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Realization of a circular economy for plastics by using supercritical water treatment
~Analyses of decomposition processes of plastics with neutron beam ~
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Abstract

Microplastic pollution poses a serious threat to marine ecosystems. Hydrothermal liquefaction in sub- or supercritical
water offers a promising method for remediation. Building on our investigation of polystyrene (PS) particle decomposition
using in situ small-angle neutron scattering (SANS), this study quantitatively evaluates PS—water interactions under sub-
critical conditions. By analyzing the swelling behavior of PS particles in deuterated water (D-0) at elevated temperatures
and pressures, we determined the interaction parameter (y) between PS and water using an extended Flory—Huggins theory
adapted for polydisperse polymer solutions. The results show that y decreases with increasing temperature, indicating
improved miscibility. Additionally, the pressure dependence of y demonstrates that miscibility is further enhanced at higher
pressures. This quantitative approach provides important insights into the thermodynamics of PS—water interactions in
subcritical water, contributing to the optimization of hydrothermal processes for microplastic degradation.
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Figure 1. SANS profiles of PS particles dispersed in DO
with temperature varied at 25 MPa: (a) original profiles
(open symbols: experimental datapoints) and (b) extracted
and vertically shifted profiles along with their fitting re-
sults with model scattering function (solid lines).
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Figure 2. Radius of PS particles as a function of tempera-
ture at 10 MPa (open circles: extracted from [2]) and 25
MPa (open squares: extracted from [2], open diamonds:
this work).
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Figure 3. Coexistence conditions by the results of SANS
analysis and the FHS model: (a) interaction parameter y as
a function of reciprocal temperature calculated by FHS
(open symbols: experimental datapoints, solid lines: fit-
ting results), compared with calculated using HSP (dashed
lines) and (b) polymer volume fraction in the concentrated
phase ¢ as a function of temperature, compared with that
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Figure 4. Coexistence curves of PS and D20 (solid lines:
calculation, open symbols: experimental datapoint).
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