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Temperature dependency of specific heat capacity and density of pure water

Based on Gmehling, Kleiber et al. (2019), the specific heat capacity of water (in J/(mol K)) can
be correlated with temperature by the polynomial formula in equation (S1):
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Where T. is the critical temperature (647.096 K), and R is the universal gas constant (8.134471
J/(mol K)). This expression is valid for temperatures between 273 K and 586 K. Values for the
parameters are represented in Table S1.

Table S1 — Values of parameters for specific heat capacity correlation.

A B C D E F
Water 0.255980 12.545950 -31.408960 97.766500 -145.423600 87.018500

Density of liquid water (in kg/ms3) is described as function of temperature by Gmehling, Kleiber
et al. (2019) in equation (S2), with T in Kelvin and values for the parameters in
Table S2:
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Table S2 — Values of parameters for water density correlation.

Ao A1 A2 A3 Agq As
Water -13.418392 0.6884103 -2.44970115:1073 3.7060667-10°  -2.11062995-109  -1.12273895-10713




6 T T T T T 1050

5.8
1000
5.6

5.4

900
5.2

850

Cp, JigK
o
. 3
density, kg/m

48

46
750
4.4

700
4.2

s L L 650 L s L L s
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Temperature, °C Temperature, °C

Figure S1 — Temperature dependency of density and specific heat capacity of pure water (calculated from
Gmehling, Kleiber et al. (2019)).

Temperature dependency of dissociation constants

Dissociation constants are temperature dependent, and these dependencies were taken from
Fisher and Barnes (1972):
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The parameters used in this expression are reproduced in Table 1. A graphical representation of
this temperature dependency is shown in Figure S2.

Table 1. Parameters used to calculate the temperature dependency of the equilibrium constant for acetic acid
dissociation in water (Fisher and Barnes (1972)).

Parameter Value Units
AS?, -7.42856 cal/(mol K)
AS? -22.1280 cal/(mol K)
AH® -108.273 cal/mol
Tr 298.15 K
a -59.0424 -
b 0.112254 -
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Figure S2 — Temperature dependency of acetic acid and water dissociation reactions.

Initial concentration of acetyl groups in biomass

The initial concentration of acetyl groups Craco was determined using the molar mass of acetyl
groups and the mass fraction water/poplar wood. Therefore, the composition of the selected
biomass was required, represented in Table S2.

Table S2 — Composition of poplar biomass. Values expressed in mass percentage, on dry basis (g/ 100 g DM).

This work Literature*
Glucan 41.34 42.73
Xylan 18.22 16.20
Acetyl group 4.25 4.25
Lignin Not determined 26.14




*Source: (Mante, Babu et al. 2014)

The rest of the calculation is described as follow:

g kg water
MAcetyl = 43.045 ﬁ x‘\;/vggélr = 0.108 W
) kg acetyl groups
Poplar Biomass = 0.0425
kg dry wood
Acetvl tent — 0.0425 - 1000 0.9873 mol _ 0.8807 mol
cetyt content = 43.045 kg dry wood kg wood

The reaction mixture has a 1:9 biomass/water mass ratio. Therefore, using the density of pure
water at room temperature, the initial concentration of acetyl groups Coac,o is calculated as:

mol kg wood kg reaction mixture
Craco = 0.8807 ————x 0. - - 3 - -
’ kg wood kg reaction mixture m3 reaction mixture
mol
m

Alternative temperature profile fitting
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Figure S3 — Temperature profile from experimental and simulated LHW pretreatment process of poplar at 180 °C
for 120 min, using expression in equation S7.
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