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Fitting of Non-Recovered Fraction

Evaluation of the non-recovered fraction as a function of the catalyst concentra-
tion represents a first step towards the quantification of the influence of catalyst
concentration. Our function resembles the logistic function chosen by Dong
et al. (2017) and Chang et al. (2021) for the modeling of pretreatment phe-
nomena during formic acid pretreatment of wheat straw and sugarcane bagasse,
respectively. Since time and temperature were not varied for the acetosolv exper-
iments, they are not included in the function. Furthermore, we assume that the
biomass cannot be solubilized completely during pretreatment but instead we
consider a maximum limit of non-recovered fraction after pretreatment wnr,max.
A similar assumption has already been made to model incomplete lignin solu-
bilization during acetosolv pretreatment (Vázquez et al., 1995; Zhao and Liu,
2013). Each fit includes all samples (i.e., DoD 0 to DoD 4) in concentrated
acetosolv liquids (filled symbols) except for the two samples with DoD 4 for
phosphoric acid, which are excluded due to the high standard deviations. To
correlate the non-recovered fraction wnr with the concentration of each catalyst
acid ccat, we use the following logistic function:

wnr �
wnr,max

p1 � e�wnr,max�k�ccat � p
wnr,max

wnr,0
� 1qq

. (S1)

The parameters wnr,max and wnr,0 refer to the maximum value of the non-
recovered fraction and the non-recovered fraction at a catalyst concentration of 0
(i.e., pretreatment without catalyst acid), respectively. k denotes the steepness
of the increase of the non-recovered fraction with catalyst acid concentration.
All parameter values are determined individually for each catalyst acid. Over-
all, the logistic function of Eq. (S1) represents the experimental data well as
indicated by the high coefficients of determination. The fitted values for the
three parameters depending on the type of catalyst acid are given in Tab. S1.

The estimated maximum non-recovered fraction is similar for all three cat-
alyst acids: for complete disintegration, a maximum of approximately 40 wt %
of beech wood is removed. Thus, this parameter is independent of the catalyst
acid but is specific for beech or for acetosolv-pretreated beech. A comparable
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Table S1: Fitting parameters for Eq. (S1).

HCl H2SO4 H3PO4

wnr,max (g g�1) 0.397 0.397 0.374

k (L mol�1) 238 1.58 � 104 16.9

wnr,0 (g g�1) 0.0532 6.45 � 10�8 0.01997

overall limit has been observed by Parajó et al. (1993) with 50 wt % recovered
fraction after acetosolv pretreatment of eucalyptus wood. The fluctuation of
points around the upper limit of the non-recovered fraction might be due to the
fact that especially at higher DoDs very small particles are formed, which are
not hold back uniformly during filtration. Analogously, the estimated values
for wnr,0 in case of hydrochloric and sulfuric acid are in the range of the non-
recovered fraction determined in the experiment without catalyst (see Tab. S2),
while the value for sulfuric acid appears rather low. Nevertheless, this param-
eter should have a fixed value independent of the type of catalyst acid for a
general analysis. In contrast, an increasing value of k correlates with a de-
creasing amount of catalyst acid required to achieve disintegration. Hence, this
parameter indicates the strength of the employed acetosolv liquids resulting
from the acidity of the catalyst acid and/or the influence of the water content.
A generalization of this analysis could aid to further describe acid properties of
the investigated electrolyte solutions.
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Compositional Changes after Pretreatment
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Fig. S1: Glucose removed during pretreatment with acetic acid-based liquids
(filled symbols) and acetic acid–water-based liquids (striped symbols) versus
non-recovered fraction. The content of cellulose as glucose in native beech is
41.8 wt %. The area delineated by the dashed curve highlights experiments with
an extraordinary high fraction of lignin remaining in the pretreated material and
at the same time a high amount of glucose removed during pretreatment. The
shape and color of the symbols indicate the DoD and the employed catalyst
acid, respectively (see legend). Error bars are shown only for measurements
with standard deviation above symbol size.
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Fig. S2: NMR spectra of pretreatment liquids after pretreatment with signals
of dissolved components: (a) Pretreatment liquid consisting of water and sulfu-
ric acid (234.48 mmol L�1) and (b) acetosolv pretreatment liquid consisting of
acetic acid and sulfuric acid (21.78 mmol L�1).

Figure S2 (a) shows a sample spectrum of a reference experiment with only
water and sulfuric acid catalyst. Here, only slight signals of sugars between
3 ppm and 4 ppm (mostly covered by the dominant water peak around 4.75 ppm)
and acetic acid around 2 ppm are visible. The acetic acid peak is visible for all
experiments, whereas the sugar signals are more pronounced at higher concen-
trations of catalyst acid in water.

Figure S2 (b) shows a sample spectrum of an acetosolv pretreatment liquid
after pretreatment including signals of the dissolved biomass components. Dom-
inant peaks arise from the acetic acid methyl and hydroxyl group. The peak of
the latter is superimposed with the hydroxyl peak of other components, mainly
water and catalyst acid. Due to the low concentration of dissolved compo-
nents, their signal intensities are much smaller than the solvent peaks. The
poor signal to noise ratio at these low concentrations would lead to high er-
rors in a quantitative analysis (e.g., via peak integration). Nevertheless, peaks
of some dissolved wood components (sugars, lignin) and degradation products
(furfural, formic acid) are clearly visible, which allows for a qualitative analysis
of dissolved components complementing the component analysis of the recovered
fraction. Owing to the low resolution of the spectrometer, all sugar signals are
superimposed between 3.8 ppm and 5.6 ppm and visual differentiation between
the different types of sugars (glucose, xylose, mannose) is not possible. The
signals of the solubilized lignin are clearly visible and only partially superim-
posed with the main peak of lignin arising at 3.8 ppm and further lignin peaks
around 1.3 ppm. Similar signals have been observed for measurements of lignin
with low-field NMR spectroscopy (Rönnols et al., 2019). Between 9.5 ppm and
6.5 ppm, four peaks of furfural arise and around 8.1 ppm is the signal of formic
acid.
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Table S3: Visibility of components solubilized in pretreatment liquid after
acetosolv pretreatment of beech wood: + strong signal, o signal visible, - signal
hardly visible, x component not visible in spectrum.

catalyst acid ccat (mol L�1) lignin sugars furfural formic acid

no catalyst - - x x x

HCl 0.14161 + o + -

0.05906 + o + -

0.01561 + x x x

0.00863 + x x -

0.20253 + o + x

H2SO4 0.02178 + + + +

0.02408 + + + o

0.01814 + + + -

0.00602 + + - x

0.00505 + + - -

0.22659 + o o x

H3PO4 0.27338 + x x o

0.74114 + - - -

0.64248 + - - -

0.90216 + - - -

0.65722 + - x -

0.46882 + - x -

HI 0.20114 + o o x
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