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[bookmark: _Toc73995333]Biomass comminution
[bookmark: _Toc43386801][bookmark: _Toc497241842]The different size fractions of Miscanthus were prepared as follows: cylindrical chips of average size of 24 mm length × 9.9 mm diameter were cut by manual chopping using a band saw. Smaller fractions were prepared using a cutting mill (Retsch SM 2000) and a square sieve opening of 20 mm followed by sieving (Retsch AS 200) to 1–3 mm size fraction. The finest particles were prepared by grinding in the same equipment using a sieve opening of 0.75 mm followed by sieving to 0.18–0.85 µm (-20/+80 US mesh scale) size fraction. All biomass fractions were stored in plastic bags at room temperature in the dark.

[bookmark: _Toc73995334]IL synthesis (scaled-up method)
[bookmark: _Toc497241843]Larger quantities of [TEA][HSO4] were synthesized in a continuous stirred tank reactor (CSTR) designed and built for continuous production of ~1 kg/h protic ILs. It was made of corrosion-resistant materials, namely a PTFE-lined jacketed vessel (4” nominal bore × 430 mm long, ASME 150, Corrosion Resistant Products Ltd, UK) cooled by a water jacket with PFA-lined Swagelok fittings. The reactor was fitted with stirring, temperature and conductivity controls to monitor the product quality. Dilute acid and amine were fed continuously into the reactor and reacted to form a solution with a final water content of 20 wt%. The CSTR was used to synthesize a batch of ~18 kg of [TEA][HSO4]80% solution which was used for all scale-up and benchmarking experiments.

[bookmark: _Toc73995335]IL pretreatment at bench scale (10 mL)
For “bench scale” experiments (10 mL working volume), ionoSolv pretreatment was carried out using a standard operating procedure.1 Biomass to solvent ratios of between 1:2 and 1:50 g/g were used (2–50 wt% loading). The experimental temperatures ranged between 120 and 170 °C with residence times between 0.5 and 6 hours. 
For the biomass loading experiments, Miscanthus samples were pretreated with [TEA][HSO4]80% at 120 °C for 6 h, using solid loadings of 2, 5, 10, 20, 30, 40 and 50 wt%. 2 wt% biomass loading was achieved by using 25 g of IL and 0.5 g of biomass; 5, 10 and 20 wt% loading were achieved using 10 g of IL and 0.5, 1 and 2 g of biomass respectively; 30, 40 and 50 wt% loading were achieved by using 5 g of IL and 1.5, 2 and 2.5 g of biomass, respectively.
Benchmarking experiments 
[bookmark: _Hlk73298014]Benchmarking experiments were carried out using IL ([TEA][HSO4]80%) from the same batch and identical pretreatment conditions (120 °C for 6 hours) as in scale-up experiments (Table ESI-1). After pretreatment, tubes were cooled and the pulps were washed by vacuum filtration (Whatman© grade 1, diam. 110 mm) using 1 mL/g IL solvent per wash over 12 washing steps. The pulp was air-dried and weighed before being subjected to saccharification without a Soxhlet step. The ethanol-IL washes were concentrated, and lignin was recovered as in the standard procedure.

[bookmark: _Toc497241844][bookmark: _Toc73995336]Scale-up of IL pretreatment (1 L)
Scale-up experimental setup
All scale-up reactions were carried using the experimental equipment and set up published recently,2 an ‘Ecoclave’ laboratory pressure reactor system supplied by Ken Kimble Ltd, UK (Figure ESI-1a). A 1.5-L jacketed glass pressure vessel with Hastelloy C22 internal components, a 50 mm anchor agitator and a high-torque overhead mechanical stirrer motor, the relief valve set to 1.7 barg and a bursting disc rated for 3 barg was used for all experiments. 

[bookmark: _Ref497157642][bookmark: _Toc501552682][image: cid:image001.jpg@01CF9A05.04FB3640]
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Figure ESI-1. (a) Ecoclave reactor system used for 1 L-scale scale-up experiments showing key components; (b) IL-biomass slurry before/after pretreatment showing 15 mL vessel without stirring used at the 10 mL-scale (left) and 1.5-L glass pressure vessel with stirring used at the 1 L-scale (right). Images not to scale.


Standard operating procedure: 1 L-scale
IonoSolv pretreatment was performed in the 1.5-L glass vessel at constant agitation (150 rpm) and indirect heating via an oil jacket using the same basic operational procedure recently published.2 The glass reactor was loaded with either 100 g or 200 g of bone-dry Miscanthus (107 or 214 g of air-dried Miscanthus) for solid loadings of either 10 or 20 wt%, respectively. The biomass-IL slurry was then heated to the desired reaction temperature of 120 °C with a stirring speed of 150 rpm (unless otherwise indicated) from the anchor impeller; the heat-up time varied between 30 and 45 min, depending on the viscosity of the slurry. A sample heating curve is shown below (Figure ESI-2). The following experiments were conducted in triplicates: Fine/10wt% loading/450 rpm; Fine/20wt% loading/150 rpm; Medium/10 wt% loading/250 rpm; Coarse/10wt% loading/400 rpm; all other experiments (Fine, Medium and Coarse at 10 wt% loading and 150 rpm) were conducted in monoplicate. Errors were calculated as the standard deviation across triplicates. Percentage errors from triplicate experiments at the closest experimental conditions were used in the case of monoplicate experiments. After 6 h the reactor was vented, the oil jacket dismantled and the reactor allowed to cool down with the help of a fan. Cooling times to below 100 °C and below 60 °C were approximately 30 and 90 minutes, respectively. Detailed experimental conditions used for IL pretreatment are summarized in Table ESI-1.

[bookmark: _Ref497168929][bookmark: _Toc501552742]Figure ESI‑2. Sample heating curve and process pressure for [TEA][HSO4]-biomass slurry (20 wt% loading) from 85 to at 150 °C using an oil jacket in a 1 L-glass reactor. 

[bookmark: _Ref491596257][bookmark: _Toc496339253][bookmark: _Toc497242057]Table ESI‑1. Pretreatment parameters used for ionoSolv pretreatment scale-up studies and corresponding bench-scale experiments.
	Factor
	Low
	Medium
	High

	Scale (mL)
	10
	1000
	-

	Biomass loading (wt%)
	10
	20
	-

	Stirring speed
	150
	max a
	-

	Particle size
	Fine (180 – 850 μm)
	Medium (1 – 3 mm)
	Coarse (24 mm)


a The maximum stirring speed that could be achieved for each IL-biomass slurry, i.e. 450 rpm (fine/10 wt% loading), 150 rpm (fine/20 wt% loading), 250 rpm (medium/10 wt% loading) and 400 rpm (coarse/10 wt% loading).
After cooling of the reaction mixture, the pretreated IL-pulp slurry was manually transferred to a 5 L plastic container and washed with 1 L of absolute ethanol. The slurry was vacuum filtered (Whatman© grade 1, diam. 150 mm) and 10 washing steps were conducted in total, each step consisting of 1 L of EtOH (1 g EtOH/g IL solvent, since 1 L of IL-water mixture was used for each scale-up experiment). The recovered IL and ethanol washes were concentrated by rotary evaporation until all ethanol had been removed. The recovered ethanol was collected and re-used for washing in subsequent washing steps to reduce solvent wastage. Concentrated IL liquors showed signs of lignin precipitation if ethanol-rich washes were added to IL-rich liquors, as pure ethanol is a known precipitant for lignin.3 Therefore, the IL liquors were mixed after concentration. After all ethanol had been removed DI water was added to the concentrated IL liquor (i.e. 4 g/g of water to IL solvent mixture) to precipitate the lignin, which was left to equilibrate overnight.
Lignin recovery was carried out by two rounds of centrifugation in four 500 mL centrifuge tubes (Corning, USA) at 3000 rpm for 50 minutes to sediment the precipitated lignin. The lignin solid was then washed four more times, each with 2 L of DI water, until a total of ~10 L of water had been used for precipitation and washing. The supernatants (IL and water) were collected separately and concentrated to determine the IL recovery as given in Eq 1 (below). The recovered water was collected and recycled for lignin precipitation and washing in subsequent experiments to reduce solvent volumes. The recovered solid lignin was dried in vacuo at 45 °C for 48 h in the centrifuge tubes before being transferred to pieces of foil and re-dried for 24 h to fully remove any residual water, before determination of the lignin yield.

