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ARTICLE INFO ABSTRACT 

Received:  28/03/2026 Deep eutectic solvents (DESs) are considered promising green solvents for 

lignocellulosic processing due to their ability to form effective hydrogen-

bonding networks, along with low toxicity, biodegradability, and 

reasonable cost. In this study, choline chloride/glycerol (ChCl/Gly) DES 

system was combined with hydrogen peroxide for corncob biomass 

fractionation and recovered biomass production. The effect of ChCl/Gly 

molar ratios (1:1, 1:3, and 1:5) on extraction efficiency and the 

physicochemical properties of the recovered solid biomass were 

systematically evaluated. The calculated results showed that the recovered 

biomass yield increased with increasing glycerol content, reaching a 

maximum of 68.06 ± 1.85% at a ratio of 1:5. The color parameters (L*, ΔE, 

and WI) indicated an improvement in whiteness, reflecting the effective 

removal of chromophoric compounds. FTIR analysis confirmed a 

significant reduction in hemicellulose and lignin, while XRD results 

showed that the cellulose I structure was preserved, with a crystallinity 

index of 39.90% at the 1:1 ratio. SEM and TGA further demonstrated that 

the recovered biomass exhibited higher purity and improved thermal 

stability compared to the raw material. These results demonstrate that the 

ChCl/Gly ratio directly affects the removal efficiency of amorphous 

components as well as the properties of the recovered biomass. The 

recovered biomass shows potential for applications in reinforcement 

materials and adsorption, while the DES-based process represents an 

effective and environmentally friendly approach for lignocellulosic 

biomass valorization. 

Revised: 21/04/2026 

Accepted: 20/05/2026 

Online First: 25/05/2026 

Published: 28/05/2026 

KEYWORDS 

Corncob; 

Cellulose; 

Deep eutectic solvents (DES); 

Hydrogen peroxide bleaching; 

Green extraction method. 

Doi: https://doi.org/10.54644/jte.2026.2149 

Copyright © JTE. This is an open access article distributed under the terms and conditions of the Creative Commons Attribution-NonCommercial 4.0 

International License which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purpose, provided the original work is 

properly cited. 

1. Introduction 

Lignocellulosic biomass is considered one of the most sustainable raw materials to produce bio-based 

materials [1]. The main components of lignocellulosic biomass include cellulose, hemicellulose, and 

lignin, which are tightly interconnected through hydrogen bonds and complex intermolecular 

interactions [2]. Among these components, cellulose is the most abundant natural polymer and possesses 

several attractive properties such as biodegradability, renewability, high mechanical strength, and 

chemical stability [3]. Owing to these characteristics, cellulose has been widely applied in various fields 

including biodegradable materials, composites, biomedical applications, energy, and agriculture [4]. 

Vietnam is an agricultural country where large quantities of agricultural residues are generated after 

harvesting. The efficient management and utilization of these biomass resources have become an 

important issue to reduce environmental pressure and mitigate negative impacts on human health [5]. 

Among various agricultural residues, corncob is an abundant by-product generated during corn 

processing and is considered a promising lignocellulosic feedstock for cellulose-rich biomass 

production. In the lignocellulosic structure of corncob, cellulose fibers are embedded within a rigid 
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matrix composed of hemicellulose and lignin, which significantly hinders the direct extraction of 

cellulose [6]. Conventional extraction methods such as acid hydrolysis, alkaline treatment, or organosolv 

processes can remove non-cellulosic components [7]. However, these approaches often require harsh 

reaction conditions, consume large amounts of chemicals, and may cause environmental concerns [8]. 

Moreover, these processes may partially degrade the structure and properties of the extracted cellulose. 

In recent years, deep eutectic solvents (DESs) have emerged as promising green solvents for biomass 

processing. DESs are formed by combining a hydrogen bond acceptor and a hydrogen bond donor to 

create a eutectic mixture with unique physicochemical properties [9]. Several studies have demonstrated 

the effectiveness of DES pretreatment for lignocellulosic biomass. Zhang et al. reported that a choline 

chloride-based DES system could remove up to 87.00% of lignin from corn stover, significantly 

improving cellulose saccharification efficiency [10]. Similarly, Ma et al. reported that DES pretreatment 

of wheat straw could extract about 81% of lignin while retaining most of the cellulose, resulting in an 

enzymatic digestibility of nearly 90% [11]. In another study demonstrated that using a choline 

chloride/glycerol DES to pretreat sugarcane bagasse achieved a lignin removal rate of up to 81%, 

highlighting the effectiveness of DES systems in lignocellulosic biomass fractionation [12]. 

Among various DES systems, mixtures based on choline chloride and glycerol have attracted 

particular attention due to their low cost, low toxicity, and high availability [13]. In the choline chloride 

and glycerol system, the three hydroxyl groups of glycerol form extensive hydrogen bonds with the 

chloride anion and with hydroxyl groups present in lignocellulosic polymers [14]. This hydrogen-

bonding network can penetrate the lignocellulosic matrix and weaken the interactions among cellulose, 

hemicellulose, and lignin, thereby facilitating biomass fractionation and cellulose enrichment [15], [16]. 

In addition, oxidative bleaching using hydrogen peroxide is commonly applied to remove residual lignin 

and improve cellulose purity, since this oxidizing agent decomposes into water and oxygen after reaction 

without generating harmful chlorinated by-products [17]. 

