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Abstract
In recent years, various studies have been utilized lignocellulosic biomass from oil palm empty fruit
bunches (OPEFB) to be converted into bioethanol fuels. In this study, we present the techno-economical
preparation for biomass pretreatment based on triethylamine hydrogen sulfate ([TEA][HSO4]) ionic liquid.
Synthesis, pretreatment, and recovery of [TEA][HSO4] ionic liquid have been carried out via the one-pot
method. Based on these results, the synthesized [TEA][HSO4] has been characterized using IR
spectroscopy showing the appearance chemical groups such as H, CH3, CN, and SO2. In addition, H-NMR
spectroscopy was presenced the CH3CH2- structure towards low ppm. Thermal stability has also
demonstrated unique physical properties of ionic liquid (IL) with a melting point of 49°C and a
decomposition temperature of 274.3°C. The effectiveness to produce the chemical components shows
that the useful use of [TEA][HSO4] was successfully synthesized with an optimum composition of 83%
resulting in chemical levels of 45.84% (cellulose), 5.00% (hemicellulose), and 34.40% (lignin). The
recovered [TEA][HSO4] with a composition of 90.90% was effective in reducing the lignin content about
80%. These results also depend heavily on the temperature and separation techniques applied during the
pretreatment process.

1. Introduction
Nowadays, the pretreatment technology (PT) has been promoted as one of the promising methods in
treating lignocellulosic biomass (Kim et al., 2016; Sindhu et al., 2016; Fithri et al., 2020). It is utilized as
renewable energy sources for producing bioethanol, biopesticides, sugars, and biofuels. In addition, the
PT is crucially the �rst stage which plays an important role in lignocellulosic biomass transformation and
to overcome the abundance of lignocellulosic waste (Naik et al., 2010; Singh et al., 2010; Arbaain et al.,
2019). Based on this brief background, the PT was improved to overcome the abundance of
lignocellulosic biomass waste (Natsir et al., 2018b; Arutanti et al., 2020). Unfortunately, the effectiveness
of lignocellulose pretreatment has not shown optimal results because it is in�uenced by differences in
the raw material source (Maulidiyah et al., 2017; Natsir et al., 2018a; Maulidiyah et al., 2019). According
to Kassaye et al. (Kassaye et al., 2017) reported that the chemical composition in lignocellulose biomass
is certainly in�uenced by differences in raw materials used, for example the lignocellulose in bamboo has
a varied chemical composition with differences in sugar polymer content (cellulose and hemicellulose) in
the range of 38-50% or 23-32% and lignin on 15-25%.

Especially in OPEFB waste is a potential source of cellulose which can serve as a promising raw material
for the production of bioethanol (Rosli et al., 2017; Hassan et al., 2020). Approximately 70% of OPEFB is
produced from palm oil production, and the remaining 25-30% produces palm oil (Fithri et al., 2020).
Based on these problems, it encourages us to develop effective, cheap, and environmentally friendly
pretreatment technologies. Several pretreatment methods have been reported to be applicable in
obtaining cellulose from lignocellulosic biomass, such as the use of alkaline (Nargotra et al., 2018; Song
et al., 2019; Yang et al., 2019), acidic (Nargotra et al., 2018), hydrothermal (Simanungkalit et al., 2017),
steam (Amin et al., 2017; Kim et al., 2018), organosolv (Borand & Karaosmanoğlu, 2018), ionic liquids
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(Mahmood et al., 2016; Halder et al., 2019), and alkaline-ionic liquid combinations (Meek et al., 2016;
Nykaza et al., 2016; Kassaye et al., 2017). Generally, these methods have also an impact on the high use
of hazardous chemical solvents during the pretreatment process which can cause new environmental
problems (Fithri et al., 2020).

