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Supplementary Materials 

All the chemicals were directly used as received without any purification. Poplar sawdust was 

used after Soxhlet extraction (toluene/ethanol) and dried at 103 °C overnight for further use. 

Choline chloride (ChCl), oxalic acid dihydrate (OA) and diols including ethylene glycol (EG), 

1,3-propylene glycol (PG), 1,4-butanediol (BD) and 1,5-pentanediol (PD) used for the 

preparation of deep eutectic solvents (DESs) were purchased from Aladdin Reagent Co., Ltd. 

(Shanghai, China). Ethanol and distilled water were used for components separation workup. 

 

Supplementary Methods 

1.1 Calculation of lignin yield and semi-quantitative analysis of substructures 

The yield of the isolated diol-alkoxylated lignins was corrected with a correction factor as 

previously reported.(1) 2D HSQC NMR was used for semi-quantitative analysis of the 

obtained lignins, and relative content of the substructures was described as content per 100 

aromatic units.(1) Detailed calculations after integral were as follows:  

For the aromatic region: 

Total aromatic units = (S2/6 + S'2/6)/2 + Scondensed + (G2 + G5 + G6)/3 + PB/2 

Condensation ratio = Scondensed/Total aromatic content × 100% 

For the linkages in the side chain region: 

Total β-O-4' linkages = [(β-O-4'α + α-alkoxylated β-O-4'α)/Total aromatic units × 

100]/1.3 

β-β linkages = (β-βα/Total aromatic units × 100/1.3 

 

1.2 Composition analysis 

The compositions of the untreated lignocellulose and DES-fractionated SRs were determined 

according to the National Renewable Energy Laboratory (NREL) procedure.(2) 0.3 g oven-

dried sample was weighed in a glass bottle with a screw cap, and 3 mL 72 wt% H2SO4 was 

mixed with the sample with continuous stirring for 1 h, then the mixture was diluted to a 

concentration of 3 wt% H2SO4 and heated in an oven at 121 ℃ for 1 h. After cooling to room 

temperature, the liquid was injected into HPLC for analysis after filtration. The undissolved 
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solid was filtered and dried to determine the lignin content. The glucose and xylose from 

cellulose and hemicellulose were determined by HPLC (Agilent 1260, Agilent Technologies, 

USA) with a refractive index detector (RID). An amine column HPX-87H (Bio-Rad, USA) 

was used to analyze the glucose and xylose at 50 °C with 4 mM sulfuric acid as mobile phase, 

and the flow rate was 0.6 mL/min. The yield of monosaccharides was calculated by 

calibration of the standards. Glucose and xylose were used to calculate the yield of cellulose 

and hemicellulose, respectively. Acid insoluble lignin was used to calculate the lignin content 

in original lignocellulose or fractionated SRs. The ash content in poplar wood was determined 

by counting the mass of the residues remaining after the sample was heated in a muffle 

furnace at 550 °C.(3) The average ash content was calculated from three measurements. 

1.3 Preparation of milled wood lignin (MWL) 

Typically, 20 g poplar sawdust was milled in a planetary ball mill for 2 h and then mixed with 

96 wt% dioxane solution with a ratio of 1:20 g/mL. The mixture was stirred under ambient 

temperature and dark condition for 24 h. The reacted mixture was centrifuged at 5000 rpm 

and the residue was washed with 96 wt% dioxane solution. A combination of centrifuged 

liquid and washed liquid was concentrated to about 30 mL by rotary evaporation (50 ℃). The 

obtained mixture was added dropwise into 3 times volume of ethanol solution (96%). After 

filtration, the filtrate was concentrated and precipitated in the same ethanol solution twice. 