Although studies on DES-assisted pretreatment of lignocellulosic biomass have increased in recent 

years, research focusing on the combined use of DES and hydrogen peroxide bleaching for biomass 

fractionation and cellulose-rich solid recovery from corncob remains limited. In particular, the influence 

of DES composition on the structural and morphological characteristics of the recovered solid biomass 

has not been fully clarified. In this study, cellulose-rich solid biomass was recovered from corncob using 

a deep eutectic solvent system composed of choline chloride and glycerol, followed by hydrogen 

peroxide bleaching. The structural and morphological properties of the recovered solid biomass were 

characterized by using modern analytical techniques, including Fourier transform infrared spectroscopy 

(FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM), and thermogravimetric analysis 

(TGA). 

2. Materials and Methods 

2.1. Materials 

Corncob was collected from Ho Chi Minh City, Vietnam. Hydrogen peroxide (H2O2, 30%), Sodium 

hydroxide (NaOH, ≥ 96%), Choline chloride (ChCl, C5H14ClNO, 99%), Glycerol (Gly, C3H8O, ≥ 99%), 

were purchased from Sigma-Aldrich. All chemicals were used as received without further purification.  

2.2. Methods 

Corncob raw materials were collected in Ho Chi Minh City, Vietnam. After collecting, the corncobs 

were naturally air-dried for 3 days and subsequently oven-dried at 70 °C for 24 h in a convection oven 

to remove moisture. The dried samples were then ground into powder and sieved through a 100-mesh 

sieve to obtain fine corncob (CC). 

The process for recovering biomass using a deep eutectic solvent (DES) combined with hydrogen 

peroxide treatment is illustrated in Figure 1. First, the deep eutectic solvent was prepared by dissolving 

choline chloride in glycerol at molar ratios of 1:1, 1:3, and 1:5, following the method reported by 

previous studies with slight modifications [18]. The mixture was heated at 80 °C for 2 h under magnetic 

stirring until a homogeneous DES solution was obtained. 
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Next, the corncob powder was added to the DES solution at a solid-to-liquid ratio of 1:10 (w/v) and 

treated at 110 °C for 2 h to disrupt the lignocellulosic structure and partially dissolve lignin and 

hemicellulose. After treatment, the mixture was filtered to collect the solid fraction, which was 

subsequently washed several times with distilled water until the pH of the washing solution was close 

to neutral. The obtained solid was then dried in a convection oven at 50 °C for 24 h to obtain an 

intermediate product. 

The intermediate solid was further treated with a 2 % hydrogen peroxide solution under alkaline 

conditions at a solid-to-liquid ratio of 1:10 (w/v). The pH of the system was adjusted to 11.5 using a 5 

M NaOH solution. The mixture was magnetically stirred and heated at 50 °C for 4 h to enhance the 

oxidation process and remove the remaining lignin. Finally, the solid fraction was filtered and washed 

repeatedly with distilled water until a stable pH was reached and then dried at 50 °C for 24 h to recovered 

solid biomass. The recovered solid biomass samples were labeled as CFs-DESxy-HPK, where x and y 

denote the molar ratio of ChCl to Gly used in the DES preparation. 

 

Figure 1. Schematic illustration of biomass treatment and solid recovery from corncob using ChCl/Gly-based 

DES combined with H2O2/NaOH treatment. 

2.3. Characterization 

2.3.1. Remaining solid biomass content (%) 

The remaining solid biomass content was calculated according to the method described by Duy et al. 

using Equation (1) [19]: 

𝑌(%) =
𝑚𝑓

𝑚𝑖
× 100 (1) 

Where mf is the weight of recovered solid biomass (gram), and mi is the weight of corncob (gram). 

2.3.2. Color property analysis of recovered solid biomass 

Color analysis of the recovered biomass was conducted to evaluate the extent of removal of non-

cellulosic components, particularly lignin and naturally occurring colored compounds present in the 

original corncob biomass. Prior to measurement, the recovered solid biomass was evenly spread in a 

sample holder to obtain a relatively uniform surface. 

Color measurements were performed using a CR-400 Chroma Meter colorimeter under a 10° 

standard observer. The color parameters were determined according to the CIELAB color system (L*, 
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a*, and b*), and the total color difference (ΔE) was calculated following the method described by 

Choque-Quispe et al, as shown in Equation (2) [20]:  

∆𝐸 =  √(𝐿∗ − 𝐿0)2 + (𝑎∗ − 𝑎0)2 + (𝑏∗ − 𝑏0)2 (2) 

In this system, L* represents the lightness of the sample, with values ranging from 0 (black) to 100 

(white). The parameter a* indicates the position on the red-green axis, where positive values correspond 

to redness and negative values correspond to greenness. The parameter b* represents the position on the 

yellow–blue axis, where positive values indicate yellowness and negative values indicate blueness. 

To further evaluate the whiteness of the recovered biomass powder, the whiteness index (WI) was 

determined based on the obtained L*, a*, and b* values according to Equation (3). For each sample, 

measurements were taken at three different locations, and the average value was reported to improve 

the reliability of the results. 