In order to overcome this problem, IL pretreatment is a promising method as a new technology that offers
a deconstruction of lignocellulose biomass with a low melting point (Alayoubi et al., 2020; Nasirpour et
al., 2020). The IL has special properties such as wider �uid temperatures, high thermal stability, and
negligible vapor pressure (Yuan et al., 2017). Certainly, these essential properties are needed in the
lignocellulose biomass transformation. In addition, the advantages of this method are environmentally
friendly, high-recovery process, better deligni�cation, effectively reduce the crystallinity of cellulose and
do not damage the sugar content during the fermentation process (Li et al., 2010a).

Many studies have successfully synthesized and applied ILs in lignocellulosic biomass pretreatment
such as using 1-ethyl-3-methylimidazolium-diethyl phosphate (Zaitsau & Verevkin, 2020), 1-Butyl-3
methylimidazolium chloride (Xie et al., 2020), 1-Ethyl-3-methylimidazolium acetate (Liang & Liu, 2020), 1-
allyl-3-methylimidazolium chloride (Hmad & Gargouri, 2020; Ikeguchi et al., 2020), and 1-Butyl-3-
methylimidazolium bis (tri�uoromethyl sulfonyl) (Busato et al., 2020). Although it also shows the high-
effectiveness under the pretreatment process, the use of ILs continues to be developed and modi�ed in
order to reduce production costs and also to improve the stability of ILs (Zhang et al., 2017; Hallett et al.,
2019). So in this study, we observe the utilization of [TEA][HSO4] in OPEFB biomass pretreatment by
studying several treatments like synthesis, OPEFB biomass pretreatment, and recovered [TEA][HSO4] ionic
liquid. The pretreatment of the OPEFB biomass was examined with the goal that we should explain the
ability to reuse [TEA][HSO4] in reducing lignocellulosic biomass. Then to assess this, we also present the
effectiveness and optimization of recovery [TEA][HSO4] into the pretreatment process.

Referring to the various problems above, this research aims to synthesize IL based on [TEA][HSO4]
through a one-pot method with a combination of triethylamine and sulfuric acid which applied for OPEFB
lignocellulosic pretreatment and studied the reuse of [TEA][HSO4] ionic liquid. Certainly, we demonstrated
the physical-chemical properties characterized by using IR, H-NMR, and TGA to con�rm the result of IL
synthesized. We also determine mass variation and temperature effect during lignocellulosic
pretreatment.

2. Experimental Methods
2.1 Apparatus and Materials

Starting materials for synthesizing [TEA][HSO4] were purchased from Sigma Aldrich and the apparatus
used from Iwaki Pyrex. The characterization was measured by Dr. Haznan Abimanyu in Research Center
for Chemistry, Indonesian Institute of Sciences by using FTIR (Nicolet FT-IR iS10, USA). The 1H-NMR was
recorded on a Bruker 500 MHz spectrometer. Chemical shifts (δ) are reported in ppm with the D2O peak at
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8.0 ppm and TGA (SDT-2960, USA) was analyzed to observe temperature rate towards % weight loss of
[TEA][HSO4].

2.2 Synthesis of [TEA][HSO4] ionic liquid

Synthesis of [TEA][HSO4] has been conducted by referring to the method reported by Gschwend et al.
(Gschwend et al., 2018). In summary, 75.9 g (750 mmol) of triethylamine was inserted into a three-neck
�ask and stirred by using a magnetic stirrer under cold conditions. Under stirring, it slowly added 5M
H2SO4 97% and ethanol solution (1:5 w/w) for 24 hours. After that, the ethanol solution was removed
using a vacuum evaporator for 2 hours and dried in a vacuum oven at 40°C for 8 hours. Finally, the [TEA]
[HSO4] was analyzed using FTIR, 1H-NMR, and TGA.