[bookmark: _Toc497241848][bookmark: _Toc73995337]Compositional analysis
[bookmark: _Hlk36648747]Compositional analysis was carried out according to the NREL protocol ‘Determination of Structural Carbohydrates and Lignin in Biomass’.4 All biomass samples, untreated or pretreated, were Soxhlet extracted for 24 hours with ethanol and vacuum-dried for 48 h prior to compositional analysis. 
Pulp compositional analysis was typically used to enable detection of cellulose, hemicelluloses and residual lignin, though the latter cannot be distinguished from reprecipitated lignin and pseudo-lignins. The pulp composition was used to calculate the glucan recovery, delignification and hemicellulose removal; these were used together with the lignin yield and sugar yield from enzymatic saccharification as the key indicators of pretreatment performance.
The delignification was calculated using Equation 3:

[bookmark: _Ref497121339](Equation 3)
where Ligninuntreated is the lignin content in untreated sugarcane bagasse, Ligninpulp is the lignin content in the pulp and Yieldpulp is the oven-dried yield of pulp.  
Glucan recovery in the recovered solids, i.e. the glucan detected during pulp analysis compared to glucan detected during analysis of native biomass, was calculated using Equation 4:

[bookmark: _Ref497121366][bookmark: _Ref497149003](Equation 4)
whereby Glucuntreated is the glucan content of untreated sugarcane bagasse, Glucpulp is the glucan content in the pulp and Yieldpulp is the oven-dried yield of pulp.  We note that glucan is a collective term given to D-glucose polymers made up of dehydrated glucose units; the majority of glucan in lignocellulosic biomass is in the form of cellulose.
Hemicellulose removal was calculated using Equation 5: 

[bookmark: _Ref497121359](Equation 5)
where-by Hemuntreated is the hemicellulose sugar content in untreated sugarcane bagasse, Hempulp is the hemicellulose content in the pulp and Yieldpulp is the oven-dried yield of pulp. 
For hornified and non-hornified pulps, only the dried hornified ones were analyzed by compositional analysis and the composition of the non-hornified pulps was assumed to be identical. For pretreated pulps arising from larger particle size experiments (>0.85 mm), the materials were size-reduced using an analytical grinder with stainless steel cutter (Yellow Line A10, IKA Works Inc.) prior to analysis. The samples were ground for up to 30 seconds as this was sufficient to grind the Miscanthus and pine chips to a powder that would pass through an 0.85 mm sieve opening. Compositional analysis of pretreated larger particle sizes was conducted after grinding of the pulps to ≤0.85 mm so that all pulps could be fully digested during the acid hydrolysis step of the analytical method. Delignification, glucan recovery and hemicellulose recovery were calculated as described above.

[bookmark: _Toc497241849][bookmark: _Toc73995338]Saccharification assay
[bookmark: _Hlk36650423]Saccharification assays were carried out in triplicate according to the NREL protocol ‘Enzymatic saccharification of lignocellulosic biomass’,5 using Cellic® CTec2 enzyme blend obtained from Novozymes (Denmark). This analytical enzyme mixture contains cellulases, ß-glucosidases, and hemicellulase for degrading cellulose to fermentable sugars. 
For wet samples, moisture contents were determined immediately before saccharification. Incubation was performed into a Stuart Orbital Incubator (S1500) at 50 °C and 250 rpm for 7 days, after which the glucose concentrations were determined. Time-point samples were also taken for certain samples at intervals of 0.5, 1, 2, 4, 24, and 72 hours to determine the initial rate of hydrolysis. Glucose yields were reported as a percentage of the total glucan content found in untreated biomass as determined by compositional analysis. Saccharification end point samples were obtained by filtering 1 mL of the saccharification mixture though a PTFE syringe filters. Samples were analyzed on a Shimadzu HPLC system with refractive index (RI) detector and an Aminex HPX-87P column (BioRad, 300 x 7.8 mm) with purified water as mobile phase (0.6 mL/min). The column temperature was 85 °C and acquisition time was 40 min. Calibration standards with concentrations of 0.1, 1, 2 and 4 mg/mL of each of glucose, xylose, mannose, arabinose and galactose, and 8 mg/mL of glucose were used. Glucose yields were reported as a percentage of the total glucan content found in untreated biomass (as determined by compositional analysis). 
Glucose and xylose yields were calculated as a function of saccharification residence time t according to Equations 6 and 7, respectively:
[bookmark: _Ref497169155]		(Equation 6)

		(Equation 7)

where cHPLC is the sugar concentration detected by HPLC after saccharification time t had elapsed, V is the initial volume of the solution in mL (10.00 mL), Ypulp is the pulp yield recovered as a proportion of initial biomass dry weight before pretreatment (100% for untreated biomass; ~40–70% for pretreated pulps) G0 is the glucan content (%) in untreated biomass, and ODWsample is the oven-dried weight of the biomass sample before saccharification in mg.

Figure ESI-3. Effect of biomass loading on enzymatic hydrolysis of pretreated Miscanthus × giganteus at 120 °C for 6.
[bookmark: _Toc497241851][bookmark: _Toc497241850]
[bookmark: _Toc73995339]Characterization of lignins
HSQC NMR spectroscopy
[bookmark: _Hlk41048809]For HSQC experiments of precipitated lignin, ca. 20 mg of lignin was dissolved in 0.25 mL of DMSO-d6 and the solution transferred to a Shigemi tube. HSQC NMRs were recorded on a Bruker 600 MHz spectrometer (pulse sequence hsqcetgpsi2, spectral width of 10 ppm in F2 (1H) with 2048 data points and 160 ppm in F1 (13C) with 256 data points, 16 scans and 1 s interscan delay). 
HSQC experiments were recorded in monoplicate for Miscanthus lignins isolated from selected scale-up experiments.
Due to the difficulty in obtaining fully quantitative data, hindered by the long relaxation time of the 13C nucleus, semi-quantitative data were obtained using shortened experiments and by comparing the peak volume of a certain correlation with respect to another correlation that is considered constant over a range of experiments. Previous results reported by Gschwend et al. have shown that, despite the presence of other phenolic moieties, the G2 + G2,cond integral is very stable over a 23 h time period for Miscanthus lignin and can be used as internal standard.8 Therefore, here the abundance of different sub-units and linkages in Miscanthus lignin are reported by using volume integration with reference to the G2 + G2,cond integral. Sub-structural information was obtained by assigning the various signals and estimating the S2,6/G2+G2cond ratio according to previous assignments.9–11 Here we are highlighting both the the aromatic (δC/δH: 110–130/6.0–9.0 ppm) and side chain regions (δC/δH: 50–90/2.5–5.8 ppm). The most common unsaturated subunit structures, including syringyl (S2,6,Scond.) and guaiacyl (G2,G5,G6,Gcond.) units can be analyzed from the aromatic region peaks, while the three most common linkages, β-O-4 ether (A), β–β(resinol, B) and β-5 (phenylcoumaran, C) can be analyzed on the side chain region (see table ESI-2 for the assignment of these signals).
Full spectra are presented below.
Table ESI‑2. Assignment of the most important 13C-1H cross-signals in the HSQC NMR spectra.
	Label
	C /H (ppm)
	Assignment

	β-O-4'
	70.93/4.83
	Cα-Hα in β-O-4  substructures (A)

	β-β'
	84.71/4.62
	Cα-Hα in β-β (resinol) substructures (B)