𝑊𝐼 = 100 − √(100 − 𝐿∗)2 + (𝑎∗)2 + (𝑏∗)2 (3) 

2.3.3. Fourier transform infrared spectroscopy (FTIR) 

The chemical structures of corncob powder and the recovered biomass were characterized using 

Fourier transform infrared (FTIR) spectroscopy with a NICOLET 6700 spectrometer. Spectra were 

recorded in the wavenumber range of 4000-400 cm-1 with a resolution of 4 cm-1, and each spectrum was 

obtained by averaging 32 scans. Prior to analysis, the dried samples were ground and mixed with KBr 

to prepare pellets. 

2.3.4. X-ray diffraction (XRD) 

X-ray diffraction (XRD) analysis was performed to examine the crystalline structure of corncob 

powder and the recovered biomass using an EMPYREAN diffractometer. The diffraction patterns were 

collected in the 2θ range of 5°-80° with CuKα radiation (λ = 1.54056 Å) at 40 kV and 45 mA. The 

relative crystallinity index (CrI, %) was determined following the method proposed by Segal et al, using 

Equation (4) [21]. 

CrI (%) = 
I200−Iam

I200
 x 100 (4) 

Where I200 is the maximum intensity of the diffraction peak associated with the (200) plane of 

cellulose I at around 22°(2θ), and Iam is the intensity of the amorphous region at around 18° (2θ). 

2.3.5. Field Emission Scanning Electron Microscope (FESEM) 

The surface morphology of corncob powder and the recovered biomass was observed by field 

emission scanning electron microscopy FESEM, S-4800 at an accelerating voltage of 10 kV. Before 

analysis, the samples were fixed on metal stubs with carbon tape and coated with a thin platinum (Pt) 

layer. 

2.3.6. Thermogravimetric analysis (TGA) 

Thermogravimetric analysis (TGA) was performed on corncob powder and the recovered biomass 

using a TGA STA PT 1600 analyzer. The samples were heated from room temperature to 600 °C at a 

rate of 10°C/min under Argon atmosphere to avoid oxidation. Temperature and mass calibrations were 

conducted before the measurements. 

2.3.7. Statistical analysis 

All experiments were conducted in triplicate, and the results are presented as mean ± standard 

deviation (SD). Data processing was performed using IBM SPSS Statistics 20. To evaluate differences 

among sample groups, one-way analysis of variance (ANOVA) was applied, followed by Tukey’s post 

hoc test, with the level of statistical significance set at p < 0.05. 
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3. Results and Discussion 

3.1. Remaining solid biomass content (%) 

The remaining solid biomass from corncob was calculated according to Equation (1), and the results 

are presented in Table 1. The results indicate that the recovered biomass depends on the molar ratio of 

ChCl/Gly in the DES system. ChCl/Gly plays an important role in disrupting the lignocellulosic 

structure through hydrogen bonding interactions and promoting lignin dissolution by breaking ester 

bonds between lignin and hemicellulose, thereby facilitating cellulose separation and purification [22]. 

Among the samples, CFs-DES15-HPK exhibited the highest recovery yield (68.06 ± 1.85%), which may 

be attributed to the presence of more residual lignin and hemicellulose in the solid fraction, resulting in 

a higher remaining mass after treatment. In contrast, CFs-DES11-HPK and CFs-DES13-HPK showed 

lower recovery yields of 51.82 ± 3.36% and 56.60 ± 2.17%, respectively, suggesting more effective 

removal of non-cellulosic components. One-way analysis of variance (ANOVA) followed by Tukey’s 

test confirms that the differences among the samples are statistically significant (p < 0.05). Overall, the 

relatively high recovered biomass demonstrates the potential of the DES system as an effective 

pretreatment approach for converting lignocellulosic biomass from corncob into value-added cellulose-

rich materials. 

Table 1. Effect of the ChCl/Gly molar ratio on recovered biomass yield.  

Samples Y (%) 

CFs-DES11-HPK 51.82 ± 3.36b 

CFs-DES13-HPK 56.60 ± 2.17b 

CFs-DES15-HPK 68.06 ± 1.85a 

3.2. Color property analysis 

Table 2 presents the color parameters (L, a, b*), color difference (∆E), and whiteness index (WI) of 

cellulose samples derived from corncob at different ChCl/Gly molar ratios, while Figure 2 visually 

illustrates the noticeable changes in sample color. The results show that the L* value increased from 

79.78 ± 0.37 (CC) to 84.74 ± 0.26 (CFs-DES13-HPK), followed by a slight decrease to 82.28 ± 0.08 

(CFs-DES15-HPK), indicating an overall improvement in the brightness of the cellulose. Meanwhile, 

the a* and b* values exhibited a decreasing trend, reflecting a reduction in red and yellow hues within 

the samples. Compared to the CC sample, the color difference (∆E) and whiteness index (WI) showed 

significant changes after chemical treatment, with statistically significant differences (p < 0.05). These 

results suggest the effective removal of lignin and other chromophoric impurities from the corncob. 

Overall, the DES system enhances the color quality of cellulose, highlighting its potential for 

applications requiring high whiteness, such as biopolymer films and packaging materials. 

Table 2. The total color difference (ΔE) and the whiteness index (WI) of recovered solid biomass samples. 