2.3 Composition and temperature effect under the pretreatment process

The study of lignocellulose pretreatment on OPEFB was carried out by varying the composition of [TEA]
[HSO4] with a variation concentration of 80%, 83%, and 90.9% which contains of 8.0 g, 8.30 g and 9.90,
respectively. Where the [TEA][HSO4] was inserted into Schott bottle containing distilled water and 2.0 g of
OPEFB sample, then it stirred for 17 hours at 80°C and separated the �ltrate with residue using a vacuum
pump followed by adding ethanol solvent to increase the evaporation process under 50°C. The residue
obtained was analyzed referring to the method determined by the National Energy Renewable Energy
Laboratory (NREL). Based on this process, we observe the effectiveness of [TEA][HSO4] based on the
optimal weight percentage under lignocellulose pretreatment process to produce chemical content such
as cellulose, hemicellulose, and lignin. Furthermore, we tested it under temperature variations at 30°C;
50°C; 80°C; 100°C; 120°C, and 150°C.

[2.4 TEA][HSO4] ionic liquid recovery

The [TEA][HSO4] recovered from the previous pretreatment was �ltered using a vacuum �lter with adding
methanol solution. Then, methanol and [TEA][HSO4] were separated again using a rotary evaporator with
heating temperatures below 80°C. Then, [TEA][HSO4] was washed using distilled water 2-3 times and
centrifuged with a rotation speed of 10,000 rpm for 15 minutes at 4°C. [TEA][HSO4] which is still mixed
with water is separated again using a rotary evaporator with a heating temperature of 100°C so that [TEA]
[HSO4] and distilled water are separated completely.

3. Results And Discussion
3.1 Characterization of [TEA][HSO4] ionic liquid

The synthesized [TEA][HSO4] was con�rmed using FTIR, H-NMR, and TGA which aims to represent the
determination of chemical structure and temperature pro�le. The FTIR data is to describe organic
chemical groups and several inorganic materials. In this case, In this case, IR data (Figure 2) has shown
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new wavenumbers absorption spectra at 2814.97 cm-1, 1401.07 cm-1, 1233.30 cm-1, and 847.92 cm-1

showing the absorption of chemical groups such as NH, CH3, CN, and SO2. Some absorption of chemical
peaks from H2O, H2SO4 and TEA have been summarized in [TEA][HSO4] peak but there was a shift in
wavenumbers absorption because it has occurred the chemical reaction between H2SO4 and TEA. The

[TEA][HSO4] synthesized was successfully con�rmed at the IR absorption peak on 1438.30 cm-1 to

1474.93 cm-1 shows the speci�c absorption of the CH2 group, and also 1048.18 cm-1 to 1063.00 cm-1

indicated of the SO group.

To support FTIR data, we also characterize using H-NMR spectroscopy to describe the CH3CH2- structure
in [TEA][HSO4]. Based on the data (Figure 3A), we discover two high speci�cal peaks that predicted from
CH3- at 1.106 ppm and CH2-N at 3.005 ppm. Based on the chemical structure proposed in Figure 1 has
shown the CH3CH2- a structure formed so that the direction of the chemical shift lead to low ppm. In
addition, physical properties have been identi�ed based on thermal analysis using the TGA instrument is
important to analyze the performance of IL which will be applied to the lignocellulose pretreatment
process. In the �rst step (Figure 3B), we start the thermal analysis under ambient temperature at 37°C.
Then, there was a decrease in weight percentage from 37°C to 100°C exhibits that the solvent
components have evaporated such as H2O and ethanol. From 100°C to 210°C illustrates the role of [TEA]
[HSO4] stabilized at high temperature, this condition can be used as a variable pretreatment process.
However, IL has decomposed at temperatures of 274.3°C to 500°C.

3.2 Pretreatment process using [TEA][HSO4] ionic liquid

For studying the effectiveness pretreatment process, we vary IL concentrations and temperatures to
obtain the high cellulose content which is can be used for bioethanol production. The synthesized [TEA]
[HSO4] has been tested towards OPEFB lignocellulose by varying concentration of 80%, 83%, and 90.9%
under a temperature of 120°C. Based on Figure 4 shows that the effectiveness of [TEA][HSO4] ionic liquid
for OPEFB lignocellulose pretreatment can increase the cellulose content in 45.84% with the achievement
of 83% [TEA][HSO4] concentration. In addition, the increasing concentration in the usage of IL was also
effective to decrease lignin content which successively drops from 53.56 (80%), 32.8 (83%), and 30.11
(90.9%). According to Gschwend et al. (2018) that the usage of [TEA][HSO4] is intended only to observe
high cellulose content so that the optimal concentration used is 83%.