	β-5'
	87.08/5.51
	Cα-Hα in phenyl coumaran substructures (C)

	S2,6
	102.95/6.75
	C2-H2 and C6−H6 in syringyl units (S)

	Scond
	106.01/6.33
	C6−H6 in condensed syringyl units (S)

	G2
	110.47/6.95
	C2-H2 in guaiacyl units (G)

	G2cond
	112.17/6.67
	C2-H2 in condensed guaiacyl units (G)

	G5
	115.23/6.56
	C5-H5 in Guaiacyl units (G)

	G6
	119.85/6.7
	C6-H6 in guaiacyl units (G)




[image: ]
Figure ESI-4. HSQC spectra of the aromatic (left) and side chain (right) regions of IonoSolv lignins of Miscanthus at different solid loadings. From top to botton: 2 wt%, 5 wt%, 10 wt%, 20 wt% and 50 wt%.
[image: A picture containing diagram
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Figure ESI-5. HSQC spectra of the aromatic (left) and side chain (right) regions of IonoSolv lignins of Miscanthus with different particle sizes at 150 rpm. From top to botton: fine 10 wt% loading, fine 20 wt% loading, medium 10 wt% loading, coarse 10 wt% loading.
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Figure ESI-6. HSQC spectra of the aromatic (left) and side chain (right) regions of IonoSolv lignins of Miscanthus with different particle sizes at 10 wt% loading and maximum power stirring. From top to botton: fine at 450 rpm, medium at 250 rpm, coarse at 400 rpm.

[bookmark: _Ref496319383][bookmark: _Ref496288677][bookmark: _Toc497241852]GPC
GPC measurements were performed using an Agilent 1260 Infinity instrument equipped with a Viscotek column set (AGuard, A6000M and A3000M). The Agilent 1260 Infinity RID detector was used for detection. HPLC grade DMSO containing LiBr (1 g/L) was used as eluent at a flow rate of 0.4 mL/min at 60 °C. Samples were prepared by dissolving 20 mg lignin in 1 ml eluent and filtering through a 0.2 µm syringe filter. Ten pullulan standards (Agilent calibration kit, 180 < Mp < 780,000) were used to calibrate the instrument.



[bookmark: _Ref490584946][bookmark: _Toc496339180][bookmark: _Toc501552686]Figure ESI-7. (a) Signal intensities in HSQC NMR relative to 100 G2+G2,cond units and (b) molecular markers obtained by DMSO-eluted GPC for lignins recovered after pretreatment with [TEA][HSO4] as a function of biomass loading.


[bookmark: _Ref492407404][bookmark: _Toc496339201][bookmark: _Toc501552707]Figure ESI-8. HSQC NMR signal intensities of different lignin C-H units relative to 100 G2+G2,cond units, lignin yield and delignification for lignins isolated from fine, medium and coarse Miscanthus particles pretreated at the 1-L scale using different mixing speeds.



[bookmark: _Ref492461933][bookmark: _Toc501552704]Figure ESI-9. HSQC NMR signal intensities of different lignin C-H units relative to 100 G2+G2,cond units , lignin yield and delignification for lignins isolated in scale-up lignin precipitates as a function of biomass loading and particle size.

[bookmark: _Toc497241926][bookmark: _Toc73995340]Thermal stability of [TEA][HSO4]
Thermogravimetric analysis of dried fresh IL (containing <0.5 wt% water as verified by Karl-Fischer titration) was performed on a TA Q500 (TA Instruments, USA) TGA analyzer fitted with a gas switching system, using a platinum pan, with N2 as the purge gas (20 mL/min). 20±5 mg of ionic liquid was loaded per run; each sample was analyzed in triplicate. The short-term stability of ILs was measured after a 30 min hold period at 80 °C, after which a temperature ramp (10 °C min-1) to 700 °C was performed. For determination of thermal stability, the onset of decomposition temperature (Tonset) was determined. Tonset is the intersection of the baseline weight and the tangent of the weight dependence on the temperature curve as decomposition occurs. 
The thermal stability of dry [TEA][HSO4] was compared to [Emim][OAc] (Figure ESI-10), showing that [Emim][OAc] (Tonset of ~230 °C) is less thermally stable than [TEA][HSO4] (Tonset of ~ 275 °C).12 However, Tonset values are often considerably higher than the temperature at which the IL is stable for a long time period and therefore the maximum temperature where the IL can be used in a process without significant thermal weight loss.12



[bookmark: _Ref497169643][bookmark: _Toc501552743]Figure ESI‑10. Thermogravimetric curves for [Emim][OAc] and [TEA][HSO4] upon temperature ramping to 700 °C in nitrogen atmosphere indicating the Tonset values.
A second isothermal experiment was conducted by placing ~1 g of fresh IL into a sealed glass vial and holding at 150 °C for 100 h. 1H NMR spectra were recorded for both dilute (20 wt% water) and neat fresh IL and after ageing at 150 °C for 100 hours continuously to observe the possible formation of by-products. This technique would flag levels of impurities greater than 1% relative to the IL. The spectrum with all peaks is shown in Figure ESI‑. Peaks that dominate the spectrum can be assigned to the cation, NMR solvent (DMSO-d6) and the protons on water/hydrogen sulfate. Significant signals for other proton-containing compounds were not discovered.
The long-term stability of [TEA][HSO4] upon constant heating in air was compared by 1H NMR spectroscopy before and after heating at 150 °C for 100 hours. Figure ESI-9 shows spectra that are visibly identical with no change in peak position or integrals after 100 h, indicating no chemical changes producing products above 1% concentration have taken place. The results indicate that decomposition reactions are undetectable or produce minimal levels of decomposition products at these temperatures, indicating these ILs are thermally stable at up to 150 °C.
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[bookmark: _Ref497169702][bookmark: _Toc501552744]Figure ESI‑11. 1H NMR spectrum (400 MHz; DMSO-d6) of [TEA][HSO4] with a water content of 20 wt% and acid:base ratio of 1:1 before (red) and after (blue) treatment at 150 °C for 100 hours. Shifts were reported in ppm with respect to TMS. Spectra shown are for (a) neat ionic liquid and (b) ionic liquid containing 20 wt% water.

[bookmark: _Toc73995341]IL recovery quantification
The IL recovery was determined by comparing the quantity of IL recovered to the amount used during pretreatment (on a wt/wt dry basis, using Karl-Fischer titration).
For IL recovery quantification, the IL/water mixtures were concentrated by rotary evaporation to remove water and the residual weight and water content used to determine the recovery rate of the IL, R (wt%), given in Equation 1:
[bookmark: _Ref497168787]				(Equation 1)
where ILfresh is the total amount of IL added to the pretreatment tube and wfresh  is its water content while ILrec is the total amount of IL recovered and wrec is the water content of the recovered IL.

Figure ESI-12. IL recovery in the liquor relative to dry starting material.

[bookmark: _Ref497222394][bookmark: _Toc497241845][bookmark: _Toc73995342]Ionic liquid solution acidity
The water content of fresh and recovered IL liquors were determined in triplicate by Karl Fisher titration (G20S compact titrator, Mettler Toledo). 0.1 g of IL (on a dry basis) was added into a 10 mL volumetric flask and mixed with deionized water (up to 10 mL). The solution was poured into a 10 mL Falcon tube and a calibrated pH meter (Mettler Toledo SevenEasy) used to measure the pH. The pH of the solution was converted into a proton concentration using Equation 14:
[bookmark: _Ref497169006]					(Equation 14)
where [H+]IL is the calculated proton concentration in the ionic liquid; pH is the measured pH value, ILconc is the IL concentration in the analyzed sample (here 10 mg mL-1).