Samples L* a* b* ∆E WI 

CC 79.78 ± 0.37c 3.82 ± 0.21a 21.91 ± 0.28a 35.73 ± 0.42a 69.94 ± 0.45c 

CFs-DES11-HPK 82.65 ± 0.28b 0.76 ± 0.10c 18.46 ± 0.57c 31.41 ± 0.52c 74.65 ± 0.44a 

CFs-DES13-HPK 84.74 ± 0.26a 1.15 ± 0.06c 20.32 ± 0.23b 32.19 ± 0.32bc 74.57 ± 0.34a 

CFs-DES15-HPK 82.28 ± 0.08b 2.93 ± 0.25b 20.15 ± 0.05b 33.00 ± 0.07b 73.01 ± 0.10b 
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Figure 2. Photographs of (a) CC, (b) CFs-DES11-HPK, (c) CFs-DES13-HPK, and (d) CFs-DES15-HPK. 

3.3. Fourier transform infrared spectroscopy (FTIR) 

Figure 3a presents the FTIR spectra of the raw material (CC) and the recovered biomass after 

treatment with DES system combined with hydrogen peroxide under alkaline conditions at different 

molar ratios of ChCl/Gly. For the CC sample, the FTIR spectrum exhibits characteristic absorption 

bands of lignocellulosic materials. A broad absorption band around 3435 cm-1 is attributed to the 

stretching vibration of –OH groups, associated with hydrogen bonding in cellulose as well as amorphous 

components [23]. The peak observed at 2927 cm-1 corresponds to the C–H stretching vibration of 

aliphatic groups in polysaccharides [24]. In addition, the presence of a peak at approximately 1730 cm-

1 is assigned to the stretching vibration of the C=O group in hemicellulose or acetyl groups [25]. 

After treatment with the DES-HPK system, the FTIR spectra of CFs-DES11-HPK, CFs-DES13-

HPK, and CFs-DES15-HPK show a decrease in the intensity of the absorption band at 1730 cm-1 

compared with that of the CC sample [26]. This change indicates that the treatment process partially 

removed hemicellulose and lignin from the biomass structure [27]. Meanwhile, the characteristic 

absorption bands of cellulose remain clearly identifiable after treatment. The band at around 1637 cm-1 

is associated with the bending vibration of adsorbed water [28], whereas the peak at 1042 cm-1 

corresponds to the C–O–C stretching of the pyranose ring.  The presence of the band at 898 cm-1, 

attributed to the β-1,4-glycosidic linkage, further confirms the preservation of the cellulose backbone 

[29]. These results suggest that the cellulose structure was largely preserved after pretreatment with the 

DES system. 

Figure 3. Structural characterization of the recovered solid biomass by (a) FTIR spectra and (b) XRD patterns 

after pretreatment with ChCl/Gly-based deep eutectic solvents at different molar ratios. 

3.4. X-ray diffraction (XRD) 

The X-ray diffraction (XRD) patterns of the recovered biomass using DES systems with different 

ChCl/Gly molar ratios are presented in Figure 3b. The results show that all samples (CFs-DES11-HPK, 
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CFs-DES13-HPK, and CFs-DES15-HPK) exhibit the characteristic diffraction peaks of cellulose I at 2θ 

values of approximately 16°, 22°, and 34°, corresponding to the crystallographic planes (101), (200), 

and (040), respectively [30]. The crystallinity index (CrI), calculated using Equation (4), shows a slight 

decrease with values of 39.90%, 36.72%, and 37.00% (Table 3). This trend may be associated with the 

hydrogen-bonding characteristics within the DES system. Glycerol, containing multiple hydroxyl 

groups, can establish extensive hydrogen-bonding interactions with choline chloride as well as with the 

hydroxyl (–OH) groups along the cellulose chain [31]. As the glycerol content increases, the hydrogen-

bonding network within the DES becomes denser, leading to higher viscosity and reduced diffusion of 

the solvent into the corncob structure [32]. However, compared with the raw material (CC), all treated 

samples still exhibit higher CrI values, indicating that the DES treatment effectively removed a 

significant portion of the amorphous components while largely preserving the crystalline structure of 

cellulose I. 

Table 3. Crystallinity index (CrI) of CC and recovered biomass from corncob at different ChCl/Gly molar ratios 

Samples CrI (%) 

CC 28.50 

CFs-DES11-HPK 39.90 

CFs-DES13-HPK 36.72 

CFs-DES15-HPK 37.00 

3.5. Field Emission Scanning Electron Microscope (FESEM) 

 

Figure 4. SEM images of recovered solid biomass from corncob at different ChCl/Gly molar ratios: (a) CC; (b) 

CFs-DES11-HPK; (c) CFs-DES13-HPK; (d) CFs-DES15-HPK. 
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Figure 4 presents the SEM images of the raw corncob (CC) and the recovered biomass obtained after 

treatment with deep eutectic solvent (DES) systems at different ChCl/Gly molar ratios, combined with 

H2O2 oxidation under alkaline conditions. The results reveal significant changes in surface morphology 

as the DES composition varies. 

The corncob (CC) exhibits a relatively dense and rigid structure, in which cellulose fibers are tightly 

bound with lignin and hemicellulose, forming a typical lignocellulosic structure (Figure 4a) [33], [34]. 