Finally, the ethanol solution mixture was concentrated to 30 mL and added dropwise into 10 

times volume of acidic aqueous solution (pH = 2), and the mixture was filtered and dried to 

obtain the mill wood lignin (MWL) sample.(4, 5) 

1.4 Quantitative 
31

P NMR analysis of the DES-fractionated lignin

Quantitative 
31

P NMR was performed according to the literature.(6) 2-Chloro-4,4,5,5-

tetramethyl-1,3,2-dioxaphospholane was used as a phosphitylating reagent. Generally, 30 mg 

lignin was dissolved in 0.5 mL anhydrous deuterated pyridine and deuterated chloroform 

(1.6:1 v/v) with continuous stirring. 0.1 mL cyclohexanol (~10.85 mg/mL) as internal 

standard and 0.1 mL chromium(III) acetylacetonate solution (5 mg/mL in anhydrous 

deuterated pyridine and deuterated chloroform 1.6:1, v/v) as relaxation reagent were added 

into the mixture. Finally, the mixture was reacted with 0.1 mL phosphitylating reagent for 10 
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min, and the obtained mixture was transferred into the NMR tube for analysis. Standard 
31

P 

sequence was selected from Bruker Program Library with total scans of 1024. 

1.5 Hydrogenolysis of the isolated lignin to aromatic monomers 

The hydrogenolysis of lignin was performed using hydrogen transfer method as described.(7) 

Typically, 0.1 g CO-L or COPD-L was used as the raw material, representing condensed 

lignin and tailored less-condensed lignin. 0.1 g Ru/C (5% loading) as catalyst, 10 mL ethylene 

glycol as solvent and 30 mg 2-isopropylphenol as internal standard were added into a 25 mL 

autoclave with a glass insert. The autoclave was sealed and heated to 190 °C with continuous 

stirring for 6 h. After cooling to room temperature, the mixture was filtered and extracted with 

dichloromethane and water. The results were qualitatively and quantitatively analyzed by 

GC/MS and GC-FID, respectively. Para-propylguaiacol was used for calibration, and the 

response factor for other monomers was determined by the effective carbon number 

method.(8) The calculated response factor for para-propylsyringol was 1.42. 

1.6 Synthesis of printing resin using the isolated lignin as polyols 

COPD-L was used to investigate the possibility of directly using the isolated lignin instead of 

conventional aromatic polyols for printing ink resin, and the procedure for resin synthesis was 

referred from the literature with slight modification.(9) Typically, 17 mmol (5.24 g) abietic 

acid and 8 mmol (0.76 g) maleic anhydride were mixed in a 250 mL round flask at 180 °C for 

2 h under nitrogen atmosphere. After reaction, total 24 mmol polyols (1g COPD-L and 2.2 g 

glycerol) were added into the flask and heated to 260 °C for 2 h, and the resin for printing ink 

was obtained after cooling to room temperature. A varnish for printing ink was obtained by 

adding Linseed oil and methyl oleate into the obtained resin (resin: Linseed oil: methyl oleate 

= 40:20:40 % mass percentage). The patterns were obtained by simply printing the varnish 

using a microelectronic printer (Scientific 3A electronic printer, Mifang Electronic 

Technology Co. LTD, Shanghai). 

1.7 Determine the yields of enzymatic hydrolysis monosaccharides by HPLC 

Enzymatic hydrolysis of the SRs was performed as follows: 0.3 g oven-dried sample was 

weighed in a 50 mL centrifuge tube with cap, and then 7.5 mL sodium acetate buffer (50 

mmol/L, pH 5.5) followed by 2.88 mg tetracycline chloride. The tube was kept at 50 °C in an 
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incubating orbital shaker at 300 rpm for 96 h. Enzymatic hydrolysis was conducted with 

Cellic® CTec2 (Novozymes, Denmark, 145 FPU/mL, ~30 FPU/g glucan) and 0.2 mL 

hydrolysate was sampled periodically to determine the released monosaccharides amount in 

liquid phase after inactivation of the enzyme (110 °C, 5 min). The glucose and xylose were 

determined by HPLC (Agilent 1260, Agilent Technologies, USA) with an autoinjector and 

RID detector. An HPX-87H (Bio-Rad, USA) with a 4 mM H2SO4 mobile phase at 0.6 

mL/min was used. 
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Fig. S1 Synthetic route for choline chloride and possible alternatives from 

lignocellulose.(10–12) 
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Fig. S2 Green synthetic route for bio-derived oxalic acid.(13–16) 
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Fig. S3 Synthetic route for C2–C5 diols from carbohydrates.(17–23) 
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Fig. S4 SEM images of CO-SR (A) and COEG-SR (B) at low magnification. On the 

surface of CO-SR, a lot of particles were observed even at low magnification, while the 