Referring to the 83% [TEA][HSO4] concentration in the pretreatment process, we also tested temperature
variations for the lignocellulose pretreatment process. It has been carried out with variations of 50, 80,
100, 120, and 150°C which is intended to observe IL that can be applied in low-temperature. Figure 5
shows that good performance for producing chemical content especially in cellulose compound is shown
at the temperature of 80, 100, and 120°C. This is clearly an increase in cellulose content during
pretreatment using the [TEA][HSO4] ionic liquid. However, at 150°C the cellulose content decreases due to
damage to cellulose compounds and also the IL slowly decomposes. In addition, amorphous cellulose is
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easily hydrolyzed because water molecules and protons easily enter the amorphous cellulose region and
damage the β-1,4-glycosidic bond (Gschwend et al., 2018). Based on this variation, it is known that the
optimum cellulose from the pretreatment process using [TEA][HSO4] occurs at 120°C.

3.3 [TEA][HSO4] ionic liquid recovery

The potential reuse of [TEA][HSO4] for lignocellulose repretreatment is a techno-economical way to obtain
optimal pretreatment processes. At this stage, the separation of IL should be carefully because the
volume obtained is small and does not apply to high-scale pretreatment. In addition, the IL recovery is
needed quite time-consuming so that new innovations should be improved to streamline research time.
Actually, the optimization of IL recovery is a key step in biomass pretreatment because it is cheaper and
reusable (Li et al., 2010b). So in this work, the recovery IL process was conducted by using simple glass
tool model to separate the OPEFB biomass with [TEA][SO4] through several stages like separation and
intial & �nal leaching processes. Separation process was applied by eliminating lignocellulosic bonds
under a methanol solution and puri�ed with a washing process at 100°C. The successfully for recovery
phase was demonstrated with the increase in viscosity properties accompanied by discolouration of
brown. Based on Figure 6 demonstrates that the recovered [TEA][SO4]  has  produced a dark brown colour
which is indicated the discolouration of [TEA][HSO4] recovery in the pretreatment process.

The effectiveness of IL recovery was evaluated by comparing [TEA][HSO4] to recovery [TEA] [HSO4] based
on the chemical elements contained in the lignocellulosic biomass. This is intended to observe [TEA]
[HSO4] recovery can be reused and to reduce high-costs. Referring to the puri�cation method above,
measurements were carried out three times repeatedly to optimize the pretreatment process to produce
chemical compounds, namely lignin, cellulose, and hemicellulose, as the average results are shown in
Table 1.

It can be seen the comparison of  [TEA] [HSO4] to recovery [TEA][HSO4] has a signi�cant difference in
chemical constituents. The high chemical constituents using 83% [TEA][HSO4] fresh has indicated the
high cellulose content in 45.84%. Meanwhile, the [TEA][HSO4] recovered has dramatically decreased
along with increasing concentrations. It is due to higher composition IL can prevent lignin formation from
the hemicellulose monomer hydration process so that the lignin content in the high composition will
decrease (Kumar et al., 2009). In addition, there is reaction stagnation caused by the terminating of β-1,4
glycosidic bonds during the addition of 72% H2SO4. Nonetheless, the decrease of lignocellulose contents
is much smaller than before the pretreatment process.

