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Fig. 2 (a) Chemical formula of polyvinyl alcohol; (b) appearance of polyvinyl alcohol hydrogels prepared by pressure method and
freeze-thaw method, where ACDm (m=1, 5, 10) represents the number of repeated pressurization and depressurization cycles;
(c) chemical formula of hyaluronic acid; (d) appearance of hyaluronic acid hydrogels prepared by pressure method and
freeze-thaw method, where ACD1-7 (=1, 10, 30 min) represents the single pressurization and high-pressure holding time
of 1, 10, and 30 min respectively, and FT-3 d indicates the sample held for 3 d after freeze treatment"!
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Fig. 3 Mechanical test results of gels!"'®: (a) tensile test results of polyvinyl alcohol, the small figure shows the stress-strain
curves of gels prepared by the compression and unloading method and the freeze-thaw method, and the large figure
shows the comparison of the ultimate tensile strength of gels prepared by the compression and unloading method
and freeze-thaw method with different number of cycles; (b) compressive test of polyvinyl alcohol, the stress-strain
curve of polyvinyl alcohol gel compressed at 30% strain; (c) storage modulus of hyaluronic acid gels
prepared by compression and unloading method and freeze-thaw method; (d) reversibility viscosity of
hyaluronic acid gels prepared by compression and unloading method and freeze-thaw method
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Fig. 4 SEM images of polyvinyl alcohol gel (a) and hyaluronic acid gel (b) prepared by alternate compression-
decompression method and freeze-thaw method; (c) crystallinity and water content of polyvinyl alcohol gel
prepared by different methods; (d) gel yield of hyaluronic acid gel prepared by different methods
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Preparation of Polymeric Hydrogel via Alternate Compression-Decompression
FU Wenbo', QIAO Pu', SHI Kaiyuan', SU Lei'?

(1. Center for High Pressure Science and Technology Advanced Research, Beijing 100193, China;
2. Shanghai Advanced Research in Physical Sciences, Shanghai 201203, China)

Abstract: Based on the principles of gel preparation via freeze-thaw method and research progress in
hydrogel synthesis, this study explores the effects of different pressure parameters systematically from the
perspective of pressure regulation. Pressure magnitude, pressure compression and decompression rate, and
number of cyclic loading were investigated during the gelation process of polymer solutions. By using the
alternate compression-decompression (ACD) method, efficient and rapid synthesis of a series of hydrogels
with excellent mechanical strength is enabled. These hydrogels have potential applications in diverse fields,
including biomedicine, environmental protection, and electronic devices. As an innovative approach, the
ACD method not only expands the preparation strategies for hydrogels significantly but also enhances the
application potential of hydrogels in the field of soft matter science, providing new insights and directions
for further development in this field.

Keywords: hydrogel; alternate compression-decompression method; pressure regulation
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