COEG-SR showed a typically clean and fibrous surface. 
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Fig. S5 Digital images of the isolated CO-L and COEG-L. the dark color of CO-L revealed 

a severe condensation of lignin as previously described while COEG-L showed a light brown 

color, demonstrating that the lignin was less condensed due to the tailoring effect of EG. 
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Fig. S6 Proposed reaction pathways of lignin in CO (condensed lignin) and COEG (α-

alkoxylated lignin derivative). In CO, the acidity of the system was strong enough to 

cleavage all the ether bond in lignin, and the active carbocation intermediates would condense 

to form recalcitrant C–C bonds. In COEG, EG in the system would react with the carbocation 

intermediates through alkoxylation, and the condensation pathway would be effectively 

suppressed. 
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Fig. S7 Digital images of COPA-SR (left) and COPD-SR (right). The SR from COPA 

fractionation system showed a darker color than the COPD system, revealing that the hydroxy 

rich PD molecules can promote delignification, possibly due to the hydrogen bond formation 

between alkoxylated lignin and DES.  
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Fig. S8 Schematic diagrams and SEM images of COPA-SR (A, C) and COPD-SR (B, D) 

at high magnification. The lignin obtained from COPA fractionation would be alkoxylated 

with alkyl tails, leading to poor delignification, and the remained lignin would be dispersed in 

the cellulose matrix. When PD was used instead of PA with one more equivalent hydroxy, the 

lignin would be alkoxylated with aliphatic tails, and excellent delignification was achieved 

possibly due to the hydrogen bonding formation of the hydroxy tails with DES, hence 

enhanced lignin removal, and the SRs showed a rather clean and fibrous structure.  
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Fig. S9 Digital images of isolated COEG-L, COPG-L, COBD-L and COPD-L. All the 

lignin fractions from the diol-tailored DES fractionation showed lighter color than that of CO-

L, revealing less condensation. 
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Fig. S10 Proposed structure of hydroxyl rich and aryl ether retained COPD-L. 

According to the NMR studies, possible lignin structure (COPD-L as example) was proposed, 

demonstrating an aryl ether bond retained linkages, and the obtained lignin was also 

functionalized with long aliphatic hydroxy tails. 
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Fig. S11 The 2D HSQC NMR spectrum of MWL. 
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Fig. S12 Correlation between carbon number in diols and β-O-4' content and 

condensation ratio of fractionated lignin. Note: CO-L with carbon number of 0 is also 

included for correlation. 
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Fig. S13 
31

P NMR spectra of the fractionated lignin. The spectra were assigned and 

analyzed according to the literature.(6) Cyclohexanol is used as internal standard. 
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Fig. S14 GC-FID spectra of products after CO-L and COPD-L depolymerization. 2-

Isopropylphenol was used as internal standard. 
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Fig. S15 Pyrolytic lignin monomer distribution from Py–GC/MS analysis. 
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Fig. S16 Synthesis of resin for printing ink using natural polyols instead of conventional 

aromatic polyols. 
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Fig. S17 (A) Proposed molecular structure of the resin for printing ink; (B) digital 

images of resin for printing ink, varnish, and printable pattern by microelectronic 

printer (Scientific 3A electronic printer, Mifang, Shanghai). 
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Fig. S18 Digital images of the fluidity (A) and viscosity (B) test of printing varnish from 

CO-L or COPD-L. 
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Fig. S19 XRD curves (A) and crystallinity (B) of the SRs. The crystallinity was calculated 

according to the Segal’s method.(24) 
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Fig. S20 Degree of polymerization (DP) of raw lignocellulose and fractionated SRs. The 

degree of polymerization was measured by Ubbelohde viscometer. 
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Fig. S21 Diameter distribution of cellulose nanofibers from COPD-SR, which was 

measured from TEM images using a TDY-V5.2 image analysis system (Tianhong Precision 

Instruments, Beijing, China). 
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Fig. S22 XRD analysis of the obtained cellulose nanofiber film. 
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Fig. S23 HPLC analysis of furfural and 5-HMF in CO and COPD after fractionation. 

