the 

result is shown in Fig. 3 (f). The result demonstrated that some variations of the 

catalyst concentration resulted in the successful formation of nanoparticles (clear 

area), while the others were not (patterned area). The increase in catalyst amount 

leads to the creation of cellulose particles with smaller size. 
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Fig. 3. SEM images of samples prepared using various catalyst-to-banana 

stem mass ratios: (a) 0.25; (b) 0.50; (c) 1.00; (d) 2.00; (e) 4.00; and (f) 8.00. 

Figure (f) is the correlation between the particle size formed and the mass 

ratio used. 

Figure 4 shows the results of the analysis using TEM which can distinguish the 

insulation results based on differences in irradiation power (100 W, 175 W, and 

250 W). The variable with heating of 100 W with a time of 30 minutes showed the 

optimum crystal form. The nano-sized crystalline cellulose in this variable formed 

a rod-like morphology, with a width of ±54 nm, and a length of ±330 nm. 

Based on the above experimental results, the formation of nanoparticles is 

concluded in the following (Fig. 5). When the CoimAc catalyst is diluted into the 

solvent, CoimAc splits into cationic (OI-Imz+; consisting of cis-oleyl 

imidazolinium ion) and anionic parts (OAc-; consisting of oxaloacetate). These ions 

then react with cellulose raw material via hydrolysis reaction, which is similar to 

either strong acid- or enzyme-assisted hydrolysis process. Both CoimAc ions work 

together to hydrolyse glycosidic bonds between two anhydrous glucose units, 

making the intermolecular hydrogen bond fragile (Route R1). During their 

interaction with intermolecular bonds, the cationic and anionic parts interact with 

oxygen and hydrogen elements, respectively. Rearrangement of the interlinking 

cellulose chain occurs, releasing the internal strain of the cellulose structure. 

Further coalescence of these ions and cellulose molecules results in the formation 

of composite cellulose/OI-Imz+, while an anionic form is released as an 

oxaloacetate ion (Route R2). Because the cationic OI-Imz+ is reactive, this ion can 

make further interaction with the oxygen element in the cellulose polymer chain, 

breaking the cellulose chain into smaller chains/molecules (Route R3). The 

breaking chain is radical, which is then neutralized by H-OH molecules in the 

solution (Route R4). Further neutralization process results in the formation of 
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shorter cellulose chains/molecules, while cationic OI-Imz+ is released as an ion to 

the solution (Route R5). This cationic ion is then used for further hydrolysis of 

cellulose in route R1. Therefore, the greater cationic OI-Imz+ content in the solution 

caused more destruction of cellulose resulted, producing shorter chains/molecules 

in the final product. This mechanism route is in good agreement with the above 

experimental result in Fig. 3, in which the more catalyst amount added, the smaller 

size of cellulose nanoparticles can be produced. In addition, because recognition of 

this mechanism came from the experimental results, further theoretical explanation 

and characterization are required and will be undertaken in our future work. 

Figure 6 shows the TG/DTA thermogram of the cellulose before treatment and 

the isolated cellulose filtrate. The mass reduction process can be seen in the 

temperature range of 200-350°C, 400-550°C, and 550-650°C. At temperatures less 

than 150°C, a mass reduction can be ensured due to the release of water and organic 

solvents. In the temperature range of 200-400°C, there was a mass reduction of 

~60% in the cellulose before treatment and ~70% in the isolated cellulose filtrate. 

This endothermic process occurs due to the oxidation of organic compounds and 

the decomposition of ionic liquids in the cellulose filtrate. In the temperature range 

of 400-550°C there was a mass reduction of ~20% in cellulose before treatment 

and ~10% in cellulose filtrate. This endothermic process occurs due to the melting 

of organic compounds. In the range of 550-600°C there is a mass reduction of 10% 

in the cellulose before treatment and the isolated cellulose filtrate. This 

endothermic process occurs due to the oxidation of cellulose. The decrease in the 

thermal stability range of the isolated cellulose filtrate indicates an increased 

surface area and causes changes in the thermal stability of the cellulose surface 

which indicates that the isolated cellulose filtrate is nano-sized cellulose [49]. 

 

Fig. 4 TEM images based on differences in irradiation  

power (100 W, 175 W, and 250 W) for 30 minutes. 
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Fig. 5. Hydrolysis mechanism of cellulose by the ionic liquid. [Ol-Imz+] is 

cationic part of cis-oleic-imidazolinium, and [OAc-] is anionic part of acetate. 

 

Fig. 6. TG/DTA thermogram of cellulose  

before and after treatment using ionic liquids. 
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4. Conclusion 

The influence of ionic liquids concentration as a control parameter in the synthesis 

of cellulose fiber has been studied. As a model of cellulose raw material and ionic 

liquid catalyst, we used banana stem (gained from domestic waste) and CoimAc, 

respectively. Our experimental results showed that interaction between the CoimAc 

catalyst and cellulose raw material was important to control the final product. We 

found that increases in the CoimAc catalyst result in an increased number of 

particles with smaller sizes in addition to the synthesis of cellulose fiber. We 

believe that this information may extend the further development, synthesis, and 

application of cellulose fiber. 
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