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Construction strategy and application progress of immobilized culture materials

for microalgae

LI Xiaoyi, LONG Yuxin, TAN Weiwei, JIANG Minwen, ZHOU Jiajing* , DU Xiaosheng*
(College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: Microalgae have attracted extensive attention in wastewater treatment, carbon capture, bioenergy produc-
tion, and the synthesis of high-value chemicals owing to their efficient photosynthetic carbon fixation capacity and poten-
tial for the production of diverse metabolites. Compared with conventional suspended cultivation, immobilized cultivation
exhibits significant advantages in increasing cell density, enhancing system stability, simplifying biomass recovery, and
improving resistance to environmental fluctuations. Focusing on the construction and application of materials for microal-
gal immobilized cultivation, this paper reviews the research progress of natural polymers, synthetic polymers, composite
materials, and functional materials in this field, and compares the operational characteristics and applicable scenarios be-
tween the embedding method and the attachment method. On this basis, the application potential of microalgal immobili-
zation in environmental remediation, energy conversion, food production, and agricultural resource utilization is further
outlined. Meanwhile, mass transfer limitations, insufficient long-term stability, and difficulties in scale-up remain key
challenges restricting its further development. Subsequent research still needs to focus on material optimization, reactor
design, and operational regulation.
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Figure 1 Immobilized culture material systems for microalgae
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Figure 2 Main technical approaches for microalgal immobilization
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Figure 3 Applications of immobilized culture systems of microalgae
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