The mixture after fractionation was diluted with water and directly injected into HPLC after 

filtration for analysis. Standard 5-HMF and furfural were used to identify the products. 
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Fig. S24 HPLC analysis of furfural and 5-HMF in COEG, COPG, COBD and COPD 

after fractionation. The yield of furfural was determined by calibration. 
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Fig. S25 Possible recovery method for furfural as well as furfural in DES filtrates by 

liquid–liquid extraction. 
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Fig. S26 Digital images and yields of fresh and recycled COPD. 
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Fig. S27 Digital images of solid residues and lignins from recycled COPD fractionation. 
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Fig. S28 Yields of solid residues and lignin (A) and percentage of cellulose retention and 

delignification (B) in solid residues from COPD or recycled COPD.  
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Fig. S29 2D HSQC NMR of COPD-L after different fractionations of poplar wood in 

recycled COPD. 
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Fig. S30 Total β-O-4' content of lignin obtained by fractionation using fresh and 

recycled COPD. Analysis based on semi-quantitative 2D HSQC NMR spectra. 
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Fig. S31 2D HSQC NMR of COPD-L after fractionation of poplar wood with recycled 

COPD (third recycle) with the addition of 30 wt% OA and PD. 
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Fig. S32 Digital images of COPD-SR (A) and COPD-L (B) after fractionation of 10 g of 

lignocellulose in COPD. 
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Fig. S33 2D HSQC NMR analysis of COPD-L after fractionation of 10 g of lignocellulose 

in COPD. 
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Fig. S34 Calibration curves of glucose by HPLC. 
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Fig. S35 Calibration curves of xylose by HPLC. 
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Fig. S36 Calibration curves of furfural by HPLC. 
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Fig. S37 Calibration curves of para-propylguaiacol by GC-FID using 2-isopropylphenol 

as internal standard. 
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Table S1. Comparison of DES treatments for lignocellulose refinery in literature. 

DES system Raw lignocellulose 
Lignocellulose refinery 

Reference 
Cellulose Hemicellulose Lignin 

ChCl/OA/Diols Poplar wood 
Glucose, 

cellulose 

nanofibers 

Xylose, 

furfural 

Lignin polyols, 

monomers, 

printing resins 

This work 

BTMAC/LA Corncob Glucose - Not valorized Ref (25) 

ChCl/Gly/H2SO4 Switchgrass Glucose Xylose Not valorized Ref (26) 

ChCl/LA Switchgrass Glucose Xylose - Ref (27) 

ChCl/EG/p-TSA Switchgrass Glucose Xylose Not valorized Ref (28) 

ChCl/EG/H2SO4 Switchgrass 
Glucose, 

butanediol 

Xylose, 

furfural 
Not valorized Ref (29) 

ChCl/OA Poplar wood 
Cellulose 

nanocrystal 
Xylose Not valorized Ref (30) 

ChCl/LA Eucalyptus Glucose Xylose Not valorized Ref (31) 

ChCl/Gly Corncob Glucose - - Ref (32) 

ChCl/Gly/AlCl36H2O Poplar wood - - Not valorized Ref (33) 

ChCl/LA Groundnut haulm Ethanol - - Ref (34) 

ChCl/Urea Rice straw Characterized - - Ref (35) 

ChCl/PCA Switchgrass Glucose Xylose Not valorized Ref (36) 

ChCl/VAN 

ChCl/HBA 

Arabidopsis 

thaliana stems 
Glucose Xylose Not valorized Ref (37) 

ChCl/FA Loblolly pine Glucose - - Ref (38) 

ChCl/OA/AlCl36H2O 

ChCl/LA/AlCl36H2O 

Sugarcane 

bagasse 

Cellulose 

nanofibers 
- - Ref (39) 

ChCl/FA Corn stover 
Glucose, 

butanol 
- - Ref (40) 

ChCl/BA/PEG-200 Wheat straw Glucose - Not valorized Ref (41) 

ChCl/LA; ChCl/Lev 
Poplar, Douglas 

fir 
- - Not valorized Ref (42) 