[bookmark: _Ref497171037][bookmark: _Toc497242093]Table ESI‑3. Change of IL solution acidity with biomass loading. Miscanthus was pretreated at a biomass loading between 10 and 50 wt% in 80% [TEA][HSO4] with 20 wt% at 120 °C for 6 hours.
	Sample
	pH of 1 wt% solutiona
	[H+] concentration in IL (mmol/g) b
	H+ consumed with respect to fresh IL (%)

	Fresh TEA HSO4
	1.650.01
	0.2240.001
	-

	10 wt% loading
	1.700.01
	0.2010.001
	11

	20 wt% loading
	1.730.02
	0.1880.002
	19

	30 wt% loading
	1.730.02
	0.1850.002
	21

	50 wt% loading
	1.750.01
	0.1780.001
	26



a Diluted 1:100 wt:wt in water on a dry basis. b calculated as H+ concentration in undiluted IL on a dry basis.


[bookmark: _Ref490588303][bookmark: _Toc496339181][bookmark: _Toc501552687]Figure ESI-13. pH of a 1% solution of IL liquor obtained after pretreatment with [TEA][HSO4] at biomass loadings from 2 to 50 wt%.

[bookmark: _Toc73995343]Pulp washing optimization


[bookmark: _Ref490668390][bookmark: _Toc496339183][bookmark: _Toc501552689]Figure ESI-14. Pretreated Miscanthus pulps obtained before and after washing with DMSO for biomass loadings of 20 wt% and 50 wt%.


18



[bookmark: _Ref492585225]
[bookmark: _Toc496339193][bookmark: _Toc501552699]Figure ESI-15. Amount of IL present and glucose yield obtained from pulp as a function of ethanol washes. Glucose yields shown as a percentage of the maximum glucose yield attained by vacuum filtered pulp after 16 equivalents.
Muslin cloth
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Figure ESI-16. Images of clean pulp after washing using 16 equivalents of ethanol by a) muslin cloth, b) centrifugation and c) vacuum filtration. Miscanthus pulp recovered after pretreatment of Miscanthus at 120 °C for 6 hours at 0.5L scale using stirring at 20 wt% loading. 

[bookmark: _Toc73995344]Effect of hornification 

[bookmark: _Ref490670171][bookmark: _Toc496339185][bookmark: _Toc501552691]Figure ESI-17. Glucose yields obtained for air-dried and non-air-dried pulps after both EtOH washing and DMSO washing of pretreated Miscanthus pulps at 50 wt% biomass loading. NB. These experiments were conducted for a using a new batch of Miscanthus and IL; hence glucose yields for air-dried pulps are different to those presented above. These results are consistent within the batch and were obtained in a single saccharification experiment.

[bookmark: _Toc73995345]Particle size distribution measurements
Particle size distributions were determined for untreated and pretreated pulps for all particle size experiments using nested sieves. The sample particle size distribution was obtained using a vibratory shaker (Retsch model SM 200, Hann, Germany) equipped with stacked sieves with decreasing pore sizes (5000, 4000, 3150, 2000, 1800, 1400, 1000, 850, 710, 500, 300, 212, 180, 150, 106, 75 and 53  μm) by shaking on a vibratory sieve shaker for 20 minutes for each sample. 
The percentage weight of material retained by each sieve was measured and the log-normal distribution mass median diameter (D50), used as a measure of the average particle size of a biomass sample (i.e. the particle size that 50% of the sample is smaller than by mass when a log-normal distribution is fitted to the measurements), was calculated using Equation 8: 
 		 (Equation 8)
where x1 and x2 are the pore sizes of the sieves (in mm) which allowed just under and just over 50% of the sample to pass through by weight, respectively, and y1 and y2 are the percentages of material passing through the sieves.
Particle size analyses were conducted in triplicates and percentage errors were assigned according to previous analysis for Miscanthus pulp particles, which found an average of 1% error for untreated biomass samples. Particle size distributions were plotted as weight percentages of samples passing through different sieve pore sizes (on a log scale) and geometric mean diameters D50 were compared.

[bookmark: _Ref490843437][bookmark: _Toc496339190][bookmark: _Toc501552696]Figure ESI-18. Particle size distribution plotted as cumulative weight fraction of biomass particles passing through screens of successive sizes. Results shown for Miscanthus fine (above) and medium (below) size fractions before and after ionoSolv pretreatment. Inset values indicate percentage decrease in D50 after treatment.



[bookmark: _Ref490848070][bookmark: _Toc496339192][bookmark: _Toc501552698]Figure ESI-19. Particle size distribution plotted as cumulative weight fraction of biomass particles passing through screens of successive sizes. Results are shown for Miscanthus treated by ionoSolv and dilute acid for fine (above) and medium (below) size fractions treated at 10 mL scale. Inset values indicate geometric mean particle size D50.




[bookmark: _Ref492549259][bookmark: _Toc496339200][bookmark: _Toc501552706]Figure ESI-20. Particle size distribution plotted as cumulative weight fraction of biomass particles passing through screens of successive sizes. Results are shown for fine (above), medium (middle) and coarse (below) size fractions of Miscanthus pretreated at different stirring speeds at 1 L scale. Inset values indicate geometric mean particle size D50.

[bookmark: _Ref497154243][bookmark: _Toc497241847][bookmark: _Toc73995346]Dilute acid pretreatment
Miscanthus samples with the same three size fractions previously described were placed in pressurized glass pretreatment tubes. A solution of 3 wt% sulfuric acid in DI water (pH ~0.6) was added with dry solids loading of 1:5 g/g. The sealed glass tubes were then heated in a convection oven at 120 °C for 1.5 hours with three replicates. The acidic slurry was centrifuged, and 40 mL H2O added for washing. After pretreatment, the acidic slurry was transferred to 50 mL Falcon tubes for washing with DI water and separated by centrifugation (3000 rpm for 50 min or 2000xg). The supernatant was decanted and discarded and the washing step with DI water repeated three more times. The recovered solids were weighed to determine the pulp yield. 
The combined severity factor (CSF) can be used to compare the pretreatment severity of dilute acid pretreatment processes, and is calculated using Equation 213:
[bookmark: _Ref497169061]				(Equation 1)
The conditions for dilute acid pretreatment were selected based on results from a previous study by Li et al.14, which used a CSF of ~2.0 (T of 160 °C, t of 15 min, [H2SO4] of 1.2 wt% i.e. pH of 0.93). Instead, we used conditions of T of 120 °C, t of 90 min, [H2SO4] of 3 wt% i.e. pH of 0.53) to maintain the same reaction temperature as used for ionoSolv experiments.

[bookmark: _Ref497173086][bookmark: _Toc496339191][bookmark: _Toc501552697]Figure ESI-21. Effect of particle size on Miscanthus key for dilute sulfuric acid pretreatment, after pretreatment with 3 wt% H2SO4 at 120 °C for 1.5 hours at bench scale using a biomass loading of 20 wt%.

[bookmark: _Toc497241853]Elemental analysis
Representative samples were selected from experiments conducted at 10 wt% and 50 wt% loadings. CHNS analysis of untreated air-dried biomass, pulp, lignin and recovered ionic liquid was performed in duplicate by MEDAC Ltd (Chobham, UK). Oxygen content was obtained by difference. Accuracy is ±0.30% absolute. CHNSO compositions and the calculated elemental composition of fresh ionic liquid were presented on a dry basis and used to conduct an elemental mass balance on the system (inputs: biomass and fresh IL in appropriate ratios; outputs: recovered IL, pulp and lignin in appropriate ratios) for both 10 wt% loading and 50 wt% loading.

[bookmark: _Toc73995347]Mass balance
The elemental compositions of the inputs (untreated Miscanthus and fresh IL) and outputs (pretreated pulps, lignin and recovered IL) were used to determine the mass balance of the process at low and high solids loadings.


[bookmark: _Ref490656977][bookmark: _Toc496339255][bookmark: _Toc497242059]Table ESI-4. Elemental mass balance of the ionoSolv process conducted at bench scale for biomass loadings of 10 and 50 wt%.
	