Table 1. Comparison of chemical constituents before and after recovery [TEA][HSO4]
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Chemical constituents % [TEA][HSO4] Before Recovery % [TEA][HSO4] After Recovery

80.00% 83.00% 90.90% 80.00% 83.00% 90.90%

Cellulose 35.50 45.84 40.13 29.13 26.96 24.19

Hemicellulose 3.70 5.87 2.33 2.55 1.90 2.18

Lignin 53.56 32.8 30.11 32.57 19.85 17.09

4. Conclusion
The synthesis of [TEA][HSO4] and its application for the lignocellulose pretreatment process based on
OPEFB waste has been studied to obtain the potential reuse of IL for lignocellulose pretreatment. The
one-pot method is effective for synthesizing [TEA][HSO4] ionic liquid as evidenced by speci�c IR

absorption which indicates the presence of chemical groups such as NH, CH3, CN, and SO2. The 1H-NMR
spectroscopy showing that there was formed the CH3CH2- structure with a chemical shift leading to low
ppm. Thermal stability has also demonstrated unique physical properties of IL with a melting point of
49°C and a decomposition temperature of 274.3°C. The effectiveness to produce the chemical
components shows that the useful use of [TEA][HSO4] was successfully synthesized with an optimum
composition of 83% resulting in chemical levels of 45.84% (cellulose), 5.00% (hemicellulose), and 34.40%
(lignin).

Declarations
Acknowledgement

We acknowledge the �nancial support from the DRPM-Ministry of Research, Technology and Higher
Education of the Republic of Indonesia under the World Class Research Award No.
171/SP2H/LT/DRPM/2020 and Research Center for Chemistry, Indonesian Institute of Sciences (LIPI) to
conduct this research.

Con�ict of Interest Statement

All authors declare that this article has no con�ict of interest.

References
Alayoubi R, Mehmood N, Husson E et al. Low temperature ionic liquid pretreatment of lignocellulosic
biomass to enhance bioethanol yield. Renew. Energy 145: 1808–1816 (2020)

Amin FR, Khalid H, Zhang H et al. Pretreatment methods of lignocellulosic biomass for anaerobic
digestion. Amb Express 7: 72 (2017)



Page 9/16

Arbaain ENN, Bahrin EK, Noor NM, Ibrahim MF, Ramli N, Abd-Aziz S. Chemical-free pretreatment of
unwashed oil palm empty fruit bunch by using locally isolated fungus (Schizophyllum commune ENN1)
for deligni�cation. Food Bioprod. Process. 118: 207–216 (2019)

Arutanti O, Sari AA, Berkah A et al. Advanced Degradation of Lignin from Palm Oil Mill E�uent (POME) by
a Combination of Photocatalytic-Fenton Treatment and TiO2 Nanoparticle as the Catalyst. Water Air Soil
Pollut 231: 266 (2020)

Borand MN, Karaosmanoğlu F. Effects of organosolv pretreatment conditions for lignocellulosic biomass
in biore�nery applications: a review. J. Renew. Sustain. Energy 10: 33104 (2018)

Busato M, D’Angelo P, Lapi A, Tolazzi M, Melchior A. Solvation of Co2+ ion in 1-butyl-3-methylimidazolium
bis (tri�uoromethylsulfonyl) imide ionic liquid: A molecular dynamics and X-ray absorption study. J. Mol.
Liq. 299: 112120 (2020)

Fithri L, Tri Puspaningsih NN, Asmarani O, matuzahroh N, Fitrah Dewi GD, Arizandy RY. Characterization
of Fungal Laccase Isolated from oil palm empty fruit bunches (OPEFB) and Its Degradation from The
Agriculture Waste. Biocatal. Agric. Biotechnol. 27: 101676 (2020)

Gschwend FJV, Malaret F, Shinde S, Brandt-Talbot A, Hallett JP. Rapid pretreatment of: Miscanthus using
the low-cost ionic liquid triethylammonium hydrogen sulfate at elevated temperatures. Green Chem. 20:
3486–3498 (2018)

Halder P, Kundu S, Patel S et al. Progress on the pre-treatment of lignocellulosic biomass employing ionic
liquids. Renew. Sustain. Energy Rev. 105: 268–292 (2019)