ChCl/Imidazol Corncob Glucose Xylose - Ref (43) 

ChCl/Gly/FeCl3 
Hybrid 

pennisetum 
- - 

Antioxidative 

lignin 
Ref (44) 

ChCl/PB Poplar wood Glucose Xylose Not valorized Ref (45) 

ChCl/OA/p-TSA 
Thermomechanic

al pulp 

Cellulose 

nanocrystals 
- - Ref (46) 

TEBAC/LA Wheat straw Glucose  Xylose Not valorized Ref (47) 

ChCl/Gly/FeCl3 Pennisetum Glucose - - Ref (48) 
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Table S2 Price of DES components and corresponding DESs. 

Components Price ($ /ton)
a
 

Choline chloride 400–700 

Oxalic acid dihydrate 780–850 

Ethylene glycol 780–900 

1,3-Propanediol 312–624 

1,4-Butanediol 344–937 

1,5-Pentanediol 390–470 

COEG
b
 618–796 

COPG
b
 521–738 

COBD
b
 521–813 

COPD
b
 527–686 

a
 Prices of DES components were estimated from Alibaba.com. 

b
 Prices of DESs were calculated according to the molar ratios of the corresponding DES; 

typical molar ratio was: ChCl: OA: diols = 1: 1: 1. 
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Table S3 Composition of control and DES fractionated SRs.(2) 

Condition SR (%) 
SR composition (%) Cellulose 

retention 

(%) 

Hemicellulose 

removal (%) 

Delignification 

(%) cellulose hemicellulose 

Control 100 49.3±1.21 22.1±1.42 - - - 

CO 50.3±1.8 86.5±5.61 1.7±0.08 88.3 92.3 75.1±1.48 

COEG 54.8±0.9 87.3±1.06 4.4±0.12 97.0 89.1 91.9±0.56 

COPG 53.7±1.08 85.3±3.94 5.7±0.27 92.9 86.1 95.4±0.55 

COBD 54.5±1.37 90.8±1.11 5.8±0.26 99.5 85.7 95.8±0.13 

COPD 53.5±0.81 91.5±2.62 6.0±0.36 99.3 85.5 96.4±0.41 

Note: Glucose and xylose were used to determine the yield of cellulose and hemicellulose, 

and acid insoluble lignin was used to calculate the delignification. 
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Table S4 Semi-quantitative analysis of CO-L and COEG-L by 2D HSQC NMR.(1) 

Lignin 
Content / 100 aromatic units Condensation 

ratio (%) β-O-4′ (A) α-alkoxylated β-O-4′ (A′) β-β′ (B) 

CO-L 0 0 0 53 

COEG-L 1.3 5.1 2.2 41 
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Table S5 Assignment of the 
13

C–
1
H cross-signals in HSQC NMR spectra.(49, 50) 

13
C–

1
H cross-signals 

1
H range/

13
C range 

β-O-4α (4.76–5.10)/(73–77.5) 

β'-O-4α (4.46–4.77)/(79.9–82.8) 

β-O-4β and β'-O-4β (4.03–4.23)/(84.1–86.4) 

β-O-4γ and β'-O-4γ (3.21–3.97)/(58.6–61.7) 

β'-O-4diols-Cα (3.22–3.5)/(69.2–72.3) 

β-5α (5.42–5.63)/(88–92) 

β-5β (3.36–3.56)/(53–54.5) 

β-5γ (3.50–4.00)/(62–64.5) 

β-βα (4.59–4.77)/(86.5–89.5) 

β-ββ (2.98–3.20)/(55.5–59) 

β-βγ (3.75–3.96)/(72.5–76) 

 (4.10–4.31)/(72.5–76) 

S2/6 (6.48–6.90)/(104–109) 

S'2/6 (7.17–7.50)/(105–109) 

Scondensed (6.35–6.65)/(106–109) 

G2 (6.78–7.14)/(111.5–116) 

G5 (6.48–7.06)/(115–120.5) 

G6 (6.65–6.96)/(120.5–124.5) 

PB2/6 (7.51–7.97)/(130.5–132.4) 
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Table S6 Composition analysis of COPA-SR and COPD-SR. 

