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Abstract: Electrochemical testing techniques, featuring high sensitivity, in-situ real-time monitoring, and
multi-scale analysis, have become a core tool for studying corrosion mechanisms and evaluating protective
performance of materials. This paper reviews the classification and recent advances of electrochemical
testing methods. The characteristics and applicable conditions of traditional and localized electrochemical
techniques are analyzed and compared. The role of multi-technique coupling and artificial intelligence data
analysis in testing complex corrosion systems and elucidating mechanisms are discussed. The application of
electrochemical techniques from the perspectives of corrosion behavior and mechanism research, protective
performance evaluation, and online corrosion monitoring are systematically summarized. Finally, it points
out that the development of electrochemical testing techniques lies not only in the popularization of single
techniques but also in prioritizing the advancement of multi-technique coupling and high-spatiotemporal-
resolution in-situ electrochemical characterization, enabling in-depth analysis from the extraction of
intrinsic interfacial reaction parameters to the comprehensive understanding of corrosion mechanisms. On
this basis, data-driven approaches and intelligent algorithms are integrated to establish quantitative
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correlations between electrochemical responses and the service life of materials. Furthermore, integrated
and lightweight intelligent monitoring systems enable real-time assessment and lifetime prediction under
complex engineering conditions, thereby promoting the transition of corrosion electrochemical testing from
laboratory-based mechanistic studies to full-life-cycle safety management of engineering materials.

Key words: electrochemical testing ; corrosion ; protection ; multi-technique coupling
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Fig.1 Schematic diagram of classification of electrochemical technology

methods and their applications in corrosion and protection
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Fig.2 Schematic diagram of the coupling relationship between electrochemical techniques and other techniques
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Fig.3 Schematic diagram of a high-throughput electrochemical testing and deep neural network analysis framework using EIS as an example

14 FEBLZIINSH
2 H A2 AR T B E PR S AR B DA R

[38.,43-44]

TE B 1t 5 By 4P U B S 8581 T3 1o Jd i Ak
AR 2 BRI T B, e oAb, R 1 e



256

FHRLT A2

2026 4= 8 H

F1 BAFEARNEZIXSH TN SHREERE RSP TUE ARG S5

Table 1 Summary of main testing parameters , evaluation parameters , applications in corrosion and protection,

and advantages/disadvantages of electrochemical techniques

Electrochemical Main evaluation o )
. Method Test data Application Advantage Disadvantage
technique parameter
Traditional OCP OCP-time OoCP Semi-quantitative Simple, rapid , no applied Qualitative only ;no kinetic
electrochemistry corrosion evaluation  potential needed information ; limited
mechanistic insights ; unreliable
in complex environments
PP Current- Current Corrosion rate Study of passivation Limited corrosion rate
potential curve assessment;passive  behavior;rapid kinetic information ;damages sample
film studies parameter acquisition surface
GP Potential-time  Potential Electroplating Constant current;simulation  Complex interpretation;
curve of real conditions;dynamic  corrosion product interference
response ; corrosion requires precise current control
mechanism identification
LSV Current- EyiE. s Corrosion rate Quantitative analysis; Sensitive to scan rate ;not
potential curve  E..; assessment;passive  determination of local applicable to non-conductive
Leorrs film studies corrosion susceptibility ; coatings
b,and b.; passivation evaluation
RP
EIS Impedance |Z)o.01 1123 Coating Detailed information; Complex data interpretation;
spectra R performance; identification of time requires specialized equipment
(Nyquist/ Cys interface analysis constants of processes ; non-
Bode) W; destructive ; multi-time-
0 scale analysis
Iy
EN Potential/ R,; Early-stage localized In-situ monitoring; Weak signals;easily interfered
current noise Zys corrosion detection  non-perturbative
spectra R,
Micro-area SECM  Probe current-  Current Catalyst activity High spatial resolution; Complex operation ; surface
electrochemistry position mapping ; biofilms reveals corrosion kinetics; topography interference
mapping non-destructive
SKP Surface work Electron work Semiconductor Non-contact;operable in air ~ Surface-sensitive only;no
function function devices;coating electrolyte information
mapping failure
SVET  Local current Current Localized corrosion;  Spatially resolved data; Surface topography interference ;
density mapping coating defects study of localized corrosion;  requires specialized equipment;
real-time ¢n-sifu imaging complex data
LEIS Local impedance Local impedance Coating defects; Spatially resolved Point-by-point scanning ; time-
spectra weld corrosion impedance information consuming
WBE Multi-electrode ~ Potential/ Non-uniform Simulation of macro- Electrode spacing affects results
potential/current  current corrosion studies galvanic effects
distribution

SRR SRt T HOR SRR PR R

2 EBUEHEARTERE S s aY B A 2641

21
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Fig.4 Practical applications of electrochemical techniques in corrosion online monitoring

(a)schematic diagrams of a membrane wall sensor and measurement system developed based on LPR and EIS techniques'*
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(b)combined OCP monitoring of AA2060-T8 aluminum-copper-lithium alloy surface during the growth phase
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