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Abstract

Driven by the “dual carbon” goals, co-firing biomass in coal-fired power units is a critical pathway for the
low-carbon transformation of existing coal power capacity. However, the coexistence of chlorine and alkali
metals introduced by biomass with the sulfur inherent in coal leads to complex multi-phase gas-solid syner-
gistic corrosion on high-temperature heating surfaces, posing a significant technical bottleneck that limits
co-firing ratios and compromises unit safety. To address this key scientific challenge, this study focuses on
the typical boiler steel 12Cr1MoV and establishes a multi-component synergistic corrosion simulation exper-
imental system. The coupling corrosion behavior and mechanisms involving HCI, SO,, H;O, and simulated
ash deposits were systematically investigated within the temperature range of 450-600°C. The study reveals
a dynamic equilibrium mechanism between the HCl-dominated “active oxidation” and the competitive ad-
sorption inhibition by SO,: HCI triggers severe corrosion by destroying the protective Cr,O; scale, whereas
SO, preferentially occupies active surface sites due to its lower critical reaction partial pressure, thereby par-
tially mitigating Cl™ ingress. For the first time, the “dual regulatory” role of water vapor (10 vol%) in mixed
atmospheres was identified: it exhibits a significant corrosion inhibition effect under all tested conditions by
promoting the formation of a denser, more stable Cr,Os-rich scale and altering the migration pathways of
CU/S species. Under simulated 20% energy-input co-firing conditions with combined ash and gas exposure,
the synergistic effect of mixed ash and acid gases results in an extreme corrosion rate of 42.60 mm/a, quan-
tifying the peak risk of multi-phase coupling. This work elucidates the mechanisms of multi-phase ash-gas
synergistic corrosion, and the findings provide a direct theoretical basis and technical support for material
selection, operational optimization, and corrosion mitigation strategies in coal-biomass co-firing boilers.
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