DES SR (%) 
SR composition (%) 

Delignification (%) 
Cellulose Hemicellulose 

COPA 58.1±1.66 81.2±1.30 3.5±0.49 72.6±0.59 

COPD 53.5±0.81 91.5±2.62 6.0±0.36 96.4±0.41 

Note: Glucose and xylose are used to determine the yield of cellulose and hemicellulose, 

acid insoluble lignin is used to calculate the delignification. 
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Table S7 Semi-quantitative analysis of COEG-L, COPG-L, COBD-L and COPD-L by 2D 

HSQC NMR.(50) 

Lignin 

Content / 100 aromatic units 
Total β-O-4′ 

content 

Condensation 

ratio % β-O-4′ 

(A) 

α-alkoxylated β-

O-4′ (A′) 

β-β′ 

(B) 

COEG-L 1.3 5.1 2.2 6.4 41 

COPG-L 4 10.1 2.8 14.1 32 

COBD-L 6 13.8 3.4 19.8 24 

COPD-L 8.8 19.4 5.1 28.2 13 
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Table S8 Quantitative analysis of fractionated lignin by 
31

P NMR.(6) 

Lignin 
Aliphatic 

OH(mmol/g) 

Total phenolic 

OH (mmol/g) 

Phenolic OH (mmol/g) Carboxylic 

acid OH 

(mmol/g) G5 substituted Guaiacyl Hydroxyphenyl 

CO-L 0.07 2.78 2.18 0.5 0.05 0.05 

COEG-L 1.47 3.05 2.07 0.70 0.22 0.06 

COPG-L 1.51 2.20 1.41 0.43 0.15 0.21 

COBD-L 1.70 1.49 1.03 0.37 0.09 0.17 

COPD-L 1.85 1.35 0.81 0.31 0.08 0.15 
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Table S9 DP values of wood and fractionated SRs after 96 h. 

SRs Wood CO-SR COEG-SR COPG-SR COBD-SR COPD-SR 

DP 1280±8.8 475±0.9 526±4.4 723±2.5 753±3.5 859±0.9 

Note: The DP was measured with a 1835-4-0.80 Ubbelohde viscometer (Xinbiao Tengda 

Instruments, Beijing, China), using copper(II)ethylenediamine as solvent. 
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Table S10 Glucose yield from enzymatic hydrolysis of SRs. 

Time 

(h) 

Glucose yield (%) 

Wood CO-SR COEG-SR COPG-SR COBD-SR COPD-SR 

3 7.0±0.87 9.6±1.35 25.2±4.52 25.3±1.87 23.8±2.29 26.4±3.66 

6 9.0±0.81 16.1±2.22 33.6±5.04 33.8±2.63 33.2±3.21 36.9±1.29 

12 11.1±0.53 27.2±2.84 50.9±1.85 49.8±2.43 49.9±3.93 55.5±2.99 

24 13.8±0.78 39.6±0.19 70.1±5.11 72.0±3.12 74.2±1.35 76.6±3.61 

48 17.5±1.26 56.1±2.49 83.4±3.47 89.8±1.73 89.0±1.46 89.7±3.19 

72 19.9±2.01 63.6±4.24 94.1±3.08 98.9±0.91 98.1±2.99 97.9±1.59 

96 19.7±1.95 66.6±4.84 95.1±4.32 98.8±1.10 98.7±3.63 99.7±1.32 
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Table S11 Xylose yield from enzymatic hydrolysis of SRs after 96 h. 

Time 

(h) 

Xylose yield (%) 

Wood CO-SR COEG-SR COPG-SR COBD-SR COPD-SR 

3 3.1±0.40 24.1±0.03 32.8±2.17 34.3±2.21 47.3±0.53 36.7±3.42 

6 3.9±0.19 33.0±2.89 44.6±3.54 41.3±3.22 53.9±0.66 45.7±2.38 

12 5.8±0.25 46.4±1.62 53.9±1.26 54.4±3.21 65.7±0.87 62.1±3.26 

24 7.5±0.47 60.6±3.58 67.5±1.04 70.9±2.12 76.3±4.73 76.1±1.21 

48 10.4±0.06 79.2±4.16 85.8±4.18 83.7±1.06 90.7±3.84 92.2±4.65 

72 11.0±0.60 89.6±1.28 96.7±2.85 91.7±1.22 96.7±1.14 98.7±1.76 

96 11.1±0.69 95.7±3.27 99.2±1.46 95.9±1.49 97.8±0.39 98.9±2.49 
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Table S12 Comparative investigation of the enzymatic hydrolyzed glucose yield in literature. 