	10 wt% loading
	50 wt% loading

	Mass in (g)

	Feedstock
C
H
N
O
S
	100.31
49.2
5.5
0.1
0.1
45.5
	100.31
49.2
5.5
0.1
0.1
45.5

	Fresh ionic liquid (dry)
C
H
N
O
S
	801.07
289.7
68.9
56.3
128.9
257.3
	160.6
58.1
13.8
11.3
25.8
51.6

	TOTAL IN
C
H
N
O
S
	901.37
338.9
74.4
56.4
129.0
302.8
	260.9
107.3
19.3
11.3
25.9
97.1

	Mass out (g)
	Actual
	Corrected a
	Actual
	Corrected a

	Pulp
C
H
N
O
S
	48.8
22.2
2.5
0.1
0.6
23.5
	-
	57.9
28.9
2.9
0.1
0.7
25.4
	-

	Lignin
C
H
N
O
S
	21.7
13.5
1.3
0.2
0.4
6.4
	-
	13.6
8.5
0.8
0.1
0.2
4.1
	-

	Ionic liquid liquor (dry)
C
H
N
O
S
	792.6
288.1
73.2
53.6
123.4
254.3
	801.1
291.2
73.9
54.2
124.7
257.1
	147.9
54.6
13.6
9.4
21.6
48.7
	160.6
59.3
14.8
10.2
23.5
52.9

	TOTAL OUT
C
H
N
O
S
	863.1
323.8
76.9
53.9
124.4
284.2
	871.6
326.9
77.7
54.4
125.7
286.9
	219.5
92.0
17.4
9.5
22.5
78.2
	232.2
96.7
18.5
10.3
24.3
82.4

	Mass recovery (wt%)

	Total
Losses
C
H
N
O
S
	95.8
4.2
95.5
103.5
95.6
96.5
93.9
	96.7
3.3
96.5
104.5
96.6
97.5
94.8
	84.1
15.9
85.7
90.0
83.9
86.7
80.5
	89.0
11.0
90.1
96.0
91.0
93.9
84.8


a Calculations performed assuming 100 wt% IL recoveries (instead of 98.9 and 92.1 wt% for 10 and 50 wt% loading).
[bookmark: _Toc496339179][bookmark: _Toc501552685]hours. Glucose yields shown relative to the amount of glucan in untreated biomass.
[bookmark: _Toc73995348]Effect of stirring
[bookmark: _Ref492494176][bookmark: _Toc496339262][bookmark: _Toc497242066]Table ESI-5 Effect of mixing speed on key indicators of pretreatment and lignin characteristics from Miscanthus.
	
	Stirring speed
	Delignification (wt%)
	Lignin yield (wt%)
	Saccharifi-cation (%)
	Mw (g/mol)
	Ð (-)
	S/G ratio (-)
	β-O-4’ abundance

	Fine
	Low
	87
	88.5
	79.1
	4900
	4.1
	0.70
	20.3

	
	Fast
	88
	88.8
	66.1
	4620
	3.7
	0.66
	10.2

	Medium
	Low
	83
	76.8
	68.2
	5760
	4.4
	0.69
	19.5

	
	Fast
	83
	84.7
	67.8
	5720
	5.4
	0.71
	16.5

	Coarse
	Low
	69
	63.4
	59.3
	6500
	5.3
	0.79
	24.8

	
	Fast
	87
	83.7
	59.0
	5610
	4.7
	0.74
	17.4



[bookmark: _Toc73995349]
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Process temperature (°C)	0	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	85	86.6	88.7	93.2	96.5	101.15	106.78	109.9	113.18	117.93	118.36	120.02	124.15	128.78	134.9	136.19999999999999	138.80000000000001	142.1	145.19999999999999	147.19999999999999	148.97	150.51	150	150	150	150	150	150	150	150	150	Jacket temperature (°C)	0	5	10	15	20	25	30	35	40	45	50	55	60	131	155.19999999999999	155.16	170.6	170.6	174.75	175	175	172	170	168	166	165	Pressure (bara)	0	5	10	15	20	25	30	35	40	45	50	55	60	1	1	1.3	1.6	1.9	2.4	3.3	3.7	4.2	4.5	4.5	4.5	Time from start of heating (min)
Temperature (°C)
Pressure (bara)
2%	0	0.75510782721553471	2.1982806590829838	1.0805301564028507	3.0375025693175175	3.6292476124298627	3.7704886433463356	3.557953096300988	0	0.75510782721553471	2.1982806590829838	1.0805301564028507	3.0375025693175175	3.6292476124298627	3.7704886433463356	3.557953096300988	0	0.5	1	2	4	24	72	168	0	8.4774059488995572	11.919961433248792	17.723281221867666	27.245449232318368	59.150299640167468	73.163933379369325	77.337143650942409	5%	0	0.3	0	0.4	0.7	3.7	3.2	3.8	0	0.3	0	0.4	0.7	3.7	3.2	3.8	0	0.5	1	2	4	24	72	168	0	6.2377588786464004	10.3688794393232	14.5	24.129869037420676	52.777085036231142	69.492481685538124	73.296014141835443	10%	0	0.1	0.9	0.7	0.3	0.9	1.4	1.1000000000000001	0	0.1	0.9	0.7	0.3	0.9	1.4	1.1000000000000001	0	0.5	1	2	4	24	72	168	0	6.0596140587476732	7.7693721771199904	13.7	21.791298596154352	48.414921012177814	64.3349049690231	68.343013480090036	20%	0	0.3	0.4	0.3	0	1.9	1.6	1.5	0	0.3	0.4	0.3	0	1.9	1.6	1.5	0	0.5	1	2	4	24	72	168	0	4.5535674436944484	6.246807842590826	10.120150132930172	13.919270701091456	35.406102148345923	46.214624006590903	49.594041462121112	30%	0	0.3	0	0.5	2.8	1.2	1.6	1.7	0	0.3	0	0.5	2.8	1.2	1.6	1.7	0	0.5	1	2	4	24	72	168	0	3.0080601196980474	4.7135110315455977	7.313303119306112	12.411373290369218	32.08653025668913	42.018755819956397	45.367609165583943	40%	0	0.3	0.8	0.1	0.4	0.4	2.7	1.7	0	0.3	0.8	0.1	0.4	0.4	2.7	1.7	0	0.5	1	2	4	24	72	168	0	2.1109727167855521	1.9999742490652113	5.2949708805215723	8.4872794897987731	24.430752073501466	31.143757449519001	34.543500552700067	50%	0	0.2	0.7	0.4	0.4	1.3	0.5	0.5	0	0.2	0.7	0.4	0.4	1.3	0.5	0.5	0	0.5	1	2	4	24	72	168	0	1.4531802196863675	1.6333743938567102	3.6199335773009929	4.6885097199495549	14.587000286670735	20.554602904155946	23.13900555655626	Untreated	0	0.2	0.2	0.3	0.1	0.7	0.8	0.8	0	0.2	0.2	0.3	0.1	0.7	0.8	0.8	0	0.5	1	2	4	24	72	168	0	1.7612493009377699	0.70795753448487897	2.4857405966746029	3.4874690517424018	9.2723938173476643	11.345674082851701	12.210965196818881	Enzymatic hydrolysis time (h)
Glucose yields (% of glucan in untreated biomass)

