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Abstract; The unique dissolution and reaction characteristics of supercritical water (SCW) facilitate the
efficient conversion of biomass into hydrogen. However, drastic fluctuations in physical properties
within the near-critical region lead to complex thermodynamic properties and process instabilities,
which significantly hinder system efficiency and stability. To elucidate these anomalous thermodynamic
behaviors, an analytical method based on the higher-order derivatives of the Gibbs free energy was
proposed. Isobaric heat capacity, isobaric expansion coefficient, and isothermal compressibility,
along with their dimensionless forms, were analyzed using fluid data extracted from REFPROP
via Matlab. The variations of these three parameters of water with respect to reduced temperature

(T,) and reduced pressure (p,) during isobaric and isothermal processes were systematically
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investigated. The trajectories of the extrema for each parameter were identified, based on which a
comprehensive regional phase diagram of water in the supercritical state was plotted. The results
demonstrate that the proposed method accurately captures the abrupt changes in physical properties
within the anomalous region. Specifically, at T,21. 02 and p,~=1. 1, the isobaric heat capacity reaches
approx. 3.4 times its value in the conventional region, while the isothermal compressibility increases
nearly twofold. Accordingly, the supercritical region of water is classified into liquid-like, gas-like, and
solid-like regimes, providing explicit boundaries for the optimization of operating conditions.
Integrating the thermodynamic analysis of SCW with practical conditions ensures that operating

temperatures and pressures avoid high-risk anomalous regions, thereby effectively reducing equipment
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failure and process instability.
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Table 1 Figure 14(a) coordinates of the intersection points

for each extremum line

LRI T. b
A 0.790 0. 147
B 1. 110 4.622
E 1.163 1.527
F 0. 804 0. 169
G 1142 1. 663
H 0.798 0. 159
I 1. 040 1.198
J 0.930 0.570
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Table 2 Figure 14 (b) coordinates of the intersection points

for each extremum line

BRI T/K »/MPa
A 511.33 3.25
B 718. 54 101. 99
E 752. 86 33.69
F 520. 40 3.73
G 738. 94 36. 68
H 516. 19 3.51
I 673. 21 26. 44
J 601. 98 12.58
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