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Abstract: Scaling in geothermal systems severely compromises operational efficiency and economic viability.

Although chemical descaling offers complete removal, it still faces challenges such as corrosion, secondary

precipitation, and difficulties in treating complex composite scales. This review systematically outlines the formation

mechanisms and distribution characteristics of major scale types in geothermal systems, including carbonates,

sulfates,

silicates, sulfides, and iron—based scales. Three fundamental chemical descaling principles—acid
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dissolution, alkaline dissolution, and chelation dissolution—are elaborated, and the technical progress for each

scale type is summarized. Specifically, hydrochloric acid remains the primary agent for carbonate scale removal,

supplemented by organic acids and chelating agents. For sulfate scales, chelation dissolution is the core technology,

and alkaline dissolution (via conversion synergy) can further enhance removal efficiency. For silicate scales,

alkaline-chelation dissolution is gradually replacing traditional fluoride-based acid methods. Composite scales are

effectively removed through multi—component formulations such as acid-based blends, alkaline chelation systems,

and weakly alkaline multifunctional synergistic systems. Future technologies are expected to evolve toward

environmentally friendly descaling agents, precise formulation design for composite scales, and integrated

descaling-anti-scaling strategies.
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Fig.2 SEM images of typical calcite scale

P9); (a) synthetic

calcite (thombic crystals); (b) calcite stabilized from coral
(polyhedral crystals); (c) calcite stabilized from single—crystal
aragonite (euhedral thombic crystals); (d) natural calcite

(polyhedral crystals)
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Fig.6  Schematic diagram of the formation mechanisms and

distribution characteristics of major scale types in geothermal

systems
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Fig.10  Flowchart of classification and comparison of chemical

descaling technologies for carbonate scales
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Table 2 Comparison of chemical descaling technologies for carbonate, sulfate, and silicate scales
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Table 3 Typical composite scale chemical descaling formulations and effects
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