a)
2%	β-O-4'	β-5'	β-β'	S	Scond	G2	G2cond	G6	36.189413911985397	16.457108091664978	5.3234638004461567	70.016223889677548	39.018454674508206	63.668627053336039	36.331372946663961	52.97099979720138	5%	β-O-4'	β-5'	β-β'	S	Scond	G2	G2cond	G6	28.402366863905325	15.621301775147927	4.4970414201183422	63.027613412228789	43.205128205128204	60.088757396449701	39.911242603550292	51.124260355029584	10%	β-O-4'	β-5'	β-β'	S	Scond	G2	G2cond	G6	27.627952755905522	14.429133858267718	4.3700787401574805	62.332677165354333	42.805118110236222	59.330708661417333	40.669291338582681	51.181102362204726	20%	β-O-4'	β-5'	β-β'	S	Scond	G2	G2cond	G6	26.652389759563906	14.581913754502096	4.3317434050423449	62.162951426068332	44.251922515331458	57.441837827314323	42.558162172685684	51.338460040883881	50%	β-O-4'	β-5'	β-β'	S	Scond	G2	G2cond	G6	24.730386973990271	14.897441319517865	4.9164728272362019	62.983717487840977	48.879255656587006	59.008246986677939	40.991753013322054	53.848593783040812	Biomass loading (wt%)
Relative signal intensity per aromatic (G2 + G2cond) unit

b)
Mn	40.008332465458579	40.008332465458579	40.008332465458579	2.5	37	40.008332465458579	40.008332465458579	40.008332465458579	40.008332465458579	40.008332465458579	2.5	37	40.008332465458579	40.008332465458579	50	40	30	20	10	5	2	1001	1018	1046	970.5	1215	1108	1386	Mw	160.11731810005921	160.11731810005921	160.11731810005921	25	100.5	160.11731810005921	160.11731810005921	160.11731810005921	160.11731810005921	160.11731810005921	25	100.5	160.11731810005921	160.11731810005921	50	40	30	20	10	5	2	2238.3333333333335	2467	2462	2913	3334.5	3509	5533	PDI	7.0693391173118569E-2	7.0693391173118569E-2	7.0693391173118569E-2	1.8499999999999961E-2	4.9999999999994493E-4	7.0693391173118569E-2	7.0693391173118569E-2	7.0693391173118569E-2	7.0693391173118569E-2	7.0693391173118569E-2	1.8499999999999961E-2	4.9999999999994493E-4	7.0693391173118569E-2	7.0693391173118569E-2	50	40	30	20	10	5	2	2.2333333333333334	2.423	2.3540000000000001	3.0015000000000001	2.7445000000000004	3.1669999999999998	3.992	Biomass loading (wt/wt %)
Molecular mass (Da)
Polydispersity index (-)

Fine 150 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	20.25733563470893	12.0979130707673	6.4333908677232055	50.290287148909449	52.26737800094147	47.73262199905853	70.249490036089753	20.069041267848732	88.5	86.724657563870409	79.120974396489331	Fine 450 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	10.218645611904039	6.4834497418767079	4.8587913756453087	49.210446401457631	49.832979046462192	50.167020953537808	65.654418463407225	23.079259034315214	88.8	87.868211132571886	66.111602492108489	Medium 150 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	19.520703776732894	10.51114818747156	4.7777946306688905	45.73032003640224	50.978310329136953	49.021689670863033	69.194600333687234	20.294251478841193	76.8	83.444602906910617	68.226842000319564	Medium 250 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	16.458511548331906	10.299401197604789	5.3550042771599653	47.185628742514965	49.170230966638144	50.829769033361849	70.898203592814369	23.216424294268606	84.7	83.139877670282914	67.765558328356292	Coarse 150 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	24.779309276753914	11.305559857518972	5.7457023385473134	45.408084249651552	53.167105466935119	46.832894533064895	79.247328480718622	16.261421712869755	63.4	68.688370258640518	59.314873599090539	Coarse 400 rpm	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	17.383363772206543	10.559521832973601	5.5952183297360119	49.128341358127173	51.004482815872485	48.995517184127515	73.518180308816198	22.314461231944211	83.7	87.081577912040046	58.98105622039774	Signal intensity per 100 G2+G2cond units

Fine 10%	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	20.25733563470893	12.0979130707673	6.4333908677232055	50.290287148909449	52.26737800094147	47.73262199905853	70.249490036089753	20.069041267848732	88.5	86.724657563870409	79.120974396489331	Fine 20%	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	17.742670514962782	10.466352726720341	5.7724441743885766	41.440072915084308	51.602612790521043	48.397387209478957	71.59349840498254	18.076864651374756	82.4	78.246463003223468	66.357673133696423	Medium 10%	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	19.520703776732894	10.51114818747156	4.7777946306688905	45.73032003640224	50.978310329136953	49.021689670863033	69.194600333687234	20.294251478841193	76.8	83.444602906910617	68.226842000319564	Coarse 10%	β-O-4'	β-β'	β-5'	G6	G2	G2cond	S	Scond	Lignin precipitate	Delignification	Saccharification yield	24.779309276753914	11.305559857518972	5.7457023385473134	45.408084249651552	53.167105466935119	46.832894533064895	79.247328480718622	16.261421712869755	63.4	68.688370258640518	59.314873599090539	Signal intensity per 100 G2+G2cond units
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Sample weight (wt%)

Lignin precipitate	0.63277745225470139	0.42647872087610034	1.8116445819262494	0.69485272969507428	0.63277745225470139	0.42647872087610034	1.8116445819262494	0.69485272969507428	10.02174059559489	20.033379466839744	29.959365528177454	49.998812286669285	98.720083157808446	98.331468731181715	94.801783948082516	92.24317201965772	Biomass loading (wt%)
Ionic liquid recovery (wt% d.b.)

Misc	4.7140452079103209E-3	1.6996731711975962E-2	1.6996731711975962E-2	1.4142135623730963E-2	4.7140452079103209E-3	1.6996731711975962E-2	1.6996731711975962E-2	1.4142135623730963E-2	0	10	20	30	50	1.65	1.6966666666666665	1.7266666666666666	1.7333333333333334	1.75	Biomass loading (wt%)
pH of  1wt% solution of recovered IL liquior  (-)

Muslin cloth
IL associated with pulp	0	1	2	3	4	5	6	8	12	16	87.36063124057992	70.864976514345358	41.635025056722917	22.745798221094816	12.077820091054861	8.7899120831609281	6.9904652841743626	7.2594082519313616	6.6726283875791808	6.0093146324232265	Glucose yield	4.7333333333333334	0.2	1.8	0.3883216590982479	2.4079555660823249	5.6	2.8	0.90930018265984103	1.8617850070257731	3.5019992288063406E-2	4.7333333333333334	0.2	1.8	0.3883216590982479	2.4079555660823249	5.6	2.8	0.90930018265984103	1.8617850070257731	3.5019992288063406E-2	0	1	2	3	4	5	6	8	12	16	6.4548171479610952	6.4342905689594048	46.108158912482899	85.189018051123597	96.908572533331039	96.564829895480159	101.25844479490939	97.670736974535174	92.450816554263966	98.768006261534651	Number of washes (mL EtOH/g IL mixture)
%

Centrifugation
IL associated with pulp	0	1	2	3	4	5	6	8	12	16	87.988348891521184	78.634943856723808	61.907714952312553	44.846071084824231	34.169254468794264	22.158616905120127	16.23681158337844	10.190606968534567	5.2582367240634085	7.9441924845709053	Glucose yield	0.2	0.24881070016558288	0.21859475874232231	0.64522548139796687	0.5	2.1416061263293176	2.1852676467405638	2.5	2.2000000000000002	3.1	0.2	0.24881070016558288	0.21859475874232231	0.64522548139796687	0.5	2.1416061263293176	2.1852676467405638	2.5	2.2000000000000002	3.1	0	1	2	3	4	5	6	8	12	16	8.6217462193572398	9.0321927522841552	7.9353098330809546	23.422629785589546	61.185676964629977	77.743438363406497	79.328415488384323	82.655455112524464	91.315032809176117	94.938319344432713	Number of washes (mL EtOH/g IL mixture)
%