After treatment with DES/H2O2 at a ChCl/Gly ratio of 1:1 (Figure 4b), noticeable pore formation and 

disruption of the lignocellulosic structure were observed. In addition, partial disintegration of the 

vascular bundle cell walls can be seen, suggesting the removal of amorphous components during the 

pretreatment process [35]. For the CFs-DES13-HPK sample (Figure 4c), the porous structures appeared 

less distinct and more unevenly distributed compared to those of CFs-DES11-HPK, suggesting lower 

pretreatment efficiency. This phenomenon may be attributed to the increased glycerol content, which 

enhances the hydrogen-bonding network within the DES system, thereby increasing viscosity and 

limiting solvent penetration into the biomass cell wall [32].  

This effect becomes more pronounced in Figure 4d, where fewer pores are observed. Previous studies 

have reported a similar trend, where the high viscosity of DES hinders mass transfer during 

lignocellulosic biomass pretreatment [36]. These morphological observations, in conjunction with the 

FTIR and XRD results presented earlier, indicate that the ChCl/Gly molar ratio plays a significant role 

in lignin removal efficiency and influences the physicochemical properties of the cellulose-rich 

biomass. 

3.6. Thermogravimetric analysis (TGA) 

 

Figure 5. TGA (a) and DTG (b) curves of CC, CFs-DES11-HPK and CFs-DES15-HPK. 

Figure 5 presents the TGA and DTG curves of the raw corncob sample (CC) and the recovered 

biomass after treatment with a deep eutectic solvent system combined with H2O2 oxidation (CFs-

DES11-HPK and CFs-DES15-HPK). Overall, all samples exhibited the characteristic thermal 

degradation stages of lignocellulosic materials. In the temperature region below 120 °C, a slight weight 

loss is observed for both samples, which is mainly attributed to the evaporation of absorbed moisture 

and volatile compounds present in the biomass structure [37]. The main degradation stage occurs in the 

range of 215-380°C, which is associated with the thermal decomposition of lignocellulosic components. 

Hemicellulose decomposes mainly between 200 and 300 °C, cellulose between 275 and 350 °C, while 

lignin degrades over a broader temperature range of 250-500 °C [38], [39]. This behavior is consistent 

with the structural characteristics of lignin, which possesses a complex aromatic polymer network that 

decomposes slowly over a wide temperature range. 
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Furthermore, the TGA curves showed that both CFs-DES11-HPK and CFs-DES15-HPK exhibited 

higher thermal stability than the raw CC sample, as indicated by the shift of the main degradation region 

toward higher temperatures. Cellulose with higher crystallinity generally exhibits greater thermal 

stability because the polymer chains are more tightly packed and stabilized by strong intramolecular 

hydrogen bonding, thus requiring higher energy to break these bonds during thermal decomposition 

[40], [41]. 

Finally, the carbonization stage occurred approximately within the temperature range of 380-600 °C, 

mainly due to the slow decomposition of residual lignin and char formation [42]. CFs-DES11-HPK 

showed a significantly lower residual mass (2.80%) compared to both CC (14.97%) and CFs-DES15-

HPK (9.90%), indicating more effective removal of lignin, hemicellulose, and other non-cellulosic 

components during the chemical treatment process. The lower remaining char content of CFs-DES11-

HPK further suggests better elimination of thermally unstable non-cellulosic constituents, resulting in a 

higher degree of cellulose enrichment, which is consistent with previous reports by Chae-Eun Yeo et. 

al. [43]. 

4. Conclusions 

This study shows that the use of a deep eutectic solvent (DES) based on ChCl/Gly, in combination 

with hydrogen peroxide, successfully enabled the recovery of biomass from corncob. The recovered 

biomass yield increased with increasing glycerol content and reached a maximum at a ChCl/Gly molar 

ratio of 1:5. Concurrently, the whiteness index improved, indicating the effective removal of non-

cellulosic components. FTIR and XRD analyses confirmed that the cellulose I crystalline structure was 

preserved, with a crystallinity index of 39.90%. Meanwhile, SEM and TGA results revealed the 

disruption of fiber bundles, the formation of a porous surface morphology, and enhanced thermal 

stability of the recovered biomass compared to the raw biomass. These findings suggest that the DES 

composition plays a critical role in biomass pretreatment, influencing both the extraction efficiency and 

the physicochemical properties of the recovered biomass. Increasing the glycerol content in the DES 

system may enhance hydrogen-bonding interactions, thereby facilitating lignin removal. However, it 

also increases viscosity, which can hinder mass transfer and limit penetration into the biomass structure. 

Overall, this study proposes a green and feasible approach to producing cellulose-rich biomass materials, 

with promising potential for applications in reinforcement materials and adsorption systems. 

Acknowledgments  

We acknowledge the Ho Chi Minh City University of Technology (HCMUT), VNU-HCM for 

supporting this study. We would like to thank Ho Chi Minh City University of Technology and 

Engineering for the financial support.  

Conflict of Interest  

The authors declare no conflict of interest.  

Data Availability Statement  

The data that support the findings of this study are available from the corresponding author upon 

reasonable request. 

REFERENCES 

[1] S. Sugiarto et al., "Advances in sustainable polymeric materials from lignocellulosic biomass," Materials Today Chemistry, vol. 26, p. 

101022, 2022. 

[2] X. Lin, K. Jiang, X. Liu, D. Han, and Q. Zhang, "Review on development of ionic liquids in lignocellulosic biomass refining," Journal 
of Molecular Liquids, vol. 359, p. 119326, 2022. 

