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Abstract: [Objective] Hybrid structures composed of aluminum alloys, titanium alloys, and stainless steels are widely
used in modern aero-engines. The coupling of these dissimilar metals poses a risk of galvanic corrosion in marine
environments. However, the galvanic corrosion behavior of these materials and the protective effect of chromic acid
anodization film have not been systematically investigated, posing challenges for the reliability design of equipment
structures. [Method] Open circuit potential measurements, potentiodynamic polarization curves, electrochemical noise
monitoring, 14-day long-term immersion tests, and corrosion morphology observation were conducted to study the
galvanic corrosion behavior of ZL114A aluminum alloy (with and without chromic acid anodization), TC4 titanium alloy,
and 1Cr12Ni3Mo2VA stainless steel in a simulated marine environment (3.5% NaCl solution). [Result] The three
materials exhibited distinct electrochemical characteristics. TC4 titanium alloy demonstrated the highest corrosion
resistance, whereas ZL114A aluminum alloy was the most susceptible to corrosion. The galvanic corrosion risk diverged
markedly among different coupling pairs. Combinations with a high potential difference were particularly prone to
initiating localized corrosion, a process that intensified after long-term immersion. Notably, chromic acid anodization
significantly enhanced the corrosion resistance of ZL114A and altered its galvanic role when coupled with stainless steel,
effectively mitigating the corrosion risk. In all couples, corrosion was most severe on the anodic metal near the joint
interface. Localized corrosion, primarily in the forms of pitting and intergranular corrosion, was identified as the dominant
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failure mechanism for high-potential-difference pairs. [Conclusion| The galvanic corrosion behavior is influenced by the
potential difference between materials, the stability of surface film, and long-term immersion. Chromic acid anodization
is an effective method for enhancing the galvanic corrosion resistance of ZL114A. The findings of this study provide a
scientific basis for material compatibility design and corrosion protection strategy formulation for equipment serving in
marine environments.
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Figure 1 Open circuit potential vs. time curves measured in 3.5% NaCl solution for different metals
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when galvanically coupled in 3.5% NaCl solution
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Figure 4 Electrochemical noise signals of different metals after 14-day immersion
in 3.5% NaCl solution when galvanically coupled
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Figure 6 Optical microscopic morphologies of the anodic metals in different galvanic couples

after 14-day immersion in 3.5% NaCl solution
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