Vacuum filtration
IL associated with pulp	0	1	2	3	4	5	6	8	12	16	88.902372039949171	82.615437474049997	59.382652722630951	41.901464518953226	29.355707195462927	17.20404190715071	9.8157680743678526	4.145926119989511	0.47763312317475481	1.1002888111969895	Glucose yield	0.26315077105234846	0.24314890254820049	0.22570931733837959	1.024198714018941	1.9420100312378104	2.8659613747329602	1	0.3	0	1	0.26315077105234846	0.24314890254820049	0.22570931733837959	1.024198714018941	1.9420100312378104	2.8659613747329602	1	0.3	0	1	0	1	2	3	4	5	6	8	12	16	8.7716923684116157	8.1049634182733499	7.5236439112793203	34.1399571339647	64.733667707927012	95.532045824432004	103.90843053065186	101.39881872137826	101.06391185633447	102.24957777001335	Number of washes (mL EtOH/g IL mixture)
%

Muslin cloth	4.7333333333333334	0.2	1.8	0.3883216590982479	2.4079555660823249	5.6	2.8	0.90930018265984103	1.8617850070257731	3.5019992288063406E-2	4.7333333333333334	0.2	1.8	0.3883216590982479	2.4079555660823249	5.6	2.8	0.90930018265984103	1.8617850070257731	3.5019992288063406E-2	0	1	2	3	4	5	6	8	12	16	6.4548171479610952	6.4342905689594048	46.108158912482899	85.189018051123597	96.908572533331039	96.564829895480159	101.25844479490939	97.670736974535174	92.450816554263966	98.768006261534651	Centrifugation	0.2	0.24881070016558288	0.21859475874232231	0.64522548139796687	0.5	2.1416061263293176	2.1852676467405638	2.5	2.2000000000000002	3.1	0.2	0.24881070016558288	0.21859475874232231	0.64522548139796687	0.5	2.1416061263293176	2.1852676467405638	2.5	2.2000000000000002	3.1	0	1	2	3	4	5	6	8	12	16	8.6217462193572398	9.0321927522841552	7.9353098330809546	23.422629785589546	61.185676964629977	77.743438363406497	79.328415488384323	82.655455112524464	91.315032809176117	94.938319344432713	Vacuum filtration	0.26315077105234846	0.24314890254820049	0.22570931733837959	1.024198714018941	1.9420100312378104	2.8659613747329602	1	0.3	0	1	0.26315077105234846	0.24314890254820049	0.22570931733837959	1.024198714018941	1.9420100312378104	2.8659613747329602	1	0.3	0	1	0	1	2	3	4	5	6	8	12	16	8.7716923684116157	8.1049634182733499	7.5236439112793203	34.1399571339647	64.733667707927012	95.532045824432004	103.90843053065186	101.39881872137826	101.06391185633447	102.24957777001335	Number of washes (mL EtOH/g IL mixture)
Glucose yield (%)

Ctec2	0.11630167431995181	1.9358928612604713	4.0958008691086238	0.2867181956983984	0.78781109954102391	0.11630167431995181	1.9358928612604713	4.0958008691086238	0.2867181956983984	0.78781109954102391	Untreated	EtOH wash air dry	EtOH wash wet	DMSO wash air dry	DMSO wash wet	9.6137792980009866	38.382766140683309	65.471219353299844	57.624236256935923	73.806508029083602	Pulp washing protocol
Glucose yield (% of theoretical)

Fine size fraction
Miscanthus untreated	0	0.3561485136736664	2.4	1.7	1.1000000000000001	0.4	0	0.3561485136736664	2.4	1.7	1.1000000000000001	0.4	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	0	6.8451939647784457	29.980909380513353	78.32369544652903	97.475603749939054	100	Miscanthus treated	0.28399515133167147	2.0354440825836853	2.2948664522759126	3.1169769760175337	2.3084872617514605	1.2563755712737719	0.77488778848093065	0.33203494719396337	0.27151831445143526	0	0.28399515133167147	2.0354440825836853	2.2948664522759126	3.1169769760175337	2.3084872617514605	1.2563755712737719	0.77488778848093065	0.33203494719396337	0.27151831445143526	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1.9696851620947631	6.3181889027431426	11.151807980049876	19.655938279301743	26.868375935162096	35.125077930174562	61.878506857855363	91.082839775561112	98.080969451371558	99.505143391521187	Sieve pore size (mm)
Percent passing (wt%)

Medium size fraction
Miscanthus untreated	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	4.0642637155397567	0	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	4.0642637155397567	0	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	4.8301886792452821E-2	0.17385876181477908	0.34375930721120307	0.56481674316941166	0.72363137097231134	1.1337077595430174	2.3882847248697132	5.8277193387600574	10.919438663525051	15.296303143394814	19.758031524212296	31.410161173614821	44.214104546324542	52.631580895890778	81.864072797535869	100	Miscanthus treated	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	0	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	0	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	1.1176037391616491	3.0201205679795424	4.9259680039671228	12.02386195003349	15.282305964377306	17.959744061342384	26.654479111542035	43.177991347822712	55.714026667061411	63.287457303466425	71.380832725805902	81.089552625443616	86.449979831323247	89.908260275848278	100	Sieve pore size (mm)
Percent passing (wt%)

Fine size fraction
Untreated Miscanthus	0	0.3561485136736664	2.4	1.7	1.1000000000000001	0.4	0	0.3561485136736664	2.4	1.7	1.1000000000000001	0.4	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	0	6.8451939647784457	29.980909380513353	78.32369544652903	97.475603749939054	100	DAP treated pulp	4.8467968021126601E-2	8.9493914976805561E-2	0.10674861957440487	0.212679414094709	0.40199897951182312	0.52575531471447567	1.1462812042649226	1.5427235146818936	1.8402210582598661	0	4.8467968021126601E-2	8.9493914976805561E-2	0.10674861957440487	0.212679414094709	0.40199897951182312	0.52575531471447567	1.1462812042649226	1.5427235146818936	1.8402210582598661	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	3.4272028858071353E-2	0.1923718786978473	0.4717050621624424	1.6808667305537608	3.3994276969247856	7.2636195792519942	24.287790977360945	63.684165478183502	90.95200579675884	100	ionoSolv treated pulp	0.28399515133167147	2.0354440825836853	2.2948664522759126	3.1169769760175337	2.3084872617514605	1.2563755712737719	0.77488778848093065	0.33203494719396337	0.27151831445143526	0	0.28399515133167147	2.0354440825836853	2.2948664522759126	3.1169769760175337	2.3084872617514605	1.2563755712737719	0.77488778848093065	0.33203494719396337	0.27151831445143526	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1.9696851620947631	6.3181889027431426	11.151807980049876	19.655938279301743	26.868375935162096	35.125077930174562	61.878506857855363	91.082839775561112	98.080969451371558	99.505143391521187	Sieve pore size (mm)
Percent passing (wt%)

Medium size fraction
Untreated Miscanthus	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	4.0642637155397567	0	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	4.0642637155397567	0	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	0	0.11588248234481013	0.29828047025076687	0.55741379399940061	0.72318290551507081	1.2423406150557659	2.7349877342048394	6.5805727188319105	11.804135533472664	16.225317248784947	20.657712156039917	32.265286684052072	45.035262839253228	53.340183563063491	83.851634802772793	100	DAP treated pulp	0	4.9033628897151967E-2	0.10351543878287638	0.22746155627289938	0.35276971901006554	0.47059153012928245	0.4590637300971136	0.21815924635128781	0.81500318856322806	5.7834583736781298E-2	5.2749410762393367E-2	0.92842544049538489	0.16837940030524834	3.3224412564423531	1.2547659723143667	0	4.9033628897151967E-2	0.10351543878287638	0.22746155627289938	0.35276971901006554	0.47059153012928245	0.4590637300971136	0.21815924635128781	0.81500318856322806	5.7834583736781298E-2	5.2749410762393367E-2	0.92842544049538489	0.16837940030524834	3.3224412564423531	1.2547659723143667	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	0	4.9033628897151967E-2	0.10351543878287638	0.22746155627289938	0.35276971901006554	0.59044171739520024	1.7923970634304467	5.8960618680741339	13.05470356309506	17.889730959334376	24.322412332110702	38.950897350607747	54.250776404050569	63.427310170300039	92.475739755085897	100	ionoSolv treated pulp	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	0	6.8309183390096659E-2	0.12519983135754101	0.2518944392225182	0.45524685516764596	0.59047671034682847	0.53302555559508868	0.54858328281608226	1.1359196979699893	1.9149583923831504	1.9682358040618806	1.8473389173387293	1.7952564522723835	1.3569907540918391	1.0114370937126669	0	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	1.1176037391616491	3.0201205679795424	4.9259680039671228	12.02386195003349	15.282305964377306	17.959744061342384	26.654479111542035	43.177991347822712	55.714026667061411	63.287457303466425	71.380832725805902	81.089552625443616	86.449979831323247	89.908260275848278	100	Sieve pore size (mm)
Percent passing (wt%)