[3] T. Kamalesh, P. S. Kumar, R. Hemavathy, and G. Rangasamy, "A critical review on sustainable cellulose materials and its multifaceted 

applications," Industrial Crops Products, vol. 203, p. 117221, 2023. 

[4] G. Izydorczyk et al., "Lignocellulosic biomass fertilizers: Production, characterization, and agri-applications," Science of the Total 

Environment, vol. 923, p. 171343, 2024. 

[5] H. Du et al., "Lignocellulosic Films: Preparation, Properties, and Applications," Chemical Reviews, vol. 125, no. 24, pp. 11666-11814, 
2025. 

[6] F. R. P. Cedeno, O. J. Olubiyo, and S. Ferreira, "From microbial proteins to cultivated meat for alternative meat-like products: a review 

on sustainable fermentation approaches," Journal of Biological Engineering, vol. 19, no. 1, p. 44, 2025. 

mailto:jte@hcmute.edu.vn
https://www.google.com/search?q=Ho+Chi+Minh+City+University+of+Technology+and+Engineering&sca_esv=8a6b26e3cbe8377c&sxsrf=ANbL-n7umGiy2DEefpw6u1VdmRPIr0W3ZQ%3A1769657472989&ei=gNR6aaaKPMGRseMP-Jm36QM&ved=2ahUKEwioo63r56-SAxWCR2wGHQgEOk4QgK4QegQIARAC&uact=5&oq=t%C3%AAn+tr%C6%B0%E1%BB%9Dng+%C4%91jai+h%E1%BB%8Dc+c%C3%B4ng+ngh%E1%BB%87+k%C4%A9+thu%E1%BA%ADt+ti%C3%A9ng+anh+&gs_lp=Egxnd3Mtd2l6LXNlcnAiP3TDqm4gdHLGsOG7nW5nIMSRamFpIGjhu41jIGPDtG5nIG5naOG7hyBrxKkgdGh14bqtdCB0acOpbmcgYW5oIDIHECEYoAEYCkjrDFCoAVjWC3AAeAKQAQCYAa8DoAG7EqoBBzItMy4zLjG4AQPIAQD4AQGYAgegAuMQwgIEEAAYR8ICBhAhGBUYCpgDAOIDBRIBMSBAiAYBkAYIkgcJMS4wLjIuMy4xoAfbPrIHBzItMi4zLjG4B9gQwgcFMC4yLjXIBxqACAA&sclient=gws-wiz-serp&mstk=AUtExfBPjHX-VJOc4OFgAPSG4MpMsoiYqVFxKntweBHChQ60Xl5SCkxfSQRy7iMqQl37OePFjwAztLYtr5UrwnIAYP3MwyIg2poqaWu_SCqq7m3XTxzmaaRG5mQcZBl--MFElv-kmKN4x9k9SjdDGY79Hw0TAxq9W12AFj7fB_04V8JtUU4ebMSiN69OshefGaiopKKn&csui=3


 

ISSN: 2615-9740 

JOURNAL OF TECHNICAL EDUCATION SCIENCE 
Ho Chi Minh City University of Technology and Engineering 

Website: https://jte.edu.vn 
Email: jte@hcmute.edu.vn 

 

 

JTE, Volume 21, Issue 02, 05/2026 87 
 

[7] S. Ale, P. Dhungana, J. Howieson, and R. R. Bhattarai, "Effective valorisation of cereal lignocellulosic waste: a review of pretreatment 

techniques to enhance microstructural modification," Sustainable Food Technology, vol. 4, no. 1, pp. 241-260, 2026. 

[8] E. Scelsi, A. Angelini, and C. Pastore, "Deep eutectic solvents for the valorisation of lignocellulosic biomasses towards fine chemicals," 
Biomass Conversion Biorefinery, vol. 1, no. 1, pp. 29-59, 2021. 

[9] D. Zhang, J. Liu, H. Xu, H. Liu, and Y. C. He, "Improving saccharification efficiency of corn stover through ferric chloride-deep eutectic 

solvent pretreatment," Bioresource Technology, vol. 399, p. 130579, 2024. 
[10] G. R. Gomes, R. R. Mattioli, and J. C. Pastre, "Amino acid-based deep eutectic solvents in biomass processing-recent advances," Journal 

of the Brazilian Chemical Society, vol. 33, pp. 815-823, 2022. 

[11] K. Radošević, M. C. Bubalo, V. G. Srček, D. Grgas, T. L. Dragičević, and I. R. J. Redovniković, "Evaluation of toxicity and 
biodegradability of choline chloride based deep eutectic solvents," Ecotoxicology environmental safety, vol. 112, pp. 46-53, 2015. 

[12] Z. Tang, D. Yang, W. Tang, C. Ma, and Y. C. He, "Combined sulfuric acid and choline chloride/glycerol pretreatment for efficiently 

enhancing enzymatic saccharification of reed stalk," Bioresource Technology, vol. 387, p. 129554, 2023. 
[13] R. S. Abolore, S. Jaiswal, and A. K. Jaiswal, "Green and sustainable pretreatment methods for cellulose extraction from lignocellulosic 

biomass and its applications: A review," Carbohydrate Polymer Technologies Applications, vol. 7, p. 100396, 2024. 

