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Abstract : The long-term, safe and stable operation of boiler systems fundamentally relies on the precise
control of make—-up water quality. As a critical pre—treatment safeguard, external water treatment
integrates physical, chemical and membrane separation techniques to effectively remove suspended
solids, dissolved salts, dissolved gases and other harmful contaminants from raw water, thereby
fundamentally mitigating boiler scaling, metallic corrosion and steam carryover issues. This paper
systematically investigates the technical fundamentals of external treatment for boiler make—-up water,
compares the techno—economic characteristics of ion exchange, membrane separation and their
integrated processes, and extracts rationales for process selection under diverse application scenarios
based on industrial case studies. Aiming at the current bottlenecks including high energy consumption,
secondary pollution and limited treatment efficiency, this study further explores the developmental
pathways characterized by resource recovery, intelligent operation and control, and all-membrane
treatment processes, providing a decision—-making basis for the upgrading and optimization of water
treatment systems in industrial and utility boilers.

Keywords : boiler make-up water; external water treatment; desalination process; reverse osmosis (RO);
electrodeionization (EDI); standard system; system energy efficiency
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