Biomass DES systems 
Delignification 

(%) 

Glucose yield to 

initial glucan in 

biomass (%) 

References 

Poplar COEG 91.9±0.56 95.1±4.3 This work 

Poplar COPG 95.4±0.55 98.8±1.1 This work 

Poplar COBD 95.8±0.13 98.7±3.6 This work 

Poplar COPD 96.4±0.41 99.7±1.3 This work 

Rice straw Lac-Guanidine HCl 31 79 Ref (51) 

Corncobs Bet-AA 50 60.8 Ref (52) 

Corncobs ChCl-imidazole 50.6 85 Ref (43) 

Bagasse ChCl-Lac 50.6 86 Ref (53) 

Poplar ChCl-p-HBA 69 71 Ref (45) 

Corncobs BTMAC-Lac 63.4 91 Ref (25) 

Miscanthus ChCl-Lac 65.2 28.8 Ref (27) 

Corncobs ChCl-Lac 79.6 59.3 Ref (27) 

Rice straw CO-CU 68 81 Ref (54) 

Eucalyptus ChCl-Lac 80.2 78.4 Ref (31) 

Pennisetum ChCl-Gly-FeCl3 78.9 80.5 Ref (48) 

Wheat straw ChCl-PEG-BA 88.4 59.3 Ref (55)  

Bamboo ChCl-EG-p-TsOH 90.3 78.1 Ref (56)  

 

  



 

 

S55 

 

 

Table S13 Value of lignocellulose and refinery products. 

Raw lignocellulose or product Price ($/ton)
a
 

Poplar sawdust 50–100 

Pulp 800 

Cellulose nanofibers 9000–11,000
b
 

Cellulose nanocrystals 38,000–40,000
b
 

Glucose 520 

Xylose 1000 

Furfural 1200 

Phenol 1750
c
 

Vanillin 6000 

Aromatic polyols 1700–2000
d
 

Lignin-derived oligomers 2000
c
 

a
 Price of products from Alibaba.com. 

b
 Prices of cellulose nanofiber and cellulose nanocrystal from Beijing Dingsheng Brothers 

Technology Co., Ltd.; solid content of the nanocellulose was 2 wt%. 

c
 Values from the literature.(57) 

d
 Obtained lignin can be directly used as a substitute for aromatic polyols. 
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Table S14 Yields of SRs and lignin from fractionation using recycled DES. 

DES fractionation
a
 First round Second round Third round Fourth round 

SR yield (%) 54.1 55.4 57.4 59.3 

Lignin yield (%) 69.8 67.3 67.1 64.5 
a
 Data given as mean values; n = 3. 
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Table S15 Composition analysis of SRs from fractionation using recycled DES. 

DES 
Cellulose retention 

(%) 

Hemicellulose 

retention (%) 
Delignification (%) 

COPD 96.0 ± 0.25 15.7 ± 0.45 93.2 ± 0.70 

COPD-R1 92.6 ± 0.92 14.8 ± 0.50 92.7 ± 0.67 

COPD-R2 93.2 ± 0.68 7.2 ± 0.57 90.4 ± 0.54 

COPD-R3 92.3 ± 1.63 7.1 ± 1.37 84.7 ± 1.13 
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Table S16 Composition analysis of SR from increased amount of lignocellulose (by 5 times) for 

fractionation in COPD. 

COPD SR (%) 
Cellulose 

retention (%) 

Hemicellulose 

retention (%) 

Delignification 

(%) 

Scale 

fractionation 
56% 95.8 ± 0.50 19.9 ± 0.99 89.6 ± 1.10 
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