[14] S. Zhou, X. Zhang, and Y. Xu, "Molecular dynamics interpretation of citric acid-water assisting mechanism in deep eutectic solvent to 

destruct agricultural residue and improve enzymatic hydrolyzability of cellulose," Industrial Crops Products, vol. 227, p. 120805, 2025. 

[15] A. Firmanda et al., "Efficient H2O2-system for fiber delignification-bleaching and its environmental impact," Discover Materials, vol. 

6, no. 1, 2026. 
[16] S. Phromphithak, N. Tippayawong, T. Onsree, and J. Lauterbach, "Pretreatment of corncob with green deep eutectic solvent to enhance 

cellulose accessibility for energy and fuel applications," Energy Reports, vol. 8, pp. 579-585, 2022. 

[17] N. B. A. Duy, N. T. Huy, B. P. Dong, P. N. H. Nhu, P. Q. Phu, and N. C. Thanh, "Green extraction of cellulose fibers from pineapple 
crown waste for the development of pH-sensitive bioplastic films based on starch and purple cabbage anthocyanins," RSC Sustainability, 

vol. 4, no. 2, pp. 851-864, 2026. 

[18] D. Choque-Quispe et al., "Effect of the addition of corn husk cellulose nanocrystals in the development of a novel edible film," 
Nanomaterials, vol. 12, no. 19, p. 3421, 2022. 

[19] L. Segal, J. Creely, Jr., A. E. Martin Jr, and C. M. Conrad, "An empirical method for estimating the degree of crystallinity of native 

cellulose using the X-ray diffractometer," Textile research journal, vol. 29, no. 10, pp. 786-794, 1959. 
[20] M. Wang, X. Fu, Y. Chang, J. Wei, and H. Cui, "Recent advancements in Deep Eutectic Solvent (DES) pretreatment: Applications, 

mechanisms, and integration with emerging technologies for biorefinery," Industrial Crops and Products, vol. 229, p. 121028, 2025. 

[21] S. Majamo, T. Amibo, and D. Mekonnen, "Expermental investigation on adsorption of methylene blue dye from waste water using 
corncob cellulose-based hydrogel," Scientific Reports, vol. 14, no. 1, p. 4540, 2024/02/24 2024. 

[22] G. E. Demewoz, A. H. Tiruneh, V. H. Wilson, S. Jose, and V. P. Sundramurthy, "Enhancing mechanical properties of polyvinyl alcohol 

films through cellulose nanocrystals derived from corncob," Biomass Conversion Biorefinery, vol. 15, no. 23, pp. 30519-30533, 2025. 
[23] H. C. Ong et al., "Variation of lignocellulosic biomass structure from torrefaction: A critical review," Renewable Sustainable Energy 

Reviews, vol. 152, p. 111698, 2021. 

[24] W. Rasri, V. T. Thu, A. Corpuz, and L. T. Nguyen, "Preparation and characterization of cellulose nanocrystals from corncob via ionic 
liquid [Bmim][HSO4] hydrolysis: Effects of major process conditions on dimensions of the product," RSC Advances, vol. 13, no. 28, pp. 

19020-19029, 2023. 

[25] X. Yang, X. Li, L. Zhu, J. Liang, and J. Zhu, "Production of hemicellulose sugars combined with the alkaline extraction lignin increased 
the hydro-depolymerization of cellulose from corn cob," Sustainability, vol. 15, no. 11, p. 9041, 2023. 

[26] P. Gutiérrez, M. Aldas, D. Gavilanes, F. Cadena, and V. Valle, "Corn cob valorization: Synthesis of a polymer based on crystalline 

cellulose with poly (ethylene glycol) diacrylate and N-vinylcaprolactam," Cleaner Engineering Technology, vol. 27, p. 101019, 2025. 
[27] H. Singh, T. Patil, S. Vineeth, S. Das, A. Pramanik, and S. Mhaske, "Isolation of microcrystalline cellulose from corn stover with 

emphasis on its constituents: corn cover and corn cob," Materials Today: Proceedings, vol. 27, pp. 589-594, 2020. 

[28] S. K. Evans, O. N. Wesley, O. Nathan, and M. J. Moloto, "Chemically purified cellulose and its nanocrystals from sugarcane baggase: 
isolation and characterization," Heliyon, vol. 5, no. 10, 2019. 

[29] H. Zhang, J. Lang, P. Lan, H. Yang, J. Lu, and Z. Wang, "Study on the dissolution mechanism of cellulose by ChCl-based deep eutectic 
solvents," Materials, vol. 13, no. 2, p. 278, 2020. 

[30] J. K. U. Ling and K. Hadinoto, "Deep eutectic solvent as green solvent in extraction of biological macromolecules: A review," 

International Journal of Molecular Sciences, vol. 23, no. 6, p. 3381, 2022. 
[31] P. K. Gandam et al., "Corncob-based biorefinery: A comprehensive review of pretreatment methodologies, and biorefinery platforms," 

Journal of the Energy Institute, vol. 101, pp. 290-308, 2022. 

[32] T. Zheng et al., "Lignocellulose hydrogels fabricated from corncob residues through a green solvent system," International Journal of 
Biological Macromolecules, vol. 217, pp. 428-434, 2022. 

[33] K. Thangavelu, R. Desikan, O. P. Taran, and S. Uthandi, "Delignification of corncob via combined hydrodynamic cavitation and 

enzymatic pretreatment: process optimization by response surface methodology," Biotechnology for Biofuels, vol. 11, no. 1, p. 203, 
2018. 