Hallett JP, Chambon CL, Chen M, Fennell PS. E�cient Fractionation of Lignin-and Ash-Rich Agricultural
Residues Following Treatment With a Low-Cost Protic Ionic Liquid. Front. Chem. 7: 246 (2019)

Hassan N, Anwar NAKK, Idris A. Strategy to Enhance the Sugar Production Using Recyclable Inorganic
Salt for Pre-Treatment of Oil Palm Empty Fruit Bunch (OPEFB). BioResources 15: 4912–4931 (2020)

Hmad I Ben, Gargouri A. Ionic liquid-tolerant cellulase system of Stachybotrys microspora exploited in the
in situ sacchari�cation of lignocellulosic biomass. J. Mol. Liq. 113167 (2020)

Ikeguchi K, Yoshida K, Nonaka H. Complete Dissolution of Woody Biomass Using an Ionic Liquid.
BioResources 15: 1587–1599 (2020)

Kassaye S, Pant KK, Jain S. Hydrolysis of cellulosic bamboo biomass into reducing sugars via a
combined alkaline solution and ionic liquid pretreament steps. Renew. Energy 104: 177–184 (2017)

Kim M, Kim B-C, Nam K, Choi Y. Effect of pretreatment solutions and conditions on decomposition and
anaerobic digestion of lignocellulosic biomass in rice straw. Biochem. Eng. J. 140: 108–114 (2018)



Page 10/16

Kim JS, Lee YY, Kim TH. A review on alkaline pretreatment technology for bioconversion of lignocellulosic
biomass. Bioresour. Technol. 199: 42–48 (2016)

Kumar P, Barrett DM, Delwiche MJ, Stroeve P. Methods for pretreatment of lignocellulosic biomass for
e�cient hydrolysis and biofuel production. Ind. Eng. Chem. Res. 48: 3713–3729 (2009)

Li M-F, Fan Y-M, Xu F, Sun R-C, Zhang X-L. Cold sodium hydroxide/urea based pretreatment of bamboo
for bioethanol production: Characterization of the cellulose rich fraction. Ind. Crops Prod. 32: 551–559
(2010a)

Li C, Knierim B, Manisseri C et al. Comparison of dilute acid and ionic liquid pretreatment of switchgrass:
biomass recalcitrance, deligni�cation and enzymatic sacchari�cation. Bioresour. Technol. 101: 4900–
4906 (2010b)

Liang X, Liu H. High-e�ciency recovery of 1-ethyl-3-methylimidazolium acetate for sugarcane bagasse
pretreatment with industrialized technology. Sep. Purif. Technol. 238: 116437 (2020)

Mahmood H, Moniruzzaman M, Yusup S, Akil HM. Pretreatment of oil palm biomass with ionic liquids: a
new approach for fabrication of green composite board. J. Clean. Prod. 126: 677–685 (2016)

Maulidiyah M, Mardhan FT, Natsir M, Wibowo D, Nurdin M. Lignin black liquor degradation on oil palm
empty fruit bunches using ilmenite (FeO. TiO2) and its activity as antibacterial. In: Journal of Physics:
Conference Series. IOP Publishing, 12017.

Maulidiyah M, Natsir M, Fitrianingsih F, Arham Z, Wibowo D, Nurdin M. Lignin Degradation of Oil Palm
Empty Fruit Bunches using TiO2 Photocatalyst as Antifungal of Fusarium Oxysporum. Orient. J. Chem.
33: 3101–3106 (2017)

Meek KM, Nykaza JR, Elabd YA. Alkaline chemical stability and ion transport in polymerized ionic liquids
with various backbones and cations. Macromolecules 49: 3382–3394 (2016)

Naik SN, Goud V V, Rout PK, Dalai AK. Production of �rst and second generation biofuels: a
comprehensive review. Renew. Sustain. energy Rev. 14: 578–597 (2010)

Nargotra P, Sharma V, Gupta M, Kour S, Bajaj BK. Application of ionic liquid and alkali pretreatment for
enhancing sacchari�cation of sun�ower stalk biomass for potential biofuel-ethanol production.
Bioresour. Technol. 267: 560–568 (2018)

