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Figure 1 Number of papers published by Chinese scholars from Jan. 2001 to Oct. 2021 searching with “Scanning Electrochemical Microscopy
(SECM)” as the keywords according to the analysis of Web of Science and Chinese Science Citation Database, and the representative applications in
the research field of metal corrosion and protection [54,79,94] (color online).
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Figure 2 Schematic drawing of the SECM set-up (color online).
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Figure 3 Examples of SECM tips. (a) lon selective probe (Ir/IrO,)
[23]; (b) metal-disk probe [25]; (c) cavity probe (Pt modified Au cavity
probe [27]; (d) @-shape probe for SECM-SCM [30]; (e) ring-shape
probe [31]; (f) carbon nanotube fiber probe [33].
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Figure 4 (a) Steady-state behavior in bulk solution; (b) positive feedback mode over a conductive substrate; (c) negative feedback mode over an inert
substrate; (d) substrate generation-tip collection (SG-TC) mode; (e) tip generation-substrate collection (TG-SC) mode; (f) redox competition model; (g)

potentiometric mode with an ion-selective electrode (color online).
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Figure 5 (a) Schematic diagram of the dual Pt-Pt/IrO, ultramicrometer electrode, and SECM images displaying the pH distribution above 316L SS in
1 M NaCl (pH 2). Map recorded after immersion for 20 h [55]. (b) The modified TG-SC mode for Fe corrosion in acid solution; combined with
asymptotic curve and COMSOL simulation, to determine the distance between the needle tip and the substrate [56]. (¢) Br~ was used as precursor to
produce etching agent (Br,), which was subsequently used to corrode III-V semiconductors, and the line scan of SECM showing the cross-sectional
profiles of one etching pit on the semiconductor surface at different time [58]. (d) Mechanism diagram of the effect of catalase concentration on the

current density of the SECM probe [68] (color online).
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Figure 6 (a) Schematic illustration of feedback mode, and the SECM images of epoxy-coated X80 steel under 50 and 300 A/m’ stray current
interference at different immersion times (0 and 24 h) [76]. (b) Schematic drawing of the anticorrosion mechanism of the healed superhydrophobic
coatings, and the SECM maps of the original BTA-5% coating surfaces and the scratched BTA-5% coating surfaces immersed in a 3.5 wt% NaCl
solution for 1 and 3 days [81]. (c) Schematic representation of the pH-responsive release of the inhibitor from the epoxy coating containing ZIF-7, and
the SECM maps of the epoxy coating sample containing ZIF-7 after immersion in acid for 4 and 50 h [82] (color online).
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Figure 7 (a) Illustration of corrosion process in 1 M HCI solution, and the SECM maps for X80 steel surface in 1 M HCI medium without inhibitor
and with 300 ppm BDEA [98]. (b) Schematic diagram of the SECM sample generation-tip collection mode, and the SECM images of blank and PAQ

coated Q235 steel immersed in 1 M HCI for 1 h [102] (color online).
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Research advances of scanning electrochemical microscopy: metal
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Abstract: Metal corrosion is a typical interfacial electrochemical reaction process. The formation of anode and cathode
active areas in the process of metal corrosion will change the ion concentration in the local area of the interface between
metal and solution, thus affecting the evolution of the metal corrosion process. As a scanning probe technology, the
scanning electrochemical microscope (SECM) is able to not only characterize the physical morphology changes of the
metal corrosion region, but also record the electrochemical corrosion processes at a high resolution. Therefore, it plays
an important role in the research field of metal corrosion and protection. Besides a brief introduction of the set-up and
composition of SECM, this review specifically introduces some working modes possibly applied in the research field of
metal corrosion and protection. Moreover, the important pioneering scientific research done by senior scientists for
metal corrosion prevention in China, particularly, the systematic contributions made by Chinese researchers in the recent
five years, are reviewed. Finally, the challenges and future directions of the development of SECM in the research field
of metal corrosion and protection have been prospected.

Keywords: scanning electrochemical microscopy (SECM), metal corrosion, metal protection, corrosion mechanism,
anticorrosive coating, corrosion inhibitor

doi: 10.1360/SSC-2021-0255

1086


https://doi.org/10.3390/coatings10030241
https://doi.org/10.1016/j.rinp.2019.02.052
https://doi.org/10.20964/2020.02.25
https://doi.org/10.1021/acsomega.8b02983
https://doi.org/10.20964/2021.08.43
https://doi.org/10.1016/j.colsurfa.2021.126234
https://doi.org/10.1021/acs.jpcc.8b07015
https://doi.org/10.1039/C8NJ01762J
https://doi.org/10.1002/maco.201810252
https://doi.org/10.1016/j.carbpol.2020.116216
https://doi.org/10.1016/j.carbpol.2021.117842
https://doi.org/10.20964/2020.06.83
https://doi.org/10.20964/2019.07.75
https://doi.org/10.20964/2018.10.10
https://doi.org/10.1360/SSC-2021-0255

	扫描电化学显微镜在我国金属腐蚀和防护领域的研究进展
	1�� 引言
	2�� SECM组成及工作模式
	2.1�� SECM组成
	2.2�� SECM工作模式

	3�� SECM在金属腐蚀研究中的应用
	3.1�� 溶液中金属腐蚀机理研究
	3.2�� 防腐涂层防护性能与自修复的研究
	3.3�� 缓蚀剂防护性能的研究

	4�� 总结与展望