[34] W. Wang and D. J. Lee, "Lignocellulosic biomass pretreatment by deep eutectic solvents on lignin extraction and saccharification 

enhancement: A review," Bioresource Technology, vol. 339, p. 125587, 2021. 
[35] M. Brebu, D. Ioniță, and E. Stoleru, "Thermal behavior and conversion of agriculture biomass residues by torrefaction and pyrolysis," 

Scientific Reports, vol. 15, no. 1, p. 11505, 2025. 

[36] C. L. Waters, R. R. Janupala, R. G. Mallinson, and L. L. J. Lobban, "Staged thermal fractionation for segregation of lignin and cellulose 
pyrolysis products: An experimental study of residence time and temperature effects," Journal of Analytical and Applied Pyrolysis, vol. 

126, pp. 380-389, 2017. 

[37] H. Yang, R. Yan, H. Chen, D. H. Lee, and C. Zheng, "Characteristics of hemicellulose, cellulose and lignin pyrolysis," Fuel, vol. 86, 
no. 12-13, pp. 1781-1788, 2007. 

[38] X. Yang et al., "Characteristics and functional application of cellulose fibers extracted from cow dung wastes," Materials Today: 

Proceedings, vol. 16, no. 2, p. 648, 2023. 
[39] M. E. Eugenio, M. Ruiz-Montoya, R. Martin-Sampedro, D. Ibarra, and M. J. Diaz, "Influence of cellulose characteristics on pyrolysis 

suitability," Processes, vol. 9, no. 9, p. 1584, 2021. 

[40] L. Giraldo, J. Serafin, B. Dziejarski, and J. C. Moreno-Piraján, "Activated carbon from biomass waste as potential materials for uranium 
removal," Chemical Engineering Science, vol. 306, p. 121222, 2025. 

[41] C. E. Yeo and H. J. Sung, "Eco-Friendly Production of Lignin-Containing Cellulose Nanofibers from Sugarcane Bagasse Fines via 

Sequential Thermal Hydrolysis–Deep Eutectic Solvents Pretreatment," Polymers, vol. 18, no. 1, p. 85, 2025. 

mailto:jte@hcmute.edu.vn


 

ISSN: 2615-9740 

JOURNAL OF TECHNICAL EDUCATION SCIENCE 
Ho Chi Minh City University of Technology and Engineering 

Website: https://jte.edu.vn 
Email: jte@hcmute.edu.vn 

 

 

JTE, Volume 21, Issue 02, 05/2026 88 
 

 

Thanh Huy Nguyen received his Bachelor Engineering degree in Materials Technology from Ho Chi Minh City University of Technology 

and Engineering in 2023. 

Email: nthuy.sdh241@hcmut.edu.vn. ORCID:  https://orcid.org/0009-0004-1110-286X 
 

Phuong Dong Bui received his Bachelor Engineering degree in Materials Technology from Ho Chi Minh City University of Technology and 

Engineering in 2024. 

Email: 20130020@student.hcmute.edu.vn. ORCID:  https://orcid.org/0009-0007-5228-4980 

 

Nguyen Hong Nhu Pham received her Bachelor Engineering degree in Materials Technology from Ho Chi Minh City University of 
Technology and Engineering in 2025. 

Email: 21130086@student.hcmute.edu.vn. ORCID:  https://orcid.org/0009-0002-6514-4518 

 

Tue Anh Nguyen received his Ph.D. at the University of Arkansas-USA under supervision of Professor Colin D. Heyes. He had one year as a 

postdoctoral fellow at the University of California at Merced-USA, where he joined a project for application of quantum dots in display 

technology. He is currently a lecturer at RMIT University Vietnam, Vietnam. 

Email: anh.nguyen783@rmit.edu.vn. ORCID:  https://orcid.org/0009-0002-2952-5452 
 

Bui Anh Duy Nguyen received his Bachelor Engineering degree in Materials Technology from Ho Chi Minh City University of Technology 

and Engineering in 2023. 

Email: anhduy240901@gmail.com. ORCID:  https://orcid.org/0009-0004-6535-8027 

 

Chi Thanh Nguyen received his bachelor’s degree in Materials Science from Ho Chi Minh City University of Sciences, Vietnam and the 
Ph.D. degree in Polymer Engineering from Suranaree University of Technology, Thailand. He is currently a lecturer at Ho Chi Minh City 

University of Technology and Engineering, Vietnam. 

Email: thanhnc@hcmute.edu.vn. ORCID:  https://orcid.org/0000-0003-3638-9903 

mailto:jte@hcmute.edu.vn
https://orcid.org/0009-0004-1110-286X
https://orcid.org/0009-0007-5228-4980
https://orcid.org/0009-0002-6514-4518
mailto:anh.nguyen783@rmit.edu.vn
https://orcid.org/0009-0002-2952-5452
https://orcid.org/0009-0004-6535-8027
https://orcid.org/0000-0003-3638-9903
https://orcid.org/0009-0004-1110-286X
https://orcid.org/0009-0007-5228-4980
https://orcid.org/0009-0002-6514-4518
https://orcid.org/0009-0002-2952-5452
https://orcid.org/0009-0004-6535-8027
https://orcid.org/0000-0003-3638-9903