Nasirpour N, Mohammadpourfard M, Heris SZ. Ionic liquids: promising compounds for sustainable
chemical processes and applications. Chem. Eng. Res. Des. (2020)

Natsir M, Maulidiyah M, Ansharullah A, Arham Z, Wibowo D, Nurdin M. Natural Biopesticide Preparation
As Antimicrobial Material Based on Lignin Photodegradation Using Mineral Ilmenite (Feo.Tio2). Int. Res.
J. Pharm. 9: 170–174 (2018a)



Page 11/16

Natsir M, Tuwo MA, Suyuti N et al. Photodegradation of Lignin by TiO2-Ilmenite for Natural Pesticide
Material. Asian J. Chem. 30: 1590–1592 (2018b)

Nykaza JR, Benjamin R, Meek KM, Elabd YA. Polymerized ionic liquid diblock copolymer as an ionomer
and anion exchange membrane for alkaline fuel cells. Chem. Eng. Sci. 154: 119–127 (2016)

Rosli NS, Harun S, Jahim JM, Othaman R. Chemical and physical characterization of oil palm empty fruit
bunch. Malaysian J. Anal. Sci. 21: 188–196 (2017)

Simanungkalit SP, Mansur D, Nurhakim B et al. Hydrothermal pretreatment of palm oil empty fruit bunch.
In: AIP Conference Proceedings. AIP Publishing LLC, 20011.

Sindhu R, Binod P, Pandey A. Biological pretreatment of lignocellulosic biomass–An overview. Bioresour.
Technol. 199: 76–82 (2016)

Singh A, Pant D, Korres NE, Nizami A-S, Prasad S, Murphy JD. Key issues in life cycle assessment of
ethanol production from lignocellulosic biomass: challenges and perspectives. Bioresour. Technol. 101:
5003–5012 (2010)

Song K, Chu Q, Hu J et al. Two-stage alkali-oxygen pretreatment capable of improving biomass
sacchari�cation for bioethanol production and enabling lignin valorization via adsorbents for heavy
metal ions under the biore�nery concept. Bioresour. Technol. 276: 161–169 (2019)

Xie W, Ren Y, Jiang F, Liang J, Du S. Pretreatment of quinoa straw with 1-butyl-3-methylimidazolium
chloride and physiochemical characterization of biomass. Renew. Energy 146: 1364–1371 (2020)

Yang H, Shi Z, Xu G, Qin Y, Deng J, Yang J. Bioethanol production from bamboo with alkali-catalyzed
liquid hot water pretreatment. Bioresour. Technol. 274: 261–266 (2019)

Yuan X, Singh S, Simmons BA, Cheng G. Biomass pretreatment using dilute aqueous ionic liquid (IL)
solutions with dynamically varying IL concentration and its impact on IL recycling. ACS Sustain. Chem.
Eng. 5: 4408–4413 (2017)

Zaitsau DH, Verevkin SP. Vaporization Thermodynamics of 1-Ethyl-3-Methylimidazolium Diethyl
Phosphate. Russ. J. Inorg. Chem. 65: 699–702 (2020)

Zhang Y, Fei Z, Gao P et al. A strategy to produce high e�ciency, high stability perovskite solar cells using
functionalized ionic liquid‐dopants. Adv. Mater. 29: 1702157 (2017)

Figures



Page 12/16

Figure 1

The proposed reaction mechanism to form of [TEA][HSO4] ionic liquid

Figure 2

IR spectrum of [TEA][HSO4] constituents
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Figure 3

The H-NMR spectrum (A) and thermal analysis (B) of [TEA][HSO4] ionic liquid
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Figure 4

The optimal concentration used for OPEFB lignocellulose pretreatment
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Figure 5

Temperature variation during the pretreatment process using [TEA][HSO4]
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Figure 6

The recovery process of [TEA][HSO4] ionic liquid