Fine Untreated	1.5890736886133853E-2	2.0525816648739918E-2	6.5855153319490004E-2	0.15019919949052035	0.30360423281229171	0.52399879946384897	0.74737637436138171	0.1930966952838111	3.5445179151894171E-2	1.160311428702309E-14	1.5890736886133853E-2	2.0525816648739918E-2	6.5855153319490004E-2	0.15019919949052035	0.30360423281229171	0.52399879946384897	0.74737637436138171	0.1930966952838111	3.5445179151894171E-2	1.160311428702309E-14	0	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	2.3818480631738293E-2	6.4063137687536478E-2	0.36408359476091978	1.5412978089244838	7.0687128704371647	27.764754588203605	74.139837751230274	97.0302116770754	99.809384640912569	100	Fine 150 rpm	0.88433118091084606	0.99289564704617939	1.0496510032208906	1.0931760379164879	0.9656322732031708	1.7266687657684763	2.2771875975445242	0.67164198616137849	6.2337762410625615E-2	0	0.88433118091084606	0.99289564704617939	1.0496510032208906	1.0931760379164879	0.9656322732031708	1.7266687657684763	2.2771875975445242	0.67164198616137849	6.2337762410625615E-2	0	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	0.45602890611340985	3.9436301649280261	4.1038959146803426	8.530873011247742	21.125939740078092	31.020528585581907	44.135366280086252	65.30100821726208	86.633472230316443	96.356868115857566	99.91185383763623	100	Fine 450 rpm	1.7809370211261939	1.1157604366757714	0.98069118453199811	2.2027770705913055	1.6283762592499429	0.63556406922448905	1.5012770814847645	1.1286568565904014	5.3179805626382928E-2	0	1.7809370211261939	1.1157604366757714	0.98069118453199811	2.2027770705913055	1.6283762592499429	0.63556406922448905	1.5012770814847645	1.1286568565904014	5.3179805626382928E-2	0	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	4.8635993232985326	8.4310208616855657	11.594422702035862	16.581584851009989	27.988284968513522	36.765550107665099	47.500256517560153	66.154323595943126	88.288734381341257	98.089689745719781	99.793289101847094	100	Sieve pore size (mm)
Percent passing (%)

Medium Untreated	0	0	0	0	0	0	0	0	0	0	1.3171717175424462	2.2911559719652188	2.9585945688893602	0	0	0	0	0	0	0	0	0	0	0	1.3171717175424462	2.2911559719652188	2.9585945688893602	0	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	0	0	0	0	0	0	0	0	0	0	8.0335812333530701	19.18922860267109	27.787392729333209	100	Medium 150 rpm	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	3.5709872508233507	5.4024165948827783	10.359534303147088	20.787300609431774	40.087018189828242	44.944742822655897	55.43205543089136	65.484187546674448	76.146109611758106	81.661977581936611	83.386581755729424	85.29206341815474	92.184212081541716	95.127948437379672	96.998060491879315	100	Medium 250 rpm	3.2560650725797657	2.9560861792148891	2.6397590237741859	1.5536574065144926	1.300548078997565	0.87933723919500295	0.3523235904479165	0.19920103188093208	0.65078260633005414	0.20913462408232419	0.20913462408232419	0.20913462408232419	0.20913462408232419	3.2560650725797657	2.9560861792148891	2.6397590237741859	1.5536574065144926	1.300548078997565	0.87933723919500295	0.3523235904479165	0.19920103188093208	0.65078260633005414	0.20913462408232419	0.20913462408232419	0.20913462408232419	0.20913462408232419	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	12.623462711737478	33.153040918303653	41.173825982030422	48.397680595878555	57.842118990677093	62.187898511669729	67.203343344673712	74.675430342767328	85.505037912137311	93.95700287501549	98.267805730540829	99.790865375917676	99.790865375917676	99.790865375917676	99.790865375917676	100	Sieve pore size (mm)
Percent passing (%)

Coarse Untreated	9.9	10	0	100	Coarse 150 rpm	2.933644232142243E-4	1.7209447960378189E-3	1.5000863974404058E-3	1.633156698130931E-2	0.359433273162165	0.51226177554777019	0.76939017087548756	1.1217370460211886	1.3196452974711697	0.30478855035750452	2.5773385016367389	2.3013567655201941	2.045996235031319	0.83668791649572727	0.94598578209794082	2.4434479525766948	1.8887975385676012	2.933644232142243E-4	1.7209447960378189E-3	1.5000863974404058E-3	1.633156698130931E-2	0.359433273162165	0.51226177554777019	0.76939017087548756	1.1217370460211886	1.3196452974711697	0.30478855035750452	2.5773385016367389	2.3013567655201941	2.045996235031319	0.83668791649572727	0.94598578209794082	2.4434479525766948	1.8887975385676012	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	2.9463402821221726E-2	2.1556717050430856	2.8728835791980307	12.064254434645735	17.726878291929854	18.9114685286461	22.570984602344964	33.955159122555649	66.045648093960025	75.239036990696846	76.087825156902724	76.987467963594554	79.200048432990954	81.625734062518916	83.051682037414494	94.843500898028395	100	Coarse 400 rpm	3.2000000000000001E-2	5.2999999999999999E-2	7.4999999999999997E-2	0.106	0.15	0.18	0.21199999999999999	0.3	0.5	0.71	0.85	1	1.4	1.8	2	3.15	4	5	4.42833840639112	14.528979449683368	18.85766017188967	22.349612501919076	29.848337832020029	33.010993971289878	36.957262904593577	43.284627345953695	55.435864473047928	71.146503214966287	82.833181620845252	84.236493034026381	86.032189071664362	88.19435599845383	89.166743593536168	95.430385756279534	98.111202461432399	100	Sieve pore size (mm)
Percent passing (%)

Fine	0.34466462819343119	0.31587737375229735	1.0355222278273306	0.28754152419739254	0	0.34466462819343119	0.31587737375229735	1.0355222278273306	0.28754152419739254	0	Glucan recovery	Hemicellulose removal	Saccharification yield	Delignification	Lignin precipitate	88.88270932371492	80.923249493740386	25.988820335826851	10.45449471426609	Medium	1.1903645984397768	0.25927652351001906	1.6084884367034158	0.90925079789590546	0	1.1903645984397768	0.25927652351001906	1.6084884367034158	0.90925079789590546	0	Glucan recovery	Hemicellulose removal	Saccharification yield	Delignification	Lignin precipitate	90.643945528921464	82.202246849337357	27.503927053858266	12.147516189096109	Coarse	1.0471714279604709	0.24302109197040461	1.1190186841396514	2.3227104706129529	0	1.0471714279604709	0.24302109197040461	1.1190186841396514	2.3227104706129529	0	Glucan recovery	Hemicellulose removal	Saccharification yield	Delignification	Lignin precipitate	100.92244312273091	74.623129088434837	28.084356620288883	10.172615682526796	%
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