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Abstract

As an important teaching vehicle, undergraduate innovative experiments play a crucial role in en-
hancing students’ innovative awareness and comprehensive teamwork capabilities. This paper fo-
cuses on the thermodynamic equilibrium simulation of hydrogen production from oily wastewater
via supercritical water gasification, and presents an innovative experimental design for undergrad-
uates majoring in energy and power as well as environmental and chemical engineering. The design
covers multiple aspects, including gasification reaction mechanisms, thermodynamic equilibrium
principles, physical model establishment, and multi-parameter influence analysis. Utilizing the As-
pen Plus software platform, this experiment employs the Gibbs free energy minimization principle
coupled with the PR-BM equation of state, guiding students to investigate the effects of key param-
eters such as reaction temperature, pressure, and feedstock concentration on product gas compo-
sition and hydrogen yield, thereby integrating research findings into teaching practice. On this basis,
the course positioning, three-dimensional teaching objectives (knowledge, ability, and literacy),
task sheets and reflection questions, as well as formative assessment and summative evaluation
schemes are designed, forming a teaching loop of “principle learning - modeling and simulation -
data analysis - seminar evaluation”. This experimental design aims to develop innovative labora-
tory courses in energy, power, chemical, and environmental disciplines, which is conducive to stim-
ulating students’ research interest, cultivating their innovative thinking and computer simulation
skills, and promoting the deep integration of theoretical instruction with practical training.
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Figure 1. Development of a model for supercritical water gasification of oilfield wastewater
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Table 1. Relevant physical properties of crude oil (oilfield wastewater model compounds)
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Figure 2. Comparison of simulation results with the exper-
imental results (operating parameter 1: 25 MPa, 650°C, 8
wt%, operating parameter 2: 24 MPa, 600°C, 5 wt%, oper-
ating parameter 3: 23 MPa, 680°C, 5.7 wt%)
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Table 2. Scheme for formative assessment
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Figure 3. Effect of temperature on the gasification equilibrium of oilfield wastewater in supercritical water: (a) mole fraction,
(b) gas yield
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Figure 4. Effect of pressure on the gasification equilibrium of oilfield wastewater in supercritical water: (a) mole fraction, (b)
gas yield
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Figure 5. Effect of concentration on the gasification equilibrium of oilfield wastewater in supercritical water: (a) mole fraction,
(b) gas yield
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